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The possession of a\suffrcrent stock of highly qualified scientists and techno-
logrsts is rncreasrngly recognized as one of the essential p@ conditions for
natroﬁal economit and social developmeut However. scrence ahd techno-’
logy are advancing so rapidly that many countries encounter seﬂous prob-
lems in thejr efforts to educate and tram such personnel, and thisj Js espeérally
true of engineers. , .-

As a contribution to, the solution of this problem, the General Conference of
Unescg, atits sixteenth session,, authorized- the cafrying out of case studies on.

- ;basrc standards in engingering education. At the same sessiorf, work on licen-

L3

L}

singand regrstratron controlsinthe engineering professionwas also authorized.
The pubhcatron ofa serres of studres on the education of engineérs was under-
tdken within the program e of work thud delined by the General Conference.
The studies should not be regarded as exhaustive, nor should the reader

T

.expect to find in them definitive solytions ta particular problems Rather, it -
is heped that the discussion of soffie present-day topjcs in' engmeenng
education and trarnmg, and the bringing together of comparative rnformatron
from many cougqtries in these volumes will lead to re ctron and innovation.

.

The present Wwork is devoted to standards for engineering qualrfrcatrons

on this Subjer‘% The close economic and social integration, of countries df .
the,European Ec

" reappraisal, especially as it relates to the free movement of wotkers. The

_problems a

- value to these other regions

QUahf' ica-..
ommunrty

ociated with the mutual recognition of engineétin
tipns are stil\being resolved, and the recent enlargement of the
has added.a fdrther drmensron tothe debate. <« -

The standard of engrneenng quatifications has also become an rmportent

issue within some European couotgies, where major changes .in the efrutt"are .
en made or are proposed as in France, - v

of higher technical educatjon have
the Federal Republic of Germany and in Spain. Qne important trend has

:Bece?ywards the creation of new courses and qualrfrcatrons at the level of

?
-

nologist or technician engineer, in a wide variety of fields, ¢ .

The identification of hasic standards in enginepring eduéatron, now -Qf
toprtal concern in Europe, is also,of interest to many other countries whose
Systems of engineering education were orrgrnally based dn thase in Europe
Furthermore, effoits to establish regronal ggreements for the mutual recog-
nition of engtneering qualrf'catmns are being .made in several regions
outside Eutope, and thus discussion of progress berng made. in Europe rs of

N
.
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.In recent years there has been wrdespread discussion, particularly in Europe, .

onomrc Community has been one factor in promotrng thrs -
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¢ . Preface X ’ . . PR

‘. - N \_ . . - ) . . . . B
'f,hls study _ was prepared, at the request of Unesco, by the l-f'uropean
i Federataon of National Assdciations of Engmeers (FEANI). The federation
- was formed in 1951 and how grougs the.engineering associations of eighteen
countries, representlng a total of,650,000 engineers.
- _k FEANI's activities in the field of professional educatlon and training
include the work of its, specialized committee on trammg as well as the
series of meetings whach the federation has held on training matters, includ-
ing the jgitfit Unesco/FEANl seminar in Helsinki in 1972 whxch is the subject
of another volume in this seriés.» - t
7, The opinions expressed in the study are, of course, not necessanly those
of Uﬁescb and the Orgamzatlon is not responsiblg for the choice and pre-
sentation of the facts used to support or illustrate the ideas put forward.
Unésco wishes Yo thank all those who have contributed to this study, and '
- particularly Professor Broida and the members .of the secretariat of EEANI,
. whose cpntnbutlon was substantial and Whose ready Go- operat:on has been
’ greaﬂy appreclated~ s . T
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~ "
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Drffrcultres of termrnology and defrnrtioh ’ a '

Acoordmg to the context, the term ‘engineer’ brings to mind erther of two
completely different inferpretations. (a) that of the holdér of a drploma of
higher technical education—that is, the qualification of engmeer, or (b) that
of a person o‘ccupyrng an engrr’ieermg post in mdustry—rn otber words the

function of engineer. . “
In fact, there is af times only a somewhat loose d:rect connexron between
the qyalrfrcatron of engineer and the functrons actually performed. ' .

In. the first. place, not all of those who succe%fully complete a highet
techmcal course leading to an enginesring qualrfrcatron devote the whole of
_their professronal catgers to engineering..ls there a technical, university or

technical coIIege which does not coynt tradesman, clergymen, rur’al land-
+.Owners, artists, etc.,among its former studepts? . ’

Then, i in many countries the right to call oneself an ‘engineer is not'regu-
lated by Jaw, and anyone may do so without running the risk pf legal action.
This does not mean that a man may with rmpumty claim to be a qualrfred
engmeer of a particular umversrty ot higher technological jnstitution which
in fact he has' never attended, or Ras left before qualifying. , -+

However, apart from thqquestton of the possible misuse of an engmeenng
qualrfrcatlon-whrch is, after all, ex‘ceptron)—there are many people in
industry who., perform the fupctions of an engineer without ever hevmg
obtained an enginegring qualification on leaving university, technical college
or a Statg-recognized ingstitution. These are people who have acqurred
equivalent skills elsewhere than at & university or hrgher technological ,
institution, dften as the result of considerable personal “effort. In some
countries these non qualrfred englneers may acquire’ a certificate * from a
Stete-reoogmied institution testifying to"their aptitude. ©

‘On thé otltar hand, .there are’ people who have acquired nerther an
engineering q alrfrcatron nor the equrvelent skills,- but who make up for
this lack to some extent by a thoro;:}h inside knowledge of the pamcﬁlar
frrm for which they work, its special chmques, practices and “climate’,

* The basic drfference between a nonqqualrfred engmeer and these latter
peopla emerges clearly when one of them prepares to leave the frrrn which
has been employmg him to join another firm. The non quallfred engineer,

. even if he is sometrmes handrcapped in lookingd for new employment by
the absence ot a diploma, does eventually find it, thanks to hrs skrll;, which
are eQurvaIent, to those of a qualified epgineer, but the person ‘who he,s lost
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his main asset, namely hns thorough knowle,dge of the inside workings of a
particular firm W‘hnch he is about to leave, is héavily handicapped by. his .

_inadeguate general knowledge of the eng:neenng profgssion, .an madequacy .

which he had thus far succeeded in offsetting. * .

Twa questions arise.immediately concerning engmeermg quallflcatlon .
standards. - ;

The flrst relating to qqahf’ed engmeers is as foIIows. which are the

titutions whese diplomas can seally be deemed to confer the qualufucatuon

%engmeer and which are those whose diplomas should be regarded rather

as/conferring a technical qualification in a different category $rom that of a -
qual fed engmeer? The same fuestion might be put in a different way.
‘where does the qualification of engmeer beg;n and where does it end?

This first question, at first sight very simple, is by no means so, in fact,
because of the term.nolognes used by,dxfferent c@untnes to de5|gnate the
product of an institution of | higher technical edutation.

The same product, the result of roughly the samé education, |s called a
‘techniician engineer’ in one country -and a ‘senior technician’ in another,
this might suggest that the former is an engineer ald the Ia'tter not, whereas
they have received a similar education. - .

This ambiglous ysage is, mpreover coupled with athher of Ilke nature.
Certain countqes use the term ‘engineer’, sometimes with. a qualification

' (e g. ‘civil engmeer ‘technician enginesr’, "Diplomingenieure’, ‘graduate
{ engineer, etc.) to describe Jeople Wwho. have acquired different 1eye|s of
education. To add to the comphcatlon,vthe term ‘graduate engineer’ is used,
in ‘other countries to descnbe a professional technolognst above a certain
level who holds a degree récognized by the ‘State. . .

"4

These inconsistencies highlight.the need to avoid relygng unduly on the ~

name given to a diploma, .and to seek quahflcatnon standards or cnterla y
: Wthh can be applled to dlffere;jt countries. *

“Thewsecond question, relating to non-graduate éngmee@ is as follows.

where does the qualification of a non graduate engineer begm .and where
*  doesitend? . : : , /

The complexity of this questlon is easy to grasp. Yet as early/as 1951
Switzerland setupa natioral regnstbr which regulates the use of professional
quahflcatlons “This register is open to professionals who have passed a
professional, i.e. non>academic, examination held in the actual condutlons
in which thgy exercise their profession. As for those who hold an academlc
qualification, they may be enrolled on the same register simply upon wrequest
and,, néturally, without any preliminary exammatuon .othet than Submlssmr\

~  of their credentials. .

Another country, the United Kingdom, set up in 1964 a national regustrati’on

‘System known as the,Engineers’ Registration Board (ER B) Substantially the |

. same as the Swiss national register, the British natignal register nevertheless

" dnf}ers in spirit, For whereas in Switzerland the general rule is that a diploma

is produeed the case of the non graduate being the exception, in the United .

ngdom the academic "staxdard required for admission as a chartered
-engineer (CEl), |s on the contrgry, the Council of Engingering Institutions '

(QEI) examination, dnplon@s being ascepted only if they qualify for e’(emptnon

-v,
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« from takmg this «examination. This will bring us~later on to speak of the

‘Bntish system (based on a professaonal exam»natnon. which 1s moreover a
very duffnou],t one) by contrast w.th the Contmental system” (based on an
academic dnpioma) .
. At the Furopean Ievel it was only natural that an attempt §h0uld be made
to find a practicil SO|uttOﬂ to the very confused situation arsing out of a a
great vanegty of natuonal practices and legnslatnons Th:s was essential in,
Order to enable engmeers from one tountry to settle in hnother.

FEANI began 1n 1854 to study the possibility of establishing a European
Register. of Higher Technical, Professions, this international register was
mtroduced gradually, and began to operate on 1 January 1970 for engmeers
. and senior tekhnicians seeking to leave their home couritries. . X

It s largely on the basis of the experience thus gamed by FEAM that we
shall try to clarlfy the subject N

3 .
. . [

N

™A .
%

Conventlonal definitions aciopted

The work of the EurOpean Econo Commumty (EEC) preparatory to the
s'gmng of the Treaty of Rome, linking®Belgium, France, the Federal Republic

.of Germany, Italy, Luxembourg and the Netherlands (SubseQuentIy ;omed by #
Denmark, lreland and the United Kingdom) included the establishment of
three draft directives concerning engineers yvithin the countries of the Com-
.munty. Draft Directive No. 2 provides for three groups of standards Quahfymg

for engagement in and the exercise of non-wage-earning activitiesjin
research, design, consultation and apphcat-ons in the field of technology,
articles1, 2 and 3 respectwely of this'draft directive contain defnmtnons which
seem tq be very clear. »

We believe that a distinction shOuId be, dtawn between the followmg

, = three categories of technical proféssions:
Category C‘, roughly covéring ‘conception engineers’.' These are techno |
. logists who are accustomed to think in abstract terfms, to take a Synthetlc
" view of events which are not obviously linked together and to demonstrate
a sufficient degree of creativity, ‘they also have, of course, a sufficient
. degrée of practical knowledge in order to be realistic and not limit them-
. selves to theoretical speculatlons .

Category L, roughly covening "haison engineers or senior technicians’. These .
are technologists who prO\nde the link between ‘conception engineers’
(whose predominant competence is theory) and ‘execution technicians’
(whose predeminant competence is practice). The ‘ligison engineers or

. senior technicians’ are, therefore, capable of understanding abstractions
and of translating them into practical language, thus forming the essential
bridge. between the other two equally essential categories.

Category E, roughly covenng ‘execution technicians’. These are techno-
logists who carry out and are responsnblmer the execution of projects

\ :

1. Neoiogisms mtr:)ducoa by the Generai Secretenet of FEAN for the sake of Jierifying tho rospoctive mnbu

tiont of the throo proposed cetegories ot technologicsl professions.
Q N ) P 4 ‘ ,

.
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imtially conceived by the conception engineers’ and then adapted to the

practical realities of industry by haison engineers or senior technicians'.
Needless to say.«he respective qualifications for the threg, gategones of ~

technical professions will be those which are necessary an sufficient for

- the Yuli exegcise of the functnons defined above for each of these categories.

The wggking -method. adopted here will cons.st in defmmg these very

. general ideas in-successive stages. .

First, a compahson wil'be made betwten the criteria stemmﬁg from

EEC Draft Dézectwe No. 2. the FEANI European Reg:ster of Higher Technical

Professions. and the Bnt.sh‘natuonal register of the Engmeers Registration

Board (ERB). - .

An attempt w.ll then be, m\ade td deduce pragmatically from the Views

preva.hng in the vanous European countres, a type‘of education and above

. all. critena for qualifications. which should be considered as representative

. . prototypes for each of the three categonies C, L and E. These will be set out

+n Chapter 3 (Sections 3.3 and 3.4). (a) for category £, in connexion with

_ the example of the Belgian /ngénieurs civils and the German Diplominge:

nieure, (b) for category L, in connexion wittt the example of the.Finnish

enfineers (as distnct from graduate erigineers, of the 'same country), (c)

. for category E, in connexion with the exaraple of the British.'techqician\s'.

' .

- AN
* . Al

,  CATEGORY € ~(conception)

C-1. Definition in Article 1 of the EEC Drafr D/rectfve No. 2 . .

A dipioma awarded on successful compiet.on of a full course of studies ?f at least, four
years taken at unwersny in the disciphine cogespondmg to.the activity concerned.
. A certificate attesting the actuas performance of the activities c.onc.emed for at least two .
. years after the award of the diploma. ) *
C-2. Definttion i section As of the FEANI European Reg.ster of H.ghe‘; Tochn.cal Pro
tessiotis f

Quanfied engineers from schools providing a compisete screntifie and technological educa
tion at university leveT’-' ' 3 .
Admission to these schdois s at the levei of the examinaton gmng 8CCBSS to uhiversity

education, ’

C-3. Definttion of chartered englrge'ar' m the British natronal register of the ERB

MininfOm age: 25. .

A pass mark‘in the exafunation n applied suience helid by the Council of Engineenng
institutions (CEi} in accordance with the counail's reguiations, or & pass mark in any
other universily examination or test ac.ept by CEl as being of at least eqmvalent

' jevet (the uniwersity level of the exammat.ons and tests held or accepted by CEI

18 not less tHan that of the Degree in Engingering)..
Practncal traiming 1n the engineenng profession. or functions which make it possible to
‘ acquire such training, meetmg the practical training cnteria established by the CEl

* member institution and comprymg with the general pnn!-ples adopted by the CEI.

At east two years expenience «n a podt considered by the CE| member institution to entail
professionai responsibility, provi eqmat the.wﬁ amoufit 9! the period of this professional

ERIC o i) -
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experence and the penod of practical training referred<0 above s not less tharr three '
 years ) g , )
" _CHmmens on category‘C (conception) . .

. .
C-1+and C-2 are much on the same lines as regards the level for admrssion,
the length of education (at least four years of university education, including
complete scientific and professional training) and its nature (university level).

C-1 innovates m companison with C-2 in that it requires the actual per-
formance of the activities in question for at Least two years after passing
the final examination. 3

System C-3 which at first sight appears to reflect a different apQroach, 1S /
in factsimilar toC-1 and C-2 thelength and nature of the education required K
are comparable with that for the Degree in Engineering. It should be noted

that, as with C-1, two years’ professional gxperience is requied.

System C-3‘seems to attach more imporance to practical training. In .
some cases this may be only a superficial impression, since some c0ntmental
countries include practical ttaining during the period of umverSnty studies. ’

The nature of the education, which plafs a great part in the qualification
standards, will be illistrated by examples in Chapter 3, in pamCular as
regards the Belgian ingénieurs civils.

. ~ \n_ .
. .

“ i
CATEGORY L (haison) -

L-1. Definition in Articla 2 of the EEC Draft Diractive No. 2 Ly
A diploma awarded on successful coniplet\on of.a full course of studie# of at least three
years at a higher technical ;pstitution in the field of study corresponding to tho activrfy
concerned. -
This course should be preceded by the successful compietion of at ieast twelvo years
< education, including studies and practical training.
A certificate attesting the actual performance of the activities concerned- for at jeast two
' years after passing the final examination.

’
-

L-2. Definition :n the FEAN! European Register of Higher Technical Professions
L)

L-2.1: Definitioh in section Ab of the register
- Graduates of schools that provide a less extensive but more pract-cai(sc-entnf-c and |
technical education iasting at least three years. .
Admuss:on tc'> these schools is at the same level as university entrance. ’
- + L-3.2. Definstion in section Ba of the registes
Gtaduates of a hugher technical schoot prowd.ng a'courss of at jeast three years durat-on
and w‘ho have obtained a minimum of three years practicai expenence before. dunng
or after the courss. .
Admission to these schdols is at a lower level than the examination giving access to
university, and the studies are generaily mainly \n spec.alized technical and scientific
subjects with a practical bias. ’

'L 3 Definitrion of techaic.an engineer .n the British national register of the ERB,

'

Minimum: age 23.

4 Academic qualifications at a level at lodst equgl to that of the Higher Nationai Certificate
. or the City and Guids Full Technological Certificate (four years part-tme technical
education) and approved’by the Office of the ERB apd CEI.
Q .
[MC ‘ ‘i 6 . .
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Five years mimimum professional expehence n the engineenng profession two of which

, must have been spen( on practical training both experence and training to be recognized
bY the Office of the ERB and CEI

. o =\

. Cominents on category L (liajson)

~

L4
Here'the simianties between the systems are less obvious It should be borne
in mind that the EEC system is Stil under discussion, that it has been devised
comparatively recently and that 4t takes mto account 3 fairly general trend
in mast countries with regard to education,'This 1s not the case with the
FEANI system devised Some ten to fifteery years ago, which was based on
practicat expenence of the Situation at that time, and subsequent devel-
. opments.
The admission requirements for L-1 age perhaps fess stnngent than fqQr
L-2.1. The opposite 1s true of L-2.2. ’
The length of studies and their practncal bias are the same in both cases,
but it 1S obvious that the L-2.1 education 1s ‘more advanced. than L-22
* Briefly, the question is whether L-1, L-2.1 and L-2,2 all correspond to the
general notion of haison engineer or senlor technician. lt%e‘ems that the
’ answer is in the affirmative. -
Thére s no doub,tthat the dlfferences due to tne ways in which systems of
education and trairing have developed will gradually disappear
It will be moted that, here.tod, L-1 innovates by introducing the criterion
of the actual performance of the ctivities concerned for at least two Years
after leaving the educational institution.
it1s farrly easy to draw a paraliel bet)qeen L-3 and L-1, though the f0rmer
obviously attathes far greater -mpor(ance to professional practice.

\/ . Also for category L, a specific example will be given as a prototype (see

Sections 3 3 and 3.4) in connexion with the example of Finnish professionat
" technologists in category L.

. ’ -

CATEGORY E (execution)

E-1. Definstion n Article 3 of the EEC Draft Directve No. 2

‘ A certihcate attesting that the heider has completed at i6ast thirteen years' education in 8
State-recognized technical schooi, including 8s @ final stage a complate courss of at
loasts two years fuli- tm\e technologscal eddtaton in fhe subjects corrasponding to
the activity concerned. '

A certificate attesting the actual perfom\ar)ce of the activities concerned for at least two
N years ahe{ comgletion of the technolog!ﬁl oducation,

£-2 Dafm/rwn n the FEANI“Euerean Reg:ster of Higher Technical Professions
! For the time being there 1s no definiion, ~ % *

E-3 Definttion of ‘technician n the British nations¥ register of the ERB

.

Minimum age* 21.
Academic qualifications at a level at least equivalent to that pf the Ordinary Nationat
. Cortificate or the City and Guids Part il;Final Techmicians Certificate (two or three
O ' N
ERIC + . | 17 ~
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. .
years part time technological education, and approved by the Office of the ERB and
CEi (unless otherwise decided by the Office and CEl) '
A minmum of three years experience in the techngiogical fieid two years of which shouid
. have been spent on practical training recogn'.zed by the Oftice of*the ERB and CEl

1) * -

Comments on category E (execution)

The FEANI register. which 1S, restricted to higher technical professions,
stopped short of def:mng this category. though the possibility was contem-
plated
Draft 'Durectwe No 2 amed at covenng a wider range of professional
technologists at a larger number of levels There 1S no basic contradiction
‘between them -
System £-3 fits in fairly well witk E-% 2
.. Examples will be gwen in Chapter 3 illustrating the education of profes-
Al sional technologists in this category (in particular, the example of the train-
. ing of Briish technicians). . .
. Of course, industry has as much need of exeeution technicians (cate-

S .

o

A gory E) as of ‘conception engineers’ (category C) and pamcula‘rly of liaison

- ' engineers of serlior technicians’ (Category Lj. without whom coilaboration
between the two preceding categories would undoubtedly give rise to many

difficulties. .

. Furthermore, divisions exist in many countnes (to begm with, 1n the

United Kingdomj which are identical or atdeast similar to the three categories
C. L and E. In countries where this is not the case. the definitions of the
- three categories given above will make it easier to describe the real state of
, the divisions to be found in each of these countries taken séparately, by
noting how and where they differ from these three pre-defined categories.
In conclusion, it may be noted that the results of the studies undertaken
by FEANI (dating back to 1954), the EEC (dating bagk to:1964) and the
United Kingdom CEI {dating back to 1964) are in general agreement, except
where there have been subsequent factual developmepits

-

r

13 Aims of the studyland working methods

o

The present stuly has the twofold aim of (a) providing basic qualification
standards for the categories of technological careers which we have just
defined. and (b) providing critena For evaluating education programmes fot
each of these categories

, " In order to have as a pasis an up to-date review of \w situdtion in each
country. the General Secretanat of FEANI sent out a detailed questionnaire
to the national associations'of its erghteen member, countries

. ,This questionnaire, dated 20 April 1972, was answered in varying degrees
of detail by all the FEANI national associations, representing the following
eighteen member countries Austiia, Belgium, Czechoslovaha, Denmark,

, Finland, France. Federal Republic of Germany, Greece. Ireland, Italy.
<

:ElC ' g
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Luxembourg, Netherlands, Norway, Ponugal Spain, Sweden, Switzerland
and the United Kingdom. '

" In the following pages, an anemp’i’ will be made fo answer the two ques-

. t:0ns raised above. concerning basic qualification standards and critenia for
“Bvaluating programmes, by presenting a.chapter-by-chapter review of the
reples, illustrated by the most typical examples from individual countres.
___In addition to this general review, the reader will be given a conspectus {
of the present situation as it exists in each of the eighteen countries under |
ccmsnderauon as well as an indication of the new trends To this end, |
erghteen national monographs, each devoted to a member country of FEANI, |
are given in the Appendix.

n conclyding this Introduction, it should be stressed that both the vanous ‘
chapters forming the review part of this repor}, and the eighteen national
monographs to be found in the Appendix, refer not only to the present Situ-
ation i these countries in general and in the individual countnes in particular,
but also to the new trends which are emerging and to which reference will be
made whenever necessary ,

s
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. 1]
Freedom of movement for engifeers is one of the chief objectives which
FEAN! has set itself In doing so, it has rapidly become involved in problems
of educat:on, and in order to deal with these it has found itself compelled to
move ahead of the public authorities and to draw-up a European Register of,
Higher Technical Proféssions at a professional levél.

But reference to education in ‘Order to regulate exchanges of pro,fess:‘onals,
their freedom of movement and thewr night to settle outside thewr home
countries, made it necessary to fix criteria for quahfncatnons and over-all
standards which would gqpable these professionals to be classified accordmg
to competence.

ft should be noted that the fact that one is led to distinguish between
different types of education does not imply a scale of values or the superionty
of some professionals over others, the register booklet duly makes this point.

The register therefore Iays down over-all standards n direct relation to the
different types of education undergone by the vandus professionals whose
capabilities meet the requirements of employers, and particularly of indus-
trialists. These capabilities, as the register states, are determined mmally by

ledge acquired in educational establishments, but are re.nforegd later

ngxpanence gained in actual practice of the profession. in addition to this

experience the calibre of the individual must, of course, be taken into
account. ‘

As regards the academic knowledge to be measured by the over- all
standards, one could say that it comprises a knowledge of concepts of pure
science, as of applied science, often known as technical education, scientific
and technical education may be combined in varying proportiong according
to the type of education concerned., ,

Th8 register booklet, published in the threg official languages of FEANI
(French, Ggrman and English), gives the present-day struéture of the regster,
this structure is not rigid. )

The FEANI register is made up of two groups A and B, which may in turn’
be divided into sections, professionals who have acquired the quakfications
or attained the over all standards of education which correspond to these
groups qr sections may be entered in the register. In order to make this
registration more effective in practice, the educational establishments have
been classified and appear in an appendix to the booklet according to the

type of education they provide. Possession of a diploma from an establish- .

ment recognized by FEANI automatically éntitles the holder to be entered
in the register. . o ()
. A~
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It has been impossible to make such ;eference'to the type of education
given in the establishments which educate engineers and technicians in the
case of the United Kingdom (which became a member of FEANI in 1965),

"since in the United Kingdom vocafional education and training in the,

engineering field 1s based on a conception somewhat different from that
exnstmg‘ on the Continent The idea of a diploma is replaced by that of
qualifications or cntena justifying the right to bear the title as the British

nderstand it. as has already been said in Chapter 1, these qualifications are
determined by passing an examination, and they give considerable weight
to the idea of practical training and the prattice of the profession

A few details must now be gwven concerning groups A and B of the
register
. Establishments classmed in group A recruit their students at the level
of the final secondary-sghool examination, and provide scientifi¢ and
technical education whnch is (a) comprehensive and at university level for
section Aa, (b) shrorter and more practical, wnth a minimum of three years
of study, for section Ab. ,

Group B is composed of establishments which recruit their students at
a lower level than that of the final secondary-school examination,  and
provndge more spec,@hzed education with a practical bias, only section Ba
exists at present, it,comprises establishments which provide an educational

. course lasting at least three years, combined with three years of practoce

Further sections may be added later but the register is &t present confined to
the higher technical professions

In addition to persons who hoid a du;SI'oma granted under the circumstances
described above, persons who can furnish proof of knowledge acquired
independently by thewr own efforts, and of the standard requared for the
usual educational channels, are also eligible for regnstrataon. It 1s customary
10 call these people seif-educated , Naturally, FEANI has made arrangements
to check the qualifications of such candidates for entry in the register.
These arrangements have made it possible, among other things, to incor-
parate into the continental syaaftm the British criteria for the definition of the
varnious categories of profess:onals in the engineenng fueld

At the practical levef FEANI has adopted a decentralized system of oper-
ation for its register; this is obviously the best method of making it familiar,
first of all to the nucleus of engineers of senior technicians, and then to
arouse the greatest possible interest in 1t among the national members of
FEANI Each member 1s then expected to form 8 nationel office. of the Euro-
pean register, which, in observance of the rules set out in the booklet and
the special measures taken by the Register Commuttese, is responsible for
registrations.. Nevertheless, at the FEANI level, the Register Committes
continues to act simultaneously as a co-ordinating, supervisory and centraliz-
ing body for the results obtained by the various national offices, its sessions,
which occupy a promment position i the meetings of FEANI, are closely
followed by the international organmizations which are concerged with
FEANIs work in this field, chiefly the European Economit Community
(EEC) and the Organization for Economic Co-operation and Development
(OECD), which regularly send representatives to the meetings.

31 R




L4

El{lc

JAruitoxt Provided

4 .
The European Reg.ster of Higher Téchnical Prolessions 21

.
’

The booklet entitied the Zuropean Register of Higher Techpical Profes-
sions, together with its appendix, which has aiready been mentioned, are
therefore the crystaliization of FEANI s efforts towards achigving freedom of
movemeng- for engineers and technicians Following.the first edition printed
in 1965, a funher edition in three jJanguages was published in 1970, and the
appendix was brought up to date in 1971

As has been sald/the current edition 1s not final FEANI has no intention
of taking up a siatic position, the ddficulties which it has encountered and
is still encountening, are there as a reminder of this fact. It therefore seems
necessary at this point to mention the most important of these difficulties.

First, while governments age on the whole in favour of FEANI's efforts,
they do not seem to be 1n any hurry to adopt the co-ordinating measures
which would make 1t much easier to put the register into effect, namely
the finalizing of plans for the reorganization of higher technical education,
standardization of the nomenclature for the various types of professionals,

" etc Even within FEANI, the resulits obtained since the register was launched

on 1 January 1970 vary a great deal from one country to another. If 1n some
countries the results are utumpressive, this 1s certainly due to wholly inad-
equate publicity. Those responsible are first and foremost the engineering
assoctations. 1 e. the national members of FEANI, and in addition the public
authornities, to the e)‘ctent that they have beeﬁ kept in the picture by the
former .

For the tme being. the entering of professionals in the FEANI! register
is confined to candidates who wish to practise their prpfession in a country
other than their home country This is a direct consequén‘ce of t§e essential
task which FEANI has set itself freedom of movement for its pr@fessionals.
It also the outcome of a drive towards simplification which madedit possibie
to adopt practical rules for the Wworking of the register when the new edition
of the booklet was published (1970).

The cntenia chosen for registration have been described above. But
although the rules set out appear simpie in theory, this is not the case in
practice. owing to the difficulties encountered. to which reference has
already been made. i .

First of all. FEANI has to tackle nomenclature problems, which are further
complicated by transiation difficuities. For instance. the term professional
engineer, used in the United Kingdom, has no exact equivalent on the
Continent What follows has already been stated in Chapter 1, but 1t is
worth repeating The word engineer does not have the same meaning in
the different FEANI countries Whereas, in France, anyone can call himself
an sngéneur, provided that this is not followeg by the word dip/6mé’, n
Portugal and ltaly there is an order of engmeérs or its equivalent, and in
Scandinavia the term engineer covers the whole range of highly quahfled
" professional technologists The specific outcome of this state of affairs 1s
that the professional. who has undergose education measuring up to well-
defined over all standards, is cailed by a different fame accprding to his
country of onigin for examnle_the térms ‘nQn _graguate engineer ., technician
engireer and semOr technician seem to be almost interchangeable in a
fair number of cases.

' .?.2‘
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Table 1. Number of registrations in the FEANI register

>—

1970 19711 . 1972

Country .

Group” Group Total Group Group Total Group Group Total

» A ] A 8 A 8
Austria .
Belgium
Czechoslovakia e
Denmark . ' 62 _ 87 149 26 134 160 19 74 93
Finland 5 14 19 3 13 16 - .1 11 12
France .14 14 8 ’ 8 5 ... +5
Federal Republic of T :
Germany

Greece
Ireland . . 1 Y
Italy -
Luxembourg ..
Netherlands A et
Norway 1 1 14 4 5 1 4 5
Portugal . . ..
Spain . . 2 . 2 7 .. 7
Sweden . . . R
Switzerland Y10 5 15 2 4 6 4 1. 5
United Kingdom 54 - 54 102 . 102 83 .. 83

+

Total 145 107 252 145 155 300 120 90 210

1. Data mmcomplete .

A

! £
A still more senouswoblem 1s the uncertamty which for several years
now has been hanging Ovel' ‘the proclaimed reorgamization or the actual
+developments in higher techmcal education In some countnies, obviously,
such a situation greatly hinders F’E@.Nr’s efforts to cIass.fy techmcal education
establishments. . *
It1s thetefore difficult for FEANI 10 take Specific action. ' :

The booklet has been able to set out only general directives which must

be suppleniented as required by spagsfic instructions adopted by the Register
Committee. Thus, one of the prolilEms currently being examined i1s that of
the registration of candidates who are in special circumstances. e.g. Yoreign
professionals, nationals who have acqunred their qualfications in a foreign
country, etc.

To conclude the discussion of the problems of regustratuon it may be of
interest to know how many registrations were made in 1970, 1971 and 1972,
In 1970, 252 professionals were registBred, 145 of whom were n group’ A
and 107 in group B In 1971, the corresponding figures were 300, 145 and
155 At the time of compiling this study, figures for 1972'were stll yncomplete
"but sfood at 210, 120 and 90 respectively (se@ Table 1). In this connexion,
it must be made ¢lear that these numbers apply to only half the national
members of FEANI, since the register has not yet been actually apphed by
the other half, furthermore, it.should be pointed out that the Danish natichal

member alone registered 149 professionals in 1970, 160 1n 1971 and 93 in .

| ey ~
£ . _— '
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197%." Lastly, the over-all regsstratn{n figures should be compared with the
totaRnumber of professionals affiliated to the national members of FEANI.
680,550 ot 1 Japuary 1970, one reason for the low percentage of registra-
tioRs is thdt the number of professionals who wish to leave their own

- “ountries is still very small. T {

-

The followmg remarks will be expanded in the conclusion to the present
work, but it seems essential to introduce them gt this stage.

It may be asserted that in the light of expeflence there is a very marked
tendengy to transfer educational establishments from group B to ‘group A.
This is a result of the gradual raising of the educational level in a given
establishment. This is a de facto situation which does not change the
qualification criteria, but which nevertheless leads to difficulties, as already
mentioned, when certain national members attempt to put the register into
application. ) . ) "

Atall events, the pressnt structure of the register, taken as a whole, 1s
binary in type (groups A and B) and it seems that the trend 1s gradually
turning towards'a ternary system through the addition of a new groug with
an"execution’ function, which will perhaps give fresh impetus to the register
in its attempts to achieve FEANI's objettives. Here 1t should again be men-
tioned that the British Councyl of Engipgenng Institutions, ‘which 1s to all
intents and purposes the British nationretfhember of FEANI, in 1971 brought
together under its authornty all chartered engineers (formerly called profes-
sional engineers’), technic.ap’_engineers and technicians, and this was done
under the auspices of a Roy@#Charter. At the same time, the Brussels Com-
mission ofgthe EEC, in draftihg the proposal for Directive No. 2 concerning
engineers, favoured the adoptios of three categonies of technicians’ (a
term replaced in this study by ‘professional technologists or ‘professionals’).

As FEANI has been influenced to move in this dwection by one of its
national members, and as it also knows the ﬂnt given to the problem by one
of the intemnational governmental organizations whose wortk 1t follows, it
has no choice but to examine the possibility of changing the structure of its

register. The question has been raised.
A

-

.

. 1 Moroaver, the Danrsh natonal committes hes'shnounces iiia. s srgmeers 8 abis to hind posts abroad

LRIC.

more ﬂgsuly when they hold a cartificate of enroiment in the FEANI register
4
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_professions but also between the oider and the more recent degrees conferred

[N

. ®

Structure of the technologlcal
education system

yd
The three categories : )

L] ’ 1‘ ’ ° . ’ \

As already menfioned in the Chapter‘1 not ali the member countries. of
FEANI at present provide technological education in all three categores,
C. L and E, since the structure of education in some cases has not yet been
adapted to meet current needs. Consequently, we shall discuss the actual
situation country by country taking the three categories as a basis for
comparison.’

The present situation 1s of, course explained by the individual history of
each of the member countnies of FEANI, successive vanations in the structure
of the technological education system having occurred not only without
international, co ordination but often, too, without a reappraisal of the
structure as a whole” at the national level. New provisions were simply
superimposed on the old ones.

In view of the independent and often haphazard development of national
structures, 1t is not surpnsing that the steps taken faily recently at the
international level with a view to finding common denominators—for instance
the EEC’s propobsed Directive No. 2 or, earlier, FEANI's Europesn Register
of Higher Technical Frofessrons—are not always altogether appropriate to
the real situation in this or that country, which 1s a hentage of the past.

Nor 1s 1t surprising that the countries where these international initiatives
are almost perfectly appropnate—as, for example, the United Kingdom with
its ERB national register—are precisely those where the stlcture of the
technological education syStem has recently been reconsidered as a whole.

In many countnies the problem s further complicated by the fact that in
some cases one must distinguish not only between a variety of technological

by the same institution, which, “following changes in curricula, may, for
example, provide a more scientific and less practical education than it did
before, although this change of emphasis does not automatically erftail any
change 1n the actual degree. In such cases the pure and simple assimilation
of an earher qualification to a later one of higher value (or of older graduates
from an institution to more recent ones) 1s obviously @ simple and practical
legal solution, but 1t does not affect the real problem, which is that of
dt‘stmguls’hmg between two graduates with different education.

A few concrete examples are given below to illustrate the kind of dif-
ficulties encountered.
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in.France the quahfication tngénseur diplémé (certificated engineer)' (Law
of 10 July 1934), is legally conferred by 143 engineering schools . Their
respective courses vary none the less in some, the emphasis being on
conception (C), in others, on haison (L}—ard this is a well-known fact.
Furthermore, graduates of the university institutes of technology (IUT) who
hold the baccalauréat (examination giving access, to university studies),
that is, who have completed thirteen years of pnmary- and secondary- school
studies followed by two years of technological studies at university, are
products of the L emphasis, although they do not meet the L-1 or L.21 or

L.2.2. or L-3 critdna to the lettey$

In Czechoslovakia, there are only engineering schools (category C).and
schools for technicians (category E). This binary pattern does not exist in
sixteen other FEANI countries, .which have a ternary pattern, even if the
professionals of one of the three categories are trained abroad. Only in Italy
is the situation similar to that in Czechoslovakia.

In one country ou! of the eighteen, Luxembourg, there is no wnational
school for category C (conception). Professionals in this category are
educated 2broad. But the three categories exist in professional life, of course.

The case of the Federal Republic of Germany affords an illustration, of the
difficulties resulting from the evolution of ideas on education.

More detailed ¢onsideration is given to it in the monograph on that country.
Only a few observations will be made here.”

Up uli now the Techrusche Hochschulen (techmical universities) have
been educating graduates in category C (conception). Formerly the /nge-
meurschulen (schools of engineering) educated graduates of category L
(haison). This level of education was recently strgngth!aned.m the Fachhoch-
schulen (advanced full-time vocational educatiph schools), although it was
not strictly standardized. Some students recei¥g three years of post-secon-
dary technological education, others four years. It is still not perfect!y clear
whether these graduates/are all of category L or whether some of them‘do
not gather exceed this standard and come nearer to standard C.

*Nor have matters remained there, for a bill.has been tabled with a view
to combining the following types of education in Gesamthochschulen, or
corﬂ)rehenswe technical universities. (a) education of the type given. in
Techrische Hochschulen, the level being shghtly lowered apparently,
although it would sfill come- within category C, (b) education of the type
given in the Fachhachschulen, which would apparently be strengthened,
although it is hard to say now whether it would tend towards category C
or category L. -

The existence of graduates -of the former /ngenieurschulen adds a compli-
cat.on—dueto the past (a normal complication, one might say)—to the almost
total uncertainty as’regards the rapidly changing legal structure of the
technological professions in the Federal Republic of Germany This case is
rather exceptional it represents the greatest complication at present in the
establishment and application of cntenia for classification. Among the
eighteén FEANI countnes,\the only other exceptional cases are Czechoslo
vakia and ltaly.
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3.2 Relations with the authorities .

, .
Relations between the universities an higher technological institutions, .
on the one hand, and the authorities; on the other, also vary from one country
to angther. ’ )

In most countries, institutions of higher tecﬁnoléglcal education (uni-.
versities and colleges) are, in some'measure, independent of the authorities,
which does not mean that they are by any means totally independent, for
the authorities, which in most cases finance them to some extent,’'necessarily

. “control their budgetary expenditure. Then again, the same authonties, while
leaving institutions for higher technological education free to organize therr
internal administration, to, establish their curricula in"detafl, and of course
their time-tables and their detailed supervision, nevertheless exercise some
control over the general.outline of these curricula (which usually have to
be submitted to them for prior approval) and the general outhne of thewr
application (type of examinations, etc.). . ¥

The degree of autonomy—which does not mean indeperkdence—varles
from one country to another. . : )

In some countries; such as Denmark and Czechoslovakia, institutions for
higher technological education are financed entirely by the State. However,
whereas in Denmark this goes hand in ‘hand with great academic freedom,
in Czechoslovakia it is accompanied by strong centralization of the adminis-
tration of education, of the aims of teaching and research anl of curncula in
the Czech and Slovak ministries of education. Details of the curnicula are,

- however, left to the institutions themselves.

- In Greecé, where fees are minimal (education is almost free of charge),

alt institutions are subsidized and yet enjoy considerable autonomy.

n the Netherlands there is a mixed system. On the one hand- there is
State education (openbaar onderwifs) with schools and universiies founded,
administered and almost totally financed by the State or by municipalities
and, on the other hand, there is private education (byzoggler onderwys)
with schools and universities founded, administered and managed by
denominational or similar organizations. The latter, too, are financed largely
by the State. ' B ‘

In Finland four of the six colleges. that provide higher technological
education are run either by local authorities or are private, but these too.
are supervised by the National Board of Professional Education of the
Ministry of Educatian. .

.In France private institutions are wholly independent unless they are

- recognized by the State in which tase they are generally subsidized, and

are then like State institutions, only partly independent. All diplomas are

issued, or recognized, by the State except tho_sg of the private institutions,
whose diplomas are recognized only in certain cases.

One aspect of the situation with regard to the ‘secondary education
preceding higher education in technology in Sweden 1s worth noting. In

' ’ that country scientific and technical $econdary education varies In length

according to the options the pupil will take at the higher level. The course

o covers only two years for pupils who choose mechanical engineerng,
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productnonﬂjtechniaues, metor mechanics, building and civil engineenng or
electrical engineerning. Those who seleCt physics and chemustry follow a
three-year course. There i€ even a four-year course for pupils who wush to
stutly cértain aspects of science and technology
Aqother notable feature of the Swedish system is that admission to thes

various types of scientifi¢ and technical secondary education s gmerned'{;
the relatidn of the number of candidates_to the number of.places available.
The number of places is fixed annually in accordance with-the general
Provisions 12i8 down by Parliament. When the number of candidates 1s in
excess of this fixed number of places, students are.admitted to each type of
higher education on the basis of the marks obtained atan entrance examina-
tion, which is not otherwise required, or at least not in the case of‘students
who have completed three years of scnentlflc and technical secondary
educatlon

5 .

Scientific content of the initial education - "
Engineers in category C

{

In Belgium, after six years of pnmary education and six years of secondary
education, the student takes a five-year course leading to the degree of
candidate ciyil engineer. The first two years of this course are devoted
to the acquisition of a general knowledge of mathematics, physics and
chemisfry. (A detailed syllahus will be found in the Appendix.)

The other three years of the course leading to the degree of civil engineer
cover a number of common subjects and nine groups of subjects correspond-
ing to nine special branches, which are as follows. mining, el éngineering,
‘metallurgy, chemical engineenng, electrical engineering, mechanical engin-
eering, shipbailding, architecture, textiles.

Further special branches are |Ik8|Y to be made available by the universities.

Whichever one of he nine branches 1s taken, the last three years of the

course comprise Iectures practical work and laboratory work and conclude.

with the preparatlon of a thesis. )

Summing up, in Be/gium the common core of the first two years (candi-
dature) devoted to general subjects 1s followed by three years of more
teghnological studies, compnsing both subjects commdn to, all nine special
branches and subjects peculiar to the special brarfch selected.

It is interesting to compare this rather ngid Continental pattern with the
much more flexible British pattern.

In the United Kingdom, university courses are devoted chuefly to lectures

_on theory and to. projects. Practical training 1s obtained in the main at a
later stage in the course of one’s career or else by means of sandwich courses

. altdtnating with university courses. _The polytechmics, on, the other haﬁd
teach theory which is immediately applued Consequently, practical tralmng
" is given as part of the course. .

Secondary education in the United Kingdom involves a choice of ordmary
level (O level) subjects (for which examinations are taken around the age

»
"
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of 16) and advanced-level (A- Ieve\> subjects (for whoch exammatlons are
taken around the age of 18-19). ",

Under these circumstances’ the British. student can receive the scientific s
education required t0 become a chartered engineer in one of the follow-
ing five ways, dependmg on the type of secondary course which he has
taken: .

-

1 H*gvmg),{aompleted a scientific secondar{: education compnsmg three

O-leyel subjects and two A-level subjects or one O-level subject and
three A-level subjects, he can continue’ his studies at a umversity for

< either () three years full time or (b) four years with integrated sandwich
courses, university courses being alternated with practical expenence
in industry accordlng to a pattern approved and supervised by tHe uni-
versity.

2 Having completed a scientific secondary education compnsing three

. 0- IeveI subjects and two A-level subjects, he can continue his studles
ina polytechnic for four years with sandwich courses.

3 Havtng completed a scientific secondary education compnsing four
O-level subjects and one ,A-level subject, he can do three years of
sandwich courses in a. po{ytechmc or certain other coIIeges leading -to
the Higher Nationa) anloma followed by at least one year of full-time
study for the second part of the examination of the Council of Engineering
Institutions (CEl). . .

4 Having completec) a technical secondary education compnsing four
O-leve| subjects and having followed this by two years of part-time
study in one of various colleges Ieading to the Ordinary National Certifi-
cate, he c\an either (a) do two years’ part-time study leading to the
Higher National Certificate, followed by at‘least a year of full-time study .,
for the second part of the CEl examination, or, (b) study for the first part
of-the CEI examination and then do 4t least a year of full-time study
for the second part of the CEIl examination. .

5 Having completed a technical secondary education- comprising three
O-level subjects, then three years of part-time study in one of various
colleges Ieaqu to the City and Gpnlds Certificate, .and having followed
it by a year of part-time study leading to the Cnty'and Guilds Full Techno- .
loglcal Certificate, he c¢an study for the first part of the CEI examination
and then do at least one year of full time study for the second part of
“the fEI examination.

The case of Belg/um can be quoted as an example to refer to for the scientific
education of engineers In category o (concept:on) by reason of. (a) the
entrance level, which is situated after six years of prnimary education and six
years of secondary educatlon (b)*the duration of the course, whtch ts five
years. comprising fwo years .of basic’education and three years of technical
education’ (applied sciences), {c) the fact that the education, which is both
scientific and technologlcal usqt umversnty level. .

It should be noted that in certain European countfies C-type education
covers only four years. At first glance one might think that the education s
less thoroygh. However, the view'is sometimes taken that the essential
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cniterion 1s th’e umiversity level of the basic education, since techrical edu-
cation 'proper can be suppiemented later by professionai experience. This
would.be one particular aspect of contiruing education. The success of
this schiemg, naturally depends on the student's having acquired in the
cpurse of his studies a taste and ability for self-education—a fundamental
aspect, moreover. of tus personality In.other countries the system is _closer
to the Belgian patterr.. Such is the case, for example, in thé Federal Repubhc
of Germany and certain engdineerjng schools in France.

It is emphasized that, in the'Belgian example, the teaching of the applied
sciences (three years) involves a condiderable amount of laboratory work,
detailed practical work and the prepérataoq of a complete project at the
end of the course (for instance, a project for a dam n the civil engineening
branch or a project for an electric motOr in the electnical engimeering branch).

Similar projects are required at the 'erfd of the course in the Technische
Hochschulen n the. Federal Repyblic of G,ermany and certain engmeermg
schools in.france.

The.main features of the British system are the several ways of entering
the profession and the importance attached to practical trai'gmg. It is not
easy to compare this system with the (;ontunental system on the basis of the
texts. However, the Iength of the studies in. general the nature of the scientific
education and also the results obtained 1 mdustry give the impression that,
all in all, the two types of education are equnvalent.

Engineers and senior techniciang in category L
N '

’

In Finland the educltnon of professionals in this category is divided into
seven sections. mechanicalengineenng, electrical engineerng, civil engineer,
ing and the timber industry, chemical eagineenng, paper manufacture, pro-
ductién techniques, data processing. * .

The courses last four years, or three years if the student has passed the
final secondary-school examination. For the first two years th SIC Courses
cover elementary mathematics, mathematics, physics and chemistry, the two
national languages (Finnish and Swedish) and one foreign language.

Duning the first two. or thiee years the general vocational courses cover
draughtsmanship, strength of matenials, mechanical engineenng, electrical
engineering, teghnology of raw materials, etc.

Finally, the last two years are devoted to specialized vocaticoaal educatnoi
General edutation in production, economics, etc., 1s also giver n the la
year.
In France students educated at the, mstituts universitaires de aachno/og/e
(IUT) obtain a dipléme umiversitaire de tecfmo/og/e (DUT) atthe end of a
two-year course 1n one of the following nine special branches. applied
biology (agronomy, feod industries, dietetics, biological and biochemical
analysis, environmental hygiene), chemstry, chemical engineering, civil
engineening (btulding and public works), electrical engineering (electro;
technology, electronics, automatic control),. mechanical engineering (con-
struction and manufacture), heatengineering (heatmachines, heat generators,
refngerayion machines, air-conditioning), physical yneasurements (phy§if.o

Ju

i3

Y




333

ERIC

Aruitoxt provided by Eic:

30 S1andards for engineenng quahitcations

N
.

chemical and physmal techniques anJmeasurements) hygiene and safety
(accident preventlon and public safety, hygiene and safety in the working
environment).* - -

Also in France, holders of the brevet de technicien supérieur (BTS) are
educated 1 some forty branches falling within one of the following six
groups® cwvil engineering. metallurgy. mechanical engineering, elegtrnical
engimeering, textile industries, chemical and physico-chemical industrigs,
various vocational activities; applied arts. . -

In Luxembourg, technician engineers follow a three- yeat course at an
institute of technological education. The scientific subjects (mathematics,
physics, mechanics, electricity, statics) account for 72 per cent of the whole
course general educational subjects and practical work accounting forj8 per
cent and 10 per cent respectively.

In the Netherlands, technician engineers in category L follow a four-year
course at a hogere technische school, general subjects and science (mathe-
matics, physics, chemistry, mechanics) representmg 50 per cent, whereas
the remainder is deveted to practical education.

It is interesting to compare the Continentat education given in these four
countries with the corresponding British education.

In the United Kingdom, technician engineers first recerve a technical
secondary education compnsmg three O-level subjects. They then take a
three year part-time ¢outse in one of various colleges leading to the City
arid Guilds Certificate, then a one- year part-time course lsading to the City

’ and Guilds Full Technological Certificate.

" The case of Finland may be regarded as a good example for reference.
(a) the level of admission is at the end of the secondary school course,
although there is a certain flexibility, (b) the course covers thr ears
following the secondary school course (although there is some@fex ibility
here too); (c) the nature of the education is of the higher technologlcal
type with specialized courses for the different branches.

As has already been said, the prototype is not foIIowed in detail 1n all
countries In France, for example, the dip/éme universitaire de technologie
(DUT) is conferred after a two-year course following the secondary-school
course However, the latter covers thirteen years and not.twelve.

While different views may be held concerning such cases, it seems
reasonable to consider that the graduates concerned do indeed belong to
category L.,

In the Nethgrlands, the course covers four years after the secondary-
s¢hool course Tlowever, the education is of the higher technological type
with particular stress on the practical aspect. ,

Here too, the British system can only be roughly approximated to the
Continental one, partly on the basi§ of the results obtained 1n industry.

Technicians in category E

In Luxembé/rg, the science subjects taught at an institute of technological
edycation after a secondary school course of lower standard than that
required for university entrance comprise. algebra, analytical geometry,

. 31
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descriptive geometry, trigonometry, differential and integrai calculus, physics,
chemistry, mechanics. ‘
4

However, these science subjects represent only 22 per cent of the course,
60 per cent of whichxonsists of practical training, and the remaining 18 per
cent of general subjects .

Similarly, in the Netherlands, after an incomplete secondary-school course
students follow a four-year course in an witgebreid technische school, 50 per
cent of the time being devoted to general subjects and science (mathematics,
physics, chemistry, mechanics) and 50 per cent to practical training.

By contrast with these two examples of the Continental system, the educa-
fion of a technician in the United Kingdom may be of gne of the following
threée types (a) a scientific secondary-school education comprising four
O-level subjects followed by two years of sandwich courses at one of various
colleges leading to the Ordinary National Diploma, (b) a technical secondary
education comprising four O-leve! subjects followed by two years of part-
time courses’in one of the various colleges leading to the Ordinary National
Certificate, (c) a technical secondary education cpmpnsing three O-level
subjects followed by thrge years of part-time courses at one of the yarious
colleges leading to the City and Guilds Certificate. .

The case of the United Kingdom can be taken as an example for reference.
With regard to the third possibility (c), we would make the followifkg comment.
if the reader refers back to Section 3.3.1 he will see that Bnitish secondary
education with O-level subjects normally ends at the age of 16, which sets

This technological course covers three years in a technical college, which
sets the type and duration of the course. It is immediately apparent that
these conditions exactly fit the initial definition of the cntena for E-1 and E-3.

Here again the existence of different possibilities 1n the British system
will be noted. ;

. Y
The practical content of the initial edycation and training

A . -
Category C professional technologists '

. the entrance level for the technological course proper. .

tn the Federal Republic of Gerna/ny six months of basic practical training

" (Grundpraktikum) is required for admission to a Technische Hochschule

(Technical University). Students at a Technische Hochschule also have to
do a period of practical fraining lasting six manths (Fachpraktikum) 1n the

. course of their studies. .

In the Netherlands, students at technical universities receive practical
training in the course of their studies. The period of such training vanes
between sixteen and twenty-four weeks ac'cording to the case. .

In Switzerland, students at the Ecole Polytechnique Fédérale in Zurnich
are given practical training length of which vanes gccording to the

1 The term ‘profassional technologist’ is used here in order to cover the full scope of 'chartered engineor,
‘technician engineer’ and technicisn in the British meesning of these terms In French, this ‘corresponds

10 ‘pr ! du d technique’
q 2
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section in which they are enroﬁ’ed Six mbnth?ﬁ*{ihe mechanical engineenng
and electrical engineenrrg sections, twelve months in the agriculture and
arctitecture sections, thitéen months in the forestry sciences section,
eighteen months in the pharmacy section (which n this école polytech-
nique exssts alongside a chemical engineering section, which is rather
unusual). ) > -~

In companson with these three Continental countries, the United Kingdom
requires future chartered engineers to. (a) acquire practical training in the
engineenng profession or through the performance of duties which will lead
to acquinng'this trdining, duning a period of at least one year, (b) have at
least two years subsequent experience in a respons:ble post in the engineer-
ing profession. .

The requirements of the British system therefore go well beyond thaose of
thg Continental systeman so fa% as pnior practical training and subsequent
professional experience are concerned.

The case of the Federal Repubhc of Germany can be taken as an example,
generally speakmg requirements are simlar to those obtaining 1n the United
Kingdom in so far as prior practical training is concerned.

In some countnes, such as Belgium, puor practical training periods are not
required. The young graduate i1s in fact regarded as a trainee when he enters
the profession. He 1s not regarded as a full enginder until he has gained a
year or two of experience.

It will be noted that the need for two y®ars’ expenence in {he profession
in order to comply with the C-1 requirements s consistent with the EEC
draft directives.

Category L professional technologists

JAn Finland penods of practical traiming ranging from twelve to sixteen
months, according to-the case, are compulsory. They can be fitted in partly

before the student enters the institution for higher technical education and
partly during the summer vacation, which lasts four months.
in the Netherlands, students at a hogere technische school/ do compulsory
training perniods varying in length from sixteen to thirty-nine weeks accord-
ing to the case. :
By companson with these two Contmental countnes, it is compulsory for
technician engineers trained 1n the United Kingdom to have. (a) at least two

years of pnor practical traiming, (b) at least three years of profess.onal

experience later on.
Here again the Briish system is far more exacting than the Continental
system as regards practical training and professional experience.
Finland may be taken as an example here, aithough the penod of prior
practical training required is shorter than that in the United Kingdom.
%,
Category E professional technologists

in the Federal Republic of Germany, s compulsory for technicians to
complete two years of practical training after the Mittlere Reife (secohdary
school certificate) before they go on to the technical course.

33




}

35

3.6

Q

ERIC

Aruitoxt provided by Eic:

Structwre of the technological education system 33

In the Urnted Kingdom, 1t is compulsory for techniclans to have. (a) at
least two years of initial practical training, (bj at Ieast one year of practical
experience later on.

Here again we find that the British system requites more in the way of
practical training and experience than does the Continental system.

The case of the United Kingdom can be taken as an exdmple for reference,
although the professional experience required before the certificate is
conferred i not compulsory—for the time being at¥east—on the Contineht,
where the first years in the profession are regarded rather as an imtal train-
ing pernod.

Conclusions regarding the scientific and practical
content of initial education and training *

First, it is apparent that it 1s not easy to find a common denominator for the
education received by the varous categories of technologists in the dif-
ferent countr.es of Europe. The best approach is to lay down general critenia,
as was done in turn by FEANI, the Bntish CEl and the EEC Commission.

Second, some types of education are easily classified according to these
critenia, others fall between two categones, e.g. the teachung of a particular
subject may be over and above what s required for category E and at the
same time not quite correspond to the minimum cntena for category L.
This in no way detracts from the general concept of the three categonies of
technologists, which seems to correspond well with the general trend in the
European countries.

Finally, a difference in approach is to be noted, howevér, as bétween the
Brtish type of education and training on the one hand, and the Continental
type on the other. This calls for special comment. (a) the relatively great
importance attached not énly to practical training durning the course but also
to practical experience after 1it$ completion 1s a feature of the British system.
(The EEC’s stipulations in Draft Directive No. 2 concerning two years
professional practice after completion ‘of studies in order to qualfy for one
or-the other of the categories of technologists will certainly beynoted with
interest.), (b) access to the profession seems ta be far more flekible 1n the
United Kingdom, for example the five different ways of becomip a chartered
engineer (category C) and the three different ways of becoming a technician
(category E) (c) these differences in approach do not, however, make for
very different results, to take one instance, Brmsh industry and.. German
industry can both be proud of thenr achievements. This is an @ posterion
finding which s not without value ‘and meaning.

“’Post-graduate or continuing education and training

For post graduate education, taken in the most general sense, we shall for.

preference use the term ‘continuing education’ (and not ‘continuous

1. See the preceding two soctions.
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. ) education’) 1n order tc emphasize the fact that, according to modern concep-
l tions of education. an undividual’s education is continued throughout his

working life so that he can ad,ust to the constant development of science .

and technology a development which is accelerating all the time Although
it 1s continuing, post-graduate education is rarely continuous, for indivi-
dual anxious to brush up his knowledge i his special branch, to change to
another branch or to extend the knowledge he has aiready §ained, generally
does so in a sporadic and discontinuous fashion.

When ‘continuing edusation’ is referred to, there s a tendency to confuse
very different purposes At least three distinct purposes of continuing educa-
tion and training should be distinguished: ¢

1 Updating one’s knowledge in a given branch, in order to keep pace with
the chang:ng techniques of that branch We shal call this particular
purpose of continuing education ‘updating” which has a positive mean-
ing, implying the prevention of obsolescence of knowledge. We prefer
this term to the more commonly used ‘retraining’ which 1n this connexion
gives a somewhat negative impression, implying the cutative treatment
of obsolescence which has already begun.

2. Gaining new knowledge in a different branch (for example when a

. person wishes to change to another branch with better prospects for a
career) We shall call this particular purpose of continuing education
‘reconversion’, .

3 Adding to the knowledge already acquired in one’s own branch (this
arises when a graduate engineer wishes, fom example, to prepare a
doctoral thesis which will raise the level of his knowledge in the same
branch). or gaining new knowledge of more general subjects (such as
management or data processing, for example). We shall term this par-
ticular purpose of continuing education ‘further sducation’.

In connexton with these three fundamental pmposes—updatnng, recon-
version and further education—mention Jmust be made of the incentives,
the aims, the means and the results of these particular types of continuing

educ{tlon e

Advakcement—that is, obtaining qualifications n order to pass from cate-
. gory E to category L or from category L to &ategory C. This is at the same
time the incentive for the purpose and the result of going in for further
education. *

- Education grants—that is, fnnancnal resources made available to individuals
through a special fund or by employers to enable them to continue their
studies. This means, which makes it possibie to combine with good effect
full time study and part-time study, can also be used for further-education
with the specific aim of obtaining advancement.

Adaptation of .theoretical knowledge to industrial practice. This particular
aim can be attained by means of educational courses.
Before distinguishing between the three distinct fundamental aims—updat-

” ing knowledge. reconversion, further educatidn—let us see how continuing -
education is made posdible for persons employed in industry in certain
countries.
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In France, the Law of 16 July 1971 relating to vocational education makes
the following provision {a) employers must devote O 8 per cent of the payroll
(2 per cent as from 1976) to staff traming, (b) a wage-earner may ask for
study leave under certajn conditions (for example to attend an educational
istitution approved by the State, for a period w6t exceeding 190 hours
annually, which do not count as part of his pald annual-leave entittement).

This law also provides for the specific aims of advancement and adaptation
and the specific means of education grants. The Conservatoire Nafional des

* Arts et Métiers (CNAM) and its affiliated centres in many provincial towns
organize evening courses which are attended by tens of thousands of persons
working in indus;ry, The purpose of these evening courses {s to dispense the

. widest possibie range of scientific and technical knowledge. The correspond-

ing examinations are held and certificates are awarded. A very small propor-
tion of those enrolled manage, after years of lectures and laboratory work,
many partial examinations, a general examination and the defence of a thesis,
to obtain the dipléme d'ingénieur CNAM. This tegree course 1s focused
mainly on research (and consequently congeption).’ Other cowrses are
organized by the Ministry of Labour and employers’ associations.

In Luxembourg, seminars are organized penadically by the Office Luxem-
hourgeois pour I’Accroissement de la Productivité for persons in positions
of responsibihity, while the Université Internationale des Sciences Comparées
holds seminars on economic subjects.

In Denmark, in 1971 the two Danish associations of engineers gave more
than 300 courses totalling 200,000 student hours. These courses were
attended by from 4,000 to 5,000 engineers. el

In the Netherlands, the institutions for professional education have
72,000 fulltime students and-51,600 part-time students. .

In the Uniteg I{ingdo"m, the ‘day-release’ system (granting of one work-
ing day) or the ‘block-releage’,system (granting of a penod exceeding one
working day) give persons employed in industry time for continuing educa-
tion More than one-third of the chartered engineers hcensed annually are
the product of a combination of formal edusation and professional experience.

In Czechoslovakia, persons engaged in confinuing education are giverr a
subsistence allowance, covering a certain number of days or weeks in which

to prepare for their examinations. . ‘
¢

3.6.1 Updating of knowledge

In France, courses for ‘brushing up or improving knowledge (updating of
knowledge), in some cases with the financial participation of the State, are *
. defined in Article 10 of the Law of 16 July 1971 relating to vocational-educa-

., tion Some large concerns such as the Régie Nationale des Usines Renault
or Electricité de France organize their own courses for this purpose.

In Luxembouryg, industrial firms give their engineers an opportunity to
improve their knowledge in institutes in foreign countries, such as the
Fondation Industrie~Université i Belgium, the.Cégos in France, etc. Some
companies also bear the expense of having their future foremen or technicians
‘trained in specialized institutions abroad, such as the Ecole de Maitrise et
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d Ouvners Métallurgistes (EMOM) at Longwy‘,\ﬁrJance Fairly large industrial
concerns organize peniodical training courses for thewr staff and bring in
specialized instructors from neighbouring countries

in the Netheriands, internationaj firms, sich as Philips and Unilever,
organize refres‘her courses for their staff. /

Reconversion‘to another branch

In Belgium, the polyvalent education of the holders of the ‘civil eﬁg'meer'
degree enables them to change very easily from one branch to another,
from mining to civil engineering for example.

A il engineer, after ome year of additional study, can obtam a umversuty
degree in one of the foliow;ng twelve branches. geology, operational research,
physics, apphied mathematics, hydraulics and hydrography, radio-electricity
industngl .management, apphed nuclear Sciences, pe:rochemistry, geo-
technics, automatic control, town planning.

This particular example illustrates the way, in which the evolution in
techniques and the advent of new techmques (applied nuclear sciences,
automatic control, etc.) have affecteq the education given in Belgium to
engineers in category C (conception).

This probiem has been solved in Belgium by means of an "additionat step
Generally, an engineering geologist is a mining engineer who has taken a
special course in gedlogy. Similarly, an engineer in geotechnics is generally
a graduate in cwil engmeenng who has taken a special course in geo-
technics.

The studies leading to this higher level start either immediately after
graduation or, more often, in the course of the enginee;,‘s careet.

In this connexion, we might mention, to supplement the information
regarding the influence of the new. techniques, that thp basic theoretical
education (mathematics, physics, chemistry) is also constantly evolving
even if the names of the subjects remain unchanged. For example, the term
physics now includes fudiments of nuclear physics, which makes it easier
for the graduate to take up later the additional studies required for the degree

of engineer in applned nuclear sciences. The same is obviously true of the
term mathematics . A proper training in automatic contfol in just one year of
additional study 18 inconceivable unless the graduate has dlready acquired a
firm foundation in the Laplace transform and its extension—thg Z transform—-
to non-linear systems and m the as yet relatively little taught Boolean algebra
and the possibilities for its apphcatuon .

In Finland, f an engineer already holding a diploma from a college of
technology (category L), wishes to change his special branch, he must take
courses in the new braneh and then obtain from twelve to sixteen months
experiencé on the job. .

In France, training penods for ‘reconversion and adaptation’ (recon-
version to 8 new branch) with, in some cases, financial assistance from
the State, are defined 1n Article 10 of the Law of 16 July 1971 on vocational

education.
Ry,
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in Norway, the only means of retraining open to a graduate of the Nor-

‘wegian Institute of Technology (category C) is to study for a Ph.D. degree
. in the new branch. .

in the United Kingdom, an engineer may belong to several professional
associations corresponding to different branches, all affiliated to the Council
of Engineering Institutions (CEl). He may specialize in a new branch through
practical experience and/or through continuing education.

in Switzerland, if an engineer wishes to change tp another branch, he
must take another examination for the Swiss national register.

hd -

3.6.3 Further education

" in Denmark, as in thany other countries, courses are available (as at the

Danmatks Tekniske Hojskole) leading to a.degree or doctorate in techno-

logy..Post-graduate study can also be undertaken at the School of Econ-
omics and in the universities. .

In France, courses for obtaining advancement in One’s career and pre-
training courses for young peopfe (further edudtation), 1n some cases with
financial assistance from the State, are defined in Article 10 of the Law 0f 16 July
1971 on vocational education. As we have already said, this type of further
education generally results in advancement. Edu@dtion grants may be awarded
for attendance at these courses. The adaptation of knowledge by means of

> short training courses 1s another possibility pffered by further education.
37 Trends in the structuré of the technological education

SyStem . ' ) "_‘
Surli The possibility of grouping together courses for professional

technologists in cdategory C and category L

Mos/of the courses for engineers in category C and engineers and senior
technicians in category” L differ basically from those for technicians in
category E. The former are at post-secondary level, whereas the latter run
more or less concurrently with the end of the secondary course.

In most of the FEANI countries, one can assimilate. (a) the education of en-
gineers in category C to long post-secondary education, (b) the education
of engineers and senior technicians in category L to short post-secondary
education.

. .— In some cases the short post secondary course ray be followed by con-
tinuing education up to a standard equsvalent in practice to that of the long
post-secondary course. -

There 1s a difficuity here, however, inasmuch as the continuing education
then consists mainly of basic scientific subjects (mathe@atiw, physics
chemistry) and additional applied science subjects. It involves changin
fromethe Liaison category to the conception category, which demands &
considerable effort and-a great deal of time.

Such a change should by no means be the rule, but rather anexception,
for the two categories are of a very different nature.

Q . ¢
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As both courses, the long and the short, are post-secondary courses, it
seems likely (judging by one case, at least) that there will be a tendency to
bringthem together in one and the same institution This tengdency is alsodueto
the rise in the level of the qualifications of category Lengineersin sordé coun-
tries and their consequent desire to be assimilated to category engineers.

An illustration of the above tendency is provided by the Federa epublic of
Germany, where the Technische Hochscl,;u/en (the present technical univer-
sities for category C) and the Fachhochsehulen (the new engineering schgols
rep'acing the old /ngenieurschulen of category L), corresponding respec-

Y

v

tively to the fong course and the short course, are likely to be brought tdgether _

in future in Gesamthochschulen (new comprehensive technical unersities).

In order to grasp the mechanism of the very specific case of the example of
the Federal Republic of Germany, let us take a quick look at the respective
situations of the present Technische Hochschulen (category C), the old
Ingenieurschulen (category L), and the Fachhochschulen which now replace
the later (a category not yet satisfactory defined, but probably closer to cate-
gory C than at present).

Students are admitted to the Technische Hochschulen (the present tech-
nical umversmes for category C) after thirteen years of primary and secondary
education, comprising four gears of primary education n a Volksschule and
nine years of secondary edudcation in a Gymnasium, leading to the Abstur (the
secondary-school certificate giving access to university studies), After a basic
p;acucal training period of six months (Grundpraktikum), students admitted to
a Féchnische Hochschule takea course lasting from five to six years, including
another six-month penod of pract:cal vocational training (Fachpraktikum),
They receive a degree after presenting a final thests.

Students were admitted to the old /ngemeurschulen (engineering schools
for category L) after ten years of primary and secondary education, comprising
four years of primary education in a Volksschyle and six years of secondary
education in a Realschule leading to the Mittlére Reife (certificate awarded at
the end of an incomplete secondary course with a practical bias). Students
were admitted to an /ngenieurschule after two years' practical expernience
and took a three-year course.

Students are admitted to the new Fachhochschulen, which replace the
former Ingenieurschulen, after twelve years of primary and secondary educa-
tion, comprising four years of primary educatioh n a Vo/ksschule and six
years of secondary education in a Realschule leading to the Mittlere Reife,
and a two year technical course at the secondary level in a Fachoberschule
(higher vocational ,school) leading to the Fachoberschulreife (diploma
awarded at the end of the technical secondary course). Students admitted toa
Fachhochschu/e camplete a three-year course followed by a year of practical
training .

A's for the futqre the possibility of bringing together the Techn/sche Hoch-
sahu/en and the Fachhochschulen within Gesamihochschu/en (compre-
hensive technical university) seems to be contemplated on the following
common basis admission on the same conditions (twelve years of pnimary
and secondary edycation), regardless of the type of upper secondary courss,
a common core of basic subjects for a penod not exceeding two years,

- oA
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diversified course$ according to the branch, a perniod of practical training of at
least three months at the start of the technicat studies, another penod of
specialized practical training durning the course, lasting from three to twelve
months, depending upon. tite,branch selected. ¢

Itis not yet quite clear whether separate degrees would be conferred for the
varibus branches or whether there would be a single degree. “

The above example illustrates a possible trend towards grouping together
engineer; in categones C and L. It remains to be seen whether the expenment
being carried out at present in the Federal Republic of Germany will be
followed by other European countries and also what shape 1t will fmally take
in the Federal Republic of Germany itself.

'

372 Trend towards adapting the system of initial technological
education to the conditions of subsequent continuing education

.
i

The best way to illustrate this trend will be to give a selection of quotations

from the report submitted on 20 October 1972 to the Consultative Assembly
) of the Council of Europe by Rector Capelle, Chairman of the assembly's

Committee on Culture and Education. The report was unanimously adopted
\? by the assembly.

Among other iImportant factors in the present university cnsis are the need for the graduate
to realize that his studies are incomplete’, that is, the need to create an inclination for self-
education, This no doubt requires less knowledge and more know-how.

Education and initial training methods sull have to be revised in order to achieve a
calculated incompleteness so as 10 maintain cunosity and encourage self-culture . It is
clear that there 1s still a tendency to extend further studies and for the final consecration
to be seen as investigating static knowledge iather than providing a guarantee of the
ability to select, put into practice, and decide.

Continuing education .. must be regarded as the natural extension of :nitial educa-
tion so that the professional diploma in whnch it culminates i1s considered more as an
nitial springboard than as a fimishing p -

By stressing knowledge above all eish. umversnty studies in accordance with tradition
have helped to bring about the Lfe diploma ensunng total secunty ard thus providing
Inttle incentive ever to challenge what has been learned.

By laying greater stress on ability to process knowledge (adaptability as it is sometimes
termed) or on the capacity to learn to learn’, the stagnation of the life diploma gives way
to the stimulation of ‘lifelong learning’.

The previous life diploma’ should become a tempoiary.sertificate of proficiency requir-
ing regular confirmation i1n forms to be determined according to the situation.

Viewed from this angle. the diploma becomes a strictly personal matter and the informa-
tion it provides is confidential in the same way as that of a medical diagnosis. As it refers”
1o a particular point in time, 1t will require regular confirmation in the same way as flying
certifiCates awarded to airline pilots.

We do not know to what extent these ideas are directly applicable in real lifs,
particularly to the world of European engineering, bat we feel sure that, at
present, some of them would raise difficulties in practice.

However, we have quoted large extracts from this report to illustrate a trend
which seems entirely justified In our view and which meets the need not only
for supplementing the ¥ttial education by contituing education (which

: seems obvious), but also, and above all, for organizing the former In prepara-

tion for the latter.
Q
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4.1

Legal provisions

In this chapter we shall examine the conditior’s governing the use of profes-
sional qualifications and the practice of,the engineering profess.on in the
various FEANI countries.

It should be borne in mind that for the most part our mformatlon concerns
the qualification of engineer.

Use of the qualification of engmeer and practice of the engineering
professmn may be governed by ong of the following four condltlons
(a) compulsory membership of a corporate body in order to practnse the
profession, (b) voluntary registration in a national register in order to be able
to use the qualfication of engineer, but freedom to practise the profession,
(c) neither compulsory membership nor voluntary registration, but legal
protection provided for the use of the qualification of engineer, the profession
being practised freely, (d) fre to use the qualification of engineer and
freedom to practise the profession.

The legal prowvisions relevant to each of these four conditions in the various

countries will now be studled in turn. .

Compulsory membership of a corporate body
in order to practise the profession’
In Greece, an engineer must be a ‘member of the Technical Chamber of
Greece (founded in 1923), otherwise he has no right to call himself an
engineer or to practise his profession. This membership is acquired either (a)
by taking all the examinations of a Greek technological univetsity, or (b) fter
venfication of training recerved abroad and a general professional examinat

In /taly, engineers must be of Italian nationality and must be recognized
by the Consigho Nazionale degli Ingegneri. The membership requirement for
the latter 1s possession of the Italian diploma of dottore in ingegneria (th
qualification of ngegnere s granted only afterwards by the Consiglio
Nazionale deglh Ingegnen which operates under the authority of the Ministry
of Justice). Holders of foreign diplomas may be granted provisional permis-
sion to practise the engineering profession in Italy. .

In Portugal, engineers are obliged to belong to the Ordem dos Enghenelros
(National Order of Engineers).

In Spamn, all engineers (except civil servants) must join engineering ’
colleges attached tg the appropnate technical ministries (public wotks,

. agrlculture, industry, etc.).
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42 Voluntary registration in a national registef
in order to use the qualification of engineer,

but freedom to practise the'profession .
. , ¥

-
+

In /reland, the plain qualification of engineer is not directly protected by the
law, but in practige it does not have much meaning. Most éngineers graduate
from the universities, although some of them hold the qualification of engineer
. through having pgssed the Institution of Engineers of Ireland (IEI) examina-

¢ tion. . . .

- This body confers the qualification of chartered engineer, which is pro-
tected by law, the conditions for obtaining it are as follows. mipimum age 25,
titular membership of the IE], registration in the register of the IEl, through
having obtained the qualification of chartered engineer from another

. recognized body which is ftself a member of the IEI. ’

wun In vatzeri;and, the Swis$ registe?, introduced in 1951, governs the use of
professional qualificatiops. The institution, which is based on a convention
between professional associations, was transformed in 1966 into the Founda-
tion of Swiss Registers REG, whose task is to keep registers of three profes-
sional categories—engineers and ar itects, technician engineers and tech-

. nician arthitects, technicians. . . .

In the United Kingdom, chartered engineers, technician engineers and
.technicians gain the right to their rebpective qualifications by registering
voluntarily with the Engineers’ ngistr’alion Board (ERB) which s administered .
by the Council of Engineering Institutions (CEl). It shoud be noted that the
Royal Charter—restricted initially to the category of chartered. engineers—
was recently extended to include technician engineers and technicians.

For this reason, and despite the.fact that registration with the ERB is
voluntary, this register has indisputable legal validity. Entry in the ERB register
is in fact governed by the conditions laid duwn in the Royal Charter granted
- to the CEl. Thus, although there is freedom to practise the profession in the

United Kingdom, it is likely to become more and more difficult for engineers,
higher technicians, and technicians to practise if they, are not entered in the
British national register of the ERB.

.
-
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43 Néither compulsory membership nor voluntary

registration, but legal protection provided

for the qualification of engineer,

with freedom to practise the profession p

* H

In Austria, the Federal Law of 7 July 1948 governs the use of the quéhficatuon
of engineer (category L (liaisen)) and the Federal Law of 10 July 1969
governs the.use of the academic qualification of Diplomingenieur {graduate, .
engineer). . ’ :
In Belgium, use of the qualifications of civil engineer and technician

; engineer is governed by the Law of 11 Sgptember 1933 on the protection of )
| . \)‘ S " v - jg
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qualifications acquired through higher education. The adwvisability of creating
an Order of Engineers is at present under constderation.
The Royal Decree of 1 July1957 protects the qualification acquired through
secondary technical education (technician). |
The recently created qualifications awarded at the end of the short course \
in_‘hlgher technical education (senior tty:nician, technical graduate, tech- |
nical conductor, engineer’s assistant) are/not protected by law. |
In Czechoslovakia, the title” of engineer may be used only by former |
2 students of the technical and agricultural universities who have completed
their studies in one of the sixteen Czech or Slpvak technical universities and
have been awarded the gérresponding diploma. " .
In Denmérk, the only protected qualifications are those of cvil engineer
(Dannfarks Tekniske Hojskole), academic engineer (Danmarks Ingenior-
akademi) and teknikum engineer (category L) which may be used only by
holders of diplomas awarded by the corresponding schools. This, however,
does not amount to a legal restriction on the practice of the engineering
. « profession. .
Inthe Federal Republic of Germany, each of the eleven Lander has brought
out a law protecting the right to use the qualification of engineer. The latter 1s
confinéd to diploma-holders from the Technische Hochschulen (technical
univessities), from the Fachhochschulen (specializad vocational collegeg,
which have replaced and raised the level of the former Ingenieurschulen) and
from the former /ngenseurschulen (schools of engineering), and to self-
educated persons who used the qualification of engineer beforasthe law,
came into force. For the past two years, use of the qualificatign has been the %
exclusive right of diploma-holders from the Technische Hochfchulen and the
Fachhochschulen. lis .
In Luxembourg, the Law of 17 June 1963 protects the’ qualification of
technician engineer (no category C engineers are traineq n the Grand
Duchy). . ' )

»
.
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4.4 Free use of the qualification of \eng.ineer .
and freedom to practise the profession 'R

A} . . »
In Finland, there are no regulations governing the use of the qualification or
; the practice of the profession. ~ . ’

In France‘;rLaw of 10 July 1934 grants the qualification of ngénreur
diplémé (grdlluate engineer) to engineers graduating from State-recognized
schools, at the proposal of the Commussion of Engineenng Qualificatigns.

. However, the qualification of engineer is not protected by law. For the self-
educated, it o(;en corresponds to a post held in a firm.

In the Netherlands, the engineering profession is not governed by any -

. redulations The only protection 1s that afforded to the university-level
;ﬁ' . qualification of graduate engineer conferred by a technical university (tech-
nisthe hogeschool), which entitles the holders to place the abbreviation

‘Ir.” before his name. .
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New graduates from the hogere technische schoo/en (category L) will be
- entitled to use the abbreviation ‘Ing.” after their name.

In Norway, the title given to engineers of category L, who graduate from
the Jingeniorskoler (formerly teﬁgsk skoler) will henceforih _be ingenier.
It is not protected by law. The only protegted qualification s that of swvi/-
ingenier, which has been protected since 1949 and is confined to diploma-
holders of the Norwegian Institute of Technology (category=£) and to
Norwegian nationals who hold diplomas from foreign schoofs or universities
recognized by the public authorities.

In Sweden, the qualification of engineer is not protected by law, the only
persons who may be prosecuted under the law are those who use an estab-
lished quahflsatlon which is not theirs by right.

)
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The role of industry

Industrial requirements

P

As a rule, the reQuirements of industry are made known to establishments
for higher technical education through the following four channels. (a).
directly, through industrial representatives on the boards of these establish-
ments, (b) less directly, through the presence on these boards of representa-
tives from the Fellows’ Associations of the establishments concerned, whosse
members work in industry, (c) indirectly, by virtue of the fact that certain
teachers have worked in industry in the past by coatinue to do so as ¢onsulting
engineers, concurrently with their academic activity, (d) by research con-
tracts granted to the educational establishments.

In Austria, industry examines changes in the curnculum before these
become effective and sends details of its requirenfents to the heads of the
establishments concerned. .

In Belgium, industry’s requirements 4re conveyed to the university thr0ugh
an organization called the Fondation Industrie- Université.

In Czechoslovakia, industry’s requirements are outhned by the appropriate
technical ministries and passed on to the Czech and Slovak ministries of
education. -

In Denmark, industry’s tequirements are conveyed to the Danmarks
Ingenigrakadem: by an advisory committee, ten members of which represent
industry, this committge s competent to alter the curriculum and the
examination programmes.

In Finland, industry is represented both centrally and locally. as regards
centralized representatiori, industry is represented on the Council of
Higher Technical and Commercial Education, an advisory body to the
Ministry of Education. It 1s also represented on the Vocational Education
C0unc:l an adwisory body to the National Office of Vocational,Education
which is responstble for technical colleges in category L, fall:ng under the
control of the Technical Education Section of this office. As regards /ocal

1

" representation, industry has representatives on the university councils. Its

local representatives, who are chosen by the National Office of Vocational
Education, also sit on the advisory boards of the State technical colleges
(category L). .

In France, representatives from the gineenng world attend meetings of
the Commission on Engineering Qualifications, one of these shares the joint
chairmanship of this commussion with a civi] servant (often the head of an
engineeung school). In addition, industry’s requirements are communicated
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directly to 'the heads of th estabhshments and in tmport
appropriate ministerial autho}ities.

Furthermore, as regards /thé |UT (umversaty institutes of technology)
management and unions a(e represented at the national aqwsory commis-
siong of the IUTs and on the boa

In the Federal Republic of Germany, Federal Commission of Engineer-,
ing Education, which is in contact with industry, communicates directly with |
the ministers of culture of the Lander and aISO withthe Federal Conferenceof
the latter. .

In the Aetherlands, almost half the hers in jtechnical education are
part jime’ teachers, who also hold posts iri 1n

In Sparn, each §ruversity.has its patronato which arge_of the umiver-
sity’s public relats 15. In the speciat case of the technical ers both

industry and p{ ionat \I%\have representatives in the gatongtos.
\ ‘0\\\\0’ d
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5.2 Coltgboration of industiy~——

In Section 3.6, 'Post-graduate or Continuing Edu
mentioned the facifities granted by industry, for example in Czet
Dengark, France, Luxembourg, the Netherlands, and the Unitéd Kingdom, -
to peysons undergoing continuing education whilst pursuing theirr work in
industry. Industry’s collaboration also takes the form of orgamz practlcal
trajnthg periods. -

In Awustra, industry organizes training penods “dunng thehohdays. In ordér
to acquire the qualification of /ngenieur (category L), studen*ttséfrom higher
technical education establishments must have acquired four rs practucal
experience In their CM

In Belgium, industry particip in the education of engineers. (aY by

- means of practical training periods duﬂhg.,t&e vacations, (b) during employ-
mént, by granting ¢s engineers leave of absehxand,’or funds fér continuing

education. -
In Denmark, practical training periodg.n industry lasting from six months to
one ygar, are organized for students of thé'Danmarks Tekniske Hojskole and
the Danmarks, Ingenierakademi. .
In Finland, the graduate engineer or architect (category C) should have
had from Six to mine months’ practical experience in industry and the engmeer
. (category L) from twelve to sixteen months. For the time being, this is an
) optional requirement, but it counts for extra marks in the examination. In
addition, terminal study work s often carnied out in industry, or else the
subjects for such work are proposed by industry.
tn the Federal Republic of Germany, two semester practical training
periods in industry are a requirement of the Fachhochschulen in some Lander,
in Spain, one of the functions of the new umversity patronatos is to
! establish industry’s influence in the education of engineers.
In Switzerland, industry plays an active part in self education, continuing
education and the organization of practical tralning periods. —~ ~
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“In the United Kingdom, there are several industrial training establishments,
one of which is the Engineering Industrial Training Board. The CEl maintains
contact between its own private vocational institutions ard these vocational
training establishments, each of which is specialized in one or more ‘tech-
nological fields Such relations are supplemented by individual agreements
between these industnial training establishments and schools on the one
hand, and industrial firms on the other. For example, a technical college will
contact industrial ferms in its area in order to find out which of these are
prepared tcracceqt students for practical training penods This s very Iargely a
matter of supply and demand.
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6.1

Relationships between
categories C, L and E

L
. ’

The complementary nature of categories C, L and E

We have already stressed in Section 1.2, ‘Conventional Definitions Adopted ,
thatindustry naturally has as much need of execution technicians (category E)
as of conception engineers (category C) and liaison engineers or semior
technicians (category L), without whom collaboration betweén the two
preceding categories would undoubtedly give rise to many difficulties.

Opinions vary as to the desirable numerical ratio between the different
categories, but it is clear that several engineers or senior tdchnicians in
category l« are required for one engineer in category C,

Unfortunately, the real state of affairs seems to be very different. whereas
‘there is usually an adequate number of conception engineers, there Is
generally a relatively widespread shortage of liaison engineers or senicr
technicians. - _ S

The main reason for this state of affairs is probably to be found in the
prestige enjoyed, in the opinion of young people and their families, by long

, post-secondary as opposeq, to short post-secondary education, whereas

in fact the latter offers future graduates relatively more openings than
the former. s )

The harm thus caused to industry cannot be denied. It is as if the indus-
trial "grmy’ possessed enough high-ranking officers and non-commissioned
officers, but suffered from a shortage of junior officers, yet, as we all know, the

qualitysof an industry, as of an army, depends largely on the quality of its

supervisory and intermediate-level staff (and, of course, on their numbers).

The harm caused to the gradyates themselves is also obvious, since large
numbers of conception engineeré_'are forced by the scarcity of iaison engineers
or senior technicians in category L to do the work of the latter as well, the
result is an inevitable sense of frustration on their pant, since they feel that
their particular abilities are not being fully used. The scarcity of liaison staff is
sometimes attributable to use being made of category E execution technicians
in their place, which is liable to impair the quality of the complerentary
relationship between the three categories.

This lack of middle level personnel in industry is not due solely to the fact
that future graduates, and particularly their families, are looking for the
prestige and higher social standing afforded by long post-secondary educa-
tion It is also due to the continuous rise in the level of short post-secondary
education, which tends to,make it less worth while since less and less
additional effort leads to a qualification which still remains above that ensured
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by short post-secondary education. This ‘levelling upwards’ 1s one of the
|mponant factors in the shortage of category L engineers and senior tech-
n|C|ans -

Social advancement

)We are concerned here with methods of moving on from a qualification
acquired in category L to a fresh qualfication in category C, or from category E
to category L. This ‘'upward movement’ from the concrete to the abstract is
not easy, since it requires_the acquisition of supplementsry theoretical
knowledge after having first acquired a more practical grounding. It would
be easier to move in the opposite direction. hence appropnate guidance is
desirable from the beginning.

Yet such methods are essential to enable the most deserving to gain
advancement, while social justice obviously requires this. -.

In Belgium, ingénieurs techniciens (category L) who have already com-
pleted three years’ post secondary studies may qualfy as ingénieur civil
(category C) after an additional three-year course. Since this qualification
.is normally obtained only after five years’ post-secondary education, they are
thus requiged to study for a year more than if they had moved on directly
tolong post secondary educatiop. It 1s thus not surpnsing that only 1 per cent
of them avaif themselves of this opportunity. Thus state of affairs 1s due to the
suifficulties pomted out above of passing from the contrete to the abstract.

In Czechoslovakia, students holding a diploma of specialized secondary
education (techmc-ans) may continue thenr studies in higher technical insti-
tutes for englneers\ '

In Luxembourg, technicians (category E) can take an examination for
admission to schools for ingénieurs-techniciens (category L). .

In the Netherlands, graduates of higher technical schoals (category L) are

‘admutted freely to technical universities for category' C engineers, where they
take the full course from the beginning.

The new law now being drawn up provides for the selection of students
for both higher technical schools (category L) and .technical universities
(category C) by means of examinations held at the end of a one or two years’

- common core of pre-university studies. .

In Norway, graduates of hugher technical schools (category L), are admitted
t6 the second year of the Norwegian Institute of Technology, which educates
category C engineers, on condition that they take a course 1n mathematics in
the summer preceding their admussion. At present 30 per cent of the $tudents
at the institute have gained admission in this way. .

In Spamn, industnal technician engineers (category l) can go on, after
supplementary education, to the second, two year course for ‘senior
engineers’ (category C).,Conversely, the furst, three year course for ‘senior
engineers’, when compined with a certain amount of self education, leads to
thesdiploma of industnal technician engineer, which 1S obviously easier than
movement in the opposite direction.

a9 S
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In Switzerland, technician engineers from higher technical schools
(category L) may be admitted to polytechnics (which educate category C
engineers) after taklng an examination in general education. .

In the United Kingdom, as already noted in section 3.3 1, 3.3.2, and 3.3.3,
one of the main features of the system in force is its great flexibility.

It should be noted that these channels for social advancement are not yet
highly developed. s’ .

- -
.

~

63 Multiple channels of access to post-secondary education

In France, there are very many channels for admission to one of the 143,

French schools educating graduate engineers: - s

For students in science faculties (without a competitive entrance examina-
tion) either for holders of the dip/6me universitaire d études scientifiques
(DUES) at the fnrst, second-year level, or first-year certificate (forty-nine
schools), or on production of thes DUES (fifty-three schools), or by special
competitive examination reserved for holders of the DUES (twenty-three
schools), or with a licence from a university or two certificats de maitrise
(seventeen'schools), or with a maitrise universitaire (seventy-five schools).

For post secondary pre-university students (those in classes préparatoires)
(with a competitive entrance examination). either at the level of mathéma-
tiques supérieures, ije. one year affer the baccalauréat (fifteen schools
only), or for those who have completed the mathématiques spéciales, 1.e.
two years after the baccalauréat, either mathématiques spéciales A’ (fifty-
eight schools), mathématiques spéciales A’ (seventeen schools), mathé-
matiques spéciales B (forty-eight schools), or mathématiques spéciales C
(sixteen schools), or by a special competitive examination open to pupils
from technical scheqgls (thirty schools).

For students from technical schools (without a competitive entrance examina- »
tion). either for holders of the brevet de technicien supérieur (BTS)
{nineteen schools), or on completion of the preparatory cugnculum for the
Ecole Nationale des Arts et Métiers, or with a dip/éme d’ études supérieures
techniques (DEST) under the social advancemept programme (in parti-
cular, for those who have studied at the Conservatoire National des Arts ,
et Métiers (CNAM) but have not gone far enough to obtain the CNAM
engineer's diploma, especially those who have not taken the general
examination or submutted the final thesis for this diploma).

' 4

6.4 ‘Bridges’

Various means are provided which enable a student to switch duning his

studies from the course he has originally chosen to another which he believes,

in the light of his imitial performance, to be Better suited to his ability. Such

bndges may enable a studentto change from a more practical type of educa-
| ,tion to a more theoretical type (for example from a short to a long post-
. Q .
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secondary course), should the student find that his performance in theoretical
fields 1s better than he onginally hoped, and if he has a iiking for them. Of
course, a change in the opposite direction may also be made f he realizes
that he has taken a theoretical course which 1s beyorid his abulity.

We have already stated in Sectron 3.7.1, with regard to the first of these
alternatives, that short post-secondary education may be followed in some
cases by continuing education to achieve an egy_uvalence in practice with long
post-secondary education chosen from the outset, but that this should in no
way be the rule, but rather the exception, since the two careers are quite
different from one another.

This remains entirely true fqr a possible change from category E to cate-
gory L. In other words, ‘bridges’ should not become normal educational
channels, but remain stand-by ones enabling individual students to switch
from one type of course to another, be it practical to theoretical or vice versa.

In Belgium, Article 9 of the Law of 7 July 1970 makes provision for "bridges’
from one type of higher education to another, but the Law still awaits an
enforcement decree.

’

-

Trends in relationships between categories C, L and E

As already stated in Section 6.1, a trend 1s emer'gmg in a number of countries
towards raising the leve! of schools training professional technologists in
category L. Itis to be foreseen that this trend will become general

It is hoped that, as a result of this increase in level, this type of educatnon
will become more attractive to students and their families—without, however,
encouraging them to turn towards long post-secondary studies, should the
difference in level between these two types of education be shight, it may thus
be possible to make up for the shortage of category L personnel which
hampers industry in many industrial countries today. .

Associations of former students of short post-secondary education can do
a great deal to reinforce this trend. In the first place, they can refrain from
demanding too high a level of education from schools training liaison
engineers, since such a demand, while understandable from the human point
of view, runs counter to efficiency in practice. It would be regrettable to create
fresh confusion between conception and laison engineers, thus producinga . ¢
gap precisely where a shortage is already felt which i1s detnmental to the
interests of the engineering profession as a whole. Raising schools for
category L engineers to too high a level would lead to a situation worse
than the present, which is due, in some countries, to their being at too low a
level. Here again, therefore—and more than ever—great moderation seems to
be required.

Associations of former students of short post-secondary education can
render another great service to their members, both present and future. that
of explaining the reason for the existence of thenr,’profess-on, which is as
important for society as that of category C engineers.

Lastly, the widespread adoption of continuing education will make 1t
possible to provide more numerous and widespread channels for social
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advancement between the various categories of professional technologists,
by giving the opportunity to those who want it to climb the successive rungs
of knowledge and know-how, while aontinuing to earn their hving. The
examples of what has already been achiéved on these lines (see Section 6.2)
and the flexibility of the British system are convincing proof of this. %
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7  Bilateral and multilateral agreements
on the education of engineers -

xa

Austnia and the Federal Republic of Germany have concluded an agreement
for the mutual récognition of engineering gualifications, which is to be
extended to other German-speaking countries.

in Belgium, equivalences have been established by law between academic
degrees awarded in Belgium and terntories fornierly under Belgian sovereignty
or entrusted to Belgian administration, they are now being revised. Provuswns
exist for equivalences between France and Belgium with a view to makmg it
easier to Qbtain supplementary qualifications. ‘

Czechoslovakia has concluded various agreements with other Socialist
countries. -

Finland has concluded general agreements (not limited to higher technical
education) foran exchange of students with the other Scandinavian gountries,
Bulgaria, Czechoslovakia, France, the German Democratic Republic,
Hungary, Poland, Romania and the U.S.S.R. This country also has general
agreements for an exchange of trainees with Austria, Belgium, Francé, Italy,
the Netherlands and Switzerland. Semi-official agreements to the same end
have been concluded between the Finnish Ministry of Labour on the one
hand, and Canada, the Federal Republic of Germany, the United Kingdom

-and the United States of America on the other.

France has concluded agreements with the French speaking States in
Afnca as well as Certain States of Latin America and elsgwhere, to receive
trainees at practical courses, on behalf of the Ministry of Industrial and
Scientific Development and the Ministry of Economics and Finance, at
courses held by the Agence pour la Coopération Technique, Industrielle et
Economique (ACTIM) which forms part-of the Ministry of Economics and
Finance. The same agency provides the practical training courses organized

- by UNIDO for professional staff who have held posts of responsibility.

The Netherlands and Belgium have concluded an ggreement on the mutual
recogmition of examinations held by the technical faculties of Belgian
universities and those of the Netherlands.

Norway has concluded the following special agreements. (a) for educa
tion In aeronautics, an agreement between the Norwegian Institute of
Technology and the Royal Technical University of Sweden, Stockholm, on the
admission of Norwegian students to the latter, (b) for education in petroleum
technology, between the Norwegian Institute of Technology and two foreign
universities, one 1n Austria and the other in the Federal Republic of Germany.

Sweden has regulations which take into account previous examinations

x taken at universities in other Scandinavian countries.
\‘ " 4
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“These few examples show that agreements on the educatiof and training
of engineers are still far from being the general rule, even in the case of a
relatively restricted group of countries such as the EuroaeaQ Economic
Community or the Scandinavian group of countries.

It may be useful to give some details, by way of mformat«on on the work of
the EEC in this field and the results obtained so far.

Title 11l of the Treaty of Rome deals with ‘The Free Movement of Persons,
Services and Capital'.

Article 48 of the treaty stipulates that:

’

-

. The free movement of workers shall be ensured within the Communaty ... £

2. This shall involve the aboliion of any discimination based on natnonal.ty berwveen
workers of the Member States as regards empIOymem remuneration, and other &orking
conditions . . v

Article 57 includes this provision:

1. In order torfacilitate the engagement in and exercise of non-wage-earning activities,
the Council, on a proposal of the Commission and after the Assembly has been consulted,
shall .., act by issuing directives regarding mutual recognition of diplomas, certificates
and other qualifications.

Thus Article 57 lays on tfie EEC the obligation to establish directives regarding

. mutual recognition of ‘diplomas, certificates and other qualifications’ of

professional workers (including senior technologists).

The Commission might have envisaged various ways of solving the
problem. A completely logical solution might have been to standardize
different levels of training in the various countries, but it can be assumed
a priori that such a solution would have been utterly nmpractacal at least in the
short and medium terms. ¢

The draft directives elaborated by the Commnssaon embodied, on the
contrary, the idea of over all criteria, a kind of common denominator accept-
able to all the countries concerned, being briefly the critenia of the level
required for admission to post secondary education, and the duration and
level of post secondary education (university or similar, higher téchnical,
technical). .

It should be stressed that the draft directives were devised and formulated
in the context of a community which at that time comprised only six European
countries. Since January 1973 there have been nine member countnes,
including the United Kingdom and lreland, where, as we have seen, the
education system differs, at least in form, from the so-called ‘Continental
system’. It can therefore be assumed that while the basic concepts of the
draft directives remain valid, their legal formulation will probably have to be
amended to take account of this difference in viewpoint. In any event, and
very generally speaking, the draft directives not yet approved by the council
will have to be reviewed to take account of the viewpoints of the three new
EEC members. Further, the Commission’s draft directives will have tg be
approved subsequently in any case by the Council of Ministers, where

_ individual national attitudes may act as a barmer to the aims and proposals

of the Commission.

’
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In conclusion, itwill be noted that the trends within the EEC Commuission

are in line with those of the FEANI register, namely faljng the possipility of

. achieving complete standardization, the question should at least be clanfied
. by drawing up appropriate categonies making reference to qver-all cntena.
. Notewprthy also are the two basic differences between the FEANJ register
and the EECdirectives. (a) the latter are in the form of regulations, whereas the
register i1s an inihative freely takeh by the engineering professnon, (b) on the
other hand, the EEC regulations apply to only niné countries, whereas the
FEANI register has Been appr0véd by the professmnal associations of

eighteen European countries. y +

We shall return to this problem and the possible methods of solving 1itin th

conclusions contamed in Sgction 9 1. 9- i
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Relatronshlps between eng(neermg
and other professions .

Relationship with architects

In any countries the education of architects is somewhat similar to that

" of engineers. In such cases the pursuit of the profession of architect by an

engineer raises no specially, difficult legal or practical problems. Numerous
individual cases of this general problem do, however, exist. r »

-In Austria, the Diplomingenieure who graduate from faculties of architec-
ture in the Technisché Hochschulen, or technical universities, tend to be more
suited to the technical side of clvil engineering. They represent two-thirds of

the personnel in large architects’ firms. Magisterarchitekte (master of archi- .

tecture) graduating from academies tend mostly to choose the artistic side.

"In Belgium, architects follow a five-year course, after six years’ pnmaty and
six years’ secondary education, in institutions which are run erther by ‘the.
Stat®; the provinces or the communes, or else are subsidized or recognnzed
by the State Their diploma is awarded sither by, these institutions, or by a
central board of examiners. As already observed in Section 33 above,
civil engineers specrahzmg in architecture (ingémieurs civils archrtectes)
take a five-year course in faculties of apphed science.

The Law of 26 June 1983, establishing a professional. assoc«atron of
architects (Ordre des Archntectes) in Belgium, requires that, civil enginaers
who graduate’after that date follow a two year practical traigung, beforebemg

entitled to srgn,.m their capacrty as architects, plans fot technrca1 work which. -

are solel_y within the competence of a, graduate engmeer Graduates of
civil engineering departments of universities who have specralrzed 1n
arphitecture are naturally not subject to this restriction.

In Finland, there is no offtcnal distinotion between the functions of an
engineer and those of an architect, th0ugh in fact the specaalrzatron does

exist. ", . . N

‘Graduate archrtects from unrversrty faCthaes of architecture specralrze n
plannmg bulldings and regional planning, whrle graduate. engineers from
engineering faculties specialize, as the case may_ be either. (a),sn the practlcal
execution of projects, calculation of the strength of matenals, ‘supervision of .’
constructnon stages, pubhc works—~m the case of former students. of civil
engmeenng facuities, or (b) heating, plumbing, ventrlataon—m the case of
farmer students of mechanieal engineering faculties. o

Architects, and enguneérmgs graduating from civil enginegring branches
of technical colleges in Finland (category L) specialize respectivaly in’ the
planning of buildings and town planning, and actual construction work.

¢
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In France, architects must be members of the professional association
(Ordre des Architectes) to be entitled to use the qualification of architect and
pursue the profession. There is, however, no professional association of
engineers and, as observed above, the plain qualification of engineer is not
protected by the law, nor is the engineering profession the subject of regula-
tions Thus the only qualifications which are protected are those of graduate
engineers from schools empowergd to award diplomas by the Commission
des Titres d’lngénieur of the Freadh Ministry of Education.,

Consulting engineers, in full agreement with the mlmstnes congcerned,
refuse to entrust the over-all responsibility of work to architects alone. An
agreement on the pursuit of their profession was signed in 1957 between the
Ordre des Architectes and the Chambre des Ingénieurs-Conseils.

. In the Federal Republic of Germany, Some Lander, for example North-
Rhine-Westphalia, have statutory associations of architects with which 1t s
necegsary to register in osder to practise tife profession of architect.

In Greece, recognition as an architect, and the right_to pursue the profes-
sfon, are restricted to graduates of a technical university (Dipl.Ing. Arch.)
in much the same way as for engineers in other special branches. Where
complex structural calculations have to be done, the architect myst work 1n
conjunction with a graduate civil engineer, who 1s legally responsible for the
safety of the construction. The engineer receives 60 per cent of the fee for the
calculations, leaving only 40 per cent to the architect. .

Inthe Netherlands, ®law is being drafted on the qualifications of architects,
a register of architects exists, but registrafion is not compulsory, graduate

architects of a university are exempt from the examination for admission to the

register.

In Switzerland, in the absence of legal provisions, professional practice
is regulated for both professions by the regulations and standards of the SIA
(Société Suisse des Ingénieurs et Architectes). There 1s an excellent degree
of alignment between the two professions (for example, the qualfication of
architecte-technicien corresponds to that of ingénieur-technicien, etc.).

In the United Kingdom, there is no legal dividing-line bewween the profes-
sions of engineer and architect, but in practice specific functions are reserved
foreach profession Forinstance, thebuilding of reservoirs and dams 1s reserved
for those engineers who are on a special register. s

Depending on their form, building contracts are drawn up either by the
Institute of CIvil Engineers or by the Royal Institute of Bntish Architectg.

.

j L}
Engineer,/agronomists are usually put in the same category as engineers in
other branches They gradudte either from the same technical universities,
where they are enrolled in other faculties, or from separate schools of agron-
omy. .

To give a very detailed example of their education, in Belgium there are
two degrees, that of engineer,/agronomist and that of engineer in the chemical®

- Al




8.3

" ERIC

»
\ Relationstips batween enginsenng and other professions 87

-

!

iheenng and agricultural industrnes. Both of these degrees comprise a

9 - yeat preparatory course (candidature) covering mathematics, chemistry,

iology, earth sciences and an introduction to the humanities, followed by a

tnree-year courge jor the degree proper as*follows:

1. For the Belgian engineer/agronomist's degree. (a) the following six
common subjects. advanced biology, soil and environmental sciences,
plant and animal production, engineering techniques, industnal processing
of natural products, economics, (b} a comprehensive study of one of the
folloyving fifteen special subjects. general agronomy, agronofny of tropical

. and “sub-tropical regions, stock farming, plant technology, forestry,
horticulture, plant protection, agricultural engineering, rural economics and
sociology, rural economics and sociology applied to developing countnes,
land develdpment, sqil sciences, applied botany, applied zoology, nutrition
and dtetetics, (c) a terminal study of thesubject which has been studied 1n
depth. ]

2. For the Belgian degree in chémical engineenng and agricultural industries.
(a) the following eight common subjects. theoretical and physical chem-
istry, analytical chemustry, organic and biological chemistry, agricultural
chemistry and physics, industnial biolqgy ‘and microbiology, industnal
physics, engineering techniques, technology and management of food and
agriculture industnies, (b) a comprehensive stady of the basic and applied
aspects of one of the eight subjects above or of the technology of an
agncultural industry, (c) a termunal study of the subject which has been
studied in depth.

Relationship with ’scientistst' . -

P E
By simplifying somewhat, 1t may be assumed that a scientist’, for example the
hokder of a French /icence in physics, or a doctor in chemistry, has received
veMnscbstantial theoretical ctation, more than that of an engineer, but that,
on the other hand, his practical training has been comparatively hmited. Ttfese

‘two types of education usually lead to differeit professions. [n Belgium, for

example, there exist on the one hand the /icence and the doctor’'s degfee in
chemustry, and on the other hand the diploma in chemical engineering, which
lead to two different careers.

Nevertheless, in the course of his career, as he gradually comes into contact
with practical work, the holder of a /icence in chemistry may acquire through
the actual pursuit of hus profesgion the practicai training he lacked when he
obtgined his /icence. I’ i :

This case has been provid&d for in the FEANI register under Group A,
Section Aa, with the following definition:

’
O

Persons having auquired a Lomplete suientific university education and trainung [in France,

for example. complete /menusl and having p’racused the profession of engineer for at least

two yedrs A jury’will.dewide. in each individual case. if the degree of the scientific faculty
in question wan be recognized. and if the penod of practising the profession of engineer

suffices.
ns

.
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There is no doubt that what is meant herg is a scientist who has moved into
the professional category C (concgption) and has been recognized by FEAN
as belonging to that category. 2

Relationship with economists .

An example of technico-economic education is provided by the Wirtschafts-
diplomingenieure educated by some Technische Hochschulen 1n the
Federal Republic of Germany (in particular, that of Berlin-Charlottenburg).
These ‘graduate engineers in economics’ receive a basically economic educa-
tion, but aré in addition obliged to specialize by taking courses which are,
incidentally, of the sate duration as for the other.Diploming&nieure, namely
an average of five and a half years, including a terminal study i a specialized
technical field of their own choice. This special subjéct 1s sometimes computer
science (including both hardware and goftware), or'even automatic control.
This enables Wirtschaftsdiplomingenieure on leaving the university to select
a career in general business organization and management or even integrated
automation, using the same computer for the management of administration,
finance and accounts and for the automatic control of industrial processes.

Two other examples of technico-economic education may be quoted in
France, the first being the courses provided by the CNAM (Conservatqire
National des Arts et Métiers). Among the engineering diplomas awarded by
the conservatoire in many special branches is that of ingéneur CNAM, with
specialization in ‘scientific labour management’. Like all the others, this
CNAM diploma requires, before the general examination and the defence of a
thesis, certificates attesting to the successful cbmpletion of courses and
practical work in three different fields, comprising that of the special subject
ehosen, called the main field, and two other fields, called related fields. In the
particular case of the CNAM engineering diploma with specialization In
scientific labour management, one of the two related fields must be of a
technical or scientific nature. )

The second example is that of the dipléme d’études économigies supé-
rieures (higher economic studies diploma) awarded by the same establish-
ment Most of these diplomas are awarded in subjects which are somewhat
remote from the engineering field, such as, for example, insurance, commercial
law, economics and banking techniques, the history of labour and industrial
relations, the organization and operation of financial markets, the physiology
of labour, vocationa! selection and guidance, financing and accounting
techniques in business, etc.

However, certain other special subjects for the CNAM higher economic
studies diploma, less remote from the engineering field, require some studies
of a technical nature In this connexion the following examples may be
quoted- (a) the ‘history of building’, for which a certificate attesting to
successful completion of a technological course 1s required (civil engineering,
chemistry applied to materials, industnial heat technology), (b) ‘economic
geography’, for which a certificate a&iying to the successful completion of a

¢t
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scientific or tech\nological course s required (agnculture, industrial chemistry,
spinning and weaving, metallurgy, industnial electricity), (¢) industnal and
statistical ecopomics’, wigh a compulsory one-year course in a technologcal
subject choSen by the candidate.

In Befgium, there is an educational course and diploma for commercial
engm/eers', on the same lines as those quoted above.

Unlike those ‘scientists’ who may become real engineers by acquiring in
industry the practical experience they lacked, it can be seen that the econom-
1sts described above do not receive, either during or after their studies,
the theoretical education and practical training that could qualify them for
one of the categories of higher technical professions. Obviously this s a
question, not of level, but of type of career.

Interdisciplinary work

When speaking about interdisciplinarity, a clear distinction shiould be drawn
between interdisciplinary education on the one hand and the interdisciplinary
practice of a profession (or group of professions) on the other. The former is an
educational matter, whereas the latter concerns the use of an interdisciplinary
team to solve problems of varying degrees of complexity ansing from the
practice of a profession or a group of professions

The majornity of national associations of engineers to whom the question
was put deplore the virtually total absence of interdisciplinary education in
schools. ’

This does not imply the absence of interdisciplinarity in the broadest sense
of the term. Biology is not taught in engineering schools, and only little ime—
sometimes too little—is given to psychology, economics, orgdnization and
management. It 1s not, therefore, a question of expecting institutions to
produce engineers who are also experts in the gombined fields of psychology,
biology, economics, organization, management and technology, at most, it is
a question of giving engineers, in the broad sense of the term ‘interdisciphin-
anty’, the ability and taste for working, when necessary, after they graduate,
with psychologists, biologists, economists, organizers and management
specialists.

The cntiggsm of the lack of interdisciphnanty in enginering schools thus
refers to a narrower aspect of the term. The engineening student usually
receives a thorough grounding in mathematics, ph?sncs, chemistry, mechanics
and the engineenng sciences. However, he receves very little instruction as
to how to weld this knowledge into a whole with a view to solving specific
problems of the type he will meet after graduating. Itis in this narrower sense
of a lack of education in taking the over-all view that one should interpret the
aimost unammous crticism directed against the lack of interdisciplinarity in
the education imparted by the majonty of engineening schools.

Theres alsg cnticismin relation to another aspect, equally essential for the
student embarking on an engineering career. that of the development of
creative ability, closely linked with the ability to take an over-alt view of the
knowledge acquired.

bu
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Many methods have been proposed—and sometimes put into practice—for
developing from school onwards the future engineer s creativity and ability
to take an over-all view.

The most usual method is that of introducing projects dunng the course,
or an end-of-course project. The effectiveness of projects dunng the course
(and, in some schools, of an end- of-course project) s greatly reduced by the
fact that they are carried out in small groups, which of course develops the
ability to work in a team but at the same time takes away fronr the value of
the indwidual effort. The end-of-course project (an individual one in most
schools’) has the opposite advantages and drawbacks, and has occasignally
the additional defect of being too theoretical. Here the ideal, for both group
and individual projects, 1s obviously to choose a realistic subject, taken from
industry, and devised 1n addition to serve as a basis for a practical, economi-
cally feasible project. '

At all events, projects have for some time now been making a noteworthy,
if as yet insufficient, contnbution towards the interdisciplinary education of
engineers. The exdmples in France of both State and private écoles des arts
et métiersis typical in thMect, the addition of a fourth year of studies—
largely devoted to practical projects stemming from industry—has consider-
ably widened the horizon of the engineers wha graduate from them, by giving
them a professional qualification distinctly supenor to that of earlier graduates,
whose course lasted only three years. L
nother idea for developing creativity and the ability to take an over-all
view, of knowledge acquired would be to introduce into the curncula of
engingening schools, following the basic scientific education (mathematics,
physics, chemistry, mechanics) and as a substitute for certain engineenng
sciences)of an encyclopadic nature (such as electncal engineenng, heat
technolggy, metallurgy, etc.), engineenng sciences of a more phenomenolo-
gical nature. :

As their name indicates, such engineening sciences would dwell at greater
length.on the study of a given phenomenon recurning in vanous technological
fields, rﬁf%r t@n a succession of more encyclopadic studies of various
technological fieldseach of which is taken as a whole. An example of such
a pl'@'rom nological stﬁy’ mughit be provided by the study of the phenomenon
of plash T%E)‘tmd.n,ot only in metallurgy (plasticity of metals at high tempera- |
tures) but aIEmo\the,ge shaqlogy of bququr\'natenals (plasticity of cement at
ambient temperat;?r'é‘) d fuid 1cs ( pfashquix' or viscosity, of hiquids),
not to mention the techn istance to extrusion), paper
manufacturing (the ‘consistence ¢ Ip), etc. .

However attractive at first sight, the ation of this 1d8a 1y practice
comes up againstteaching difficulties. The fact is the number of known
phenomera whuch lend themselves to the teaching of the menological
sciences of eng.r@ﬁg&rlot enough to cover the vast fneld;of kn
which s at present well c&&é‘redQ a succession of more encyclopaedic
studies of vanous technological fields, each of which 1s taken as a whole.

A very interesting_idea-and one which can quite easily be put into prac-
tice--1s to introduce into the curricyla of engigeering schools what 1s now
called by general agreement 's cience Or, in 8 more restrictive sense,
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systems engineenng’. This study leads not only to a new way of thinking but

also to new working habits and knowledge of what is in fact a new Sscience

The new way of thinking ( systems approagh’) consists in regarding a
more or less complex system—technological, biological or economic—not
as a group of components of which one seeks to know in detail the individual
charactenistics and interactions, but as an entity fo be distinguished by its
over-all behaviour, irrespective of that of its constituent parts. This approach,
which of course requires methods very different from traditional ones,
proceeds, unlike the latter, from definitely synthetic, and not analytic, think-
ing. The use of the systems approach in schools can, therefore, lead only to
the development of a synthetic and creative turn of mind, which is not parti-
cularly encouraged by the current analytic approach.

Accustomed to working, from the engineering school onwards, on over-all
(and relatively complex) technological problems, which he 1s able to master
thanks to the education imparted by the school, the engineer will find 1t only
natural on leaving school to continue to work in a team, on over-all problems
which are still more complex and which he will no longer be able to master on
his own. The extraordinary flexibiity of the systems approdch, which allows
of continually passing from the simplest to the most complex group, would
thus enable the engineer to pass almost imperceptibly from the most narrow
aspect of interdisciplinarity at the engineering school to its broadest aspect in
his professional life. After having worked at school on the over-all aspects
of relatively simple technological systems, on leaving school, he will work
with other engineers on more complex technological systems, and subse-
quently, when necessary, with psychologists, biologists, economists,
organizers and management specialists, on the stll more compléx systems of
the everyday world.

The new science itself, systems science, has many aspects, not all of which
need necessartly be taught in detail in an engineering schiool. They include the
following, which we\list for the sake of clarity:

The over-all sdent:fication of an unknown system, by observing its over-all
behaviour in relation to certain appropriate stimuli or tests, with a view to
constructing a simplified mathematical model of the actual system
observed.

The sensitivity of the system to a specific cause among the many possible
causes influencing its behaviour with a view to detecting the causes to
wich jt1s particularly sensitive and being able to apply the most effective

, reméy to undesirable effects by acting on its ‘sensitive points’, this is,
moreover, the normal biological behaviour of any living being, which
reacts quickly in the first place to any harmful influence by means of its
most efficient organ, and then terminates its response in @ more balanced
fashion by means of several of its appropnate organs simultaneously.

The hierarchy of a system, by distinguishing between low-level control
elements, responsible for rapid and effective responses requining relatively
simple decisions’. and high-level cantrol elements, which make more
complex ‘decisions’ requinng more time and thus leading to slower
responses.

The mathematical background required by systems science is of a level
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which 1s fully compatible with that of the mathematical knowledge of a
student at a modern engineering school. This knowledge would be more than
sufficient for a study at school of the rudiments of systems science, intro-
duced for essentially educational purposes. The subsequent extension of this
knowledge by means of continuifig education would enable the engineer to
participate, when necessary. in the solution of highly complex problems by
making use of computer science, automatic control or operational research

methods. v
Setting aside the powerful instrument for interdisciplinary education and

training, both at school and afterwards, which an appropnate introduction to

systems science would provide, there are at present three different ways:of
acquiring interdisciplinary education during the course of a professional

career’ .

1 Contacts with other engineers in working groups, while taking pasrt in
continuing education, or while exercisir{g the profession, contacts with
colleagues, supervisors and subordinates which lead to acquinng a broader
outlook than that acquired gt school.

2 Moving from one type ofwork to another in a succession of postslwth the
same firm, or with differe} firms (mobility). Such mobility obviously
requires a soupd general education at school and the acquisition of the
ability to ‘learn to learn’.

3 As a result of promotion, the engineer may acquire a more comprehensive,
and less specialized v‘(’fess specifically technical) outlook. He s thus
obliged to pay more attention to the problems of management, financing,
personnel. social psychology, marketing, sales, etc., than to purely
technical problems. ;

In Denmark. the two Danish associations of engineers (categones C and

L) organize interdisciplinary courses in medical technology, town plannifig

and urban economics, business management. etc.

In Finland, 50 per cent of graduate engineers are employed in administra-
tion and planning. .

In France. socio-economic surveys conducted in 1967 and.1971 show that
from the age of 40 onwards, roughly one-half of graduate engineers perform
functions which go beyond the purely technical, such as the management of
industrial firms (the usual culmination of their career), commerce, banking
and insurance.

Several channels for continuing education in management are reserved
for this purpose and used by a large number of engineers, these include the
Institut d’Administration des Entreprises (IAE), courses held by the Parns
Chamber of Commerce, etc.

In Norway, many heads of industry are engineers. However, there is a
widespread drive to provide interdisciplinary training for engineers, if not at
school, at least thereafter.

6J
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Conclusions

The common denominators of the ’Contmental .
and ‘British’ systems [

In Section 12 we defined three categories of professional technologsts.
category C (conception engineers), category L (liaison engineers and senior
technicians), and category E (execution technicians).

We also saw that the over-all characteristics of these three categories
fitted satisfactorily into the ‘Continental system’ (based on primanly aca-
demic criteria as expressed in diplomas awarded by universities or schools),
with the over all characteristics of entrance requirements and the duration
and level of studies as indicated in,both the Draft Directive No. 2 established
by the Commission of the European Economic Community and the FEANI
European Register of Higher Technical Professions. Thus. (a) category C fits
in with both section 1 of the draft ditective and category Aa of the register,
(b) category L fits in with both section 2 of the draft directive and categories
Ab and Ba of the register, (c) category E fits in with section 3 of the draft
directive, though it has no equivalent in the register, which is reserved for the
time being for higher technical professions only.

Next, in the ‘British system’ (based on primarily professaonal criteria as
approved by professional institutions), with the three respective categories
of charteréd engineer (category C). CEl technician engineer (category L) and
CEl technician (category E).

The primary difference between the Contlnental system’, prevallmg In
sixteen out of the eighteen FEANI countries, and the ‘British system’, which
prevails in the United Kingdom and Ireland, is as follows.

The former, based on essentially academic criteria, necessarily involves,
in addition to the definition of the level of knowledge acquired, that of
entrance requirements (and therefore the duration of secondary schooling)
of universities or schools, and the duration of studies thereat.

The latter, based on essentially professional criteria, r&Quires only the
definition of the level of knowledge acquired, to which should be added
that of certain professional requirements (in particular, a minimum period of /
professional experience before gaining the right to assume a professional
qualification), It does not involve criteria for the duration of either secondary
education or post secondary studies (though the age limits indicate that
some maturity is required).

This difference might-give rise to difficulties in the formulatlon of legal
definitions of the various categories of professional techno]ogusts
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As for the substance of the problem, the example of a practical achieve-
ment, at the non-governmental level, provided by the European Register of
Higher Technical Professions, instituted by the professional associations of
the eighteen member countries ot’FEANI shows clearly that the two systems
undoubtedly have common denominators.

This register is based on the following main considerations.

The decisions of the national register office of any one of the eighteen FEANI
countries are recognized—except in the event of an appeal, in disputed
cases, to the Register Committee—by the national register offices of the
other seventeen countries.

In conformity with this prmcngle, each of the national associations which
are members of FEANI submits to the .Register Committee the list of
schools 1n its country whigh, in its opinion, are empowered to award
diplomas in this or that professional category, this st is finally approved
by the Register Committee, 1.e. by the eighteen national associations as a
whole. ]

Also according to this principle and with particular reference to professional
technolagists without any formal qualifications ('self-educated’), each
national register office is entitled to make such techmologists take a
professional examination before a board of specialized examiners, and to
enter them, if they pass, in the appropriate professional category, these
decisions are binding on the national register offices of the seventeen other
countries; ' .

The situation on the United Kingdom and Ireland 1s somewhat similar to that
of the ‘self-educated’ in the sixteen ‘Continental’ countriés of FEANI,
though with this difference, that it is the general rule with the former, and
the exception with the latter.

This last remark calls for reflection, as it shows clearly that the apparent

differences between the ‘Continental” and British” systems are differences of

form rather than of substance, and that in fact the two systems have common

denominators. N

Possibilities of @pplying the European experiment
of FEANI to other continents

We have seen that:

. Pl *

First, the structure of the engineering professions in Europe comprises—for
sixteen of the eighteen FEANI countries, t.e. excepting Italy and Czecho-
slovakia—three separate categories of professional technologists. concep-
tion (C), liaison (L), and execution (E).

Second, this ternary structure comprises the possibility of a certain difference
of levels between schools within each of the three categories, since they
are defined by minimum over-all critenia and not by hard and fast rules. It
is in fact the idea of the ‘common denominator’ which makes possible the
mutual recognition of qualifications resulting from the education provided
in various countries at a given time. A certain amount of flexibility in the

ho
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definition of critenia also makes it possible to take into account trends in

education over a period of time. The level of a school may vary shghtly from

time to time without its graduates changing their professional category on
that account. -

Third, in the event of a more important change in the level of a given school,
its graduates may have to be classified in another category, without the
structure of the technical professions as a whole being modified thereby.
An example of an important change of this kind is to be seen in Spain,
where schools which now educate ingeniseros tecnicos industriales corre-
sponding to category L, formely educated peritos industriales, correspbnd-
ing more closely to category E.

Fourth, Continental”and Bntish’ systems which, moreover, also exist outs:de
Europe, have common denominators, notwithstanding their apparent
differepces.

This all goes to make the ‘European system’ a single and coherent whole,

despite apparent differences, which are chiefly those of form.

This s System could therefore be applied, at least qualitatively, to countries
situated outside Europe.

it 1s however obvious that from the quantitative point of view, the numerical
distnbution of professional technologists between the three categories—C
(conception), L (haison) and E (execution)—which already varies fairly
widely from one European cauntry to another, might vary still more widely in
certain countries outside Europe.

The optimum numerical dnSt.nbutn(‘)n does not follow, a priori, any general
rule, and should be considered separately in gach particular case. Appraisat
factors which might influence it include the following: \

The current economic situation of the country under consideration, of course
taking foreseeable trends into account. Trends in the desirable distribution
of professional workers between the three categories should obviously be
slightly in advance of foreseeable economic trends, they should not lag
behind or even be too much i1n advance, since this might be liable to upset
the balance between availabilities within categories and the opportunities
for making the best possible use of them, such lack of balance would, of
course, in turn bedetrimental to the subsequent economic development of
the country concerned.

The quality and quantity of skilled manpower available. The existence of
large numbers of good skilled workers makes the setthng down process

" very much easier for professional technologists joining industry, it simplifies
theur practical training problems correspondingly and facilitates their inte-
gration in industry. A shortage of skilled manpower might make it desirable

- to have a rather larger proportion of category E execution technicians, and
even of category L lLiaison engineers and senior technicians, in order to

supervise and train existing manpower. .

It i1s necessary to consider the existing situation In a given country. The
optimum distnbution of professional technologists by category should not
be defined globally but for each branch of industry. For example, Belgium
which has usually a fairly high proportion of category C conception
engineers does not produce either aircraft or automobiles. Hence the

6O
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proportion of conception engineers required in the aircraft and auto-
mobile sectors is normally smaller than in other industnal sectors in
Belgium. The chief requirement in Belgium for the aircraft and automobile
sectors is category L liaison engineers and senior technicians, and above
all, category E execution techniciars to service and maintain foréign-
produced aircraft and automobiles, the situation is obviously very different
in the chiemical industry or metallurgy.

The existence of associations of engineers and learned societies which are of

relatively long standing, with well-established traditions and & sound
organization is a specially important factor for. (a) a relable professional
qualification for new generations of technologists—this becomes a
basic consideration where the professional qualification 1s the concern of
the associations of engineers or learned societies themselves (as in the
‘British system’) and not of universities and schools (as in the ‘Continental
system’); (b) the proper organization of continuing education, (c) the
efficient supervision of the practical training of professional technologists,
except where such supervision is entrusted to universities and schools.
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Austria . ‘
After four years’ pnmary education at the Volksschule, the Austrian pupil has
a choice of two types of secondary education. (8) a more traditional type

" (Gymnasium), leading on completion of eight years’ secondary education to

the secondary-school leaving certificate which gives access to university
education, (b) a more modern, practical type (Hauptschule), leading on
completion of four years’ educataon to the lower secondary school leaving
certificate. .

Diplormmingenieure are educated at the Technische Hochschulen (te,l:hmcal
universities) of Vienna anpd Graz, the Mining and Metallurgical CoIIegE .
Leoben, the State CoIIege of Agriculture, Vienna, and the Faculty of Civil
Engineering and Architecture of the Unwversity of Innsbruck, to which they
are admitted on leaving the Gymnasium (i.e. on completion of twejve years,
pnmary and secondary educatnon) with in some cases an additional entrarice
examination.

As regards particularly the Techmische Hochschulen, the course lasts ten
semesters (five years), with the following special subjects. industrial chem-
istry (mineral and orgamc‘ chemustry, biochemistry and the chemistry of food
products, engineering chemistry), in which the student specializes on com-
pletion of the fifth semester of common subjects, mathematics (physics-
onented, ecc?m)mncs onented, data processing), with specuallzatlon on
completion of the fourth semester of common subjects, computer science,
archxtecfure (civil engineening and town planmng, building and interior
dpsign general architecture and surveying), with specialization on comple-
Tion of the fourth or sixth semester of common subjects, topography and
geodesy, ndustrial sciences (workshop technology, boilers and reactors,
piston engines, fluid engines, continuous processes), with specialization on
c.ompletnon of the fourth semester of common subjects, electrical ineering
(high itensity currents, ,mdustnal electronics, telecommunicat: , with
specialization on completi n of the fodrth or sixth semester of common
subjects. .

The coufses in all the estabhshments n thus category,lead to the qualifica-

tlon of Drp/om/ngen/eur

Ingenseure are educated in technical colleges (Techmsche M:tte/sch_u/e) to
yghesh they are admyitted on leaving the Hauptschule (i.e. on completion of

‘eight years’ pnmary and secondary education). They remain there for five

years and obtain the qualification of “engineer, which in some cases gives
access to university education. The engineer is however finally confirmed
only after four years’ practical experience in industry.

Technicians are educated in vocational schools, to which they are admitted
on leaving the Hauptschule (i.e. on completion of eight years’ pnimary and
secondary schooling) and where they take a four year technical course.

The Federal Law of 10 July 1969 regulates the use of the university degree
of Diplomingemeur, and the Federal Law of 7 July 1948 regulates the use
of the qualification of ‘engineer’. As has already been seen above, the latter
corresponds to a total of thirteen years, pnmary, secondary.and technical
education, followed by four years’” practical experience. A recent law which

69 .
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ca?'ne mto ‘force on 1 January 1973 established, an Austnan register of
engineers. * e -t .

The Technische Hochschuleg.come under the Federal Ministry of Science
and Research, while the federal institutions of technical education (7ech-
msche M/tte/schulen) come under the Federal Ministry of Educataon and
" the Arts.

The Lander schoals céme ditectly under federal ministries. Private schools
are independent but they receive assistance from the State (5uch as, for
example, the supply of teachers)

The curricula of technical edlcation institutions are defined by a decree of
the Federal Ministry of Education and the Arts, and thewr applncatnon IS super-
vised by Lander inspectors. General educational supervigion 1s carried out by
the govermng boards af the Lander schools o .

Industry examines changes in curricula before they are introduced, and
states its requnrements to the governing bodses of techmcal educatnon institu-
tions.

Adstria has concluded an agreement with the Federal Repubhc qof Germany

for the mutual recognition of engine®ring qualifications.

Diplomingenjeure , graduating from the faculties of archttecture of the
Technische Hochschu/e tend for the most part to go in for the technical side
of building, and represent two-thirds of the personnel bf large architects’
e ) firms Magisterarchitekte (masters of architecture) graduating from academnes

tend rather to choose the artistic side.

Belgium. - ’ . '\ ‘
After six years’ primary education, the Belgian pupil has a choice betReen two
types of education (a) secondary education (‘humanities’) lasting six years,
* (b) technical education, also lasting six years.
Ingénieurs civils 3re educated in the faculties of applied sciences ®r
agricultural sciences of a umvers:ty, except for. (a the Polytechnic Faculty.at
’ Mons, which comes undes the Provmce of Hainault, (b) the State Faculty bf
Agricultdral Sciences at Gembloux, which comes directly under the Statg.

These two faculties will shortly becomq, part of ah existing unwversity. .

Universities are gither State Institutions (Liége, Gent), coming under the
Belgian Ministry of Education and Culture, or private institutions (Brussels,
Louvain), and therefore autonomous.  « .
Ingénieurs techniciens are educated n schools foPtechnician Lengineers,
which are separate fro the umversmes :
The entrance requnre%ent for both universities and schoels for ingénieurs-
. . lechniciens is the secondary-school leaving certificate ( humanities ),
mcludmg the following science subjects. basic mdthematics (plane and sohd
geometry, analytical geometry, algebra, elemeritary differential and integral
calcg.lus {uthmetnc reetilinear and spherical tngonometry,- descriptive geo-
_metry, munderncal calculus), science (phyics, chemistry. add biology),
,drawing. @
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The quahf.can(')ns of technicien supérieur, technicien gradué, cunducteur
techmque or assistant dingénieur 1s conferred by appropniatg schools which
are separate from.the universities . -

The entrance requirements are shghtly lower thah for /ngémeur ¢/vil and
ingénieur- technicien..

The course for mgénieurs-Civils cons‘sts of two cycles spread over at least
five years, compnising (3) & two:year Cycle candidature leading to the certi-

. ficate of candidat ingémseur ¢ivil or candidat ingénieur agronome, (b) a three-
year cycle leading to the degree of /ngénieur civil or ingénieur agronome.

Jngénieurs-techniciens are educated in higher secondary technical
establishrments. Theus studies last three or four years; depending an the school.

The technicien supépeut, technicien gradué conducteur techrique or
assistant dingérveur 1s at present !ranned in higher technical short-cycle
schools (in apphcation of the Law of 7 July 1970}, whereas formerly this

. training took piace 1n higher pnmary technical schools." Education consists
of a two.year course with emphasis on pracncal work (22 per cent of the time
is devotéd to basic technical-scientific education).

Techniciens are educated- in various branches of secondary technical

. education, in approfniate in$titutions set up by the State, the province, the
commune or privately.

A distinction can be drawn between two levels. (a) the lower secondary
cycle, compnising n theory four years, plus a year of further education as
necessary,the entrance level being that of the primary-schoofieaving certifi-
cate, (b) the higher secondary cycle, resgrved normally for pupils who have
satisfactorily completed the third year of the lower secondary cycle, it
compnses three yearsﬁplus an optional one-year course in a special subject or
further education as necessary. '

C Education at the candidature level for the diploma of 1ngénseur C/m"st
cycle, tWo years) comprises the-following subjects. analytical geometry,
descriptive geometry, apphied descriptive geometry, higher algebra, differen-
tial calculus, integral calculus, introduction to the calculus of vangtions and
the |ca|cu|us of finite differences, analytical mechanics, graphic statics, ele-

ntary astronomy and geodesy, gendral physics and elementary theoretical
and mathematical physics, general chemistry and elementary physical chem-
istry, introduction to the theory of probability and the theory of observational
errors. N

Whatever their special subject, future rngénieurs c;w/s take the foIIowmg
common subjects duning the second cycle of the course (lasting three years).
natural material$ used in industry (mmera”logy, geology, mining geography,
elementary analytical chemustry), the use of natural maternials and the pro-
duction of artficial matenals (fuels, metals, natural and artificial stone,
timber, industnial rﬁatenals) which calls for a knowledge of general metallurgy, .
rron and steel making, metallography. the use of fuels, industnal chemnstry
and general construction engineering processes, applied physics ahd

% The isw ot 7 July 1870—which has stiil t0 be supptemtented by a second iasw=piovides for (8) long highor
techmicei education st univarsity jevel. with two Cyuies o1 3 30¢ond vyclo organizad sepsistely fiom the
hrst, (b) short Migher tachnical education consisting of one cycie By cycie s moonl a course lasung ”
16381 twO Yoars
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mechanics (elasticity, resistance of matenals, notions of the stability of
structures, hydraulics, thermodynamics, kinematics and the dynamics of
machines, electricity and its industnal applications), mechanical and indus-

". trial engineénng (technology, descripwon and construction of mach
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industrial plants, the rudiments of topography), political and social economy

‘and an introductidn to industrial law.

The nine specialities open to ingénieurs civils call for a study of the follow-
Ing special subjects: . . *

¢
Mining further courses in mineralogy and geology, palaeontology, topo-

graphy, including underground topography, mine workmg a further course
in metallurgy, applied geology.

Cwvil engineering building and civil engineerng, a “further course in the
stability of steuctures, a further course in hydraullcs architecture and the
history of architecture, topography; railroad working.

Metallirgy a further coursein analytlcal chemustry, afurther course in indys-
tnal chemistry, physical chemsStry including thermochemistry a
electrochemistry, a further course in metallurgy (iron and steel,-and non
. ferrous metals), including electrometallurgy, a further course In metdi-
lography

Chem/ca/ engineeripg a further course in analytlcal chemistry, a furt er
course in industrial chemlstry physical chemistry.

+ Electrical eng/neenng ‘railroad working, electricify and its mdustnal applnca-
tions (advanced course)

Mechan/;a’/ engineering railroad workmg a further course in the construc-
tion of machines, electricity and its lndustnal apphcations (a further course).

Shipbuilding a further course in the stability of structures, a further course In
' hydraulics, theory of ship design, shipbuilding and manne technology,
bonlers naval and auxiliary englnes - N

Architecture civil architecture and the history of archltecth\a further course
in the stability of structures, evaluatlon of earthworks, brndge building,

* ways of executing vanous types of work, bunldtgg legislation, architec-
tonic compositiqn, topography

Textiles study of textllé flbres special technology of spirtning, special
technology of weavirg, study of colouring matters, special technology of
dyeing; special technology of fabric finishes

Whatever the special syllabus chosen, the course qualifying for the degree of
mgén/eur civil includes the preparation of a terminal project.

On completion of a further one-year course, an ingénieur crvit may obtain
a university degree in one of the following twelve special subjects. geology,
operatjonal regearch, physics, applied mathematics, hydraulic works and
hydrography, tadioelectricity, town planning, industnal management,
applied nuclear sciences, petrochemistry, geotechnics, automatic control.

As regards agricultural engineering, * Belgium has the following two
degrees of ingémeur civil ingénieur c:w?’agronome and ingénieur civil
chimiste et de$ industries agr/co/es
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The two-year candidature course for these degrees includes the study of
the following subjects. mathematics, chemnstry bnology, soil science, intro-
duction 1o the social sciences. ’

The course for the degree of ingénieur, civil agronome (three years)
includes.

»

1 The following common srrb;ects advanced biology, soil and environmental
sciences, plant and animal production, engineenng techniques, industnal
processing of natural products, economics. )

2 A comprehenswe study of one of the following fifteen 5ubjects general
. agronomy, agronomy of tropical and ‘subtropical regions, stock farming,
plant technology, forestry, horticulture, plant protection, agncultural
engineening, farm economics and sociology, farm economics and sociology
applied to developing countries, land management, soil science, applied
botanics, applied geology, nutntion and dietetics.

3. A terminal study on the subject which has been studied in depth.

The course for the degree of ingénieur civil chimiste et des industries agricoles
(three years) itveludes:

1. The following common, subjects. theoretical and physical chemistry,
analytical chemustry, organic and biological chemustry, agricultural chem-
istry and physics, industnal biology and microbiology, industnial physics,

.. engineering techriques, technology and management of food and

agricultural indbstries. ¢ >

N

A comprehenswe study of the basic and applied aspects of one ofsthe
above- méntioned eight SUJectS or of the technology of an agrmultural
industry. . ‘

'

3. A terminal study on the subject which has been studred in depth.

The nght to use the designation of ingénieur civil or ingénieur-téchnicien 1§
regulated by the Law of 11 September 1933 on the protection of qualifica-
tions in higher education.

On the other hand, the qualifications conferred by the short cycle of higher
technical educatron (techn/czen supérieur, technicien gradud, conducteur
technique. assistant d’ingénieur) are not protected. .

University institutions are governed by a board of directors on which the
government is represented Their financing and supervision are regulated by
the Law of 27 July 1971.

Curnicula are defined by legislation oh academic degrees and the programme
of university examinations. . »

The supervisory ministry is the Ministry of Education and Culture.

The requrrementj of industry are stated to the university by means of a body
known as the Fondation Industrie-Université.

' Ingénieurs-techniciens may obtain the degree of ingémieur civil after a
three year additional course. Only 1 per cent of them, ¢hoose this way -of
advancing in therr profession.
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Belgium also has what is known as a yury central, or central examining
body. Self<educated persons may acquire a diploma or certificate without
regularly attending formal courses, provided that they give evidence of a
corresponding level of Meoretical and practical knowledge before such a
central examining bodé -

Equivalences have been legally established between the academic degrees
awarded in Belgium and territories formerly subject to Belgian-sovereignty
or entrusted to Belgian administration, they are now being rewsen\sa

The faculties of applied sciences reserve the night to test the level of
knowledge acquired abroad and to make sure that a candidate possesses
adequate khowledge of the language in which education is lmparted

The Law of 26 June 1963 setting up an Ordre des Architectes obliges
uvil engineers™graduating after that date to take a two years practical course
before having the nght to sign, in their capacity as architect, plans for technical
work which are solely within ther competence as graduate engin®ers.
Graduates in civil engineering who have specialized in architecture are exempt
from this requirement. -

The above information calls for the following comments:

1 In the review part of this study the Belgian ingénieur civil was quoted as a
reference example of scientific education leadingto a careerin conception’.

s
2. It should be noted that some institutions training ngénieurs-techniciens
provide a course lasting three years, whereas with others it is four years,
which inevitably raises problems.

3 The reader will note the difficulty encountered by the ingénieur-technicien
who seeks to become an ingénieur civil. namely the requirement of three
years’ additional studies. This 1s due to the need to copiete his basic theor-
etical educatiofi in order to be able to change from a "haison’ career to a
career In ‘conception’.

4. The reade! will also note the existence of a central examining body makmg
it possible for self-educated persons to obtain a degree

Czechoslovakia

The primary and secondary education of those going in for technical careers
usually comprises nine years elementary education followed by a four-year
science course at a Gymnasium Special pnmary and secondary education
also Lomprises rune years' elementary education, followed in this case by a
four-year specialized technical course

Both these types of education give access to technical universities provid-
ing a four year course for engineers Refresher courses for former higher
education students entitle students to a number of days or weeks of leave for
the preparation of examinations, duning these courses they are paid by Ihe
industry for which they work.

The qualification of engineer s reserved fdr former students of technical and
agricultural universities who have completed the course at one of the
sixteen universies and obtained a coresponding degree.

-
’
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All technological education establishments come under one of the
ministnes of education (one for the Czech countries, the other for Slovakis).
All are financed by the State. g -

The appropriate Ministry of Education is responsible for education,
estabiishes the principles and objectives of teaching and scientific activities
and the general curnculum of education. Detailed curricula are approved by
the rectors of technical universities, and their implementation 1s supervised
by the State.

The requirements of industry are expressed by the apptopriate ministries
and transmitted to the Czech or Slovak Ministry of Education N

Architects gradua}xe from the same technical universities as engineers.

The abeve information calls for the following comments.

1. Technical universities provide a four-year course at umiversity level for
those who have completed thirteen years’ pnmary and secondary educa-
tion. Engineers graduating from these institutions therefore meet the
requirements of category C (conception). - -

2. Graduates from spec«ahkd technical schools have successfully completed
a four-year technical course, after nine years' elementary education, i.e. in
all thirteen years' education, including four years of technical subjects.
They therefore fully meet the standards for category E (execution).

-3 This binary pattern, which does not include category L (haison), differs
from the ternary pattern to be found in the great majonty of the other FEANI
countries (see the monograph on ltaly).

Denmark

The system of general education in Denmark comprises primary education
(hovedskole) lasting seven years in all, the last two years of which are divided
into two streams. the boghg hinie leading on to a more classical type of edu-
cation, and the a/men /ime leading on to a more modern type of education.

" After the two-years of boglig imie (completion of primary education) and
two years of realafdeiing (the beginming of secondary education) pupils
may go on to a further three years of secondary education in a gymnasium
leading up to the studentereksamen {entrance examination for higher educa-
tion) Atthis stage {i.e after twelve yedrs primary and secondary education),
they have a choice of two higher engineering schools. the Danmarks Tekniske
Hoyskole (DtH) (Techmical University of Denmark) where they take a five- to
five-and-a-half-year course leading to the qualification of civil engineer
(civiingemior), or the Danmarks Ingeniorakadem: (DIA) (Danish Engineering
Academy) where they take a three-and-a-haif to four year course leading to
the qualification of academic engineer (akademungenior). ¢

As regards professional technologists in other categornies, after the two -
years of ailmen hnie (completion of primary education) they take a two-year
, technical secondary course (teknisk /iine) followed by either one year of

theoretical education and three years of practical training or four years' part-
Q —
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time theoretica! and practsﬁl education leading to the diploma of tekmker
(after thirteen years’ primary and technical education),

A tekmiker who continues to study for a further three years at a teknikum
obtains the diploma of teknikumingenier,

Education .at the Danmarks Tekniske Hojskole comprises a five-year
course for civil engineering or five and a half years for electrical, chemical and
mechanical engineering It consists, in chronological order, of. a compulsory
common core of mathematics, chemistry and physics , groups of compulsory
courses in optional subjects , groups of non-compulsory courses in optional
subjects.

The course at the Danmarks Ingenigrakademi does not allow of any free-
dom of choice for the first two years, and, for the remaining years, the choice
of optional subjects i1s much more restricted than at the Danmarks Tekniske
Hojskole.

Six months to one year of practical training in industry is provided for
students at the Danmarks Tekniske Hojskole and the Danmarks Ingenior-
akademi.

Asregards continuing education, in 1971 the two professional associations
of DanisH engineers provided more than 300 courses, amounting to 200,000
student hours, which were taken by 4,000 to 5,000 engineers. These courses
were devoted to the updating of knowledge and reconversion, where neces-
sary, to another field. !

For further education, there are courses at the Danmarks Tekniske He)-
skole to a technical diploma and doctor's degree Advanced courses may
also be taken at the Schoo! of Economics and the university.

The qualifications of civilingenier (Danmarks Tekniske Hoyskole), akadem:-
ingenier (Danmarks Ingenigrakademi) and teknmkurmingenor are restricted
to graduates of the corresponding school. This does not, however, constitute
a legal restriction in regard to the practice of the engineenng profession.

Both the Darimarks Tekniske Hojskole and the Danmarks Ingeniorakadem
come under the Ministry of Education, which approves the programme of
examinations, Curricula, on 4ge other hand, are drawn up by the technical
university Wy the school itself. These institutions are 100 per cent State-
financed. v

The requirements of industry as regards these two institutions are expressed
by the examiners In addition, the Danmarks Ingenierakademi has an advisory
committee which s empowered to make changes in curricula and examina-
tions, ten of the members of this committee represent industry.

The two Danish professional associations of engineers organize inter-,
disciplimary courses in medical technology, town planning and economics,
management, etc. )

Finland

The pattern of general education in Finland is at present as follows.

After' a first pnimary-school course, lasting four years, the pupil has a
choice between ejther a j0nior secondary-school course, lasting five years,
followed by a senior secondary-school course, lasting three years, or a

o ’
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senior pnimary-school course, lasting four years, followed by two years at a
vocational school.

This being so, the faciliies for educating professional technologists in
Finland are at the present time as follows.

.For graduate engineers either, in the case of those who have completed the

senior secondary-school course (1.e. after twelve years” primary and secon-

dary education), a four-and-a-ﬁalf—year course either ata universify or in a
. technical faculty, fdllowed by one year's additional practical training

(sixto mine months), or, in the case of those who hold a degree of ‘enginesr’,

a four-and-a-half-year course at a university or in a technical facuity,

followed by one years additional practical training (six to nine months).

Only 6 per ,cent of ‘graduate engineers’ choose this particular form of
-education.

For ‘engineers’ In 30 per cent of cases, a four-year course in a technical
college taken on completion of the senior secondary-school course (1.e.
after twelve years’ primary and secondary education) which has been
followed by twelve months’ practical traimung, in 60 per cent of cases, a
four-year course in a technical college taken on completion of the junior
secondary-school course (i.e. after nine years” primary and secondary
education) which has been followed by sixteen months’ practical training,
in 10 pet cent of cases, a four-year course in a technical college taken on
leaving the vocational school (i.e. after ten years’ primary and vocational
education) and on completion of sixteen months’ practical training and
two years at a technical school.

In future, general education in Finland will comprise nine years” compulsory
comprehensive education (replacing the existing four-year course of pnmary
education and the five-yelr course of jumor secondary education) and
three years’ secondary education (replacing the existing three-year senior
secondary-school course).

This benng s0, in future educational facnlmes for profess:onal technologists
in Finland will be as foltows.

For graduate engineers. either a four-and-a-half-year course at a university or,
in a technical faculty, follawed by one year's additional practical tranmng
(six 10 nine months), taken on completion of compulsory comprehensive
education and secondary education (i.e. after twelve years’ pnmary and
secondary education), or a four-and-a-half-year course at a university orin
a technical faculty, foliowed by bne year’s additional training (six to nine
months), taken on completion of the nine years of compulsory com-
prehensive education followed by two years at a vocational school, a
period of practical training and supplerhentary education.

For ‘engineers’. either a four-year course at a technicg| college, taken on
completion of compulsory comprehensive education and secondary
education (i.e. after twelve years’ pnimary and secondary education), or a
four-year course at a technical college, taken on completion of the nine
years of compulsory comprehensive education, followed by two years at a

.
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vocational school, a period of practical traiming and two years at a technical
school, or agamn, a fog[-yea‘r dourse at a technical college, taken on
cunmipletion of the nine years of compulsory comprehensive education,
followed by additional education, a period of practical training and two
years at a technical school.

Education for 'graduate engineers’ 1s provided in the foliowing facuities.
mechanical engineening, wdod and paper technology, mining and metaliurgy,
chemical engineenng, electrical engineening and apphed physics, cvil
engineening, land surveying, production techniques, architecture.

Basic subjects taught during the first two years include mathematics, .

physics. chemistry, social sciences and general technical subjects. Vocational
subjects are taught during the last two years, after which six months are

(allowed for preparation of a project.

A supplementary six to nine ‘months’ ‘practical trammg penod is optional,
but confers additional credit points for the.degree.

The total number of credit points required for the degree of graduate
engineer 1s 160. Each credit point equals forty hours of work (compulsory or
optional basic subjects, and vocational courses in the specual subject chosen
and related subjects).

Training for engmee{s\as provided in the following branches. mechanical
engineening, electrical engineering, Givil.engineening and the timber industry,
chemical engineering, paper manufacture, production techniques, data
techniques, data processing. ¢

The basic subjects taught durning the first two years include elementary
mathematics, mathematcs, physics, chemistry, the two national languages
(Finnish and Swedish) and one foreign language. The general vocational
subjects, taught during the first two or three years, include techmcaldrawmg,
strength of matenials, mechanical engineering, electnical engmeenng, the
technology of raw materials, etc. Special vocational subjects are taught
during the last two years, and the last year includes a general grounding in
production, economics, etc. '

A compulsory period of practical training, lasting twelve 10 sixteen months
as the case may be, 1s taken partly before the technical-college course and
partly during the summer vacation {(which lasts four months).

The usual duration of the course (four years) i1s reduced to three for holders
of the secondary school leaving certificate (twelve years primary and secon-
dary education).

Technical colleges hold State-aided refresher courses for engineers. Those
seeking to quahfy for another special branch must takg a course in the new
special subject together with twelve to sixteen months’ practical training
therein. .

The ministry responsible for the universities and technical colleges is the
Ministry of Education, the National Board of Vocational Education, which
forms part of this ministry, has a special section for technical education,
which has particular responsibility for the administration of technical colleges.

University syllabuses are drawn up by the Teachers’ Councii and supervised
by the Ministry of Education.

).\J
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The curncula of technical colleges are approved by the National Board of
Vocational Education. Some of these colleges (four out of six) are communal
or private, but they are also supervised by the board and are partly State-aided.

The requirements of industry are expressed both centrally and locally.

At the central level, industry. is represented on the Council for Higher
Education in Technology and Commerce, an advisory body of the Ministry
of Education and on the Vocational Education Council, an advisory body of
the National Board of Vocationa! Education for technical colleges coming
under the board’s Technical Education Section.

At the local level, industry is represented on the university councnl&and
on the advisory cauncils of State technical colleges, whose members are
chosen by the National Board of Vocational Education from among represen-
tatives of local industry.

Finland has concluded general agreements (not mited only to technical
education) with the following countries:

For exchanges of students . the Scandinavian countries, Bulgania, Czecho-
slovakia, France, the Germen Democratic, Republic, Hungary, -Poland,
Romania and the U.S.S.R. .

For exchanges of trainees. Austria, Belgium, France, Italy and Switzerland.

Semi-official agreements have been concluded by the Finnish Ministry of

Labour with Canada, the Federal Republic of Germany, the United Kingdom

and the United States of America.

As regards the relationship between the engineering and architectural
professions, the situation is as follows:

For the universities architects graduating from faculties of architecture
?cnalize in the design of buildings and regional planning. Graduate
ngineers specialize in. (a) the practical execution of projects, strength of
materials, the §\L1pewisnon of construction, and the building of roads
and bridges—in the case of those graduating from civil engineering'
faculties, or (b) heating, plumbing and ventilation—in the case of those
graduating from mechanical engineering faculties.

For technical colleges. architects and engineers are educated in the civil
engineering departments. Architects specialize in the planning of buildings
and town planning, whereas engineers specialize in actual construction
work. Moreover, 50 per cent of graduate engineers are employed in
industrial administration and planning.

The above information calls for the following comments.

1 The graduate engineer belongs to the cor{cept-on category, whereas the
engineer meets the criteria for the liaison category, at a comparatively high
level. It may seem surpnising at first sight that the entrance level and
duration of the courses for the two types of education differ only very
slightly. The main difference lies in the carees bias. The education of the
Finmish engineer has been quoted for referenée as an example of a haison
engineer.

2. The reader will note the many channels gwing access to post-secondary
education for engineers,
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\ 3 it will also be noted ‘that an engineer seeking to become a graduate
engineer s obrged to repeat the post-secondary part o of the complete
gratiuate course, due to the different career bias between the two types of
. edutation.

A

France ¢

For those choosing a technical career, secondary education in France offers
the following aiternatives.

First, a scientific baccalauréat (secondary-school leaving certificate),
obtained after seven years’ scientific secondary education at a CES (co/lége
d enseignement secondarre) with special emphasis on mathematics, physics
and chemustry, the leygl of education in each subject varying according to the

_ different sections. Tfus may be followed by two Xears',preparatory studies for
the competitive entrance examination to an engineenng school, correspond-
ing to the levei of knowledge of a two-year course at a university, and divided
into a fust year of mathématiques supéneures and a second year of mathéma-
tiques spéciales.

Second, a technical baccalauréat, obtained after seven years' secondary
education of a less scientific, more practical nature at a technical /ycée
(including, in particular, workshop practice).

Third, a scientific and technigal baccalauréat, at the same level as the two
preceding ones, but specially intended to qualify for admission to the prepara-
tory courses for certain engineening schoois, for example the écoles nationales
des ingénieurs des arts et métiers.

Finally, it should be noted that there still exists another type of preparation,
older than the technical baccalauréat, which s rOugwy equivalent though
still more specialized, and leads to the brevet de technicien (BT).

» A degree 1s shortly to be introduced which will confer equivalence on
technical and scientific baccalauréats for access to post secondary educa-
tion.

Schools which educate graduate engineers generally require the two-
year preparatory course after the baccalaurdat (mathématiques supdnieures
and mathématiques spdciales) plus a three-year course at the engineering
school itself, comprising or supplemented by practical training periods. In any
case, an engineer usually graduates on completion of five years’ study after

the beccalauréat. .
, To go into greater detail, admission to one of the 147 schools which”
\ educate graduate engineers is as follows:

. For students from umversity faculties, without an open competitive entrance
examination for holders of the diplome universitaire d études screntifiques
(DUES) at the first-/second-year level, or the first-year certificate
(forty-nine schools), on presentation of the DUES (fifty three schools),

¥by special competitive examination reserved for holders of the DUES
{twenty-three schools), for those holding a /icence (first university degree)
in science Or two master s certificates (seventeen schools), for those with a
master’s degree (seventy-five schoqls)()
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For those who come from the classes préparatoires (equivalent to first two
years of university) with an open competitive entrance examination.
at the level of mathématiques supérieures, 1.e. one year after the scientific

baccalauréat (fifteen schools only), on completion of the mathématiques

spdciales curnculum, e. two years after the scientific baccalauréat,
mathématiques spéciales A (fifty-eight schools), mathématiques spéciales
A’ (seventeen schools), mathématiques spéciales B (forty-eight schools),
mathématiques spétiales C (sixteen schools), with a special competitive
examination reserved to students coming from technical schools (thirty

—

schools). . . .

For students from techrucal schools, without an open f(%pet/t/ve entrance
exarmination. for those holding the brevet de technicien supérieur (BTS)
(nineteen schools), for those in c/asses préparatoires (preparatory classes)
for the écoles natidnales des arts et métiers (candidates for these particular
schools), for holder$ of a dip/6me d"études supérieures techniques (DEST)
under the higher social advancement programme (the DEST 1s awarded in
particular by the Conservatoire National des Arts et Métiers (CNAM))."

The 143 French schools usually provide a five-year course for graduate
engineers, including the one- or two-year preparatory coutse. They also
inciude a number of specialized schools which offer shorter courses (two
years instead of three) to graduate engineers. '

The education of senior technicians comprises erther, after the technical
baccalauréat, two years at an institut universitaire de technologie (1UT)
which awards the dip/éme unuiversitaire de technologie (DUT), or, after the
technical baccdalauréat, two years at a State or private school (sections forming
part of technical /ycées) the certificate awarded in this case is the brevet de
technicien supéneur (BTS), or the promotion supérieure du travail (higher
social advancement) programme leading to the dip/ome d'études sqpéneures
techniques (DEST). 2

Senior technicians holding the DUT are educated in the following nine
speciai fields. applied biology (agronomy, food industries, dietetics, biological
and biochemical analyses, environmental hygiene), chemustry, chemical

" engineenng, civil engineening (building and public works), electrical engineer-

ing (electrotechnology, electronics, automatic control), mechanical engineer-
ing (construction and production}, heat erfgineening (heat machines, heat
generators, refrigerating machines, air conditioning), physical measurements
(physico-chemical and physical techniques and measurements), hygiene
and safety (accident prevention and public safety, hygiene and safety in
industry). -

Senior technicians holding the BTS have a choice of some forty special
subjects, divided into the following six main groups. civil engineering,

1 The DEST shouid not be contused with tho CNAM engineeling diploma which is awasrded to a very small
propoirtion of the tens of thousands of students foiluwing the cuuises at the CNAM i Paus or its many

aitihated centias in the piovinces after yeais ol attendance and labuiatury wuik, tiumeivus examnations,

3 gonoral examination snd the defence of a thesss

2 The DEST awarded under the prumouon supeieuie du uavad pLogiamme s wughly equivalent to (ho
DUT and the BTS For exampie at the Lonsarvatowre Natiwnal des Aits ot Métiers the DEST is awa 0d
after the candidate has obtained twelvo anaual ceitifivates in cowses vl laboiatury woik of bus own ch
A teoture of this type of education 1s that theio a1e no ngid ontiance 1equuements, the hinai judgement bmng
bazed on proot of tho skills acquired

.
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metallurgy, mechanical engineering, electrical engineering, textile industries,
chemical and physico-chemical industries, various vocational actiwities,
applied arts.

As already noted, technicians are trained erther by taking the brevet de
technicien (BT) or in technical /ycées (the technical baccalauréat) or n
lycées of the same level (tht scientific and technical baccalauréat).

The Law of 16 July 1971 on vocational education stipulates that firms
must devote 0.8 per cent of the payroll (2 per cent as from 1976) to staff
education A wage-earner may apply fors}udy leave under certain conditions,
for example in a State-approved school and for a maximum of 100 hours a
year, which do not count as part of annual paid leave.

This law also provides for an educationa! fund to enable an employee,

" as part of his paid continuing education and provided that he has completed &

at least three years’ practical experience and been with the firm for at least
two years, to be paid durlig his studies. Article 10 of the same law also
makes provision, with possible financial assistance from the State, for. (aj
refresher courses (updating of knowledge), (b) conversion and adaptation
courses (reconversion), (c) educational courses for professional advance-
ment and preliminary education coulées for young people (further education).

The engineering degree obtained by engineers graduating from schools
which award a degree recognized by the proposal of the Commission des
Titres d’Ingénieur is protected by the Law of 10 July 1934, but the title of
ingénieur as such is not protected. In the case of the self-educated 1t fre-
quently corresponds to a post held within the firm.

The qualifications of other professiona! technologists are not protected
by law, but it has become the established practice to adopt the same attitude
for these categories as for graduate engineers, namely. (a) anyone is entitled
to call himself a technicien supérieur or technicien, (b) no one, however, may
call himself a technicien supérieur breveté or a diplémé unversitaire de
technologie or a technicien breveté without holding the corresponding
diploma (BTS, DUT and BT wespectively).

Higher or secondary technical schools are subdivided into State schools,
private schools recognized by the State (generally subsidized) and private
schools. .

Diplomas are always awarded or recognized by the State in the case of the
first two. and sometimes recognized by the State in the case of the third.

The first two categories generally come under the Ministry of Education,
but a few are under the ministries of industnial and scientific development,
defence or agriculture,

Private schools are entirely independent, private schools recognized by the
State, and State schools, are partly independent. .

In the case of State schools or private schools recognized by the State, the
State lays down curnicula, supervises their implementation and exercises
general supervision through the appropriate menistry.

Continuing education is organized independently of the State. There 1s
supervision by the State only when its approval is necessary (in the case of
leave for contifiuing education) or where continuing education i1s State-

aded. oo .
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As regards the educatiom of graduate engineers, the requirements of
industry are communicated to the heads of schools, who transmit them to the |
Conseils de Perfectionnement (councils for academic improvement). Where
these requirements are extensive, they may be addressed directly to .the
appropriate ministry.

As regards the |UTs more particularly, panels take part in the choice of
curricula, the siting of the establishments, etc.

These panels, compnsing employers’ represehtatwe% and representatives
of manual and office workers’ unions, but #fith a majonty of civil servants
from the Ministry of Education, meet at three different levels. at the national
level, for each special branch, at the level of the region in which the school
concerned is situated, at the level of the school itself (its governing board).

Industry is represented on the boards of examiners for the brevet de
techmicien (BT), the technical baccalauréat, the brevet de technicien supé-
neur (BTS) and the dip/éme universitaire de technologie (DUT).

A rule—which is not always adhered to in practice—is that one-third of the
teachers of |UTs should be appointed from among practising engineers and
professional staff.

Some categories of BTS and DUT involve compulsory practical training
periods. With the exception of the very large firms, French industry is some-
what reluctant to take trainees. International exchanges of trainees take place
through the International Association for Exchange of Students in Technical
Experience (IASTE).

The Law of 16 July 1971 on vocational education, and particularly its
provisions fox an educational fund permitting the best possible combination
of full-time with part-time study, provides the opportunity. (a) for holders of
the certificat d aptitude professionnelle (CAP) or the brevet é/émentaire
professionnel {BEP)—..e. techni®ians at a faurly low level, below the execu-
tion category as defined in the present study —to obtain the brevet de tech-
micien (BT) or the technical baccalauréat, (b) for holders of the BT or the
technical baf:calauréat, to pass the brevet de techmicien supéneur (BTS) or
the diplome urversitaire de technologie (DUT). (c) for holders of th BTS or
DUT erther first to pass the DUES, qualifying for entry to the second URjiver-
sity cycle, and then to take a master's degree, or even—with the new legisla-
tion—to obtain an engneenng degree. (It should be noted that the pOSSlblllty
has long existed for the self-educated to acquire the legal qualification of
ngémeur diplomé par I'Etat. (DPE) by gomg before a board of exami-
ners). p ’

France has signed ements with French-speaking African States,
Latin American States a ertain other States for practical trajning periods
held on behalf of the MinTstry of Industnal and Scientific Development and
the Ministry of Economics and Finance by the Agence pour la Coopération
Technmique, Industrielle et Economique (ACTIM), which forms part of the
latter minustry. This agency also runs practical’ training penods organized by
UNIDO for professional staff having held positions of responsibility.

Only members of the Ordre des Architectes (the professional agsociation
of architects) are entitled te call themselves architects in France, but there is
no professional association of engineers.

‘ 4.3 .




* Educationat programmes for architects are currently befng reorganized to
provide education of the kind given in engineering schools.

Consulting engirieers, with the full'agreement of the ministries concerned,
refuse to entrust the supervnsnon'o?work to architects alone An agreement on
the practite of their profession was signed in 1957 between_the Ordre des
Architectes and the Ghambre.des Ingénieurs-Conseils de France. |

As regards senfy Techmcn_ans and techniciangt the following types of
education are provided by the Ministry of Education. (a) the BTS in building
or public works, and the DUT in civil er‘ig.meenng, (b) the*BT and the tech--
nical baccalauréat in the vanous trades" - i ‘ |

Tpe work performed.by senior technicians’(BTS or DUT) corresponds to the ‘
posts of work supervisgrs, professional staff and middle-level su rvey staff (the 1‘
PERT Method, etc ) or'costing staff. Some are supervisors and ¢ontractors. . |

"Several types of agncultural BTS exist in France, fer which education .¢ <‘
comes under thg Ministry of Agticulture, but the |
1s the same as that of the BTS awarded
applies to the agricultural BT.

On the other hand, ‘

l

ttern (3 two(year course) ~.
inistry of Education. The same
e DUT in applied biology, which includes dairy. |
farming as an optional subject, is awarded by sdme 1UTs ¢oming directly ‘
under the Ministry of Education. '
France also has a BTS for geology, awarded by the Ministry of Education.
Many of its holders have been employed in oil prospection in Algeria.
Opportunities for'management studies are available to French engineers
through the post-graduate courses of the Institut, d' Admunistration des
Entrepnises (IAE), the Paris Chamber of Commerce, etc.
" Socio-economic surveys conducted by the Fédération des Associations et ‘
des Sociétés Frangaises d'Ingénieurs Dipldmés (FASFID) in 1967 and 1971 |
show that, after the age of 40, roughly one-half of graduate engineers perform
functions which go beyond a pyrely*technical tontext, such as those of
company disectors *(generally the pinnacle of their career), careers in
comnierce, banking, insurance, etc. ‘ L. T
The rather complex situation in France calls for the following comments.*

-

~ ~

1 The complexit, of this situation provides an example. of the results of
reforms introduced at different times, while certeia traditions are allowed
- 10 survive " S

\ . -

2‘ Ht:is interesting to note the concern with higher social advancerpe'nt
studies, an example of which is the DEST. Noteworthy, tao, is the tecent .-
‘experiment in cont’m%mg education, unprecedented in Europe (the Law
of 16 duly 1971 on vocational eQucation). !

¥y
3 The commen'ts with regard to gratiuate er’mgngeegs calj for someréarefully
cbnsidered distinctions: .
The entrance requirement s, as it shoulﬂ be, the completion of an
..advanced secondary-school cdurse. . g
The &uration of training, including Jie university-level pfeparatory
classes (ie mathématiq jes supe'}/eure:s apd mathématiques spéciales) ]

-
L]
-
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generally that faid dewn in the critera adopted for the conceptnon career

-~ (four years). ]
However, education in certain schools lays great emphasis on theory,

ther graduates are amply qualified as theory goes, but not enough In

practite They are scaentnsts rather than engineers, so that many of them

continue their eddcation in a specialized school. These professional

technologists undéubtedly rank in the highest class of the conception

category. . ‘ ,
’ Among the other schrools, a distinction should be drawn between those
. 2 of a university nature and those whose bias is towards practucal and
- .specialized fields.

Although the Law of 10 July 1934 prohibsits any legal discrimination
between graduates from the 143 schools, it may be assumed that some of
these graduate-engineers belong in fact to the conception category,
whereas others fit into the liaison category. it would take a study of indi-

jwdaal cases to settle the substance of this questnon since the answer may

vary not only from one school to another but also at different tnmes for the
j same school.

4 Among liaison engineers a dustancnon can probably be drawn betw"en,

. (a) The holder of the DUT, whd,.on completlon of full secondary technical
edycation. takgs a two- year hngher technical course. He appears to fit
into %Inalson catégory though not exactly complying with the.
qualification criteria.

(b) The holder of the BTS, v;ho ‘is roughly 1n the same situation.
(c) The helder of the DEST.

As has already been said, hlgher soc.al advancement studses. cannot by

defmmon,be subject to rigid !ules as regards either entrance requnements

or their duratipn. Judgement can lhe!efore be passed only on the results

of the skills finally acquired, so that the inclusion of the holder of the DEST
. in the haison category is by assimilation. . .

5 .The technical baccaleuréat covars thirteen years’ primary and secondary
education, of a technical nature during the' secondary-school course.
It may be cancluded that” it Jeads to a career in execution, though not
exactly complying with the criteria for this, tategory. , -
. The same applies to the ,smennﬂc aﬁ!ﬂechnncal baccalaurdat and the BT
(lzrevet de techmclen) o . -

, . . . 3‘; . )
Federal Republit: of Germany Lo ~

n

“After four years’ pnmary educatuon at the Volkss«,hu/e the German pupil has
a choice bétween two types of §ec.ondary educahOn (a) a more tra‘d‘ntuodal
type Gymnas:um leadmg on complehon of nine years secondary educdtion,
to the Abitur (giving access to unwversity , eduqatron), (b) a8 more .modern,
practical. type Rea/schule, leading on cOmpIetmn of six years secondary
Q educanon to the Mittlere’ Re/fe (cemfucate “of pamal secoridary educatiop).
L
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.

It should be noted, fist, that the Mittlere Reife can also be obtained at

a Gymnasium or completion of six instead of nine years secondary edu-
cation,
Secondly, it should be noted that a new type of vocational secondary

education has recently been introduced. This is the Fachoberschule (hngher.'
-vacational school) leading, on complet:on of two years additional education

after the Mittlere Reife, to the'/-'acﬁoberschu/re/fe (a kind of technical Abitur,
obtained on completion of twelve instead of thirteen years’ pnmary and
secondary education).

D/p/om/ngen/eure are educajed at Techmsche Hochschu/en (technical
umversmes), to which they are admitted with the Abrtur, after having com-
pleted six months’ basic practical training (Grundpraktikum). Here they spend
five to six years, including a further six-month period of professional practical
_training (Fachprakt:ikum) and a termunal project leading to the qualfication of
Diplomingenieur.

Ingenieure grad (gradutert) used to be educated at /ngen/eurschu/en
(engineering schools), to which they were admitted with the Muttlere Reife
i.e. after only ten years’ primary 'and secondary education followed by two,
years’ practical training. Here they completed a three-year technical course
Ieadmg to the qualification /ngenieur grad. (graduiert).

Ingenieurschulen were recently replaced by FachhochSchulen providing
education for a h|gher qualification. The entrance requirement is the Fach-
oberschulreife (i.e. completion of ‘twelve.years prmary and secondary
education) and the duration of the course is three or four years, including one
year’s practical training, depending on the individual Land. -

A trend seems to be emerging at present to grqup together, where possible,
the Technische Hochschulen and the Fachhochschulen into comprehensive
technical universities (Gesamthoschulen), which would pwv.de courseson
the following broad lines: N

1. The same entrance requirements (twelve years’ primary and secondary
edusatuon) whatever the typé of course taken towards the end of secon-
dary educatlon

2. A common core of basic subjects, lasting a maximum of two years,
3. Diversification of courses depefiding on the career envisaged

4. A practical training peniod of at least three months at the begmnlng of the
technical course ’ '

5 A second practacal training period in a professional subject, lasting from
three to twelve months, taken during the university course and depending
on the career envisaged.

It is not yet clear whether the various types of courses will qualify for a
single or separate diplomas.
The qualification of engineer is at present somewhat ill- defined, on account
of the very fluid situation existing with respect to the structure of schools.
Each of #gveleven Lander brought out a law protecting the yse of the
qualification of engineer, which was reserved for graduates from the Jech-
A v
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/‘
nishe Hochschulen, the former /ngenieurschulen and the new Fachhoch-
schulen, as well as a number of self-educated persons who had called them-
selves engineers before the law came into force.
For the past two years the right to call oneseif an engineer, for those who

have newly entered the profession, has been reserved solely, for graduates

from Technische Hochschulen and Fachhochisthulen.

The unwversities, the technical universitigs (Technysche Hochschulen) and
" Fachhochschulen come wathm the educational and cultural definition of the
Land in which they are situated, and are subject to tts legislation. They are,
howegvet, autonomous as regards their orgamzatlon their curncufa the
appointment of teir rector (changed at regular interyals) and chancelior,
and the setting up of administrative and scientific committees,

A federal commission for the education and training of engineers receives
the requirements stated by industry and passes them on to the ministries of
education and cultural affairs” of the Lander and their federal conference.

In some Lander, for example North- Rhine-Westphalia, there are statutory
corporations of architects, with which architects must register in order to be
able-to practise their profession.

The followmg comments may be made on this somewhat complex
situation. .

¥ [y

1. Fachobe/schu/en correspond roughly. to the type of education laid down
for the ‘execution’ category. but it seems that the level 1s below that of the
European Economic Commumty definition (two years techmcal education
instead of three). - .

2 The qualification of Diplomingenieur corresponds to the Lhouce of a
career in the ‘conception’ category. Of particular note is the relatlvely
lengthy duration of the education and the emphasis placed on penods of
practicdl professional training. .

3 The fotrmer Ingenieurschulen torresponded to the c.honce of a career in the
‘liaison’ category. . - .

4. The same seems to apply in the case of the Fachhochschulen, but it will be
noted that these ave tending to raisg the entrance level and to diversify the

' duration of the course (three or four years). Diversification has inevitably
* given rise to digcussiorRs which have not yet resulted in full clanfication.

5 The new legislation being prepared with regard to Gesamthochschulen
(not yet approved) 18 likely to cause some perplexity. As regards particularly
the Technische Hochschulen, it will be noted that the entrance level has
been lowered, without however Fmvolvmg any changeé in the .type of
education, i.e. ‘conception” engineering, at least td the extent that engineer-
ing eddcation remains at unwersﬂy level, which seems in fact to be the case.

As regards more particularly Fachhochschu/en it will be noted that, on the
contrasy, entrance requirements are ata relatively, hugh level (the same\és for
the Technische Hochschulen), ‘
Noteworthy features of the two types of education are. (a) a common basic
core,/ though its duration is_not clearly defined (maximum duration of two
14 .
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years), (b) diversified courses depending on the choice of career, though
neither their duration nor their type 1s known exactly.

Under present conditions it is difficult to know whether students from
these establishments who have received a more practical education wiil
continue to go m for a ‘haison’ career or will tend rather towards ‘conception’.
Some people hold the view that, should they be considered as educated for
‘conception’, the result would be a gap in the number of those educated for
‘laison’; and that in the end ‘liaison” would be petformed either by under-
employed ‘conception’ personnel or by overworked execution’ personnel, .
ill-prepared in both cases for their tasks. .

5y It would be premature as yet to express a final opinion on the question, and

% the above comments are gyen solely for information purpgses, while showing

*D at the same time the difficulty of soiving this kind ©f problem in a constantly
changing situation. ’ *

- .

Gre ) v
After’six’years at the dimotikon scholeson {primary school), the Greek pupil
has a choice of three streams of secondary or tethnical education. erther
traditional secondary education (at a gumfgsion), which leads_after & six-
year course to the apolytirion (secondary-school, leaving certificatg giving
access to university educath), (It1s the opynion of the Technical C_hémbef&f

. Greece itself that the level of this certificate is lower thé_ﬂ that of the French

baccalauréat,, the German Abstur or the Italian matuntd), or elementary
technical education (katoterar technikai scholaﬁ. which leads after a three-
year course to the technitis (elementary technical certificate), or agan, a
vocational training school (scholeion mathwias) which feads after a four-year
course to the same elementary technicaiceniﬁcate.

Engineers are educated in technical faculties (polytechneion) to which theys
are admitted ‘with the apolytiwon, supplemented by an additional course in
mathematics, physics dnd chemistry (given in special schools) and oh passing
an entrance examination. They spend fwe years at the polytechneion before
obtaining therr engineering qualification. L

* Technicians are educdted in middle-level technical schools (mesear

technikai scholai), to which they are admitted. esther after three years'
secondary education at a gumnasion (i e. after nine years primary and secon-
dary education). or after three years’ elementary techmjcal education
(katdterar techmikas schola) (i.e. after nine years’ pnmary and technical
education leading to the elementary technical certificate (techmtis)), or after
four years’ vocational training in a schole,on.mathitias (i.e. after ten years’
primary and vogational education and training, also leading to the technitis).

They spend three years at this middle-level technical schdol, from which
they graduate with the g&ahﬁcanon of techmt:ikos voithos (technical
assistant) ! ’

Senior technicians are. educated in schola: ypormichanikar (schools for
assistant engineefs), to which they are admitted. either after a four-year
secondary course at a gumnasion (i e after ten years primary and secondary

ERIC " ° ' | -
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education). or with the qualification of technical assistant (techmitikos
voithos).

Here they take a four-year course, graduating with the qualification of
ypomicharikos (assistant engineer). This qualification in turn gives uncondi-
tional access tova polytechneion (technical faculty), which provides a five-
year educational course for engineers.

The qualification of engineer is protected by law and reserved solely for
graduates of the technical universities, technical faculties (polytechneion)
and universities or.the equivalent foreign universities or engineenng schools.

An engineer must register with the Techrucal Chamber of Gréece (founded
in 1923) in order to be entitled to practise the profession.

« Toqualify as an engineer, a candidate must. (a) pass all the examinations
of a Greek technical university or faculty, or (b) show proof of education
received abroad. and pass a general professional examination.

Alltechnical universities or faculties come under the Ministry of Culture and
Education. They are independently administered, but are supervised by the
State. Curricula are established by the State in collaboration with each
school, and their lmplementatlon is supervised by the State.

Fees are negligible (educatlon is provided almost free of charge) and all
schools are State-subsidised. .

In Greece, only graduates from technical universities or faculties are
recognized as architects, in the same way as engmeers graduating from the
other faculties of these same schools. i

Where important structural calculations have to be made, the architect
must work in conjunction with a graduate civil engineer, who is legally
responsible for the safety of the new construction. The engineer rdteives
60 per cent of the fee for the calculations, leaving 40 per cent to the architect.

The-information above calls for the following comments

1. The enginéer meets the criteria for the conception category (C). -
2 The assisant engineer (ybomichan/kos) belongs to the liaison category (L),

3 The technical assistant (technitikos voithos) is roughly in the execution
category (EJ, though his qudlifications fall a little short, i.e., twelve years’
education (instead of thirteen) followed by a three-year technical course.

4 The technitis, included only in order that the list may be complete, belongs

to a lower-level cate., . ./ which falls outside the frameworl\ of the present
study. : y.
*  lreland

.
Secondary educatlon completed around the age of 18, leads to the leaving
certificate examination or matriculation.

The latter. with in addition a special entrance exammat:on 1n mathematics
for those who have not demonstrated adequate capacity in that subject, gives
admission to one of tne four Insh universities, which offer a four- -ygar course
for the bachelor’s degree in engineering. .

RY
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Although the system differs shightly according to the university, it is
broadly similar to that of the United Kingdom

Duning the first year at most of the universities students take courses which
are more or less common to all groups, whatever thew choice ofspec:al subject.
In the second year they begin to specialize in one of the following fields.
civil engineering, mechanical engineering, electrical engineering, chemical
engineering, agriculture.

The total number of engineering students in 1971/72 in each of the four

universities was as follows. University College, Dublin, 822, University -

College, Cork, 359, University College, Galway, 175, Tninrty College, Dublin,
193. This gives a total of 1,349 students.

In addition to umwversities which award a bachelor’s degree, technical
colleges provide vocational education for other categories. They also recruit
students at the age of 18, but on the basis of a preliminary examination as

specified by professionat institutions. Students take a course which lasts at |

least four years, some of them full-time, some part-time.

The vast majority of Irsh engineers graduate from a university, although a
few obtain theit engineering qualification by passing the exammatuon of the
Institution of Engineers of Ireland (IEl).

The qualification of chartered engineer, protected By law, is awarded by the
IE] to those who fulfil the following conditions. (a) a pass in an IEl examina-
tion, {(b) minimum age' 25, (c) corporate membership of the IEI, (d) inscription
on theroll of the IEl for those who have obtained the title of chartered engineer
from another recognized body, which is itself affiliated to the IEI.

Universities have academic freedom, but are State-aided and maintain
contact with the Department of Education. Technical colleges are generally
more dependent on local authonties, th0ugh they keep their academic
freedom.

The governmental Higher Education Authonty examines matters of policy
as régards engineening education, without interfering with’academic freedon.
A National Councit of Education Awards rationalizes the award of qualifica-
tions. .

The information received makes it difficult to comment on the situation in
Ireland, which is, however, fairly snmnlar to that existing in the United
Kingdom.

.

Italy? -

Itahan education comprises, for all pupils, five years at a scuola elementare

_ (between the ages of 6 and 11) followed by three years at a scuola media.

From this point onwards technical education may be obtained at an /stituto
tecnico offering a fl\;e-year course.

After the eight years spent successively at the scuola elementare and the
scuola mefia, the secondary-school pupil has the choice of at least two
streams. either two years at a gmnnasio, followed by three years at a liceo

1 Thig information & communicated without any guaiantee that it is up to date, since the rephes to the ques
tionnaite woro incomplete
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classico, leading to the traditional secondary-schqol leaving certificate
(matunita classica), or fwe years at a /iceo scientifico, leading to the scnentmc
secondary-5chool leavmg certficate ynatunta scientifica).

At present, thele tv:o tYRES ¢ Laecondary education—and possibly others
on which.we have no mtom‘@t.on—gtve access to the universities and in
partlculﬂ' to therr techmcal&é’cultles

Afive- yelar coursein ag® ngmeenngfacultyIeads,tothe/aurea (engineenpg
dtproma) with the quafification of dottore in ingegnena (Dott.Ing.).

. This dnploma does not give its holder any entitlement to call himself an
engineer. The title of /ngegnere is conferred by the Consigiio Nazionale degli
Ingegnen, of the Ministry of Justice, to Italian citizens who hold the /aurea

» " ‘tn e. the QUahfncatton of dottore in ingegneiia). In Italy only ingegner: are
en‘tnie.d to ~prat,use thé engineenng profession, individual temporary arrange-
ments may, however, be made for foreign engineers desiring to pradctise n italy.
Each province has an C.Jne degli Ingegnere, or professional association
~ of engiheers, there 1s no_natignal professional order of engineers in Italy.
Higher technicalschools are “directly responsible to the State, and come

e

(. under the Ministry of Education.
Some schools are the spetial responsnbnhty of regions, provinces or
. . communes. . *
. Universities have academic independence, but financially they are almost

entlre'ly dep,ende-nt on the public authorities. .

¢ Umvers:ty curnicula are not laid down by the ministry, but theoretically 1t
supervises theur appltcatton‘—in any case, the public.authorities exercise
gereral supervision over th60peratlon of the universities.

The relationship between industry and ugher technical education is very
hmtted Industry hard[y participates at all in the education of the engineer .
" before he obtaing’his /aurea (diploma).

Present legislation enables all qualified engineers to engage in the same
activities as architects, except for the restoratnon of historical monuments, a
field which is reserved salely for architects (arch/tett/)

The existing situation In Italy may be commented on as follows.

1. The qualffication of dottore in ingegneria meets the criteria for the

conception category.
% . . . ’
2. It 1s worth ,noting that.n Italy there is a special provision which stipulates

that the practice of the engineering profession is open onl thgse of
Ithlian natibnality. T

]

L3
3. The situation is not very clear as regards haison and execdtron staff.

A graduate from an sstituto tecnico has successfully comp five years
at a scuola elementare, three years at a scuola media, and five years at an
istituto. He would therefore seem to be quahfaed for the career of.execution
technician.

Under these circumstances, the ltalian system, subject to the reservation
expressed at the beginning of this monograph, seems 10 be of a dual type,
“which 15 very rare in Europe (in this connexion, see the monograph on ,

Q Czechoslovakla)
| [MC g S
| s . q “
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“ .
. Luxembourg g Y
In Luxembourg there is no university education for engineers, they are
educated abroad. .
The technician engineer educated in the Grand Duchy proceeds, after six
years’ primary and six yeafs’ secondary education, to a course of at least two
— years in a higher technical school supplemented by appropnate practical
4 training periods. - .

Luxembourg technicians, after obtammg the lower vocat:onal educatnon
certificate (certificat d’aptitude profess:onnelle) follow esrther evening
classes i.e. part time education, lasting sevéral years, or a two-year full-
time course. .

Technician engineers and techmc-ans areeducatedin separate depanments
of institutes of technical education.

The departments for technician engineers devote 18 per cent of their time-
table to general education, 72 per cent to scientific subjects (mathematics,
physics, mechanics, electricity, graphic statics) and only 10 per cent to

~ ' practicgl training.
{ There are plans to raise, without changing its nature, the general level of
education for the technician engineer.
The departments for technicians also devote 18 per cent of their time-table
. to general education, but 60 per cent to practical traiming and only 22 per cent
. to scientific subjects (algebra, analytucal and descnptlve geometry, tngono-
metry, differential and integral calculus, physics, chemistry, méchanics).

Qualifications are regulated by the Law of 17 June 1963. There 4s a law
providing for access to the profession of mdependent engmeér (cons;;[tmg
engineer). -

Technical schools come under the authonty of the LuxembOurg Mmlstry of
Education, on which they are entirely dependent as regards’ curncila and
budgetary resources. - -

The teachers themselves are alone responsible for seeing that the curncula |
are applied.

Curricula and the distnbution of subjects are approved by the Ministry of |

' “Education. |

Industrial firms give their professional staff an opportunity to. attend

serhinars held at regular intervals by the Luxembourg Office pour I'Accroisse- 4
ment de la Productivité and, in economic subjects, by the Université Inter-.
nationale des Sciences Comparées. They alsd g gineers in their employ
the opportunity to improve therr skills abroad infinstitutions such as the
Belgian Fondation industrie-Université, the French Cégos, etc. Some
kuxbmbo“u'rg firms also defray educational expenses for their future foremen
or technicians at special schools abroad, such as the Ecole de Maitnise et
d'Ouvriers Métallurgistes (EMOMY et Longwy (France) ste.~lndustnal firms
of a certain size hold tegular training COurses within the firm for their profes-
sional staff, to which'they mwte instructors in special subjects from neigh-

3

bouring countries. .
Tedl.iivians rpay, after passing an entrance exanfination, attend schools |
©  which educatgrtechnician enginsers. -
" . N T . S
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“ Netherlands

4

completed around the age of 18. For those who have chosen to go in for a
technical career, it-consists primarnily of mathematics, chemustry, physics and
foreign languages. )

. Engineers { Ir.') take a five-year course at a university on cOmpIetion of the

full secondary-school course. *

Senior Technicians {'tng.’} take a four year course at an HTS (hogere
techmsche school) on completion of a shorter secondary-school course
ending at the age of 17 (instead of 18). . .

Technicians take a four-year course at a UTS (uitgebreide techn/sche
school) on completion of an even shorter secondary-school course ending
at the age of 15.

¢ . Atan HTS, 50 per cent of the student’s ume is devoted to general and
scientific education (mathematics, physics, chemistry, mechamcs) and

50 per cent o practical training. A similar time-table is in force at the UTSs.

Practical ttaining in industry during thé cotirse lasts from sixteen to
twenty-four weeks at technical universities, and from sixteen to thirty-nine
weeks at HTSs.

tnternational firms such as Philips, Unilever, etc., hold refresher courses for
their staff.

The engineering profession is not subject to regulations in the Netherlands.
At present, the only qualification protected is the degree of graduate engineer
of a technical university (technische hogeschool)? those holding it may
precéde their nameg with the abbreviatjdoIr.". /-

In the near futuﬁe graduates from HTSs will have the rrght toradd the
abbrevigtion ‘Ing. aftpr their names.
in thé Netherlands higher technical educaUOn is divided into two types.

/\(a) e .openbaar onglerwys, comprising technical universities and HTSs,
~which are State or municipal foundations, administered and almost entirely
financed by the State or municipal authorities, and (b) the b//zonder onder-
wys, compnsing technical universities and HTSs, which are founded,
administered and managed by denomrﬁatrOnaI or other private organrzauons
They are to a large extent financed from publrc funds.

The Miniétry of Education and Scrence is responsrble fo‘r both types of
higher technical education. .

The policy of a technical university is defined by its’ Academic Council,
consisting at the most of forty members, and is implemented by its exetutive
board, consrstmg at the most of five members. Each college of a technical uni-
versity-has its own executive board responsible for adminis Eitaﬁon andteaching.

From the administrative point of view, HTSs are comparable to-colleges of
technical universities.

in techmeal unwersities the application of cu’rrcula is inspected by the
Academic Council, while an inspectour appointed by the ministry supervises
HTSs. Curnicula must Be approved by the Ministry of Education ahd Science.

Liasson between higher technical schools and industry is catored for as
follows. (a) frequen y teachers have worked previously in industry, (b) the

<
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in the Netherlands the secondary-school course, lasting six years, is normally
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* majority of tegchers continue to act in an advisory capacity in mbustry (c)
~ nearly half the teachers hold extra appomtments and continue to work at the
same time in industry.

In ATSs. there are 72.000 full-time students, whereas 51 .600 students take
part-time courses.

Graduates from HTSs are admitted to technical yniversities.

A new law being prepared provides for the selection of students at technical
universities and HTSs by means of pre-university examinations to be held at

~— the'end of & one- or two-year course of common subjects.

A treaty has been signed between the Netherlands and Belgium for the
mutual recognition of examinations of technical faculties of Belgian univer-
sities and Netherlands technical universities.

A law is being prepared on the qualifications of architects. A register
of architects exists, which is generally recognized, though enroiment is not
compulsory. Architects graduating from a university are exempt from the
entrance examination for enrolment on this register.

« -

Norway
In Norway. secondary education for pupils intending to follow 2 technical
career consists primarily of mathematics’ physics, chemistry and janguages
- (Norwegian, English, Germian, French). The full course ends with a final
examination (examerf artium pa reallinjen).
After this examination, engineers take a,four-and-a- -half-year educational
‘ course at the Norwegian Institute of Technology, as follows the first two
years aré devoted to mathematics, physics, chemistry and mechanics, the
next two years ate devoted to general technical subjects and subsidiary
economic subjects, the last senfester is devoted fo a special. subject andter-
X minal work orfa thesis. ' )
The educauon for Norweguar»semor technicians consists of. esther a two-
year higher technical course, on completion of full secondary education, or

- . a three year higher technical course, a&e.r nine years'. compulsory primgry and.

secondary education.
. In both cases, higher technical education ns,precegled By one year's
practical trafning in industry:

The Norwegian Institute of Technology edugates engineess in the followmg
eight special subjects. architecture, mining ,and métallurgy, petroleum
technology. civil engineering, electrical engmeermg, chémistry and chemical
engineering, mechanical engineering, industrial physics.

Norwegran professiona! ehgmeermg associations organize many refresher
courses Graduates from the Norwegian Institute of Technology have the .
opportunity of reconvarsion by studying for a technical degree*(Ph.D.) in
another branch. . . - ,

Since 1949 the qualification of siviingenier has been protected by law,
and reserved for graduates from @e Norwegian Institute of Technology and
Norwegians who have graduated from foreign schools o, universities
o recognized by the public authorities, . ) D\ ‘
B q_/;
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As regards senior technicians, the tekniskskoler (technical secondary
schools) have becomengenarskoler (engineening colleges) and thequalifica-
tion they confer has become that of ngenier, though itis not protected by law.

The Norwegian Institute of Technology, which educates engineers at
umiversity level, is the former Norwegian Technical University at Trondheim.
It now belongs to the University of Trondheim, and will probably in future

. become its technical faculty.

The institute comes directly under the authonty of the State Department
of Education, as do also the thirteen engineering colleges. T

General curricula are drawn up by the public authonities and the detayls
are worked out by the schodls themselves. Curricula are not applied until
they have been approved by the government, which carries out inspections
from time to,time by means of appointed committees.

Moreover, the public authonties exercise a general control over the
education system through the budgetary process. -

/The Norwegian Institute of Technology keeps in close touch with mdustry
through its Council for Education Improvement, on which industry 1s rep-
resented. Industry is also represented on ad foc committees which are respon-
sible for the long-tetm planning of thé education of engineers. *

For some types of technical education, practical training penods in
industry are a compulsory complement of education. In addition, many of the
problems studied by the students originate in industry.

Graduates from the enginéering colleges are admitted to the second year
atthe Norwegnan Institute of Technology provided they have taken a course in
mathematics during the summer preceding their admission. Thnrty per cent
of the students of the institute come within this category.

Bilateral agreements have been concluded. (a) between the Norwegian
Institute of Technology and the Swedish Royal Technical University at
Stockholm, for the admission of No'rweglan students to the aeronautics
department, (b) for petroleum technology betwween the Norwegian Institute
of Technology and two f'orengn universities, one in the Federal Repubhc of
.Germany and theother in Austria. ,

. Durning-their professional careers many engineers nise to posts which are
of a more admunistrative and interdjsciplinary character. This is the case with
many Norwegian héads of industry, who are engineers.

Thegnformatuoﬁ above calls for the following comments:

1 The sivilingenwr who has_graduated from the Norwegian Institute of
Technologv.meets the criteria of the conceptnon category.

\W "'2.The senior techniciag or ingenier graduatmg from a tekniskskole which
., has now becofe an engineenng ollege (ingenierskole) ~appears to come "‘b'
ithin the liaison category on account of thes high level of his educat:on,‘ .
.%twnhstamdmg the fact that 1t is somewhat short and that the !
~a entrance requirements for the ingenigtskole are not very exacting.

r'//‘

3 Itis |ntere3t1ng to note the opportunity available to a senior technician or
1nge/nar to become a s;vzlzngemer without too much difficulty or loss y
) of ime, ’

ERIC- <IN - . ' :
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Portugal ' -

In Portugal general education cezﬁnses, first, a lower level of compulsory
education consisting of four years’ prnimary education, followed by erther.
two years’ pnmary education which is a terminal course or a two-year
preparatory common course at a secondary school, leading to the upper level
which is optional.

~ On completion of the six-year compulsory education, the Portuguese
pupil has a choice, at the upper optional level, between two types of courses.
either a five-year course at a traditional secondary school, comprising three
years’ general and two yeérs' additional education, or a five-year course in
industrial technical education, comprising three years’ training in industry and

a two-year course qualifying for an industrial institute.

Admission to a university 1s normally on completnon of the addmonal
secondary-school course, i.e. after eleven years’ primary and secondary
N ’ education apd after an entrance examination. Future engineers take a five-
ykar course at the university, the syllabus for the last two years providing for
at least one-third of the time to be devoted to work in a laboratory or work-.
shop. This education 1s supplemented by a sxx-month practical training

period in industry.
Admission to industnial institufes is through one of the folfowmg three

: . Channels. esther completion of the general course at a secondary schqol, i.e.

after nine years’ pnmary and secondary educatipn and after an.entrance
examination, or completion of the course qualifyingffor industrial institutes, i.e.
after elevgn years’ primary and technical education and after an entrance
examination, or completion of the additional course at a secondary school, i.e.
after eleven years’ primary and secondary education, and no entrance
. examination. . i
The duration of the course at industrial institutes s four years, at least one-
third of the time being devoted to work in a Iaboratory or workshop. This
R « course s followed by asix-month practncal training period in industry a report
on this period and an exammatlon in vocational proficiency.

Students in thesr second year at an industrial institute may be admitted
to the university on taking an entrance examination.

JIndustmal institutes have three departments. electro-mechanical engineer-
ing, cwil engineering and mmmg, chemical engineering (laboratory and
lndustry) .

University education leads to the qualification of engenheiro, in order to
practise the profession, its holders must belong to the Ordem dos Engen-
heiros, the professional association ‘of engimdrs. .

The course at industrial institutes leads to the quahification ofagente técn/co
. de engenhana, holders of thus qualification join the Singitato Nacional dos
’ Engenhenros~Aux|hare's, Agentes Técnicos de Engephana e Condutores.

The present situation 1n Portugal calls for the following comments.

v s ) .
1. Adter eleven years’ pnmary and secondary education, the engineer takes
a five-year course bf study at the university, followed by a six-month
, }
\)‘ 1 This :n|U|maI|0§I may bt be onluely yp to dato, $ince 1t 1s Basod o '.m,umplolo tephies Lo the yuestivnnane.
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practical training period in industry. Although the duration of his primary
and secondary education i1s somewhat short, his education corresponds to
_the conception category.

’

2. On the basis of the information available, the graduate from an industrigl
institute raises a problem that seems rather difficult to solve. One of the
educational channels, the shortest, comprises only nine years’ primary and
secondary education, fellowed by four years at an industrial institute and
a six-month practical traiming period i industry. This particular channel
segis to fall short of the critenia for. a career in haison, but to be above
th(%g for execution. The graduate from an industnal institute would thus
fall somewhere between the two categories. However, it should be borne
in mind that the information available 1s incomplete.

3.4t is interesting to note the many ways of gaining admission to industrial
institutes, with or without an entrance examination. Similarly, it will be
.noted that there 1s no difficulty in switching frgm an industnal institute tcg a
university.

&
’ s

Spain .
Before the recent educational reform, the pattern of general education in
Spain was as follows. ,

After fqur' years’” pnimary education the pupil had a choice between the
following two streams of secondary education. (a) four years™ lpwer second-
ary education and two years” higher general seconda}y education, leading
to the bachillerato general, (b) five years' lower secondary éducation and
two years higher secondary education of a more technical character, leading
to the bachillerato laboral, o .

The holder of the bachillerato general was entitled to admission to a
higher engineening school after a one-year pre-university course, a one-year *
selective course and “a one-year initiation course (1.e. after thirteen years’
primary, sécondary and preparatory education) After five years he graduated
from the higher engineenng school with the diploma of engineer.

The same applied to the holder of the bachillerato laboral, who was entitled
to admissign to the same type of higher engineering'schiool after aone-year pre-
paratory course, a one year selection course and a one-year imitiation coufse
(1 e. after fourteen years” primary, sgcondary and preparatory education).

A pupil having completed only the four-year cycle of lower general secon-
dary education (ie. terminating two years before the bachillerato general)
was entitled to admission to a middle-level technical school after a one-
year preparatory course and a one year selection and technical initiation
course (i.e. after ten years' primary, secondary and preparatory education). After
three years_ he graduated from the school with éhe diploma of perito industnal.

This diploma in turn gave access, after a one-year qualifying course, to a
higher engineering school which provided a five-year educational course for

O engineers. . o
ERIC . G-
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Since the recent educational reform, Spain has no longer a bachillerato
general or a.bachillerata 'Jaboral, but a single secondary-school leaving .
.certificate Possession of thig cetificate and a pass in the one-year untversity,
Jorentation gourse constitute the entrange requirement for esther a faculty
or higher engineering schoo] providing a five-year educational course for
senior engrneers {a fyst cycle lasting three years devoted to basic sciences,
and a second cycle lasting two years devoted to, specialization), or-a school
providing a single-cycle three-year course for the education of ipdustnal
technician engipeers N

All Spanish engineers. except for these in gpvernment employment, must
belong to colleges of esgineers comupg under the corresponding technigal
ministries (public works, agnculturenl:%hswm) ¢

Educational regulations. exemptions and the recognitson of diplomas are
governed-by the State. All schools, both State and frivate are subject to the

v regulations 1n fofce for State schools . X .

Follomn% the recent educational reform new, curncul_aﬂwere draWn up and
will be introdiiced first in schools for industnial technician engineers ‘and -
secondly (1973/74). in faculties and higher engingering schools. *

Each uniwversity establishes it$ own knowledge checking methods and the
structure of its prograrnmes and teaching and research sys1ems It supervnses
those university centres in its region which dg not come ‘under the State.

The general supefvision of éducation is effected by the Nattonal Councit o}
Universities, an advisory’ body chaired by the Minister, of cation an
Soience, which co-ordinates University activities o

Practical tralning. the updatingrof knowledge. reconversion when neces-
sary to another special branch. and further education are entrusted to, mgher
. vocational education centres which form part of the universities. .

Each univerSity has a patronato responsible for relations with societyasa *
whole In the case of technncal universities, industry and “professional
associations are represented on the patronato. which has as one of itg obje’c-
tives..thegdefinition of the role of indystry un the educ#tion of engineers.

Completion of the first three-year cygle of the educational course for *
semior engmeers, combined with some self-gducation, qualfies students for

the diploma of industrial technician engineer. -

Conversely industrial technician engineers can be admitted dnder certain
canditions to the second twu ygar cycle of ¢bhe educational course for senior
enguneers ! ‘

* The information above calt$ for the following comments

'l Engmeers (as they used w be called) and senior enaneers (as they are*
now called) beleng to the conception category o

2 The former perto industrial met the crteria for execufion tec\hnncnans

3 Indastrial technician engineers (as they are now called) meet the cmena
for haison technologists . .

) [N

4 It will be rioted that Spain seems to have solved relatively easily the
question of promotion from the qualification of industrial technician
ehgineer to that of sermor engineer

&
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Sweden
¥ ) . .

Since its reorganization in 1962, the pattern of primary aid seedndary

education is as follows -a mrie-year cgurse at'a gruntskola corresponding to
primary education apd lower secondary educatidn, thereafter, higher second -
ary education df varous types, provided at a gymnasiug, lasting three
years and leading to thé studentexamen

€ertain technical streams lead to a teknisk hogskola, a school at university
level which awards the degree of civil engineer. .

Secondary education may also be followed by a fourth year of study, and
practical training periods in industry leadirg to the diploma of gymnaS/e-
mgen/or

Lastly. education at a grupdskofa may also lead to a fackskola, a~ special
school provrding a two-year course which must be accompanied by a
pract.cal training period of at least nine months, taken either before or after
the two- year course, or between the first and second years of the courss.

Each year Parliament determnnes the number of places availabie in each
of the types$ of secordary educatnon Where the number of candidates exceeds
the number of places available—~and only in this event—entrance 1S by
competitive examnation. v

In Sweden, training for civil engineers eonsists, oé completion of secondary
educauon of a four-year course at a university of institute of tethnology,
" followed by a four-month practical training period.and a terminal project.

The institutes of technology of Stockholm and Gothenburg (Chalmers) and
the Engineering Facolty of Lund University all have the following six special
subjects technological physics, mechanical engineering, ‘electrical engineer-

“ing, il engineering, architecturs, chermical engineering

The Stockholm Institute of Technology has, moreover. thefqllow.ng three
additional special Sub;ects aeronautncs mining and metallurgy, geodeSy and
topography

Since 1969,70 the Engineening Facuity of the Bniversity of Linkdping has
been training engineers in the following three special subjects. technological
physn:s and ele&ncal engineering, mechamcal éngmeenng, industnal pro-
dUCtIOn e

Since 1971,72 the Luled Instityte of Technology, in the north, has been
educating mechanical engineers, and since 1972,73 geotechnical engineers.

Lastly, the Science Faculty of the Umversrry of Uppsala trains engineers
m technological physics.

*"Generally. the qualification of engineer is not protected by Swedish law,
and prosecutions involve only those making use of an estabhshed qualifica-
tion to which they have no hght. - . .

The ministry responsible for education is the Mimistry of Education with,
in the case of universities dnd nstitutes of technology, the Office of the
Chancelior of the Swedish Universities.

Higher education is generally under the authority of the State Geners|
curnigula are drawn up by the State and sexxg as a basis for toxal cubrigculs.

Tfere is 3 regulation to the effeqt that examinations taken previously at
uniwersities in other Scandinavian countries shall be taken into accéunt.

h 8800
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__The aBove information calls for the following comments \

1. 'The Swedish civil engineer meets the d}uahfymg standards for the concep-
tion tategory

2. The gymnasieningenjor who has completed primary school and lower
secondary edutation at a grundskoia. lastmg in all nine years, followed By
four years technical education and practical.-training at a gymnasium, is
less qualified than a liaison technologist but more qualified than an
execution technician The gymnasiengpgenjor raises a difficuit problem
of classification. yustifying a more thorough study of the real content of *

. his educaugn {of the case of Portugal). »

3. A fatkskola diploma does not comply formally with the qualifications of
an executioriethnician, but it may nevertheless be assumed that it 1s on
these lines. y

v 4. It will be noted that there is a trend towards annual quantitative planning at

the level of hlgher secondary education.
*

5. Lastly, it will be noted that there are multi-nationai agreements with the

other Scandinawvian countnies for the mugual recogmition of diplomas.
’ 4

: . Switzerland . . ,
. . !
The_ three categories of proféssional technolog'nsts to be considered n
Switzerland are as follows” )
. . o

Gsaduate eng/neers‘
After the secondary-school leawng cemf.cate engineers ace educated in_one
ofthe two federal polytechnics (Zurich and Lausanne), which come under
federal authority, or the universities of Geneva and Neuchétel which come
under the authonty of cantons. '

In the federal pelytechmcs the course lasts four years, the first two years
being devoted to basic scientific and -technical traifting (mathematicd,
mechanics. analysis, the use of comiputers, etc ), while the next two years
conssst of more advanced education with a specific vocational bias Studgnts
also have the possibility of concentrating Qnavery closely defined spec:al field.

For 8xample, the Zurrch polytechnic has the following thirteen sections,
architecture. civil engineening, mec‘hamcalengmeenng electrical engineering,
chemical engineering, pharmacy, foréstry, agnc,ulture agricultural engineering
and topography, mathematical and physical sciences, rfatural sciences (with
three subdivisions. biology, chemistry, physics, crystallogfaphy, bio-
chemistry and mucrobiology, earth sciences (geology, petrography, geo-
physics, geography)), military sciences, free subjects

Except for the last two sections, the duration of the course 15 four years,
it is foliowed by compulsory practical training periods, lasting eighteen

+ months for pham'qacy thiteen months fof forestry, twelye months for archi-
tecture and agrniculture and six months for mechamcal engineering and
electrical engineening. . ,

)
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_ Lausanne, Fribourg. Neuchdtel, Berne, Basle. Zurich and St Gallen come’

Technician engineers graduating from hugher technical colleges (ETS)
Basic education at present takes one of the followmg two forms on cample-
tion of nine years’ .compulsory education endmg at the age of 16 years
esither four years at a vocational school or four years apprenticeship.

A study 18’currently beng conducted fof the introdustion of a technical
secondary-school leaving certificate ,

After tis preliminary education, the future technician engineer takes an
entrance examination for a higher technical college. where the course Iasts
three years, plus a semester for thé preparation of a termindl thesis. Alterna- +
‘tively, technitian engineers can be educated by attending evemryg classes at
the same colleges for fifteen to twenty hours a week during five years

-

-

Technicians -
Technicians are educated in pnvate schools, and through the prcgramme for,
social and vocational advancement of skilled workers. Afte( nine years’
compulsory education, a technician may choose one of the following forms of
education and training esther four years' apprenticeship in a school or a fim,
followed by a four- or five-year part-time course at an evening school (tech- ,
nukum), or three or four years apprenticeship; followed by a one-and-a-half-
year course in a specialized vocational school, or three to five years practical
training, followed by a one-year full-time course prepanng for the daploma
examination

The federal law on vocational education regulates the dsplomas awarded
by the higher technical colleges (ETS) - !

A register of engineers, architects and technicians was set up in 1951 to
regulate the use of profess.onal designations and to list all Swiss techndlogists
including technicians. The training acquired by non-graduates was inspected
by an ad hoc commission.

In 1966 the register bacame the Fondation des Registres Suisses (REG),
respons:ble for keeping registers for the followmg categories. engineers and
architects, techmcnan engineers and techmcnan architects, and techmc.ans
The foundation 1s a private professmnal institution ! PR

The holders of diplomas awarded by recognized establishments may be
enrollgd, simply by so requesting. on the corresponding register.

.The two federal polytechnics of Zunch and Lausanne come under the
federa). Department of the Intenor, whereas the eight universities of Geneva,

under thegr respective carftonal governments and. generally speaking, under -
their depanmems of education Both types of institution enjoy fairly wide
autonomy Polytechnics are placed under the supervision. of !’le Schools
Council which maintains hiaison between the federal government and thé
heads of schools The Confederation makes grants to cantonal universities,
- [ Y

A

1 AHuated to the regictar 1in 1951 wara two Profecciondl assocations the Society of Enginears and Architosts
(SIA) ang the Uron TachmiGue Suien (UTS) whose mambers had baan trained at 8 technikug o typn
uf s hool austing &t the time but subsaquentiy changed to techmicl Lollegns award:ng the dogroe
tachorisn angindar Tha transiation of ingénmur technrcrén into German ax ingenreur Techniker gnd not
¢ Tachnische ingenpur dipinaced the hotdars ot thix quante ation with the resujt that UTS rafusnd to
101N the Fondation das Regictres in 1966,

. T Ty CoA ,
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In the-cése of polytechnics, curricula are drawn up by, their vanoys faculties
or sections, and are approved by the Schools Council, which aiso supervises
their apphcation ' " .

The detailed curricula are drawn up by the Conference of Facultrés consist-
ing of profesgors lecturers, assistants and, more recently students as well.

_The eighteen higher technical colieges (ETS) receive substantral grants from

the tonfederation. They are, however. cantonal and ce come under the super-
vision of the appropnate #antonal department, but the federal government
lays down reqyifements as to curriculd and co-ordination bet\'/veen schools.
The currHcula are drawn up by the cantonal authorities in agreement with the

* Office Fédéral de I'industrie. des Arts et Metiers et du Travail (OFIAMT),

the federal department of vocational education.

Industry is represented on the varous supervisory counciis and cofmniis-
sions 1n addition, a large number of tgachers come from industry, which
finances part of the research work conductedin research institutes and stations.

The fact that students ffom higher technical colleges (ETS) have often
spent four years on practical training in industry gives industry a de facto role
in the education provided by technical ¢olleges

Industry participates actively in continuing education and the organization
of practical training periods. Both self-educated technologists and middie-
leve! stéff may apply to be enrolled on higher registers by giving proof of
thelr.abrlrty in an examination. Continuing education 1s orgamzed either by
schools, profess:onal associations or industry.

Technxian engineers from higher technical colleges (ETS) are entitled to
enter pc:;l:t}chmcs on passing an examination in general education

As the Société des Ingénieurs et Architectes intludes both engineers and
architects. there is virtually no distinction between architects and cwii
engineers.

In the polytechnics, engmeers are educated to solve mterdlscrphnary
problems and to direct operations. In the higher technical colleges, education
.18 more specialized and is ariénted to a larger extenﬁbwards practical work.

On graduayng. engineers and a(chitects are concerned with interdisciph -
nary 5rob|ems such as land development and the environment in general.

- United Kipgdom -

N . .
Secondary education in the United Kingdom comprises subjects for which the
GCE (General Certificate of Education) examination can be taken at the
ordinary level (O-level). around the age of 16. and at the advanced level
(A-level) around the age of 18 to 19

The theoretical education of a chartered engineer may be acquired n one
of the five following ways . . -

1 A scientific secondary education. compnsing three O-levels and two
A-levels or one O level and three A-levels, followed by a.three-year full-
time course or 3 four-yéar sandwich course (alternating with perrods of
practrcal experience in industry) tn appled science at a ‘universify.

) *
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2 A scientific secondary education, compns:ng three O-levels and: two
A-levels, followed by a four-year sandwmh course n applied science
taken at a polytechnic )

3 A scientific secondary educatop. compnsing four O-levels and one
A-level, followed by a three-year sandwich gourse taken at a polytechnic
or certain other colleges, leadlngto'lhp Higher Nétlonal:Dlploma which 1s

+ Yhen followed by at least one year ‘s full-time preparation fqr the second _
" pant of the examination of the C0uncnl of Engineering Institutions (CEl).

4 A technical secondary education, compr|s|ng four O-levels, followed by a
two ye part time course prowd’ed by a rumber of colleges, Ieadmg to the

Ordina® National Certificate, which is then followed by either a two-year .

part-ime course leading'to the Higher Nationai Certificate, plus at least

. oue year's full-time preparation for the second part ofthe CEl examination,
or preparation fqr the first part of the CEl exammatnon and then at least
one year's full-ime_preparation for the second part of the CEl examin-
ation R .

.

5 Ateuhmcalsecondary education, compnising three O-levels, followed bya .

three year part time course provided by a number of colieges, leadmg tothe
C'ty and Guilds Cemﬁcate%ohlc‘h 5 then followed by a oneZyear part-
time course leading to the Cify and Guilds’ FullTechnological Certificate, and
thereafter by preparation for the first part of the CEi examination and at least
one year s full-time preparation for the second part of the CEl examinatiop.

Legal entitiement to the qualification of chartered engineer (C.Eng.) 1s.
also conditional on practical training and the holﬁmg of a respons.ble
appointment for g niimmum period of three years.

The theoretlcal education of a technician engineer may be acquired after a
secondary technlcaheducataon compnising three O-levels, followed by three
years’ part-time study at one of a number of collgges, leading to the'City and
Guilds Certificate which is then followed by one year s part-time swdy leading
to the Citysand Guilds Full TecILmoIoglcal Certificate.

Legal entitlement to the qualification of technician engineer (T. Eng -CEl).
1s also conditional on five years™ professional practice, including two years
practical training in gccordance with an approved curntulum, ¢

The theoreucal education of a technician may be acquired in one of the
following ways-

1 A scientific secondary education, comprising four O-levels, followed by a
two year sandwich course taken at one of a number of colleges, and
leading to the,Ordinary Natibnal Diploma

2 A techmcal secondary education, compnsing fpur O-levels.. followed by
two years’ part-time study at one of a number of colleges, leadlng to the
Ordinary National Certificate

3 A technical secondary education, compns:ng three O- levels followed by
three yedrs’ part time study a} ane of a number of colleges ‘admg to the
Csty and Guilds Certificate

Legal entitlement to the qualification of techmician is also conditional on
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three years professional practicg, including two years of eracucal training in

h accordance with an approved curnculum. ‘

The essential difference between university and polytechnic courses of
future chartered enginéers is that university courses_ consist matnly of
theory and projects {practical traiming comes later during employment),
whereas at polytechnics, on the contrary, the theoretical educition ngn 1S
immediately put into practice, and thus practical training takes place during
the course.

A The institutions affiliated to the CEl have a,supervisory role as regards the
basic practical training of their future members, who are already graduates.
This basic prachcal training varies in importance from one branch to another of
the profession, but all the institutions agree that it should be as broad as
possible.

As regards ypdating of knowledge, the institutions affiliated to the CEl
organize a large number of refresher courses. With regard to qualifying for
another special branch, an engf'neer may be.a member of several institutions
simultaneously, knowledge of the new branch' may be ‘acquied thréugh
practice and, or through continuing education. In addition to the traditional
pattern of continuing education provided by the institutions affiliated to CEl,
four ‘open universities were setupn January 1971 and have already €nrolled
over 30,000 students

’ Continuing education—so closely associated with education as a wh

" thatitis difficult to distinguish between initial educatiot and. continuing edd-

cation as such—is largely facilitated by the general attitude of industi.

‘Day releases (correspohding to one working day) and block releases

(exceeding one working day) considetably facilitate continuing education in

the form of sandwich courses (courfes alternating with practical training

in industry) Each year more than athird of the new Chartered engineers
qualfy through continuing education combined with their professional activity.

In the United Kingdom, there are a number of industnial training boards,
including the Engineering Industnial Training Board. The CEl provides

a link between the individual engineening institutions and these traiqing

boards, many of which are concerned with one more part:cular'engmeermg

field. This link 1s maintained at the local level by individual arrangements
made between training institutiors and educational establishments on the one
hand and firms on the otber hand, for example, a polytechnic will contact
firms in its region, to find mut which of them are willing to take students
for the practical part of their education and training. The matter is largely one

of supply and demand . .
The legal 'quahfncauons' of chartered engineer (C Eng), techmcian

engineer (T Eng.-CEl) and technician (Techn.-CEl) are obtained by entry in

the national register of the Engineers Registration Board (ERB) which s

managed by the CEl Membership of this register ts subject 1o the terms of

the Royal Charter granted to the CEl in its ‘present form in 1971.

The crtetia for entry in the three categories of the ERB register are as

follows
Ve

ERIC qe :

Aruitoxt provided by Eic:
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ERIC

Aruitoxt provided by Eic:

F;Jr chartered engineers (C.Eng )
1.
2.

Appendix * t_:s

. . * v N

Minimum age 25. ..

A pass mark in the examination in applied science held by the CEl in
accordance with the council’s regulations or a pass i any other unwersny
examination or test accepted by the CE! as being of at least equivalent
level (the university level of the examinations and tests held or accepted by
the CEi is not less than that of the Degree in Engineering). '

13
. Practical trammg;n the engineering profess:on or functions which make it

-

possible to acquwe such training, meeting the practical training criteria

established by the CEl member institution an¥ complying with the general
prnciples adopted by the CEI.

. At least two years’ experience jn a post considered, by the CEl member
institution to entail professional responsbility, provided-that the total sum ,

of the period of this professional experience and the periad of pracucal
training referred to above s not less than three years. . .

For technician engineers (T.Eng.-CEl)

1.
2.

M|n|mufn age: 23. .

Academic qualifications at a level at least equivalent to that of the Ordinary
National Certficate of The City and Guilds Part 1l/Final Technicians’
Certificate, and approved by the Office of the §'.‘ZB and the CEIl (unless
otherwise decided by the Office and the CEl).

. Five years minimum practical training and experience in thi}ngmeering

profession, two of which must have been spent on practical tfaining, both
experience and training to be rec09mzed by the Office of the ERB and
the CEI ‘ *

Fo'r techniclans (Techn.-CEl)

1.
2.

Minimum age: 21.

Academnc qualifications at a level at least equwaient to that of the Ordinary
National Certiftate or the City and Gulds Part |l Final Technicians’
Certificate, and approved by the Office of the ERB and the CEl (unless
otherwise decided by the Offlc'e and the CEl).

. A minimum of three years practical training and experience in the technical

field, two_years of which should have beeq spent on practical training
recognized by the Office of the ERB and the CEl.

Eau‘cat‘ional policy at'the unwers»fses. polytechnics and other colleges is the
responsibility of the Department of £ducation and Science. The universities
are fairly independerit of the centtal authorities, the main tie being a financial
one, though not. always a direct one. For example, there 1s a University
Grants Council, responsible to the Department of Education and Science,
which supervises the financing of universities, without the latter being directly

responsible to the department on that account.
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Curricula are not laid down in detail, the main control being on the level of
education and competence both academic and practrcal which 1s acqurred
General supervision of education i1s ensured by the Department of Education
and Scrence

In the United ngdom there is no legal dividing-line between the profes-
stons of engineer and architect, although there are different functiong which

only one or the other can undertake. For example, the building of reservoirs,

and dams can only be undertaken by engineers who are on a special register.
In‘the building industry, contracts are drawn upgither by the Institute of Civil’
Engrneers or by the Royal Institute of Brrtrﬁh Arc s, dependrng on the
type of contract.

The somewhat singular situation whrc}r exist§ in the United Kirgdom calls
forthe following cg8iments. )

.T. A remarkable différence of approach will be noted between the British

. system and the Continental-type system, partrc"ularly as regards..

( ) The fact that.a degree obtained at an educational tnstitution, such
as a university, does not automatrcelly confer the nght to use a pro-
fessional title, besidés the degree, practical training and the holding
of a post of responsibility for a faitly long time are required.”

(b) The many different ways of enter”rng the profession‘

(c) The considerable development of contmuing education, which 1s
closely interwoven wjth the educat;onal syst,em tin geneyal.

- (d) The legal role of the CEH, a more or l6ss private institution, in the award-

ing_of professional qualrfrcatrons "

-

2 The scientific secondary educatron .of a .chartered engineer referred
“to above ‘completed at the age of 18 to 19 may be asSrmrlated to the
corresponding Continental education” The chartered engineer must then
obtain a university degree, gither after a three-year full-ime course or by
means-of sandwich courses spread over four years, and thereafter must first
und&rgo a basic practical training and then hold a post of responsibility for
a peniod of at least three years. Although there i1s no formal correspondence

- between this type of training ‘and the critenia for the conception category,
it is reasonable to ass:mrlate it thereto. ~ v .

. Similary, the tet,hnlcran engineer can be assimilated to a haison tech-
nologist and the technician to an execution technician.
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