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Preface

This publication is the sixth in the series entitled Studies on International
Equivalences of Degrees, the idea of which was approved by the General
Conference of Unesco at 1ts thirteenth session in 1964.

These are comparative studies which set out to establish the conceptual
bases of the comparability of studies and degrees at the various stages of
training and to ascertain the general criteria that will make it possible to
determine international equivalences, thus simplifying recognition of degrees
or diplomas obtained in other institutions at home or abroad.

The present study assembles the results of a survey undertaken in a number
of countries in which therc exist one or more systems of training in engineering
sciences. These systems were selected because they are prototypes of which
many sariants are to be found in countries belonging to different regions of
the world.

The results that the survey revealed are set out in such a way as to facilitate
comparison between the degrees and diplomas awarded for studies in engineer-
ing sciences in the different countries. The results may also be compared with
those provided by the comparative analysi» of studies and degrees in inter-
national law, which are the subject of the fourth volume in this series.

‘ The preparation of the study was entrusted to Professor Anatoly I.
Bogomoloy, Head of the Department of Methods and Studies at the Ministry
of Higher and Specialized Serondary Education of the Union of Soviet Socialist
Republics.

The work is intended primarily for three categnries of reader. first, for all
those who. in one country or another, are responsible for assessing the level
of traming of people wishing to take up studies in engineering sciences or
continue their studies or research in a ne+ institution for the purpose of
specializing in these disciplines, or of (hose who wish to use the engineering
knowledge and training they already have professionally in an administration
or business, at home or abroad. second, for students and research workers
who want to know the systems of instruction in this discipline and the degrees
obtamable on completion of the various stages, and lastly, for comparative
education specialists and educational planners for whom the pages which
follow can provide information and material for comparisons as regards studies "~
and degrees in engineering scienccs.

The Secretariat of Unesco wishes to express its gratitude to Professor A. I.
Bogomoloy and to all those who helped in the preparation of this work.
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Problems concerning the
comparability of diplomas

The broadening of ose contacts among countries m solving fundamental
scientitic and technological problems with a view to ensuring the prosperity of
a future society is an outstanding feature of our time.

In the past, major discoveries came from individual researchers who were
not provided with adequate facilities for experimentation, the deselopment of
technology tagged behmd that of science, dnd decades or sometimes centuries
passed before such discoveries were placed at the service of mankind. Only a
small fracuon of people, drawn from the ruling class, had access to education
i cacl: couatry in the past, and for this reason education could not be a
depend 5le sehicle for the transforimaton and development of souety, there
was no cdose relation between the economy of a given country and the orienta-
tion and academic excellence of its educational system. All this was bound to
lead 10 a4 situdtion where each pedagogical and saenufic school desveloped
polation, and some instituttons of higher learning, incduding the world's
largest, were passive when it came to exchanging experience and mcorporating
progressive trends in trauning competent personnel and rescarchers from other
universities of the same o some other country.

Now that the saientific »ad technological resolution 1s under way. science,
technelogy and education are developig in a4 harmonious manner and at an
ever-growing pace. and ideas formulated by scientists are translated into life
and made to serve society within much shorter periods.

Society requires researchers and engineers to ensure that all discoyeries
should be made to benefit mankind as soon as possible. Large teams incorporat-
img the tdlent of pure and applied scientsts, test engineers and designers,
technologists and specidlists in other ficlds, have tahen over from individual
rescarchers whenever important suentfic and technological problems are to
be solved Society is faced with ever-changing problems of world-wide signific-
anue, such as those mvolving the puaceful uses of atomue energy, space explora-
uon, interplanetary travel, depollution of the atmosphere, and the desvelopment
of supersonic aircraft, the solutien of which 15 the concern of most, if not all,
countries of the world, and problems of this magnitude can be solved much
more guickly if researchers and practical eaperts of various countries puol and
co-ordinate their cfforts.

It van be presumed thercfore that co-operation between countries for the
Jomt solution of major scientific and technological problems will constantly
expand. It s for this reason that countries need to have o dear idea of the
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scentific potentidl of specidlists and resedrchers  mcduding those educated
abroad or drawn from other nations  whose quaitfications are certified by
diplomas or other appropriate testimomals.

Whether attempts to solve suentific and technolugical problems are crowned
with success depends primaridy on the structure and standard of training of
researchers and specialists. 10 no accident thea that the problem of perfecting
the system of education and rasing its standard of tuition should be a major
concern of governments, scentfic arddes and others. with international co-
operation in this field alvo increasing. Countries exchange professors and
lecturers to a4 growing eatent so as (0 shdare eaperience in tramning expert
personnel. more and more young people are sent to take a complete or
partal course of studies at foreign educauonal establishments. Comparson
of diplomas or. to be more eaact, of levels of education would make it possible
forinstitutions of gher learming o avail themselves of the experience accumu-
lated in other countries. with the result that the oser-all level of trainmg of
specialists i all countries would improve.

The growing rate of the scientfic and techaological revolution mahes 1t
neeessary for the developing countries to obtain assistance from the advanced
mitions in traiming eapert personnel and reccarchers ina number of speundhitic:,
with particular empha s on new branches of suence, technology and culture.
The youth of the descloping countries in which sonie of those branches have
not yet been rased to the desirable level are eager to obtain education and
scientific quahfication 1n those countries where such branches have reached
a high stage of development.

Insufficiznt mformation on the levels of education and traning of teachers
and researchers 1 various countries quite often results 1 a situation where.
on returning to his covntry, o young spectalist or researcher educdted abroad
15 etther not recognized as a sutable candidate 1o vecupy a post for which he
has in fact been trained or 1s offered a much higher position than he s actually
quahtied for. in other words, diplomas, degrees and academie ttles awarded
abroad are cither underrated or overrated.

W hen admutung young people to educationdl institutions or providing them
with an opportunity to obtan or improse thetr scientific gualifications, 1t s
indispensable to know the level of education or the suentitic qualitication they
have acquired i thewr own countries.

It would seem that the purpose of expanding internauondl co-operation,
raising the level of education. and rendering mutual assistance m traming
specithists and researchers will be served of there is recognized comparability
of diplomas, certificates and other documents attesting o the gualification of
specialists and rescarchers at all levels.

It is no less important for those hoping o study or obtain a degree or
academic qualification abroad 0 be famibar with the comparability  of
diplomas 5o that they can plan their careers 1in the country where they will
be working on completon of their studies or after qualifying as a practical
expert or researcher.

The problem of the comparability of educational or scientific qualificiitons
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Problems concermag the compatabahity of diplomas

should be considered from two angles. university or acadenie, and admm-
isttative or legal.

University (or academic) comparability determines the eligibihity of a
candidate to go on to lgher education or to undertahe advanced research
work 1f he has receved an education or obtaned a scientfic quahfication of
a lower level at another educational msttution of in another country,

dounistrative (or legal) comparability s the term used when the cisil service
authortties, a professional assocation, an industry, or a research or educational
mstitutzon wishes (o assess o diploma with & view to establishing whether the
holder meets the requirements of the position sought.

The bulk of graduates from higher educational establishments seek jobs 1n
industry and various types of institution, so that itts admmistratis: comparabil-
ity that matters in the final analysis. However, the problem of comparabthty of
diplomas -hould not be approached solely from the admunistrative or academic
pamnt of view A unnersity cannot train speatalists and researchers without
formulaung the requirements that their gradudtes are supposed to meet n
profesaional life Hence the task of establishing university comparability and
the tash of determming administrative comparability seem o be mutually
related.

\ Ime of disunction between university and administra.ive comparability
of diplomas 15 only drawn to counter the argument that studies to establish
such comparabihity are doomed to farlure i view of the autonomy of universities
and their non-recagnition of such attempts. It must be remembered that what
firms and other mstitutions wish to deternune is the functions that spectalists
and researchers can perform rather than the views of higher educational esta®-
lishments on ehgibility to proceed to higher acadenic degrees.

There is na doubt whatsoeser that & solution to the problem of comparability
of diplomas involves a host of difficulties and that 1t should be arrived at by
casy stages and with some reservations at the imual stage. To begin with, the
problem of comparability should not be extended to cover undergraduates who
hase attended or plan to attend lectures and undertahe other types of academie
actvaty an separate subjects. When tackling the problem of comparability, only
those students should be considered who pursue their studies on the regular
pattern and take a complete course on a full-ime basis. Nor is 1t reasonabic
or even possible to compare the levels of education of “regular” learners engaged
i wdentical areas of stedy Gn different educational establishments) in terms of
separate years of study. In such cases. comparability of education should be
established by unnversities with due regard o all local condittons prevailing at
those insttutions of lugher learning at which the students concerned have
studied or will pursue further studies,

The system of traming spectalists, teachers and researchers has its speafic
features m cach country and has evobved historwally in line with the speufic
econonite, soctal. political and other local conditions,

The chorce of discplines an the training of engineers is governed in cach
country by the structure of individual industries and industrial enterprises as
well as of screaufic and cultural institutions. These structures are peculiar to
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mndividual courdries, so that the tists of spectaltics o which higher educational
establishments 1 cach country train expert personnel do not comnade cither.,
The patterns of majoring for undergraduates also differ from one country to
another, o such an extent that it 1s extremely difficult to compare specialtics
and majors offeied by institutions of higher learmng in different countries.

But the difticulties do not end there. In some countrics, such as the U.S.SR.,
undergraduates are supposed to have on-the-job traimng in industry in line
with the chosen fields of concentration. Henee. when they graduate from a
higher educational estabhshment, they are immediatcly  qualified. without
prior probation, to claim permanent employment and carry out the functions
prescribed for the posttions they oceupy.

In other countries, such as the United States of Ameriea. on-the-job training
is not induded i the curricula, and graduates from higher educational estab-
Iishments are therefore obliged to go through an additional perniod of practical
experience - firms before they can start their carcers in industry.

ft may be safely assumed that there are no tv o institutions of higher learning
whose curricula and syllabuses would wholly comcide. The titles of courses
an the distribution of study matter as between various subjedts as well as the
ordet i which they are taken differ as a rule between different institutions of
higher dearning m a given country, let alone between different countries.

Indeed, 1n some higher educationat establishments. majoring starts as from
the second year of study. in others from the third. and in sull others from the
fourth. and. accordingly. the set of general science subjects 1> tahen at different
levels, too However, on completion of the full course of studics. graduates from
all these institunions of higher learning may have an education of identical level
aithough the progranimes for the second. third, or fourth year of study may
differ as between tivse institutions, both in volume and content of schoohing.

When discussing the comparability of levels of education. therefore.it is desir-
able to consider and compare only completed eycles of educativn  for instance,
complete general secondary education or individual stages of fugher cducation,
completion thereof being certified by an appropriate diploma or degree.

For all the variety of specialist and researcher training systems, it would be
wrong Lo say that higher educational establishments of different countries have
o common objectives, as was the vase in the past. Today. schools of higher
studies in all countries are called upon to educate. within the shortest time
possible, creative minds who can mahe use of all that has been achieved by
world suence and technology to ensure further suientific and technologieal
progress and the solution of new problems pused by soctety. One 1y incliped
to agree with G. L. H. Bird when he aftirms that:

. there can be considerable diffeiences in the structure of engineeiing education
and traming between countries A, B. .. Z and yet these can be equal in esteem  the
professional engineer is equiad in abilities and worth. !

LG, L H Bud. “Some United Kingdom Traditions, Praciices and Treads'. The Traumng
of Professional Lugueers  Fofth International Congress of Lugimeers, 27 September to
I October 1971, p. 28, London, The Disttanion of Civil Bngineers,

12




Problems concerning the comparabilny of diplomas

Indeed. if vae considers the advanced countries having diverse educational
systems, one 1y bound to adnut that suenufic and technological problems of
an identical degree of complenity, such as the development of supersonic air-
oraft or space sehdes, are sobed suceessfully by therr respectise national
experts. Tostands to reasen then that ditferent educational systems can provide
for the traimng of top-level specialists and researchers of more or less equai
standing. To carry the argument further, one may suggest that it 15 possible
to claborate integral criteria suitable for determining a level of saicnufic traning
o be achieved with different educational systems. It would seem reasonable
that such criteria should be established for completed stages of educauon alone,
Consderauon will be given in the followmng chapter to patterns of higher
education m various countries of the world agamst the background of this
stiggestion.

O
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Requirements to be met

in training
engineering personnel

Spedific conditions under which engineering personnel are trained exist not only
in ecach particular country but also at each institution of higher learning. Even
the term ‘*higher education” seems to denote different things to different people.

There are countries in which any education based on a complete general
secondary education is referred to as ‘higher’. In some countries, higher
edudation comprises a number of stages, each stage entitling the student to
an appropriate uegree or diploma —on completion of two, four, five or six
years of study. The period of advanced studies for the highest academic degree
would in some countries be regarded as the final stage of higher education.
Advanced training of specialists graduated from universities is often considered
as continuing higher education.

Varying interpretations of the term “higher education® lead to high-school
graduates being awarded different qualifications. It is a common practice for
techniea' education.d estabiishments to award the qualification of ‘engineer’
to their graduates. but the word is accompanied by a modifying additive to
denc.e a specific level of schooling. As a result, a wide range of terms is in
carrent use. such as “professional engineer” and ‘master engineer (Poland),
‘shop engineer” and ‘graduate engineer® (Hungary), ‘engineer” and ‘graduate
enzinzer” (Federal Republic of Germany). ‘pre-engineer” and ‘engineer” (Roma-
nia), ‘degree-engineer” (United States). ‘crudiant-ingénicur', ‘ingénieur’ and
‘doctear-ingénieur” (France), ‘ingenieur diplomé” and ‘ingénieur technicien
(Switzerland). etc.

The terms “secondary specialized education® and ‘technician® have come into
baing in recent years. The appearance of these terms was prompted by the
expansion of specialized secondary education as an intermediate academic level
between general secondary and higher. As the scientific and technological
revolution got under way, researchers and engineers capable of creating
sophisticated equipment, machinery, instruments and constructions, began to
be in great demand in industry, agriculture and other spheres of material
production. To make the work of these men more efficient, technicians were
brought in on a large scale as assistants on auxiliary operations.

However, no hard-and-fast line has so far been drawn between specialists
who obtain the qualification of ‘technictan’ and those who are awarded the
degree of, let us say. ‘pre-engineer” or ‘graduate engineer’. Nor is there any
difference i the denomination of educational establishments  notwithstanding
the fact that some of them are intended to train technicians and others graduate

14
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engimeers Yet in both cases they are referred to s higher educauonal estab-
lishments.

Swuzerland’s écoles techniques supéricures enrol youths having an incomplete
general secondary education (nine grades) and o practicdl tratning of four
years ' An educauonal establishment of this kind offers o three-ycar course
on completton of which the qualification of ingénicur techmcion is awarded.

Pracucal training carried out Jor four years consists in mastering a werker's
trade. and 1t terminates in tse ward of a federal qualification certificate
(certificat fédcral de capacité), whieh serves 1o testify that its holder has received
knowledge suflicient to qualify as a skilled worker. The certificate can only
be obtained by taking an examination. which 1s designed to verify kacs.ledge
and check skills in the following fields: (@) worhmanship, professional know-
ledge. mechanical drawing: (b) calculation techmques, computation, native
tongue, cecononues.

The contents of the examination lead one to conclude that practical training
does not complete general secondary education and that therefore a graduate
from such an educauonal establishment. who 15 enutled o the degree of
mgénieur technicten after three years of study. has not even a complete general
seccondary education.

In is article. H. A. Gonthier goes on to suggest that the content of the
tranimg programme for fugénicurs tochricions (non-university level) in Switzer-
land should be aliered towards improving the general-education, seienttfic and
engineering aspects of schooling, and raising the entrance and leaving levels
of the higher technical schools at the expease of practical trmning. Only
this 15 done can engineers of this category be recognized abroad. including
the Common Market countries. It has already been laid down  Switzerland
as a first step towards this goal that a techniian engineer s no longer expected
to have evperienee as a worker and that he should not be assigned an “exccutive’
role 1n the shop but should raiher undertake counselling and guidance activities.

In French-speaking Switzerland, graduates from the higher technical schools
are entitled o take an examination to obtain the degree of Bachelier Technigue.
Those failing may sit for an examination for a federal qualification ceruficatc.

H A Gonthier admits that the practical training of Swiss technicians does
not differ in principle from that of shilled workers and consists 1n developing
manual skills for four years. Thosc completing the course are also cnutled to
a federal qualification certificate. which makes them chgible for a two-year
course of theoretieal schooling in one of the following three ficlds of concentra-
von® mechanies, microtechnology and eleetronics engineering, with a choice
between construetion and exploitation.

Summing up the siwation as existing in Switzerland. H. A. Gonthier savs:

la hiérarchie dans les professions techniques  supérieures comporte  trom
cehelons: les ingénicurs diplémés. les ingémieurs technicens et les technictens.

1 Sces I A Gonthier, *L'Qrganisation d'une Formation Prauque dans I'Industric ou
Benefice des Ingemeurs de Niveau non Unnersiture et des Techiweiens', The Traumng
of Professional Lngineers . . ., op. cit.
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Other examples could be aited to prove that different meamings are asciibed
to the words “higher™ and “engineer’. and this undoubtedly further comiplicates
the already  omplen problem of formulating methods for estabhishing the
comparabilits of diplomas, certficates and acadenue gualitications,

At thas uncture the guestion anses of whether such dosiznations as “shop
engineer”. “techniuidan engineer” o “pre-engineer” cannot be regarded as compar-
able to the qualttication of technrean, This has a direct bearing on the idea of
revising the established practice whereby the word “higher™ s attributed to
whatever level of cducate s fined above “general secondany ™. In dealing with
this problem tt is also waportant Lo recognize that different qualifications are
volved a the training of technicians and highly skilled workers.

There scems to be no objection to considering that secondary specialized
cducation has different Tevels. But, in our view, the same can hardly be said
with regard to higher education. The word “higher” suggests only one mter-
pretanon. If higher education is taken o mean two different levels 1t would
be more appropridte to assify the first lesel either as incomplete higher or as.
sdy. secondary spectalized of an advanced level. The word “ligher” suggests
th > tinal stage of education. The person who has recenved an education at this
level embarks upon the road of independent creative actisity and 1s expected
to vontribute to the deselopment of science and engineering.

If the term “higher education” is interpreted to mean only one thing. classifi-
cation of engineers into professional, gradudte, non-graduate groups and so on
seems hardly possible .\ person van be an engineer only if he holds a diploma
attesting to higher educauon . in all other cases. 1 e, f a fower level of education
is mvohved. he should be regarded as a technician,

The tune scems to have come to revise the deseniption of tndividual lesels
of struction by giving cach one of them an appropridte definition and possibly
arcving at a qualitative criterion.

1t would also perhaps be expedient o deternine o specific stage of schooling
at which a spectalist may be regarded as having completed higher cducation
and bevond wluch he s evpected to perfect his academic standard thiough
various forms of advanced traming.

To substantiate the above deas. examples of techmcian training procedures
will be given and statements by mromicent scientists on the problems raised
in the foregoing pages will ' quoted.

Unul rewently . the category of technicians was treated i some countries on
the saie footing as that of highly skilled workers. The Education Act passed
in the Sociahist Republic of Romania on 13 May 1968 supulates (Articde 122
that technieal and polytechnical tnstitutes shall be charged with the task of
trauming pre-cngineers and pre-architects as engineening personnel intermediate
between engineers and technicians (foremen). Appropriate arrangements have
alrcady been made m Romanra.

In the U.S S.R.. the traiming of technictans, which dates back to the years
preceeding the October Revolution. follows two distinct patterns. on the basis
of meomplete general- :dducation secondary school (eight grades) for three to
five years (depending on the field of learning chosen) from 15 o 18 or 19 years

16
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of age.and on the busts of complete secondary school for two to three years
(depending on the ficld of learning chosen). In the former case vocational
traning 15 accompanied by completion of general secondary education. There-
forc those who receive a secondary specialized educaton on the basis of
incomplete (erght grades) or complete (ten grades) secondary school have an
identical level of edncation. They are awarded the dentical quahfication of
technician and are all ehigible for insttutions of higher learning through
compeutive examinations. !

A White Paper published m the Umted Kingdom.? admuts that 1t 1s a recent
trend to regard Brutish technicians as a particular category of spectalists. Many
thousands of men and women are already employed as techmerans and their
number 15 growing constantly.

Fechmerans are trained in technical colleges. Secund-grade school-leavers not
below 16 years of age who have obtained a general certificate of education.,
ordinary level (GCE ~0). are cligible for admission to such volleges.

There were a mere 4.000 technicans m the Umited States 1920: over
I mullion techmctans are employed in industry at present.®

The methods of training technicians in the Umited States are also changing.
While in the past they were truned duriag the first two years of study both at
unnersities iand colleges as well as in specialized regional vocational schools.
emphasis 1s now laid on the expanston of the network of regional schools.
with the share of the universities m this programme gradually drmimshing.
as may be seen from the following:*

There were 2.200 technicians trained at universities and colleges i 1963: 4,000
in 1970 and there are expected to be 4.600 1 1974,

There were 24.900 technicans traned 1n speciahized vocational schools in
accordance with special programmes in 1963: 66,900 in 1970 and there are
evpected to be 82,300 in 1974,

The United States vocational schools curriculun. of traimng of electronies

techmenans, which 1s the most sophisticated specialty from the point of view

of the amount of theoretical courses to be studied. s composed as shown
in Table !,

Each semester lasts for fiftcen weeks. mahmg a total of 675 wtonal hours
and 1.080 pracucal Tt would seem that this allows for no more than the trauning
of techmaians.,

For a long time techmictans were trained at relatively few schools 1n France

1 Shiled worken are traned on the bass of ncomplete end complete secondary sehool
m vocatonal traming schools where emiphasis 1s kud on helping young people to develop
shills and equire habits of undertahing working operations. Some of the vocational
tramimg schools provide their students with an opportunity to complete general secondary
vducation They offer speatal theoretical knawledge to students 1o the extent required
by a shiiled worker

2 Better Opportumties in Techmical Leducation, p 5. London. HMSO, 1961,
3.0 Mhstorcal Statsties of the United States, p. 75, Washigton D.C., 1960
4 Tedhmical Nanpower Requirements, Resowees and Tramng Needs, p. 65 8, Washington,
DC, 1966,
Q
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Comparability of engineering courses and degrees

Taste 1. The United States socational schook' curriculum of traiung of clectronie
technictans

No of hours per week
Title of course

Tutoral Practieal At home lotal

Furst semester
Engineering mathematics 4 -— 8 i2
DC crrcuts 3 6 6 15
Mechanical drawing | 6 2 9
Communications equipment 3 —_ 6 9
Sociad sciences 3 —_ 6 9

ToraL i4 i2 28 54
Second semester
Engimeering mathematics 4 — 8 12
AC carcurts 3 6 6 15
Fundamentals of electronies 3 6 6 5
Production processes — 3 i 4
Technological reporting i — 2 3
Graphic analysis i 3 2 6

TotaL 12 18 25 55
Third semester
Engineering sciences 3 3 6 12
Control cireunts i 3 2 6
Electronte circurt designing 3 6 6 i5
information theory 3 6 6 15

ToraL i0 18 20 48

Fourth semester
Research shidls — 6 3 9
Ultra-high frequencies

and mcrowaves 3 6 [ 15
Television circuity 3 6 6 15
Industrial electronies 3 6 6 15

ToraL 9 24 21 54

as an extra activity combined with the training of shilled workers.' Later the
situation changed radically. The demand for technicians in industry grew
roughly twice as quickly as that for engineers, resulting in a larger output of
technicians, who dare trained at present on two patterns (a) a three-year course
for students aged from 15 to 18 at secondary educational estabhishments; and

1. See P. Gulien, 'L Organsation d'vae Formation Pratique dans Pindustrie des Ingénieurs
Diplomes et de leurs Collaborateurs Diplomés', The Trawung of Professional Lngineers
..y Op. CHL

O
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Requirements to be met 0 training engineering personnel

Tasie 2 Breahdown of technical training activities

Total hours ot study work
Iypes of scademie actnvaey

First year Sevond year

Designing 180 180
Technology of production 30 30
On-the-job practice 135 195
Preparation 60 45
Organtzation of production 15 30
Metalturgy 60 —

Tolal " 480 480

(b) a two-year course for students aged from 18 to 20 upon completion of a
sccondary educational course.

The latter arrangement serves 1o train technicians of higher standing (techm-
ciens supérienrs) The eurriculum for traiming techniciens supéricurs stipulates
1035 academic hours for each year of study, of which 555 hours are allotted
te general-educauon disciplines and 480 hours to technical training,

Techniciens supérienrs are normally employed as assistants to engineers 1n
realizing engineering projects They are trained at technical lyeées, formerly
known as écoles nationales professionelles. In 1965, the training of specialtsts
of this category was begun n instituts wmersitares de technologie (1UT),
graduates from these institutes being awarded a diplome universitaire de
technologic (DUT).

Accordig to R Alqueer,' professional maturity acquired through purpose-
ful actinity can bring the knowledge of rechniciens supérienrs and specialists
holding the dipléme unnersitaire de technologie (o the level of applied know-
ledge. which places them on the same footing as ingénicurs techmeiens in some
countrics.

In the Federal Republic of Germany, skilled workers receive advanced
traming to become techmcians, primarily in off-work hours (part-time study).
A network of technical schools (Fachschmle) has been set up for this purpose,
with a three-year course for part-tizne students and a one-year course for full-
trime students To be eligible for a part-time course, an applicant must hold a
certificate attesting to an eight-grade secondary education and have a service
record of at least two years as a shilled worker or three years to be ehgible for
a full-time course A person can become a shilled worker by going through an
apprenticeship of three to three and a half years. The curricula of technical
schools are not intended to offer students 4 more or less comprehensive general
education  More than 73 per cent of the course time is allotted to masterig
spectal technicai subjects, 1.e. to acquiring professional knowledge, which 15
faclitated by the long industrial experience young people nossess when
commencing their studies at such schools.

I R Alquier, 'La Formation des Ingénicurs et des Techniciens Supénicurs en France’,
The Fraung of Professional Engineers . ... op. ct., p. 23.

O
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In addition to techmeal schools (Fadhischudey. there are engineering schools
Ungenew sahudey e the Federdl Republic of Germany which adnut young
people with an mcomplete secondary education and an apprenticeship of two
vears. The schools provide a three-year course. the mstruction time being
divided between the vartous sets of disciphines roughly as follows. 30 per cent
for general science subjects (mathematies, physics, ete.). 50 per cent for spectal
techmeal, and 20 per cent for social and economue (political economy, industrial
otganization and management, ete.). These figures prove beyond doubt that
the engimeening schools m the Federal Republic of Germany de not provide
for completton of secondary education.

The tatio of graduate engineers to professional engineers, as tramned by the
engimeering schools, s 1.2, and it s planned to bring this ratio to 1:4

A trend became manifest in the Federal Republic of Germany as far back
as 1969 to re-organize the engineering schools to ensure a higher academic
level of therr curricula and syllabuses.

In his book Vocational and Technical Educanon,’ H. Warren compares the
<ontent of schoohng gt educational establishments traming technicans in the
United Kingdom, the United States and the Federal Republic of Germany and
arrives at the condlasion that the level of education in aceredited junio. col'eges
in the Unuted States 1s bracketed between those determined by the ordinar, and
the ligher nattonal certficates awarded by technical colleges i the ' fed
Kingdom In the view of British experts. comparison of these levels of educdlion
15 made dulicult by the fact that the curricula of junior colleges in the United
States contun a wider range of disaplines than those of technical colleges in
the United Kingdom. At the same ume 1t should be noted that courses are
studied more thoroughly in British than in American colleges.

Watten bhicves that the techmeal schools (Fachischule) in the Federal
Republic of Germany are lower in level than techmeal colleges in the United
States and the United Kingdom, and concludes that the Jachse ude actually
araduate technicians,

Yet the level of education attained by graduates from the engineering schools
in the ederal Republic of Germany s, in Warren's view. somewhat higher
than that attained by British techmcians holding the higher natonal certificate.

As has been pointed out earlier, if one attempts to analyse the curricula of
seeondary spectalized cducational establishments a great deal of difference will
be found n the education of technictans both as regards the volume of study
matter and its content,

For example. the total number of hours allotted at the secondary speaialized
educational institutions tn the United Kingdom to theoretieal studies leading
to o higher national certificate amounts roughly to 2.000, with +,500 hours
berng set aside for this purpose at the technical schools in the Federal Republic
of Germany, 4.500 at the engineering schools i the same country, 4,400 at

1. H. Warren, b ocational amd Fechmcal Lducation. a Comparative Study of Present Practice
and Futwre Trends in Ten Countries, p. 129, Paris, Uneseo, 1967, (Monographs on Educa-
tion, V1)
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the techn 4l ficdes in France, 1.000 at the regional professional schools n
the United States and from 2.200 to 3.800 hours at the specialized secondary
cducational establishments i the U.S.S.R,

The lugest amount of ume devoted 1o laboratory wodk and on-the-job
pracuce is n the technical schools of the Federal Republic of Germany and
those educational mstitutwons in the United Kigdom wlich award therr
graduates the higher national certtficate. A larger proportion of nstruction
tme at these establishments is devoted to operations normally performed by
shilled workers. and practical habits required to perform working operations.

In a number of countries emphasty was presiously kud on development of
the network of secondary specialized educational estabhshments which enrolled
teenagers holdimg certificates attesting 1o a sceondary education at the level
of seven to eight grades. buat in recent years the trend has been towards second-
dry spectalized educational establishments operating on the basts of complete
sccondary school as well as institutions which not only offer their students
speaal knowledge but also give them o possibility of completing general
cducation, provided they have graduated from an eight-grade secondary school.

It follows from the above that secondary speuialized education 1s obtamed
N two ways:

I Through vocational sccondary education on the basts of seven to ecight
grades of secondary school. offering a relatively hinuted volume of special
theoretical knowledge but providing for serious practical shills and o good
Anowledge of industry. An education of this kind 1s offered at the vocational
trarning schools in the U.S.S R.. technical /vedes in France. technical schools
in the Federal Repubiic of Germany. technical colleges in the United
Kingdom at the level determined by the ordinary national certificate, and
some others For all intents and purposes these educational establishments
can be sard to train skilled workers.

2 Through secondary spedialized education of an advanced level (traming
of technicians) on the basts. as a rule, of complete secondary school, with
proviston for the study of theorctical disciplines and the acquisition of
practical knowledge. to an extent sufficient to enable those concerned to
carry out projects under the supersision of the engineers responsible for
desising the projects. or to fulfil technico-economical and managersal func-
tions i ndustry . construction and other branches of the national cconomy,
Ihewise under the supersision of engineers. In some countrres education of
this kind is also provided on the basis of eight grades of secondary school,
but 1 this case the duration of mstruction is longer to allow students to
complete general education and muster the same amount of theoretical and
spectal disciplines.

Those recerving seeconddary speutalized education of an advanced level are

cligible for unwsersities and equisalent higher educational establishments.

Engineers with a lugher education (graduate engineers) are trained on the
basts of a complete secondary education in all countries.

An analysis of the duration of studies at university-type techmcal educational
establishments in various countries, will reseal that the length of the course
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is roughly five to six years, the only difference Iving in the arrangement of the
course  some institutions of lugher leaining practise a4 continuous (uninter-
rupted) instruction for five to six years (US.S.R.), others take it up in two or
three stages (United States, Umited Kingdom, France), with on-the-job training
being undertaken directly in commercial firms upon graduation from an
institution of higher learning.

The United Kingdom and United States systems of education envisage two
of three professional degrees. including those of Bachelor and Master, which
are awarded on completion of 4 course of three to four and four to five years
respectively, In addition to these, the Massachusetts Institute of Technology
(United States) has introduced a degree of £ngineer which can be obtamed by
holders of the degree of Buchelor following an additional course of study for
appronimately two years.

There 15 & trend in most countries to rise the aeademic standard of specialists
trained for employ ment i industry. W. Leighton Collins' claims that engineers
holdig the professional degree of Master or the deademic degree of Doctor are
gradudted by higher schools i the Un.ted States in ever-growing numbers.
The ratio of Bachelor to Master to Doctor in engineering in 1970 was about
11.4:4.4:1.0: for 1978 the predicuon is about 7.2:4.3 1 1.0.

Collins goes on to say in his artiele that:

... o provide even the really able student with the tools requuired to work effectively
on today’s most challengimg problems a coordinated fifth year of study leading to 4
Muster degree becomes a vartual necessity, particularly for the student ambitious to
assume a role significant i his profession, The fifth year of study would stress profes-
stonal specialiation, would be part of the basic education expected for entry 1ato the
profession, and would lead to a prestigious profe  onal degree, perhaps o be called
Master of Engirzering. ... Support personnel, the rapidly increasing numb: of
graduates from four-year “bachelor degree” engineering technology cuericula and
techmcians, have relieved the engineer of many routine tashs and enable tium to wo. s
at & gher techmical level than in past years. A large industry questioned its managers
of engineering, manufacturing, and technical marketing, and the study revealed “that
today’s graduates possess more technical Knowledge than their predecessors and that
they expect to utilize 1t more effectively and more quickly than their counterparts of
15 years ago’. The study also indicated ¢ need for engineers to understand the total
business. to be aware of the contributions and interface with other functions. the need
for interdisuplinary approaches, and the need for a :,ysfcms approach.

Reasonng of this sort 15 worthy of consideration. Indeed. there s hardly an
industry today i which an engincer would not be required o tackle & whole
range of technological, theoretical, designing and other comples problems whilte
cnsuring the normal manufacturing process. If that were not the case, he would
not be able to contribute to scientific and technological progress in the industrial
enterprise he works for.

1. W, Leighton Collins, "Profossionaliem in the Education of Engineers in the United States
of Arwrica’. The Trammmg of Professional Engmneers . ... op. cit.




Requirements 10 be met i traming cngineering personrel

That 15 why the so-called “shop engmeer” or “professional engineer” must be
a pure scientist, a desigier, an cconomist and a soctologist at the same time,
just as a designer would not be (ble to create a machine without knowing the
technology and economy of its production,

It would be appropriate i this connexion to recall the defimition of the
professtonal engineer ginven at the Conference of Engmecring Societies of
Western Europe and the United States in 1953, A professional engineer, it
was claimed. is competent by virtue of lus fundamental education and tratning
to apply a scienufic method and outlook to the analysis and solution of
engimeering problems. He iy able to assume personal responstbility for the
development and application of engmeering science and knowledge, notably
i research, designing, construction, manufacturing, superintending, manage-
ment and m the training of other engineers. His work 1s predominantly
intellectual and not of a routine character. mentally or physically. 1t requires
the exereise of original thought_and judgement and the abihity to superyise
the techmical and administrative.work of others. His education will have been
such as to make him capable of closely and continuously follow g progress
in his branch of engineering svince by consulting newly published wo.k on a
world wide basis, assmulatung such informaton and applying itindependently.!

This definition describes vavidly the high level of education of an engineer
attamed through a thorough study of fundamental disciphines and stmuldtron
of his faculty for research The next stage of advancement of an eng acer 15
his research career. ie. proceeding to academic degrees.

A peculiar feature of the scienufic and technological revolution 1 that 1t
mmphies higher requirements which engineers should be able to meet. and ratses
the level of therr education to that of graduate engineers, as was pomted out
by the Workimg Group of the United Nations Economic Comnussion for
Europe.?

Fngincers must be speciahists of exceptional qudlity at present. otherwise
they nught as well be assigned to the category of technicians. Therefore. only
those higher-school graduates should be classed as engineers who by ther
lesel of educauon are enuiled o proceed to imtial academie degrees-- a
Candidate of Seience, a Ph.D.. ete.

While raising the scie ific level of education of engineers one must hot
overlook the practical taming +hich must be carried out in organic unity
with theoretical schoolii ¢ Practical traiming, which can take the form of a
one-year probationary pzriod at the industrial enterprise where a prospective
engineer’s professional activity 1s to take place. should be completed by the ’
ume he graduates from the higher educational establishment.

One 1s bound (o agree with W. Leighton Collins® when he says that the

After L Gerstle. S H. Hution. Laugimeers. The Anatomy of a Professton. A Sudy of
Viechamical Engeer i Britawr, p 3 5. London, 1966,

2. After The Poliical Quenterly, No. 1. 1967, p. 49,
3. Leghton Collins, op. ¢t
Q
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eduvaton of an engieer is 4 combination of the best efforts of educational
istituttons and mdustry.

The fundamental wm of practcal traening for weueld-be engineers s adequa-
tely deseribed by RUACGrossfeld! who suggests that practweal traming of
andergraduates inindustey should be designed to (a) favour hiiman contacts
outside the campus. (b) help the undergraduate o apprehend the general
aspects of industrial e and the position of the engieer in the dustrral
cuvironnient. () demenstrate the technieal and psychological obstacles likely
to be encounteied in the vounse of the deselopment of practical plans. and
1d) gine precse rdeds about the importance of phases of development and
production.

To what extent an engineer is qualified for his post becomes evident when
he actually pursues his career. Hower er, suceessful professtonal life depends
primarily on the level of education obtained at o higher educational establish-
ment, as evidenced by the diploma. Henee, wheneser the proble n of com-
parability of diplomas comes up for discussion, it shouid be apptoached from
the point of view of comparability of the levels of education at mstitusons of
higher learming. To put 1t o & nutshell, when attempting to solve the provlem
of comparability of diplomas we shalt do well o consider the theoretical and
pracucal knowledge obtained by an engiaeer ao an istitution of higher learning
rather than s achiesements cue to extit trumitig direetly i industry and to
industrial experience, which may have made 1t possible for him to obtain an
engineer’s heence from 2 professional socicty.

Al this naturally makes it necessary to determine the content of schooling
and the length of instruction for a modern engineer of the type known as ¢
graduate engineer in some countries.

In view of what has been said above, a graduate engineer, tm our view.
should. 1) hase o fundamental schooling in 4 wide range of suiences and
general engineering disciphines, have cognizance of modern scicatific and
technologival achicyements and be able to apply this knowledge under varying
conditions to sulve speuific problems both in the field of technological provesses
and in designing new machinery and equipment. (b) have o knack for methods
of research and experimentation both in laboratory and industrial conditions.
(v} be an expert sn his own professional area. (d) advance his educational
standard mcessantly and be familiar with methods of self-instruction, in order
to heep his knewledge up to date m terms of the latest achiesements of scicaee
and technology.

To what extent higher schools in sanous countries achieve the goat of training
ctineers meeting the abosve requirements will be shown in the following pages.

No less complicated is the problem of estabhishing 4 boundary between the
puriods 0 which 4 higher cducation is received and researchers are trained.

In a number of countries. graduates from institutions of higher learning

1. R. AL Grosstedd. L Organisction d’une Formigtion Pratique dans lndustre au Bénefice
des Ingenseurs de Formation Universitaire ™. The Traiming of Professional Lngueers . . .,
op. cl.
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who complete the first stage of schooling and obtain o« Bacheloi's degree are
considered spedialists having @ complete higlhier education, and their further
education with @ siew to procecding o, let us say. « Master's degree (United
Statesy, s sard to be assoutated with a graduate course or with a possible
rescarch carcer

The American Report on Higher ducation' states that:

A fundamenta! differeiee between undergraduate and araduate education s that
we evpect the former 1o be o generalized learming expericnee. . . . Graduate educdtion
s, prosumably . trinming for a career.

1t would seem that undergraduate education is also aimed at 4 carcer.

There are no changes m prinaple in the character of tition at the sevond
stage of a4 Master’s degree course. as compared with (he first stage.

What students of both the first and second stage are suppou.d to do is
learn generally hnown achievements of suence, technology and culture, and
acquire & hnaek for correct methods of conducting research  both theore tical
and experimental  thereby obtammg new results which may, howeser, have
no deuisive mpact on the development of speafic branches of science and
technology.

It should also be borne in nund that the requirements which those procecding
to a Master's degree should meet differ a great deal tn the United States of
America. for example, o Master’s degree 1s awarded at some institutions of
higher learming after completion of « one-year course without any finalizang
exaimnations and on presentation of a diploma paper. and at uthers after special
exdimitions and presentation of a dissertation.

At the Massachusetts Institute of Technology (MIT). a Bachelor’s degree
holdee. as pointed vut above, has the opuon of chovsing between the two
possible lines of further study  cither proceeding 1o a Master’s degree by taking
a further one-year course. o7 proceeding to the degree of Engneer by taking
a two-sear course Henee, of the length of the course 1s what matters most, the
degree of I'ngincer awarded by ML 1. considered 0 be supenios to that of
Master.

Bernard Berelson. a pronunent expert n the field of education in the United
States, writes 10 one of his works? that an academic degree calls for a knack
for rescarch and an independentls written paper. whereas the bulk of papers
preparcd with aview to obtaming a Master’s degree today cannot be wlassified
as resedarch papers. They are ordinary course papers appropriate for fiftl-year
students.

Inits reportentitled Goals of Luginccring Lducatton. made public in January
1968, the Comnuttee for Studying Engincening Education Goals, set up by
the American Society for Dissemination of Techniedl Knowledge, arrinves at
the concdusion that. as the professional field is perfected and developed. an

1. Report un Hugher Ld watton, p. 36, Lnited States Department of Health, Lducation and
Weifare. 1971,
2 B Berehon, Gradiate Ledication e the United States, p, 186, New York, NUY., 1960,
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deademie degree which used to be regarded as “higher” comes to be recognized
& "basic”. The report goes on to say that the comnuttee recommends that the
degree of Muaster be generally aceepied as o basie degree for the professional
ficld of engineermng,

With reference to the United Kingdom, a study entitled Les Ltudes Supé-
vicures. Prosentation Comparative des Rigines & Enscignement et des Diplomes,
prepared at the request of Unesco, says that the second stage of mstruction
Lasting one sear is aimed at enlarging knowledge and experience and leads to
a Master's degree.

The third stage. mtended for a more profound study n the specialized ficld
and for mdependent rescarch work, should be completed within & mumniiium
of two yedrs and terminates with the presentation of a4 dissertation for the
degree of Ph.D.

In the section entitled “France” the same study states that the second stage
corresponds to that cydle of instruction for which a higher training certificate
(Certificat " Etudes Supériewree CLS) 1y avwarded Two years of study at the
philological and natural scienee departments ( facultés de lettres ef de sdicnees )
entitle a student to the degree of Master (Maitrise).

The third stage 15 that of majoring. Rescarch work s conducted at this
stage, which culmiates i o higher education diploma and a doctoral degree
of the third cyile (Doctorat de Spéaialite du Trovsiéme Cidle) i the speaalized
field chosen.

The doctoral degree of the third cycle of istruction is comparable to the
higher education diploma (DES). In the case of the natural suences depart-
ments, this degree s awarded after a course of at least one year., providing
the candidate holds an advanced tanane diploma (natural sciences) (DEA).

[t further stated that this stage of ins  uction may be followed by research
and. upon presentation of o dissertation, the degree of Inugénicur-Doctenr,
Grade Cnmiversitawre. Doctorat, or Doctorat " Lrat 15 granted.

I emerges from the study that the degree of Licence testifies to the completion
of higher education at an intermedidte stage of an extremely narrow speciaiized
ficld. and the degree of Maitiive. to the completion of such an educaition at the
level of the second oycle without writing a diploma paper and without taking
on-the-job tramiyg at an industrial enterprise or an office in the ticld of con-
centration The holders of the degrees of Licence and Mairrise can hardly be
cLassified as rescarcher, sinee they do not actually recerse practical knowledge.

In the U S.S.R | the first academic dezree 1s that of Candidate of Science in
a4 chosen field ot learming. Those who proceed to the degree of Candidate of
Science are expected o possess a diploma attesting to hrgher education and
to complete a three-year posi-graduate course, prepare o thesis, which should
include theoretical and experimental research, and defend the thesis in public.
Before the thesis comes up for defence. 1ty substance should be covered in
articles i scientitic magazines or pubhshed in the form of « monograph, and
the candicate 15 also under an obligation to submit an abstract and crculate
1t to all research and educdational mstututions as well as to indivicaal scientists
engaged in the field of learning concerned.
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The highest academic degree 15 Doctor of Science, cud the procedure for
obtmming this wili be described below.

1t stands to reason from this analysis that the degrees of Bachelor, Licence,
Master and Do torat de Spécialité du Troisiéme Cyele are professional degrees,
while the first academic degrees include those of Candidate of Science. Ph.D..
Ingcnmenr-Doc tear and the hike. This does not mean, however., that the academic
degrees enumerated here are all comparable.

The award of professional degrees does not presuppose the solution of new
problems. a contribution to the development of certain branches of science or
the undertaking of large-scale theorctical and experimental research. They
shouid therefore only be regarded as determining the level of education and
the qualifications of a specialist.

Candidates for academie degrees who are prospective rescarchers (scientific
worhers) tackle only problems ensuring the further deselopment of science,
technology and culture. They utiize knowledge from new branches of science
to the extent required to solve the scientific problems they are assigned.

Hence, the study of individual branches of science, technology and culture
with a view to mastering scientilic methous of research is the objective in the
former case: the solution of new problems contributing to scientific and
technological progress and an additional study of such achiesements of the
scientfic world as are indispensabie for the solution of the problem under
study are the abjective in the latter. To use a still briefer formulation. a student
studies the hnown and masters the research methods. a candidate for an
academic  degree discovers fundamentally new clements in science and
technology.

In stew of the above it would seem reasonable for comparability of diplomas
to be established at the following fevels of education and candidacy for academic
degrees: :

Level 1. General secondary edud ttion, which ensures eligibility for a uniersity
or sunilar insutution of higher lewrning.

[erdd 2 Secondary speaalized (vocational) education on the basis of incomplete
secondary education, which provides for some theoretical as well as practieal
Anowledge in a speaialized ficld and for the practical abihtics required by a
shilted worker. Those receiving an education of this hind can be employed
in therr occupational area in vanous branches of the national cLonomy s
shilled workers.

Leted 3 Secondary specialized education of an advanced type. on the basts. as a
rule, of complete general secondary education. providing for a fairly com-
prehensive general sence and practical training. Those receiving an education
of this kind can be employed in various branches of the national economy.,
desizn offices, research institutions and in the civil service, m the capacity
of techmicians, assistant engineers and even engineers entrusted with the
supeivision and control of technological processes. as well as the operation
and maintenance of machinery, equipment and onstructions.

[eved 4. Higher educauon providing graduates with a high gualification as
spectalists and entitling them to fulfil independent work in their professional
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tields i industry . at research, design or other instutitions i the Civil Service,
OF ds tutors i educational establishiments, as well as making them cligible
to go on  poust-graduate study or proceed o the first academic degree of
Ph.D.. Candidate of Scrence. Doctorat d'Erat, and the like.
Leted 3. The first academic dezree of Ph.D., Candidate of Surenee, and the like.
Letel 6. The second academic degree. such as o Doctor of Science in the
US.S.R. and the other Socialist countries, and the fike.
There 15 no hard and fast line between the various levels of education and
vandidacy for acadenue degrees. The levels traced above can only be regarded
as stausucal averages having o good deal of accuracy.
When trying 1o establish the comparability of diplomas it is indispensable
to have some idea of what specific Ievels different hinds of diplomas are
related to.
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Now that the scienuific and technological revoluuon is at its height and the
volume of scientitic information i> growing incessantly . study matter 15 subject
to constant charge, new disciplines are being introduced in the curricula, and
fundamental changes aie taking place in the content and methods of instruction
at all instieutions of higher learning,

Henee. even if the curricula and syllabuses of two higher educational estab-
lishments are found to be idential at a given time this identity may cease 1o
c\st at a later date. Yet one cannot fail to obserse a common trend in the
development of higher schools  the revision of curricula and syllabuses to lay
emphasis on the general theoretical background of engineer traiming. In accor-
dance with thisaim, majoring is, as a rule, shifted to the senior years of schooling
of sometimes beyond the actual university (college) course, in which case 1t
takes place directly within industrial firms. In other words, the prevailing trend
consists of making schooling in the fundamental disciplines the decisive
component of the engmeer training programme.

The department of education of the British Metropolitan Vickers Electrical
Co. recommended that highly specialized subjects should not be included in
the programme for the first professional degree, which should be primanly
devoted to the study of the fundamental principles underlying the professional
COUrses.

Tt was destrable in thes respeet that o larger contingent of exeelling undergraduates
should take the programme of the fourth year of study. '

towas obviously presumed that the fourth year should be reserved for courses
betonging to the ficlds of concentration

In hime with recommendauions of this sort, the tradittonal three-year course
for the degree of Bachelor 1s 10 be extended by a year at some universities
and technological institutes in the United Kingdom, in other words, a four-year
course of theorencal study 15 being instituted at some colleges.

Lxperience proves that it is next o 1mposstble to foresee problems that
engineers will have to tackle i the future. Who could have predicied twenty
oF twenty-fise years ago that the students of the tmie would develop supersomic
arrciaflt or automatie deviees to be delivered to planets of our universe for the

i, The Complete Saenmnt, p. 66, 1 ondon, 1966,
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transnussion of valuable information? Those who ventured to discuss projects
of this kind were said 1o be suence-fition writers bent on foreseeing a far
distant future instead of predicting events 1o be witnessed by the Iving genera-
ton Therefore any attempt to visualize the problems that prospective specidl-
ists universtty students of the 1972 75 enrolments may hase o come to
grips with and. i the hight of those problems. to speufy the vontent of under-
graduate training would be hopeless.

Study matier should be sclected, at the present ume, to water for the possibility
of extemsive development of students” creative thinking, resourcefulness and
faculty for applying theoretical and professional knowledge to tinding original
solutions in the most unpredictable situgtions. The students” memory need not
be overtoaded with study matter which does not serve the purpose of developing
their vreatise thinking and resourcefulness and which s only needed to obtain
specttic solutions. Swudy matter of this latter Character, which in most cases
amounts to reference material, wan be obtaned by students from the infor-
mation system which is constantly kept up to datz One of the basic wims of
an isututon of higher learming is therefore o shape the programme of
Instruction sv as to cnsure that the student niasters methods of singhing out
the required sub-system from the infinite system of knowledge. thus enabling
him to sobe essenual problems posed by soviety in his future professional
life Students must be taught to use the information sysiems to store solutions
which they may have found and which can sull be of use at « later date. In
this vonnevton, the study of informaton systems and the dexclopment of
techngues o employ them are an indispensable component of the programme
mtended to tran the specialists of the future.

tmployment of a wide range of twchnical aids and modern methods of
teaching tomeensify imstruction and the individuahization of tuition are o major
conwern 1 all technical schools and their departments. Problems involved in
this ficld are considered to be the most importaint in pedagogies. The changing
puarposes and vontent of laboratory work constitute substantially new features
in the tramming of engineers. Laboratory work tends to turn into experimental
rescarch.

Inone of the issues of 1ty Bulletin, the Massachusetts Instuitute of Technology
expresses the same view when it says that laboratory subjects are intended to
teach a technigue of experimentauon rather than iliustrate the subject matter
of lectures Hlustrations are offered when Jemonstratung theoreucal study
matter duning lectures. !

The task of the higher school is to find the most elfective methods for
derveloping the students” faculty for systematie independent renewal of their
knowledge sinwe 1t depreaiates at an ever-fasier pace. Hence the modern sy stem
of education must be capable of developing students” creative faculues., the
habit ot rusing therr lesel of education systematically and incessantly upon
graduavion from higher school for the enure duration of their professional
Iife. 1t must be capable of anstilling in them a taste for self-education.

1. Atier: Techmeal Education i the USA. London, 1962,
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Practical traming m the course of theoretical schooling and during probation
After graduation from an mstitution of higher learning is an important part
of the education of a creatively minded engineer. Practical tratning introduces
A prospective engineer to the workshop atmosphere, helps him to understand
the main aspects of industrial life and the position of an engineer n this
emveronment, and makes 1t easier for him to apprehend technical and psycho-
logical obstacles 10 be surmounted when carryig out engineering projects
under industrial conditions. It is through practical training that undergraduates
learn methods whereby workshop teams translate engineering projects and
designs into reality, and how (o find more rational technological solution..
Again. it 1s practical (raining that is instrumental in fostering cngineering
intuition which enables an engineer o determine readily whether a specific
engmeermg solution 1s techmeally and economically worth whle, and, 1f need
be. w0 make the appropriate corrections,

Practical training cannot serve its purpose unless it is eatended beyond
higher-school laboratories and workshops. True, an undergraduate must be
ziven a chance to acquamnt himself with the component parts of the technological
process ind to aequire practical skills while at a higher educational establish-
ment. but such activity is no substitute for undergraduate industrial tramning
or probation upon completion of the theoretical course at larger industral
umits Factory training and probation must be sufficiently long, well-organized
and co-ordinated with theoretical schooling. '

Despite the fact that the significance of practical training for the education
of engincers 15 widely recognized, it is still neglected in some countries, and
different points of view are voiced in this respect. for example, 1n Switzerland. !

Pracucal traming 1s optional for undergraduates in some cases and is
fact postponed unul they commence their professional actnity in industry.

Great importance 1s attached to the practical training of engineers in the
Federal Republic of Germany, where 1t 1s divided mto two parts. a basic
pracucal training course (Grundprahtihum) and a specialist practcal course
(Fachpraktihum).?

The basic practical traming course of three months is 1o be followed in the
college workshops and apprentices” workshops 1 industrial firms before the
theoretical course begins This part of practical traiming is intended to ane
the students an 1dea of materials and how to treat them, as well as of the
technology of production n the field of learning chosen.

The specralist practical course 1s undertaken as a rule in industrial firms
after a basic study course of one to two years. This three-month course may
tahe piace durning vacations,

The spectalist practical course is aimed at obtaining. (a) professional know-
ledge of the production process. (b) knowledge of technical intertelations as
well as economie, organizational and social interrelations in production and

1. See ROAL Grossfeld, op. at.
2 See P Borner. "Praktinche Ausbildung —wesentlicher Bestandtetl der Ingenicurausbildung
in der Bundesrepublich Deutsehland’, The Traming of Professional Lngwmeers , . ., op. cit.
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management. () notons of the particular featutes of a speafic manufac-

turing umit, and (d) human eaperience as a prerequisite for  professional

acuvity.

The specialist practical course completed, students are required to work at
an dustrial enterprise for six months.

The sandwich system in the Unmited Kingdom and the co-operative pro-
gramme 1n the United States are both intended to ensure organic unity between
theoretical schooling and practical training.

The abose considerations lead one to conclude that practical traiming
does constitute an essential component of the education of the imodern
engineer.

in the U S.S.R.. industrial training 1s required i all branches of engineering
study and generally takes place at the end of cach year of study . amounung
to an aggregate of at least six months.

The compleuon of the wourse in a higher education establis™>ment and the
defence of a diploma project (diploma paper) are followed by a one-year
probation period in an industrial enterprise to which the young engineer 1s
sent to work as o staff member. The content of probationary activity is determin-
ed by o programme worked out by the industrial enterprise concerned on the
basts of the standard programme elaborated by the industrial nunistry 1n
quesion and approved by the Ministry of Higher and Specialized Secondary
Educauon of the US.SR Probauon 1s the final stage in the educauon of
engincers before post-graduate education (advanced traming)

An efficient academic staff, composed of people actively engaged in research
who maintain personal contact with undergraduates, 1s another essential
condiiion for the successful tranmg of highly qualified specialists.

The length of the course may vary. as pointed out above.

Engineer traming at higher educational establishments in the United States
comprises several stages:

Stuge One. Theoretical schooling (without factory tramung; foi four years,
during which ume a paper meeting the requirements laid dowu for a Tech.B.
1s prepared and subnutted. Should factory training accompany theoretical
schooling (co-operative programme) the oser-all length of the course is
extended by one year.

Stage Two. Theoretical schooling (also without factory training) for one year,
during which ume a paper meeting the requirements lad down for a Tech M.
ts prepared and submitted.

At the Massachusetts Institute of Technology, Stage Two may last for two

years 1f a student wishes to proceed to an Engineer’s degree.

In all cases graduates from higher school undergo additional training in
the form of probation in industry.

To sum up. the over-all length of the course to train an engineer of any
denomination (less probation in industry) lasts from four to six years.

Engineer tramng in the United Kingdom also comprises two stages:
Stage One. Theoreucal schooling at universities and volleges for three years

or at colleges of advanced technology for four years. terminated by pre-
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paration and subnussion of a papet meeting the tequirements knd down

for a Tech B.

Stage Two. Additonal schooling for one sear to enable students to clam

a Tech. M.,

En both stages. factory traimng i industry lasting one to two years 1s provided
for.

In the case of some specialized fields of learning which nvolve subject
matter of extreme complentty and which are closely related o aetual industrial
production; a speeific type of mstructon i practised. this 15 the ‘sandwiely
course. consisting of alternate peniods of college education and factory traiming,
This form of nstruction, which has assumed mpressive proportions, takes
two forms.

The first 1s what 15 called the “thick sandwich’. Under tiis arrangement
students are required to work 1 industry for one year. Then come three years
of full-ume study This period over. the students are agatn sent to industry
for probation, whieh 1s combined with theoretical schooling. In other words,
the system funetions on the formula 1 3 1, the over-all length of the course
bemg five years.

The second form s the “thin sandwich’, which stipulates six-month alternate
penods of industrial traning and theoretieal schooling for four (o five years.
In this way the over-all length of theoretical schooling comes to twenty-four
to thirty months.

If one takes nto consideration that ordinary edueational establishments
reserve thirty to thirty-two weehs for the theoretical course 1n each study year,
1t appears that both the “thick™ and the *thin® sandwieh patterns provide for
an over-all theoretical course roughly equivalent to between three and four
vears of study

Those who wish to proeeed to an M.Sc. can avail themselves of the Bosworth
course! which provides for nine months of instruction and a brief period of
factory trarming 1n preparation for this degree in a speeialized technology
(mechanmical engineering and electne power engineering).

Thus. those seeking a Master's degree must study for five to six years,
including practical training before or during the theoretical course.

In France. engineers are also tramed 1n two or three stages, with the over-all
length of the course being five to six years

In the US SR . engineer training occuptes five to six years stringht without
any intermediate stages  After preparing a diploma projeet (diploma paper)
and defending it before the State Examination Board. the student 1s awarded
an Engineer’s quahfication. He must then undergo probation at the place of
his future professional activity, during which ume he studies the speetfic
features of 1ts production. teehnology . organization and economy., wage poliey,
labour protection arrangements. ete.

It s tmpossible to establish exact periods within which engmeers can be

U See £irt Bosworth Report | ducation and Tratng Requuements for the Llectrwal and
Medchameal Manufacturing Industries, 1 ondon, HMSO. 1966,
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tratned. and o difference of a half year or so 15 possible either way. The length
of traming depends on the ficlds of major study, methods of tuiton and many
other factors. Thus, for example, m the U.S.S.R. the most sophisticated
specialties requiring an extremely high level of mathematical training or a
thorough knowledge of computer equipment and techniques employed in new
branches of industry, call for a particular arrangement whereby engineers are
trained 10 two stages. first, for five 1o six years, during which time a diploma
paper 15 prepared and submuitted for the qualification of engineer in the profes-
stonal arca chosen, and second. for two years, during which time another
diploma paper is prepared and submutted for the qualification of engincer
mathematician. Howeser, eaceptional cases of this character should be con-
sidered separately.

In view of what has been said above 1t would seem that the problem of
comparability of diplomas. certificates and education cannot be solved in a
formal way by comparing the syllabuses of individual disciplines and the
mstruction tme allotted to the study thereof. The level of education depends
not only on the study courses and their contents but also on how they match
one another and whether mstruction tinic s divided among them harmoniously.
It depends on the entire structure of tuition, methods of teaching. academic
quahtication of the teaching siaff, and many other factors.

All this prompts the idea of establishing integral criteria to determine the
academic fevel of education and the standard of training of specialists.

Each branch of mstruction (engineering. medicine, philology. etc ) will have
criteria of 1ts own, yet methods of arriving at them may prove to be commeon
to all branches. A method of determiming an integral criterion as applicable
to technical education s described 1 the following pages.
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All things considered, it is the total number of hours S, allotted to compulisory
classes with an academic adviser that determines the over-all level of education
in the first place. Hence, the total amount of compulsory classes with an
academic adviser S, expressed in terms of hours is one of the basic criterra of
the level of education.

These hours S, are distributed in accordance with the curriculum among
many disciplines which can be grouped as follows: (a) general science and
general engineering disciplines; (b) professional disciplines; (¢) humanities.

Group (a) comprises: (i) all courses of abstract (pure) and applied mathe-
matics: (ii) all sections of physics; (i) all sections of chemistry; (1v) theoretical
mechanics (statics, kinematics and dynamics of solids); (v) political economy.

Group (b) includes (1) descriptive geometry and graphics (or mechanical
drawmg): (ii) strength of materials, including theoretical elasticity (statics and
dynamics of elastic body); (ii1) constructional mechanics (statics and dynamuics
of clastic systems and their stability); (iv) mechanics of fluids and gases;
{(v) clectnical engineering; (vi) thermodynamics, including heat transfer;
(vii) theory of machines (applied mechanics); (viii) information systems
(computers, systems of automatic control and the like).

The groups of general science and general engineering disciplines determine
the acadenmic standard of education. There is a current view that it is not
reasonable to place these subjects in two different groups. True, they could
all he considered general science disciplines in the case of technical areas of
study However it is not, in principle, of critical importance whether the
general science and the general engineering disciplines are separated into two
groups or regarded as a general science group. What is important tc emphasize
is that there is a unanimous opinion that the general science auna general
engineering disciplines constrtute the foundation of engineer training, When
studying these disciplines the students develop their creative thinking to the
fullest capacity The scope of the engineer’s professional area 15 also determined
by the volume and content of the general science and general engineering
disciplines which underlie all professional subjects. These same groups teach
students to handle information systems and computers which have come to
be the engineer’s principal tool in his professional activity.

It is interesting to note in examining the curricula and syllabuses of leading
technical institutions of higher learning in the more developed countries, that
the titles of general science and general engineering disciplines as well as the
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dustribution of study matter among them do not comade. Yetif one summarizes
all the study matter which should be related erther to the generdl science group
or o that of generdal engimeering disaiplines. 1t appears to be more or less
identical both 1 volume and content provided the length of the course is five
to sy years long Therefore. when establishing comparabihity of education.
consideration should be given to the share of the gencral science and general
engineening disuphines in the engineer traiming curriculum. This share will be
the basic characterstic of the academie level of education of spectalists at the
mstitution of higher learning concerned.

The wdea of comparing the syllabuses of identical disciplines with a view to
establishing wiether or not they are umform as to content seems hardly
practicable. [t would require an immense amount of work for cach specialized
lield of learning. and it can be asserted that comadence would not be registered
for a single discipline. When exanuning the curricula and the over-all pattern
of tuion at engineering departments 1t 1s essential to determuine a point of
paramount importance  whether conditions have been created under which
the student. along with the thorough theoretical schooling that he obtains in
the sciencees. s given the possibility of developing his ability to proceed from
general 1deds, al times vaguely formulated. to spedtfic solutions useful for
soctety

In the case of some higher educationgd establishments, the programmes are
so bricf that it 1s quite impossible to judge the solume and content of acourse
with any degiee of accuracy.

The Gl Engmecting Department of the Massachusetts Insttute of Techno-
fogy may be taken as an example. Its courses 101 (Engineering Mechanies),
102 (Fngineering Analysis) and 104 (Analysis and Design) are summarized
below

(01 Lagineetng Medhanios. Static behaviour of tgd and deformable bodies with
primiary emphasis on deformable systems.

.03 Inaneering Andlysis. Mathematica! formulation of engineering problems,
sofutions and physical mterpretations of results. Differential equations.

104 Stiuctural Anaiysis and Design 1 The analysis of deternunate and indetermin-
ate stractural sy stems and the design of structural elements Basie foree-deformation
relaionships for member clements !

Sinty academic hours of compulsory casses and 120 for prepuration are
provided for Course 1 01, 60 hours of compubory classes with tutor and 120
of prepacation are provided for Course 1.03. and 90 hours of compulsory
Jdasses with ttor and 90 hours of preparation are provided for Course 1.04.

These courses are essential for the trumimg of w cnvil engineer. and the
teaching tume allotted thereto wan be considered suflicient However, such
laconie syllabuses make 1t impossible to judge the content of the courses.
Intwition alone pronipts the conclusion that the level of the above courses 1s

L. Massachwsetrs Tnsintute of Technology Bulletin 1970171,

36




E

Citenig determmng the level of engineering education

sutliciently high Tor this reason, the level of undergraduate trating can only
be determined by the number of academie hours allotted to the study of
VIAFIOUS COUTSEs.

The fundamental course is also tmportant from the point of view of determin-
g the level of development of a student i a spedific branch of science. 1f, for
evample, the over-all number of hours allotted to the course of higher mathe-
maties moadentical fields of major studies 15 the same at two mstitutions of
higher learnmg, with emphasis being Lad on probability subjects at one
istitution and on vector algebra at the other, it may be safely presumed that
the level of matheniatical schooling is the same at both mstitutions. Even if 1t
appears that the programmies for identical subjects are absolutely identical at
both insututions (which is most hikely not the case). therr realization depends
in the final analysts on the lecturer, his scientific standmg and the pedagogical
school he abides by, and 1t is wishful thinking to eapect that different lecturers
can present one and the same course in an absolute dentcal way.

It would seem destrable to characterize cach aspect of undergraduate
traming an terms of non-dimensioned parameters, for example, as a ratio
of the total number of hours resersed for tutorial classes in the general science
and general engineering disciplines to that stipulated for all tutonal classes for
the entire period of undergraduate study at a higher technical school. In fact
this particular parameter determuines the share of this group of disciphines
in the curriculunt.

The share of the general science and genetal engineering disciphines can be
derived from the following dependence:

K, = 2~ (1

S
S,
where S stands for the total number of hours resersed for the study of general
science and general engmeening disciplines m the currieulum,

The relatse share of the disciplines falling within the group of professional
subjects and the humanities can also be dernved from the formulae:

KZ =%L (2)
, S
1\3 = 'S“"I'- (3)

Obstowsly, Ay + A, + K, = 1.

Tie final stage of mstruction is a diploma paper (or a diploma project),
which s supposed 10 be an idependent piece of sertous research., a dissertation,
arousing theoretical interest and having applied significance This work should
testify to the maturity of a higher school graduate and lus ability to solve
mmportant engineerng problems. Whatever new device an engineer 1s expected
to create he does v the imtial stage in the process of de gning. His design
should be aimed @ solving the problem of developing machinery or structures,

O
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mecting the requirements of society and, at the same tme. respecting criteria
rehiability . longevity. economy, safety in production and maintenance and a
number of other features. Many requirements prove incompatible. for example,
it 1s sometunes impracticable to ensure both longevity and cconomy. An
engineer is obliged to seckh optimal compromise solutions, and a student’s
shill in tinding such solutions 1s an important indicator of the level of his
trauning.

The share of o diploma paper (or a4 diploma project) can be derived from
the formula:

Sa

Ko= g

h
where S, s the number of hours allotted to the preparation of a diploma paper.

It 1s not feasible to train a hughly skilled specialist, a ereator of new achieve-
ments 1 saence and technology Cunder tic present conditions unless theoretical
schooling is organically related to practical training while the future specialist
is sull an undergraduate and unless the student learns to combine theorctical
research with staging and analysing experiments both n labaratory and factory
conditions. Ties between theory and practice should be consolidated during
laboratory work, tutorial classes, seminars, and  which is of paramount
importance—in the course of factory training.

At the mmtal stage, an engmeer is concerned with design, at the second
stage with reproducing s design in nature. He claborates technologival
processes. and in so doing aims at ensuring the high quality of an article to
be manufactured within the prescribed timie, in the required quantity, and
in comphance with the design requirements. To be able to do so, he must
mahke a thorough study of production while sull an undergraduate.

To begin with, factory .aiming introduces the student to the atmosphere
it which he 1s destined to carry out his professional work. A student must
be able to apprecidte and assess the work done by a4 workman, the economy
and deselopment prospects of the branch of industry or the industrial enterprise
concerned, he must have a knack for the technology of production, and must
be able to find ways of rasing the productivity of labour and intensifying
production. While engaged in a speaific task at an industrial enterprise. he
must concenve a general idea of the over-all activity of the enterprise.

Higher schools can implement tlis programme if undergraduites are given
a chanee to do factory training directly in industnial enterprises while they
take the theoreucul course.

The relative share of mdustrial training can be deternuned on the basis
of the number of hours tor weeks) reserved for factory training in relation
to that envisaged for all theoretieal studies (less preparation time). as follows.

Ks =—~—. (5)

One can hardly speak of senious training in terms of experimental research
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i an undergraduate 15 not required to carry out a suflicient volume of
laboratory work as well as work in experimental shops where he can
use all sorts of neasuring and other types of modern mstruments and

cquipment,
The share of actmvaty of this kind can be derived from the followng ratio.
S
K, =~ 6
o S‘ ( )

where S is the number of hours reserved for laboratory work and work 1n
experimental shops.

The entire process of tuition can be divided into two parts: compulsory
classes with an anstructor in charge (ncluding lectures, seminars, practical
and laboratory work) and preparation or out-of-class work. Each of these
parts is assigned specific academic tme in terms of hours.

The undergraduates’ creative thinking is fostered most effectively in the
covrse of preparation, which is supposed to wm at clements of research durning
the imual stage of tuition and develep into full-scale rescarch of both a
theoretical and an experimental character m the last year of study.

If the total number of hours resersed for compulsory classes with an academic
adwiser be designated by S, and independent out-of-class work {prepdaration)
by §,, we arnve at the following characteristic ratio:

S.r
= ™

K, =
In view of the fundamental changes in the training of specidlists, traditional
methods of teaching are bound w undergo stbstantial modermzauon. This
madernization should be based on the principle of maximum intensification
of twtion, which can be obtamed primanly through 4 wide use of technical
educational ards, such as films, slides, television, radio, audio- and video-
recording, computers, teaching machines, ete. The new methods of teaching,
such as audio-sisual and programmed teaching, which rely to a large extent
on technieal aids, go a long way not only towards intensifying tuition but also
towards individuahizing schooling. Until recently, tuition at any stage of pubhe
education proceeded from the principle of ensuring progress for a learner with
anaserage abihity to study and an average efficiency. In this way, the education
of learners with better achiesements and efliciency than so-cal'ed ‘average’
students was, as it were. contained, while poor learners exerted themselses
too much and sull failed to master study matter thosoughly. Such methods
of tuitton can no longer be accepted. Each learner 1s expected to dequire a
certamn ninimum knowledge and level of creative thinking. 1f a learner Licks
the academic bachground needed to assinulate this knowledge. individual
classes should be arranged for him to ensure that he masters the knowledge
and study matter required of 4 useful specialist. Eatra classes should also be
arranged for learners possessing & higher-than-average background to ensure
that, within the prescribed length of the course. they obtan knowledge which
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corresponds 1o their ability and which will necessanly be above the prescribed
mnimum.

The abtity of a higher educational estabhishment o use educational
wechnology on a large scale and to make arrangements for schooling m a wide
range of alternate disciplines and subjec o ad the undergraduates” option makes
for a hugh level of undergraduate training Industnahzation of the methods of
tuion will require re-shaping of the entire pattern of education, and appropriate
trmmuing of the academie staft.

If the total ua.aber of houis ror which technieal aids are used be designated

by S,,. the indey of their utilization can be eapressed by the following Lueflicient.
S
Ky, = =2, $)
8 5, (

Ay pattern of lugher education 1s bound to ful unless the academic staff
has the necessary qualifications. Hence it is reasonable to assume that the
academie standard of speaalist tramming depends on the academic stafl of
the higher school concerned. The rato of the number of lecturers awarded
the first academic degree (Ph.D.. Candidite of Suence, and the like) and the
second academic degree (Doctor of Sciznee an the U.S.S.R.) denoted by Py
to the total number 07 professors and lecturers on the teaching staff expressed
by P.or:
Ko = I’dn: 9
o= 5 9)
1s therefore the determuning factor of the academie standard of traming of
spectihists
All parameters K. K, .. A, are non-dimensioned. and can thercfore be
sumined up. However, therr sigmticance in determining the level of education
will obuously be different. For this reasoii, each parameter A, should be multi-
plied by & coetlicient zivmgats relatinve sigmificance in deternuning the academic
level of engineer tranang. Then proceeding from dependences (1 9) we obtain.

)¢

S KI + R K: +o... t anH
or
K: l 1, ’\.‘ (I())

where K 1s what may be called an imtegral criterion determuming the acadenic
lovel of education and the standard of engincer tra.ning at the mstitution of
higher learning concerned.

Young spectalists’ probation does not form part of this cnterion since 1t
is envisaged as a rule m nearly all countries.

It would seem that coeflicients z, sheuld be deternmuned by o poll among
lugher school experts on a ten-paint grading scale. taking due account of the
eaperience aecumulated by individual sastitution, of higher Iearning in various
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Criteria determenmg the level of engmeening edecatuon

Tastr 3 Numencal values of coctlicients (x)

General sence and general Factors tramming 6

engtiteertng dise:plines 10 Laboratory work 8
Profestonal subjects S independent preparation 10
Humaumites 4 Technical aids 6
Diploma design (dipioma paper) 10 Acadenue staft 10

countries. We would recommend that the numerical valuea of the coeflicients
shown m Table 3 be used.

Integral criterion K can be determined with a larger or smaller number of
1t components, so that their number is designated through # in general formula
(10). The relative significance of cach component, i.e. value z,, can also vany
though it does not change anything in the final analysis. What 15 important is
to be able to cefine the method of determining the integral criterion of the
academic level of education and standard of engineer trammg with non-
dimensioned parameters. as well as the relative share of each parameter m
the over-all value of this criterion.

When claborating a curriculum st is extremely important to arrive at the
most harmomious combination of individual components which the trainmg
of engincers comprises.

\n evceedingly lar e solume of general saence disciplines ot the expeine

r

A an unreasenable curtadment of the general science disciphnes in favour of
the professional. For this reason the values of coeflicients #, should be determ:n-
ed with a view to bringing the individual groups of disciplines and types of
academic actvity ito proper balance.

The mfluence of independent preparation is taken account of i a summarized
manner - However. this extremely important type of academic activity 1y
manifold in character and can therefore be differentated into three main ty pes,

\n engineer’s professional activity has speuific features. Whereas a scientist
enhances people’s hnowledge and lays the foundation for the creation of
material values. the engineer’s basic task s to reproduce such values in nature.
An engineer s called upe  to aleulate and design machiaery. instruments and
structures, claborate technological processes to reproduce designed objects i
nature all this on the basis of experimenial data or, perhaps. by engineerning
intartton - Engineering intwition should be developed even at the imual stage
of undergraduate traming. When he starts on his professional career. an
engineer begins to accumulate experience. In this connexion 1t may be observed
that course desigming (or course papers) containing elements of a research
character as well as actual research carried out by undergraduates both theo -
ally and experimentally, 15 a most important component 1n the making of
an engineer.

ME this activity, apart from compulsory consultations for course papers
and counse projects and their discussion, 1s supposed to be conducted within
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the tme limie resersed for preparation, i.e. to fit within S,,. Thus, the total

number of hours S, reserved for preparation is made up of three components:

I Working at disciplines. including fulfilment of small assignments, participa-
ton 1n discussion groups, taking examinauons, ete.:

S
Ky = 20L i
r = an
2. Course prejects (papers):
S
= (12)
3. Rescarch work:
S
Ky = Zerd 13
; 5, (13)

The significance of each of the parameters K5, K7 and K7 in the shaping
of a crcatnne engineer also varies, as in the other cases.

The assessment of independent preparation can therefore be characterized
by a non-dimensioned integral cnterion to be derived from the formula:

Kpr = /’,lK’v + /f:l\'; + /’31\,’7” (M)

Coeflicients f8,. f, and f; in this formula determine the sigmficance of each
type of preparation i die development of a student’s creative thinking, the
values of which are indicated here as a rough approximation. work on study
matter of lectures, discussion classes, exanminations. 6. course papers {projects),
8: and research work, 10.

In the final analysis. the volume of knowledge obtained by students s
governed by the length of the course or, to be more exact, by the total numoer
of bours reserved for compulbsory classes with an academic adviser and for

independent preparauon. Therefore. apart from mtegral criterion K, itis
desirable to deternune the numerical salues of S, and A,,. which are of extreme
naportanee in establishing the comparability of training and which indicate
the total number of hours allotted w compubsory casses with an academic
adviser and to independent preparation respectively.

It follows from the above that the academic level of education mm a given

ficld of study at two unnersitics can be considered identcal provided S,. K
and K, have identical values in both cases.

Exact comnudence of these criteria caleulated for different institutions of
higher learming is hardly possible, put if the difference i their values does
not exceed 5t 10 per cen* 1t may reasonably be argued that the aeademic
level of education at the wgher educauonal establishments concerned is

identical and the diplomas awarded by them are comparable. The degree of
possible vanation of S,. K and K,, also cails for further study.

W e shall now undertake an analysis of the curricula of some mstitutions of
higher learmng in various countries i order to illustrate the method proposed
above
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Analysis of the
curricula of institutions
of higher learning

Any such analysis is difficulc since the curricula are made up on different
patterns and with a varying degree ot detail. In some countries the content
of independent preparation is not officially stipulated. Differenuiation of
mdividual types of preparation (research, designing, etc.) is lacking in some
cases. Information on the utilizauon of technical aids is scarce. There is no
data on the strength of the ecademic staff. However, the purpose of this work
15 to establish a method of determining the comparability of diplomas, rather
than to elaboraie a draft agreement between specific countrics.

In view of the fact that much of the information needed for a thorough

. - . . - . . d
analysis is lacking, we will attempt to determine two criteria (S, and 1\) for
various institutions of higher learning.

Higher technical schools of the U.S.S.R.

The curricula of all institutions of higher learning are under review at the
present time. However, on the whole they will maintain their patterns and
the basic direction adopted in the traimng of specialists of high standing in
the US.S.R.

Men and women have equal rights of access to institutions of higher learming
and anyone is ehgible who has completed a coune of secondary education
and passed the finals for the matriculation ceruficate. There 15 also an entrance
examinatton at the institution of higher education to which admussion 1s sought.
Admission 1s on a competitive basis, three candidates normally competing for
one place.

Appleants for adnusston take entrance examinations m the disciplines
determining the field of learning for the specialty chosen, and also in Russiar
(or the native tongue in which tuition is conducted) and hterature.

Compulsory and optional classes (lectures, laboratory and practical work,
semunars, ete) under the gu'dance of professors and tutors are stipulated at
all insutations of higher learning for 36 hours a week in the first to the fourth
year of study and for 30 hours a week in the fifth and sixth years.

The amount of home assignments, course projects (papers), research work,
work at the study matter of lectures, preparation for examimations 1s so planned
as to ensure that the student completes roughly 6,500 hours of independent
preparation during the theoretical counes, examination sessiors and factory
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Gammng for the entire dutation of studies (5% years). It goes without saying
that thys hgure has been determined on the basis of the average student’s

work capacity.

Let us analyse tie curricutlum for the specialized ficld designated “Technology
of Machine-buillding. Metal-cutting Machine-tools and Tools™ offered by the
Moscow Higher Technolegical School (MHTS).

The length of the course 1s 5% years, Of the entire course, 244 weehks (85.3
per cent) dare resersed for instruction and 42 weeks (14 7 per cent) are allotted

Tastr 4 Acadenue hours allotted o compulsory study work (MHTS)

Disaphine Subject \;‘:";:: Disaphne Subjedt Nl::\u(r)f
General saence and general Electrical cquipment of machine-
cngmeerme discplnes tooh 42
Caleulus 455 Theory of cuting 85
Computers i enginecnng  and Cuting tools (calculauons and
cconomie caleulations 54 construction, production tech-
Physies 299 nology. automatic change and
Chenstry 141 control) 220
Theorctical  mechanies  (Stadies, Technology of mechanical engin-
Kinematies and  dynamies of cering (principles of technology
sohds) 19 of mechanical  engineering,
Stength of maternials 210 technologieal principles of amto-
Deseriptive geometry, mechanieal matic assembly lines, techno-
draving and diawing 247 logy of machme production) 230
Technology of metals and other Prinuples of desvice construction 56
comstrucional materiahs 230 Fundamentals of automatics 56
Scienee of materials 102 Automatic machmes and devices
Theory of machimes and mechar.- (princples of design, antomatic
[N 87 control umit, mcchanisms) 140
Machme clements 126 Automauon of ndustnal  pro-
Fundamentabs of mterchangeabil- [WUSTUN 70
iy, standardization and tech- Prmaples of artistie designing 28
neal measurement 54 Industrial cconomics 56
Hydraulics and hydropneumatic Industrial organizanon, planning
drive 87 and management 98
General clectrical engineering and Labour protection 42
mdustrial clectronies 193 Alternatives 130
Thermody namies and heat tians- Toral REIRET
fer 68
Pohlieal cconomy 140
Totat T3.684 Humamuies
Social scrences (exeept political
cconomy) 280
Projessianal subjects Foreign I;lnlfu:‘lgc 210
Lifung and transportation Prnciples of Soviet law 28
machimes 34 Toral 518
Calculatons and composiion of
metal-cutung machine-tools 90 Pl sical tramung 140
Hydrautic and pneumatic equip-
ment of machime-tooks 54 GRAND 101A 4.773
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to vacations Of the total number of 244 weeks reserved for mstruction.
theoretical study takes up 165 weeks, or 67.6 per cent. factory traiming. 30
weekhs, or 2.2 per cent. sessions. 33 weeks, or 135 per cent, and diploma
work. 16 weeks, or 6.7 per cent

The total number of hours envisaged for the compulbsory theoretical classes
S, = 4.70Y hours,.

This tme 1s distnibuted among the various 1y pes of academic actinuty ay
follows® lectures, 2.600 hours. or 55.2 per cent, laboratory work and exper-
mental workshops. 849 hours. or 18.2 per cent. practical (or semunars),
1.260 hours. or 26 6 per cent

Academie hours (S) allotted to compulsory study work are distributed as
shown in Table 4.

Undergraduates arc expected to complete the following course projects during
the period of instruction. the theory of machinery (n the 6ifth semester);
machimery features (sinth semester). hitmg and transportation machines
{seventh semester). cutting tools (calculations of a project. technology of
production. change and control automation) (eighth semester). machine-
butlding technology (nmth semester). automatic machines and devices (tenth
semester). and mdustrial orgamzation, planning and management (eleventh
semester). ,

Each project consists of 3 sections dealing with aesign. technelogy and
cconomy  The subject matter 15 laid down 1n 3 1o 5 sheets of drawings and
an explanatory note setung forth all calculations as to design. technological
processes and economie substanaation with sariants,

A project should involve novel celements and the student 1y expected to
reveal his faculty for independent research. both theoretical and eaperimental

All projects prepare .. student for the completion of a major work -- a
diploma paper or diploma project. which he prepares on completion of the
theoretical course.

In some cases, the results obtained m the preparation of course and diploma
projects are made use of i mdustry. especially when urgent problems of
practical mterest are tachled.

Fhe above-mentioned coefficients. charactenizing the academic level of
education. have the following vatues for ths speuiahity studied at MHTS
General science education

S 2.684
¢ = oM = - - - . = -(2.
Ro= g = gmy =03 M
Professional training
S, 1.431
(o= - Po= I = 0,300, 2
Ri= g = fgg3 =030 (2)
Humanitanan education:
S, 638
(y o= e T = 00138,
Rv= g = g3 =0 3)
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Diploma project:

S, _ 16 weeks x 6 days x 10 hours _

= -4 = 2
K, 5 17 0.201. (4
On-the-job training:
S, 30 .
(¢ = il =~ = 2
K; S, 63 0.182 (in terms of weeks). (5)
Laboratory vork:
.S 8
l\() - __Sl_ - _:1_’7_73_ bl 0.'78. (6)
Preparation:
., _ Sp _ 6500
K, = S AT 1.36. O
Technical aids and facilities employed in tuition:
S, .
s = i - 0' . D
Kg 5 50 (8)

Ratio of acadenmic staff holding academic degrees of Candidate or Doctor of
Science and academic titles of associate professor and full professor.

Zdeg _ 1).56. 9)

In accordance with equation (10) (page 40) and Table 3 we can determine
the ntegral criterion of the level of training of MHTS graduates:

=9

Kyuis = Z z, K,
1

10 x 0.562 + 6 x 0.300 + 4 x 0.138 +

n

+ 10 x 0.201 + 6 x 0.182 + 8 x 0.178 +
+ 10 x 1.36 + 6 x 0.50 + 10 x 0.56
Kyurs = 354

The currivulum of the course ‘Electrical Power Stations” offered at the Moscow
Power Engineering Institute (MPEL) is given below.

The length of the course s 5} years and comprises. traimng, 240 weeks, or
84 per cent: and vocation, 46 weeks, or 16 per ceat.

The total number of weeks set aside for study work is. theoretical study
work. 153 weeks, or 63.9 per cent; on-the-job training, 35 weeks, or {4.6 per
cent, sessions, 31 weeks, or 12.9 per cent; and diploma project, 21 weeks,
or 8.6 per cent.

The total amount of preparation equals §,, = 6,200 hours.
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Tastr 5. Academic hows allotted to compubory study work (MPEI)

Disupline, Subgect r\l:,m:r,f Discipline/Subject N:?éu‘:sf
General science Electrical installations 56
and general engmeering Transition processes i clectrical
Calculus 514 systems 174
Fundamentals of machine com- High-voltage equipment 115
putation 56 Relay protection 84
Computer systems in engineering Automation of power systems 96
and cconomic calculations 48 Electrical equipment of power
Physics 306 clectrical stations 146
Chenstry 136 Operating conditions of work of
Mechanics 216 power clectrical stattons 106
Theory of clectnical engmeermg 350 Economics of power engineering 58
Deseniptive geometry and mechan- Industrial organization, planning
wcal drawing 124 and management 99
Industrial electrical engineering 96 Labour protection (safety) 40
Technology of metals and other Alternative 247
constructional materals 84 1508
Matenals i electrical engineening 48 Toa 1508
Measurement in electrical engin-
cenng 64 Humanies
Political economy 140 Social sciences 28¢
Scientific traming 92 Foreign language 210
Torat 2,274 The fundamentals of Soviet taw 28
ToraL 518
Protesstonal subjects Phystcal traming 140
Electnical machines 193
Llectnical circunty 94 GRAND TOTAL 4,440

The total number of hours allotted to compulsory theoretical study work
conducted by professors and lecturers is S, = 4,400 hours.

Time distribution among the various types of academic acuvity 1s as follows
lectures, 2,105 hours: laboratory work, 772 hours: and practical, 1,563 hours.

The tume allotted to compulsory study v ork 1s distributed as shown in Table 5.
Und:rgraduates prepare projects during the course in. the theory of machines
and design of machine elements (fifth semester), electrical circuits (stxth
semester). electnical machines (seventh semester), power generating egiipment
(erght semester): electrical equipment of power stations (mnth semester),
operating conditions of electric power stations (tenth semester). ndustrial
organization, planning and management (lenth semester).

Each project dealing with mechames is aimed at claborating a design and
the technological processes needed for the manufacture of designed units,
along with calculations for strength and the relevant economic calculations.
In the case of electrical engineering projects, electrical circuits are elaborated
along with appropriate technical and economic calculations, technological
processes are deseloped, and problems of maintenance are solved.

Q 47

RIC

Aruitoxt provided by Eic: S
.o




O

ERIC

Aruitoxt provided by Eic:

Comparability of engincering courses and degrees

The results obtained in the preparatuon of certain projects involving urgent
problems of practical interest, are made use of 1 industrial production.

Each project contams elements of research, both theoretical and experi-
mental. and prepares the student for a major undertaking  a diploma paper
or diploma project, which 1s a serwous piece of researching or experimental
designing.

The above coctlicients which characterize the academic level of education
for this course at MPEI have the following values.
General seience education.

2274

¢ = W = = 512
K, S 3.440 0.512. (H
Professional training:
i S, 1.508
ki = —— R - = .n . 7
Ky= - = Gqp =030 2)
Humanitarian education:
. S, 658 , .
l\5 = T = —I“:‘(T = 0148 (J)

Diploma project:

S, 21 weeks x 6 days x 10 hours
o= o = Y 7“
K, 5, 44490 (.284, (4)
On-the-job traming:
S 35
Ks = _S,,L = T;S— = 0.229 (in terms of weeks). (5)
Laboratory work:
S, 774
(o = —a— = ———— = 0.174.
Ko= 5= a0 =% (6)
Preparation:
S, 6.200
;= == S = 140,
K="= 3400 0 )
Technical aids and facilities employed in tuinon.
S, .
(s = —= = 0.50.
Ky = ®)

Rato of academic stall holding academic degrees of Candidate or Doctor of
Science and academice utles of assoctate professor and full professor.

- Pch
K, = 5% = 052 )
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In accordance with equation (10) (page 40) and Table 3 we shall determine
the mtegral critetion. namely:

=9

K=Y %K, =10 x 0512 + 8 x 0.340 + 4 x 0.148 +

+ 10 x 0.284 4+ 6 x 0.229 + 8 x 0.174 +
+ 10 x 140 4+ 6 x 0.50 + 10 x 0.52
Kypir = 362,

The comparison shows that S, vy differs from S, yppy by 7 per cent
while the difference between Ky, and Kyjpp, 15 2.2 per cent. Consequently
the professional level of training at these higher educational institutions 1s
rdentical The experience of the Moscow Higher Technological School and the
Moscow Power Engincering Institute confirms this idenuty. But separate
elements of the intezral criterion have different values. The above-mentioned
examples show that itegral criteria may be esumated for dufferent higher
educational institutions and for different specialties.

Howeser. companson of the curricula and programmes of two higher
educational mstitutions 1n the same country does not solve the difficulues m
establishing comparability of educauon. Even the total number of hours
emvisaged for compulsory classes with a tutor and independent preparation
vary with an identical level of engineer training. This circumstance 1 largely
explamed. first. by ditferent pedagogical schools and. second. by different
specralized tields of engineer training, which, incidentally. have been singled
out ntentonaily. !

Higher educational establishments of the United States

A student must complete a d-year course of theoretical schooling to be enutled
10 a Bachelor’s degree. He must complete some 120 credit units. or roughiy
360 credit hours, for this period. One credit unit s approximately equal w
45 hours of a student’s academic work (compulsory with a tutor and pre-
paratuon).

The curriculum for a Bachelor's degree at the Massachusetts Instrtute of
Technology 15 for a course of 4 years and consists of 2 sections: (a) general
institute requirements  uniform for all fields of study . and {(b) departmental
programmes relative to the specific fields of learming (see Table 6).

MIT awards the degrees of Bachelor, Master and Engineer as well as doctoral
degrees i 38 branches of saence In addition, it offers post-graduate and post-
doctoral study programmes in the ficlds of enginecring sciences., management

b Fhe integral cniteria do not incorporate the indices that characterize the significance of
one-year mdustiial probaton in the education of the engineets,
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TasLe 6. General institute and departmental requirements for a Bachelor’s degree (MIT)

Ref, Tutle of Credit hours (including classes)

g o o
No. discapline/subject Compubory Preparation Total

General institute 1equirements

501 Chemistry 5 7 12
8.01/8.02  Physies LI 10 14 24
18.01 Computing mathematics 8 16 24
18.02 Humanities 24 48 72

ToraL 47 85 132

Departmental requirements—cmil engneering

1.00 Communication systems 6 6 12

1.01 Engineening mechanies 4 8 12

102 Engincening materials 6 6 12

1.03 Engincermg analysis 4 8 12

.04 Structural analysis and Project | 6 6 12

1.05 Fluid mechanies 6 6 12

1.06 Soii mechanies 6 6 12

1.07 Analysts of indeternunate systems 4 5 9

1.08 Geotechnology 6 6 12

1.09 Civil engineering 6 12 18

8.03 Phystcs 11 5 7 12

18.034 Differential equatrons 3 9 12
ToraL 62 85 147

Compulsory laboratory work 12 - 12
Optional 23 46 69
GRAND 101AL 144 216 360

and social sciences, Several programmes for degrees are offered at each of 1ts
23 departments,

The disaphnes available in the junior years lead to a B.Sc.. those in the
senior years, to a B.Tech.. S.M., M.Arch., M.C.P., various Engineer degrees,
Ph D. and SC.D.

The academic year lasts for 2 terms, each 15 weeks long. Each freshman
prepares & report on his aclicvewents and his work in each subject. This is
submitted for assessment to his tutor in the middle and at the end of each
term. The student sits for an examination at the end of each term. Registered
undergraduate students of cutstanding abiity may take exanmunations for
advanced standing duning the exanmunation pertods in each term.

1. Engineer degrees. Chemical Engineer. Electrical Engineer, Engineer in Aeronautics and
Astronautivs. Marne Mechameal Engineer, Materials Engineer, Mechanical Enginecr,
Mectallurgical Engineer, Mincial Engineer, Naval Architect, Naval Engineer, Civil
Engincer. Nuclear Engineer, Ocean Engineer.
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The baste fields of learning offered for students in the Junior years of study
are as follows' engmneering: architecture and planning: management., human-
nees: soctal sciences: natural sciences

The general institute requirements consist partly of special sections of the
natural seiences and partly of the humanies and the social scienees, all
seetions o these disciplines being clective,

Fach departmental programme consists. n part. of a grouping of subjects
m the areas of professional mterest to the course or vourses represented by
that particular department and. in part. of additional opportunities for the
student to take subjects of his choice. By institute rule, time for elec.ives 1s
avalable to every student w the first, third and fourth years. Every student
can use these elective opportuntties to follow special interests and to deepen
or broaden hi educational background. Programmes may be arranged to
prepare un lergraduates for advanced study n interdiseiphinary fields such as
astrophysiess commumieation scienee, and space seience and technology.

Addrionally, some students follow what is called a co-operative programme,
which ancludes on-the-job tramning and is equal to 8 credit hours.

The co-operative programme therefore consists of 368 classes composed of
144 compulsory classes: 216 preparation classes: and § on-the-job training
classes Consequently . the total number of academic hours equals 360 - 15 =
5400, of which 144 ~ 15 = 2160 (tutorial) and 216 - 15 = 3.240 (prepara-
tion). On-the-job training equals 8 - 15 = 120.

To proceed to a Master's degree. an additional tuttion for | year, or 66 credit
hours, 15 required The curricula and programmes of a course leading to a
Master’s degree are, as a rule. individual so that 1t s hard to distribute them
among the sets of subjects and types of acadenuc activity. Tume distribution
among the types of acadenic activaty in the same proportion as for Bachelor's
will be as follows: 66 15 academic hours = 990 academic hours. of whieh
2215 = 330 academic hours (tutorial) and 44 . 15 = 660 academic hours
(preparation).

Thus. a student enrolled at MIT should study for a period of 5 years to be
awarded a Master’s degree and should complete 6.390 hours i all. that ts
5400 + 990 = 6.390 hours. of which 2,160 + 330 = 2.490 hours (tutonal)
and 3.240 + 660 = 3.900 hours (preparation): plus 120 hours, on-the-job
trating (for students following co-operative programmes) and 270 hours
for dissertatton work.

To be awarded an Engineer’s degree. a student should study for an additional
2 years followmg the Bachelor's degree, complete the minimum of 162 credit
hours duning these 2 years and submit a dissertation. Time distribution s as
follows a total of 162 I5 = 2,430 hours, of which 54 - 15 = 810 hours
(tutonial), and 108 15 = 1.620 howrs preparation.

Hence. to be awarded the qualification of Lngineer, a freshman 1s expected,
in accordance with the co-operative programme, to complete. a total of 360 +
162 = 322 credit hours. of which 144 + 54 = 198 credit hours (tutonial) and
216 + 108 = 324 credit hours (preparation): or in academic hours: S, = 198

I5 = 2970 hours (tutorial) and S,y =324 15 = 4,860 hours (preparation);
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plus S, — 120 hours of on-the-job traimng (for students following co-operative
programme) S, = I8 15 = 270 hours for completion of dissertation.

The totdd number of hours can be divided according to groups of disciplines
as shown below.

Group of general sconce subjects. physics (10 credit hours), chemistry (3),
caleudus (8). senunars i these disaplines (6). alternative (9)  total = 38 credit
hours.

Conununication systems (6 credit hours). engineering mechanies (6). engin-
cering analysts (4). structural analysis (5). flind mechanies (60). analysis of

indeternunate systems (43, physies HE (3), differential equations (3)  total =
40 credit hours,
The above gives a grand wtal of 78 credit hours or §, = 78 15 = 1,170

deademic ours, professional subjects forengmeer truning, 42 4 54 = 96 credit
hoursor 5, = 96 15 = 1440 acadenmie houts. humamues, 24 credit hours or
S, =2 15 = 360 acadenne hours. The integral criterion for thes speciality
may be determined as foliows:

General science education:

S 1,170
= X = =~ .3( .
I 5 3 970 0.394 (1
Professional traming:
. S, 1.440
= e = e = 048 2
A S, 2970 > 2)
Humamtaran education”
S, 360
o= = - = 0.120. 3
K 5 2970 ).120 3)
Diploma projecet.
S, 270 ’
’. = c = = . . 4
K, N 3970 0091 4)
Ou-the-job traming:
S, 120
o P o = . 5
Ks S Y970 0040 (5)
Laboratory work:
. S 180
K, = S, T 2000 T 0 001. (6)
Preparaton.
4.500
', = - o= = ].04. 7
K S, 2.970 164 0
52
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In the absence of any speattic data on the scope of employment of technical
aids and fadliies m tution and en the numencal strength of the academie
sttl (that s the number of professors and lecturers, medudimg those holding
Ph D> and S.D), the same values have been adopted mn caleulatton Ay and A,
as for the higher educational establishments of the U S.S.R.

Technieal aids and Tacilites.

S 1.485
’ = ta - . ~ - ( 5
Ry S, 2970 ’ (8)
Academie suaff,
K, = Do o g.56
WE o E O ()

Fhe antegral criterion will be detived from formula (10) (page 40) and the
vdlue of %, from Table 3. as follows.

[l
Kyip = Y %, K, =10 x 0.395 + 8§ x 0485 + 4 x 1.120 +
[
A 10 x 0.09 -6 x 0040 + § x 0.06 +
+ 10 x 164 + 6 x 0.5 + 10 x 0.56
= 3195 x 35.0.
It should be recalled that Aypyyy = 354 and Kypy, = 36.2 The over-all

number of hours allotted to tutonals during the entire period of tratmag for
the above-mentioned mstitutions will be as follows.

Sounrs = LT73: Spypy = 4440: S,,,, = 2970,

Thus the acadenic Tevel of education provided by the Massachusetts Institute
of Technology with o 6-year course under the co-operative programme (assum-
mg that the requirements demanded of candidates applying for the Lngmneer
degree are met) is comparable to that possessed by graduates from the Moscow
Higher Technological School(MHTS) and Moscow Power Engineering Insutute
(MPED However, the over-all amount of study material for students of MIT
15 smuller than in the case of MHTS and MPEL The difierence tecomes less
pronounced in the case of students taking additional courses from advanced
programmes.

The integral criterion deternuning the traiming of Bachelors of Scrence at
MIT for 4 years roughly equals K = 28,

In terms of disaiphines studied. as already noted. 1t s impracticable to
ostablish comparability of diplomas from the curricula and sy labuses.

Phe structure of the Mechamcal Engineering Departiment provides for 3 mam
fizlds of study 1 engineering mechantes (4) matenial science and medhantes .
(bt flurd mechames and thermodynamics. () systems and constructions.

RIC 53

Aruitoxt provided by Eic:




Comparability of engincering courses and degrees

Taste 7. Bachelor’s degree programme 1n engincenng mechanics

No. of credit hours

Disaiphine; subject
Compulbsory Preperanon Total

General institute requirements

Chenustry
Physics
Calculus
Humanitics

Torat

Departmental programme--required subjects

Sohd mechanics
Principles of system dynamies
Dynamses (hydraulics)
Fluid mechanics
Mechanical behaviour of metals
Apphed thermodynamics
Bxperimental engineering |
Experimental engineering H
Constructional engincering
Constructional engineering

and materialy
Phvsies 111
Differential equations
Thesis (report)

Torat

N-2N [CRRV-2 (3 IV ]

N B de n e Wb e
NID 1D N e GO N OS¢
~

\)I
Sl o~s

8
5
3
9
-

Restricted electives materwils

Science of matenals |
Science of materials [l

ToraL

—
T

or
Thermodynanucs
Thermodynamics
Elements of classical
and statistical thermodynamics 4

ToraL b

Unrestricted clectnes

Unrestricted clectives
GRAND TOTAL

Planned clectives

Majors for all students
Principles of quantum physics
Introduction to clectronics
or
Electromechanscal fields

and systens
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Analysis of the curricula of institutions of higher learning

Mechanics

Vibration

Introduction to solid mechanics
Experinrental analysis of pressure
Fundamentals of machme tools

Matertals
Research of materials

Fibres, poluners, textiles
Science of polimers
Prnciples of textles
and processes science
Dynamics of processes with fibres

Fluid mechanics
Dynamics of gases

Heat transfer
Heat and mass transfer
Heat problems

Hewt systems
Elementary internal combustion
engines
Internal-combustion engines
Laboratory work on internal
vombustion engines
Arr conditioning
Air condttioning
Refrigerating machinery
Dynanuc systems and control
Electromechanical fields
and systems
Principles of control system

Coustruction
Introduction to engineenng systems
Geometric construction
Principles of construction
Spectal problems of systems
and construction

Laboratory work
Physical measuremient analysis
Construction and experiment

Simulation of physical svstems

Elementary programming
and computers

Physical models and
engineering systems |

2.1 Nomography
Mathemanies
18.05 Advanced computing mathematics
for engineers
£8.06 Advanced computing mathematics .

for engincers

Bromedical engineermg

24 Problems of biomedical engineering
Q
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TABLE 8

. Bachelors degree programnie

No of «iedit hours

Ref
N Disaphine subpct
no. Compukorsy Prep.raton totat
MECHANICAT ENGINFERENG, COURSE (1A
General mstitute requarements
Chemstry 12
Physics 24
Computing mathematics 24
Humanities 72
ToraL 132
Departmental programme
2.01 Sohid mechanies 4 8 i2
3.03 Phystes TH 5 7 12
18.034 Differential equattons 3 9 12
q
Thewes 9 — 9
ToraL 21 24 45
Llectnes (five of the following list)
311 Material science
ol
A K Materal scienee | 7 5 12
2,02 Introduction to systeny dynamics 4 8 12
203 Dynamics 3 6 9
2.201 Flud mechanies 4 8 12
230 Mechanieal behaviour
of materials 5 4 9
2403 Thermodynamies
or
242 Flements of classical
and statstical thermodynanes 4 4 12
2.60 Apphed thermodynamies 3 6 9
2,672 Eaperimental engimeering 4 2 6
Experimental engineering 4 2 6
2.731 Engincering construction 6 6 12
2.861 Engieening construction
and materials 8 4 12
Restricted electives 57
Unrestricted electives 60
MECHANICAL ENGINFERING CO-OPERATIVE PROGRAMME (COURSE 11-B)
‘e
.
40
hours per
215 al practiee
’.(1)_51 :n(fu\m'l: pr u.‘n ‘L week (or 8
2,952 ndustral practice eredit
howurs)
56




Anudysis of the waricale of mstiunions ot hughet learmng

Students of the junior years of study wie oflered 2 progidmmes Compiction
of a programme makes a student elizible for the degree of B.Sc¢ i cngineermg,
mechames o1 the degree of l.ngmccr tsee Table 7).

Stadents mtending 0 acquire mdustrial experience may take course H-B.

actory work equals 8 eredit hours of laboratory work m the selected subject

Students of excepuional abiits can tollow an advanced study programme for
Jumor undergraduates. candidates bemg selected at the epiration of the first
sear of study When in the third and fourth year. students so selected tahe
specalized subjeets, mcluding many subjects of the graduation sear. On
completion of the fourth-year programme. these students possess knowledge
exceeding that of candidates for a Master’s degree

The students who enter on thar studies of the graduation year normally
hold an equialent of @ Bachelor's degree m engineering mechanics i an
achnowledged engineering school. or sometimes choose fields of concentration
which cross regular disaplinary ines. In any case the students are supposed
to study the followmg subjects (either all or some of them). apphed mathe-
maties. hydraulies. dynimics. thermody nanics. electrical arcuts.  electro-
magncetie fields. materials,

This Bt of disaplines proves that emphasis is laid on the general science
cducation of prospectne Masters and Fngineers

If one compares the hst of subjeets offered at the mechanical engineering
department of MIT with that stipulated for the machme- bulldimg specialty at
MHTS it will be immediately apparent that this methiod does not work m
tablishing comparability «f diplomas Major fields of study. the names of
subjects. distribution of study  matter among the subjects everything 1
different

A similar conddusion s uinavoudable when one compares the curricula of
imututions of higher fearming . say. France with those of umiversities m
the United States or the USSR, as will be demonstrated later.

At this juncture we can only rerterate our assertion that integral criterta are
the one possible solution.

Set out helow are some of the requirements that candidates for a Masters
degice must meet

\student who has @ Bachelor™s degiee i the same department in which he
has eniolled for the Master™s degree. or who has had comparable preparation
chewhere. may obtam the Master’s degice m | year

\ student who completes the requirements for the Bachelor's degree at the
ititite with substantial entra advanced credits in graduate subjects may .
upon application, be granted o relaxation of the normal residence requitement
{apart from thesis) and may be rccommended for the Master's de egiee upon
completion of the academic requirements,

The degrees of Master of Science, Master in Architecture. and Master in
Ciy Planning are awarded upon satisfactory completion of an approved
progiamme of study comprisimg at least 66 subject umits. of which 42 units
must be in AT subjeets, and the completion of an acceptable thests.
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Those who proceed to an S.ML m tevtile technology spectalize tn one of the
following fields of study. engineering chemustry, chemustry, engineering
mechanics, industrial physics. and business and engineering management.

The chowe of a specialized field of learning 1s subject 10 approval by the
relevant departmental committee on graduate students.

The entire programme of traming for a Master’ degree comes up for approval
by the commuttee and the graduate registration oflicer.

Te be recommended for a Master’s degree, students must have an adequate
educational background in addition to a satisfactory knowledge of the acadenie
programme of the graduation year and an aceeptable level of research skalls.

In an approved programme for a Master of Science degree, if 34 units of
*\" subjects and the thiests are in a single field of science or engineering (as
deternuned by o departmental _ommuttee on graduate students). the degree
15 recommended in the specific field in which the student has speciahized.
utherwise, the degree 1s recommended without speafication of the field.

The student studies a programme composed of subjects selected by himself,
which more often than not do not coinaide with those offered at the engineering
mechanies department. The chowce of subjects should be approved by a special
faculty counsellor with a view to establishing therr signtficance

The objective of a programme leading to a Mechanical Engineer degree 1s
a more advanced level and a broader range of competence in engineering and
science 1s required than for the Master’s degree. A canddate for this degree
must sit for an examination.

The three basie requirements for a Doctor of Scence and Doctor of Philosophy
degree are () completion of o programme of advanced study. including
generdl exanmnation. thy demonstration of proficiency m modern foreign
languages. and (¢) completion and oral defence of a thesis on origiaal
rescarch.

The list of requirements, which those proceeding to the degrees of Bachelor,
Muaster and Engineer must meet. bears out the previous concdusion that the
degree of Engineer constitutes the final stage of higher education upon com-
pletion of which a candidate can switch over to a research career. A successful
resedrch career and completion of a significant piece of research entitles the
holder of an Engineer’s degree o proceed to a D.Se. or a Ph.D.. which are
of comparable scientific level.

Higher educational establishments of the United Kingdom

Full-time study for between 3 and 4 years leading to a final exanunation for
a Bachelor's degrec is the basic form of instruction at the first stage of education
at umversities  Under this arrangement, the curricula do not piovide for
on-the-job traimimg and 1t s merely recommended that students should seek
Jobs m industry during vacations,

N
x




Analysis of the curricula of istitutions of higher learning

[n the course of theoretical studies for 3 to 4 years, the students’ practical
tramung amounts to work i laboratories or cxperimental shops. with only
me-third of the teaching time beng reserved for this type of academie actis iy.

rematning two-thirds are disided appron ately equally between lectures
and cafeulaton exercises conducted under the guidance of a tutor.

[n the case of some specialized ficlds of Izarning. which invohve subject
matter of extreme compleaity and are closely related to actual mdustrial
production, a specttic form of nstruction is pracused. This 1s the ‘sandwich®
course, consisting of alternate periods of college education and factory tramming,
of which menuon was made carher. .

College graduates completing their course of study on the *thin sandwich’
pattern are awarded a Higher National Certificate and accorded the right to
take a final university exanunation for the degree of Bachelor or- -after a l-year
probation in industry  to tahe an exanunation for a Higher Nauonal Diploma.
This diploma 15 comparable to the degree of Bachelor.

As pointed out above. the fuli-time study course of 3 years in the specialized
engineering ficlds has now been replaced with a d-year course at some mstitutions
of higher learning

Those holding the degree of Bachelor (Honours) and proceeding 1o a Master's
degree must, as a rule, take a l-year course and complete a thesis.

Master's degree theses. ke diploma papers at the Soviet institutions of
higher learming. must contam rescarch sections, which are prepared as a rule
directly at universities (colleges) The faculty may allow a candidate to preparc
his thests at arother insutution provided he submuts conclusive evidence that
the thesis has been completed by him independently.

A Master's degree course can follow two patterns: (a) a stmplified examina-
ton, with emphasis laid on the completion of rescarch, or (b) a sophisticated
c\amiation along with a picce of research of limited volume.

There 15 no requirement whereby a thests must be defended: it 1s merely
discussed moa comnussion which includes experts from other educational
institutions,

Thiose holding the degree of Bachelor (Honours) or Master are chgible on
reaching the age of 23 to 27 for the ighest degree- that of Ph.DD. Holders
of a Bachelor's degree must study  certain subjects and complete a thesis
under the Master's degree programme  all within 1 year. This means that
wuch candidates are obliged to tahe 2 courses during their doctoral studies  a
Master's and a Doctor’s degree course  while those alicady holding the degree
of Master take only the latter course.

Those who proceed to a Doctor's degree must, as a rule, have a record of
service 10 industry of at least 2 years While doing the doctoral course for 2
to 3 years, candidates are expected o take a series of exanunations and (o
complete a thess,

The highest academic degree i the United Kingdom is the degree of Higher
Doctorate Tt 15 awarded to scentists holding a Ph.D. for original rescarch
of exceptional merit The award 1s made by a special commussion, subyject
to approval by the senate of the university concerned.
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We will now consider the curiicala ot some faculues of the University of

Salford.

FACULTEY OF CHIEMISERY AND APPLIFD CHIMISIRY

Duration of the academic year. 32 weehs, The otal amount of teaching time
for students in stream "E™ 15 shown in Tabie 9.

The total volume of study for the entire period 1s as follows  totatcompulsory
studies with a tator. S, = (27 + 29 4+ 28 + 20) 32 = 3.328 howrs, of which
(5 + 18+ 16 + 13) 32 = 1,984 hours (fectures), (10 + 8 + § + 6) ~ 32
= 1.024 hours (laboratory workyand 2 + 3 + 4 + 1) 32 = 320 hours
(tutortal). Independent work equals S, = (4 +2 + 3 +4) 32 = 416 hours.
Diploma project equals S, = 7 32 = 224 hours. The curriculum for this
stream as per groups of subjects 1s given n Table 10.

Those fulfilling the study programme with honours and completing at least
60 per cent of credit work in cach subject are awarded the first professional
degree of Badhelor (Honours) of the first, second or third level, and those
completing at least 40 per cent, the degree of Bachelor, Ordinary Level. Those
holdmg the degree of Bachelor (Honours) may go on to further study at the
unpsenstty with o view (o obtaining the second professional degree  that of
Muaster. Sume Bachelors. Ordinary Level, are dlassed in Group One and may
go on to further study at the university for the second professional degree
of Master.

Fuctory training is not provided for at the lugher educational establishments,
and 1t s merely recommended that undergraduates should try to find jobs
industry  during therr vacations. Complhiance with this recommendauon s
stimulated by the fact that graduates from universities or other msttutions
of higher learning who complete ther course on a full-uime busis with the
first professional degree of Bachelor can only be adnutied to an association
tstitute) of engineers i tie professional ticld concerned if they huve 4 record
of service inimdusty of at least 1 year, roughly amounting to S, = 1,600 hours.
Taking a spectal exanunation is a prerequisite for admission to an associa-
uon, upon which a Bachelor may consider humself to be a fully fledged
engineer,

With the acadenue year lasting 32 weeks. the over-all amount of teaching

TFasir 9 Total wimount ol aching timie for students in stream L7 (i hours) per week

Year tours of study work

ot Preparation Projucts

study I ectures Laboratory lutonal Tota!
[ 4 15 10 2 27
1t 2 - 18 8 3 29
111 3 16 8 +4 28
v 4 7 13 0 1 20
60
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Analysis of the curricula of msututions of higher learming

Tawtr 10 Curniculum for the Faculty of Chemistiy and Applicd Chemustry as per groups
of subjects

Hours per week! Hours per week!
Subjedt _—— Subjedt —_——
Encluding
Lutoral v ¥ Including

Twonal
laboratory Laboratory

General science subjects Fuel technology i 2 -
General chemustry 10 S Heat engines | 3 |
Non-oiganic chemistry 3 — Heat engines 11 3 1
Organie chennstry | 3 2 Industrial pracesses 1 3 1
Organic chennstry 11 4 3 Industrial processes 11 6 3
Phystcal chemistry | 3 1 Industrial pracesses HI 10 6
Physical chenustry |1 3 1 Industral plannmg 2 -
Strength of materials 3 1 Usc of materials 2 -
Mathemates | 4 - Materials and
Mathematics 11 2 - ’ constructions 2
Mathematics TH 3 — Organization
Physies (electricity and and planming 2 —
magnetismy) 2 I Safety engincerng.
Theory of machines 2 i industrial situations
Hydraulics 3 | and patterns 2 -
Heat transfer 2 —- TOlAL 3 15
Heat and mass transfer 2 —
Electrical technology 2 _I Liumanities
Tora 51 17 Furst year 3

Second year 3 -
Professtonal subjects Third year 3 L
Physical metallurgy 2 | Tot vt -5 —
Fuel technology | 3 2 ! - .
Fuel technology 11 2 - Gr\WD 1011\L 104 32
I Prepartion hoars per week are as follows  fust vear, 4. second sear, 2. thud vear, 3, fowth year, 4 this

gives 4 total of 13 In the tourth vear, 7 hours are altocated to Projects

tme is distributed among the various groups of disciplines, compulsory classes
with a (wter and preparation as follows:

General science group S, = 51+ 32 = 1,632 hours.
Professional subjects: S, = 44 32 = 1,408 hours,.
Humuantties: S, = 9 32 = 288 hours: total for compulsory classes. S, =

3.328 hours.
Diploma projeet: S, = 7 - 32 = 224 hours
On-the-job traming (for I year upon graduation). S, = 1.600 hours.
Laboratory \~0rl\ S, = 32 - 32 = 1,024 hours.
Pieparation- S, I3 < 32 = 416 hours,
Theextent to \\lmh the technical aids are used. as well as the academie standing
of the teaching staff, will be taken to agree with the parameters derived for
the U.S S.R. insttutions of igher learning (MHTS and MPEL). A, = 0.50:
K, = 050.

The parameters will then have the following values:
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General science education:

, 5. 1,632
= O o R ¢
Ky = 30 = 55 = 0490,

Professional traming:
S, 1,408

(y = —d = - = 2
Ky= g = 3y = 042

Humamtics education:

s
Ky = % = 5 = 0.086.

Diploma project:

On-the-job training:

Laboratory work-

Preparation:

K., = P = = . 2 .
A e % TR )
Technical aids:
Kg = 0.50. (8)
Acadenuc stafl’
Ky = 0.56. 9)

The mtegral crterion' will have the following value:
1=9
K=Y %K,

10 x 0.490 + 8.0420 + 4 x 0.86 +

i

4+ 16 x 0066 + 6 x 0475 + 8 x 0.304 +
) x 0125 + 6 x 0.5 4 10 x 0.56

-

KR(‘ 1= 24.4-

1. This wtegral citerion differs from ihose caleufated carlier for the U.S.S.R."s Moscow
Higher Technological School (IMHTS) and Moscow Power Engineering Institute (MPEI)
and the United States’ Massachisetts Institute of Technology (MIT), mn that #t includes
probation which 15 due on graduation from the University of Salford (K.).
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Analysis of the curneula of imstiutions of higher learming

Comparison of the curiiculum of the Moscow Institute of Chemical Techno-
logy (course entitled “Technology of Basic Organie Oil-chenneal Syntuesis’),
the Tength of the course being 3 years. with that of the University of Salford.
analysed above, abso bears witness to the fact that the academic level of
education at Salford 1s in all respects lower than that ofivred by MICT. This
is evident from the analysis in Tables 11 and 12,

Tape 11 Companson of the curricula oftered at the higher educational establishments of
the U.S SR, and the United Kingdom

Moscow Institute
af Cheancal
Technology

University
of Saltord

(USSR) (Umited hingdom)
Length of the course S years 4 years
The enttre coure meludes the followg types
ol acadenue deuvity
Tutonal 143 weeks 32 . 4 128 weeks
On-the-job tramng 30 weeks Students dre recom-

mended to take on-
the-job trainmng dur-
ing vacauons

Over-all amount of compulsory classes 4,493 hours 3.328 hours
Lectures 1.792 hows 1.984 hours
Laboratory work 1.502 hours 1,024 hours
Practical 1.199 hours 320 hours

Diploma project 960 hours 224 hours

Preparation 4,000 hours 416 hours

Fasie 12 Distribution of acadenue hours reserved for compulsory classes, by sabjects

Moscon Instutute

of Cnemual Technology Lmnersits of Salford

(LSS R.) {(United Kingdom)
Subpt
Total {(ncduding Total Including
compulory tuboratory compulsory {aboratory
Calculus, mathemaucal
simulation and computers 463 56 -
Deseniptive geometry and
mechanmeal drawing 126 - -
Muathemates 1, H, 1H 288 -
Physies 306 162
Physies (electnienty and
nmagnetism) - o4 32
Physical metallurgy - 64 32
Group af chemucal subjects
Genetal chemistry - -- 320 160
General chenucal technology 126 46 - -
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Materal structure 90 - -
Non-organic chemistry 216 108 96
Organic chemistry 306 186 224
,’h,\\lcnl chemistry 247 157 192
Analyucal chemustry and

physical and chemical

methods of analysis 288 262 _—
Colloidal chemstiy 72 36 —
Fuel technology — - 224

Chemistry and technology
of basic organic and ol

chenmucal synthests 288 178 —
Toial 1633 973 1,056
Technical mechanses 234 18 —
Theory of machines — — 64
Strength of matenals — — 96
Technical thermodynamics 54 12 —
Heat transfer -— — 64
Heat and mass transfer -— — 64

General clectric engineermg

and principles of idustrial

clectronies 140 50 —
Electrical technology — — 64
Heat engines - — 192
Hydrauiics — — 96
Use of materals — — 64
Materitls and constructions -— — 64
Processes and apparatus

of chemical technology 227 137 —
Theoertical principles of

technological processes 63 — -
Plant equipment and

principles of designing 80 — _
Principles of automation,

and automauon of industrial

processes 98 36 — —
Ponciples of construction 52 - - —_
Fundamentals of safety

enginecring and fire-fighting

equipment 62 12 —- —
Industrial processes — — 608 320
Industrial planning —_ — 64 —
Safety enginecring, tndustrial

situations and patents -- - - 64 —
Industrial organization

and planning 98 — — —.
Chomical engineerning economics 54 — o —
Organzation and management - -- 64 —
Political economy i40 —~- — —
Humanities 416 — 288 —
Elecuves 88 — - _—
Physical training 140 — — —

GRAND TOTAL 4,479 1.450 3,328 m
O
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Anddysis of the cutnicula of ainsttutions ot higher leatning

Studerts of the Moscow Institute o1 Chemueal echnology are expected not
onfy to learn the diseiplines mentioned but also to work out a series of com-
prehensive course papers (projects) as follows {ifth semester  on theory of
muachines, seventh semester  on processes and apparatus of chenical techno-
logy . crghth semester  on automatics and automation of imdustrial processes,
mnth semester on andustral equipment, and on mdusti il organization,
plannimg and management,

Emphasis is Tnd mall course projects on the specilic features of chemical
mdustry For this reason, structutes are designed and caleulated (o take account
of operation and mamtenance i diferent environments and with large fluctua-
tons of temperature, pressure, ete Chemical technological processes, therr
antomation and economie aspects are alyo stiessed,

As i other institutions of higher learning, projects often taekle urgent
problems of practical signihicance and therr findings are made use of
industry,

Fach project contains elements of theoretical and eapertmental rescarch,
which serves the purpose of prepaiig students for the completion of a final
major work a diploma paper or diploma project

Ihe mtegral criterion for the Moscow Instituie of Chemical Technology 1s
A= 304

The above analysis shows that the length of the course and the volume of
chemieal subjects are less than at the Moscow Institute of Chemieal Tec hnology,
while factory traming v not included i the Salford curriculum at all

Unfortunately, the zraduate course programme for those wislung (o proceed
toa Master's degree s not asadable. If. in proportion to the new length of the
course (hve years), the basie indices are raised by 23 per cent., 1t would seem
that a student proceeding to the degree of Master s supposed to complete
(tarting from the first year of study ): 3.328 1,25 = 4,160 hours (compulsory
classes with a tutor), of whieh 1,024 1.25 = 1,280 hours (laboratory work).

No assumption 1s here made for lectare time since we can safely presume that
academe work i the Master's degree course takes the forin of experamentation
at laboratories and a diploma paper (thess),

The enrriculum for the course *Technology  of Chemical Engmeermg” for
stream “Cof the Uniseraity of Salford 1s given in Table 13, This curniculum
difiers but little from the one previously analysed and discussed. and all the
conclusions armved at i reference to that curticulum are valid i this case

the University of Salford awards the Higher National Diploma (HND) o
giaduates who successfully complete the study programme,

Al higher educational establishments of the U.S.S.R | including the Moswcow
Insttvte of Chemucal Techinology . award a uniform document 1higher School
Graduation Diploma  to students who stceessfully complete the study pro-
gramme, and Higher School Graduation Diploma (Honours) to those who
complete credit work for 735 per cent of all the curriculum subjects wath the
highest niark (5) and for the others with 4. and who defend their diploma
papers with the inghest mark, 3.
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Tabtr 13, The cuioculum of the coutse Technology of Chemneal Engineering’, stream *C',
Umversity of Salford

Total ne o hours lotal no o hours
per woeh per weel
Subjedt Subjeat
Compubory  Including Compubory  Indduding
[ERINYN laboratory chinses Liboratory
General science subjects [Fuel technology 1,
Non-organic I and (1] 7 3
chemistry 2 Heat engines |
Orgamc chemistry and 11 6 2
land 11 6 3 Industrial processes
Physieal chenstry 1, 11 and 111 19 10
lend H 6 2 Factory planning 2 —
Mathematies 1, 11 Lngmeering
and 111 7 -~ laboratory wotk
Physies (electniaty (tutorials) 3 2
and magnetsm) 2 1 Construction
Theory of machmes 2 1 materials 3 - -
Hydraulies 3 | Processing
Heat transfer 2 of maternals 2 -
Heat and mass Organization
transfer 2 and management 2 —
[lectrical technology 2 1 Safety engineening.
Strength of materials 3 1 mdustital situa-
Apphed mechanies 3 2 tions and patents 2 —
To1aL 40 12 Torat 54 ™
Professional subjecis Humanites 1, 1., HI 9 -
Physical metallurgy 2 1 Preparation 14 .-
Techieal drawing Designing _z -
Tand 1 [} 4 GRAND 101Al 124 34

Higher educational cstablishments of India

Secondary education does not follow a umiform pattern in Indit  there are
schivols with T and 10 grades. For this reason the universities ofler prepardtory
courses at wliuch pro-pective applicants for admission to higher schoo! tahe
what 15 called a pre-university year to complete the programme of the cleventh
grade of secandary school. The certificate awarded on completion of « pre-
paratory course (Pre-University Exanunation) and the High School Certificate
avarded on completion of 11 grades of secondary school make appheants
chgible for a unnversity.

Fnameers are trained at teclinical colleges and institutes Some of the
colleges are subordimate to universitices.

The colleges specializing in the technological ficlds (such as Bihar Technieal
and Caleutta Lagineering Colleges, Bombay College of Chiemucal Technology)
and exnting wilun the franiework of universities award thaer graduates the
first professional degree of B.Tech,
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the Danbad Miming Instutute, the Madras, Bombay . Kharagpur and Delln
technological institutes, and some other insttutions of lgher learming award
therr graduates ugher school graduation diplomas. of which some are com-
parable to that of B.Tech.

The fength of the coarse for the degiee of B.Tedh. is 4 to $ sears. As i the
higher technieal schools of the United Kingdom. this degiee 1s awarded with
and without honours, depending on the academic dttanments of the graduates.,
The Bacher 'r's degree progrumme provides for the study of general scrience
and generad engmeering disciplines for 2 to 3 years and professional subjects
for the Tast 2 years of study. Brief on-the-job traming 1s envisaged by the
course curricula,

On obtanng the degree of B.Tech | specialists are supposed to take industrral
trnnng for from 1 to 2 years. and thereafter are entitled to obtun posts as
techmeans

Mhe gualification of engineer 1s awarded 1o Bachelors of Technology after
they have worked in mdustry as techmicians for some ume and pitssed a
candidate’s exanmuauon at the relevant cngmccring society.

The currculum arrangements at 4 number of larger technical msututions
provide that on obtuning the degree of B.Tech. a graduate may go on to
advanced study at these mstitutions

This additional course offers an option of 2 study areas. design (1 year)
and research (2 sears) Those spectithizing in design are awarded the diploma
of dewign engmeer. and those speaializing in researching, the diploma of the
second professional degree of M. Tech.

INDEAN INSTIIIUTD OF TLCHNOLOGY, BOMBAY

The nstitute was founded in 1938 and recognized as an institution of ligher
fcarnig of university Ievel entided (o award academic degrees and issue
diplomas Schooling starts from the higher level of secondary school,

The undergraduate course lasts for S years and Ieads to the degree of B.Tech.
The curniculum provides for what is called an integrated course which, i the
INSITULE'S VICW, ensures & reasonable composite study of the scrences, apphied
draiphines and professional subjects, and this arrangement nuthes 1t possible
for prospective engineers not only to be competent spectahsts 10 industry but
abso to untertake invention

There s 4 2-year post-graduate course for the degree of Master in aero-
nauties. chemstry. clectnic-power engineening, mechanics, engineering metal-
lurgy. el engmeering and other fields. The institute also trains rescarchers
at the PhD level

The acadenue stafl includes 285 lecturers and tutors. of whom half hold
doctoral degrees.

\nanteresting feature of this and other hugher edue ttional establishments
i» that efforts are constantly being made to perfect the content and forms
of instruction so as to update the technical know ledge 1mparted to prospectine
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cngineers The curricula and syllabuses are subject to peniodical revision

heep pawe with scientific and technological progress. At the same time, the

closest attention 1> paid to the study of fundamental disuplines which serve
as a basis for the evolunon of the syllabuses

The curricuia and syllabuses of the mstitute incorporate programnies in the
sctences and the humanites, due account being takhen of the abosve consider-
auons. The disaplines of these groups are tahen up in lTogical sequence i d
reasonable pronortions all through the course of study.

A prospectine professional engineer goes through 4 stages of instruction at
the mstitute.

Learning the fundamentals of science as represented by physics, chemistry and
mathematics (general science disuplines). At the same ume, students are
eradually introduced to the technical trades tmeclianical diawing, shop-work,
and the like)

Studsing a group of reneral engmneering subjects (dynamics, mechanics of
fluids and solids, thermodynamies, electrical circuts, electronies, and some
others). Emplasis s lad at this stage on obtaiming broad fundamental
knowledge that will help the student to appreciate the links existing between
the saences and the engineering disciplines.

Working at subjects in the tield of concentration which will enable the studein
to develop his faculty for creating physical and analytical models in his
mind and concenning basic operating principles and an arrangement of
components for a structure to be designed.

Studying the peculiar features of structures as a whole from the point of view
of their operation, maintenance, econonies and indastrial aesthetics.

Students are required to write o« dissertation, hnown as o home paper. The

curriculum stipulates continuous study at all stages of the humanities and

soctad suiences (such as ethies, logics, economics. industrial imanagement) to
meet the objectives of modern souety and take account of the relations
batween man and machine, resources and their control.

A current plan to revise the whole pattern of instruction. including carricula
and syllabuses, s expected to be completed very soon.

The Master of Technology course provides for 1 year of study work and
another year for preparaton of a thesis.

Each engineering department offers 1ts students a4 set of selected groups of
more or less ngd disaplines representing various fields of learning. Each
group comprises required subjects and electises. The provision of a large
choice of composite programmes allows the student to select the branch of
science best attuned to his interests

A pruject to uinify the length of the courses and the syllabuses is at present
under way AL most Indian higher educational establishments the fiest yvear is
reserved for a4 preparatory course, mcduding the fundamental suences. On
passing examinations 1 these discplines the student s entitled to continue
his studies

The period of tnstruction at the Indian Institute of Technology (Bombay)
may be divided into 2 stages:

08
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Stage One: 5 years of mstruction and | year’s work n industry, leading to
the degree of B.Tech

Stage Two *after the B.Tedi s obtumed)) . a more thorough study of the various
subjects and instruction in methods of conducting independent research. This
stage leads to the second professional degree of Master in Engincering
Sciences and lasts for 1 to 2 years for those holding a B.Tech. (Honours)
and for 2 to 3 years for those holding a B.Tech. without Honours.

On completion of the second stage and hasing obtained the degree of Master,

graduates can proceed to a Ph.D. The doctoral course is 3 years long. Require-

ments for a Ph D. consist of preparing and defending a thess, which should
be a prece of major research occupying nearly 2 years. In fact. doctoral degrees

should abo be regarded as the first acadenuc degrees when majoring 15 in a

narrow specialized ticld involving research and fundamentally new scienufic

results.,

The ewsting curricula of the Bombay Institute of Technology (which are
ander e2vision at the present ume) give an idea of the cngieer traning pattern
in India The coming changes will not lower the acadenie kevel of education.,

The msutute’s academic year 1s divided into semesters. cach of 16 weeks.
Exammation sessions are held in the nuddie and at the end of cach semester.

The curricula are organized on the followng pattern. (a) general mstitute
requirements umform for all depaitments. 0 be completed within 2% years
(5 semesters) (see Table 14): (by specific departmental programme for cach
department. to be completed over another 23 years (5 semesters).

The total number of academic hours (2.704) reserved for completion of the
general institute requirements (the first stage of instruction) 15 made up as
follows: lectures, 1.136 hours (42.1 per cent): tutorial, 384 hours (14.2 pereent);
practical. 1,184 hours (43.7 per cent). This academie time 1s allotted to various
subjects as shown in Table 135,

If we arrange the academic hours according to groups of disciplines, we
obtam the following figures:

General science and general engineering disciplines. 2.240 hours, of which
944 hours (421 per ceny) lectures: 384 hours (17.2 per cent) tutorial . and
912 hours (40.7 per cent) practical.

Professional subjects 224 hours. of which 32 hours (14.3 per cent) lectures;
and 192 hours (857 per cent) practical.

Humanites: 246 hours, of which 160 hours (66.7 per cent) lectures: and
80 hours (33.3 per cent) tutorial.

e 14 General institéte requirements

Ycar Neof hours per week

of Semcster

RITIN [ ectures Tutonal Practieal Total

{ 1 14 5 15 M
2 14 h 15 M

I 3 4 5 15 M
4 14 5 15 R}

1 S is 4 14 3
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Taste 15, Breakdown of acadenue hours reserved for compleiton of general institute
requircments

Subject Lectures Tutorial Pracucal Total
Mathematics 288 160 96 544
Physics 256 80 216 552
Chemustry 192 63 192 448
Applied mechanics 64 32 48 144
Strength of materuls 32 16 48 96
Fluid mechanies 32 8 24 61
Thermody namics 48 16 24 88
Electrical circuits 32 8 24 61
Economics 64 — 32 96
Logics 32 — — 32
English 64 — 48 112
Mechanical drawing — —_ 240 240
Shop technology
(on-the-job traiming) 32 — 192 224
ToraL 1,136 384 1,184 2,704

tnstruction at the sceond stage is governed by the departmental programraes.
The programmues of the Chemical Engineering Department and the Mechanieal
Engineering Department, which are responsible for the traning of chemical
engineers and mechanical engineers respectively, are given in Tables 16 and 19.
Thus the total over-all amount of ume available equals. 2,680 hours, of
which 1,152 hours (42.38 per vent) lectures; 128 hours (4.9 per cent) tutorial;
and 1,400 hours (52.3 per cent) practical. The time distribution per subject
is gnen in Table 17.

Homework was’introduced in the curricula to enable the student to apply
hi> knowledge and skills to the solution of composite problems (such work
often takes the form of completing a small design or a mechanical drawing).
The content of homeworhk differs with the specialized fields of the departments,
and in some cases may consist of carrying out experimental research on a
limiuted scale. Some departments require their students (0 prepare a critique
or to process experimental data as their home assignment. The consensus of
opimion is that the student spends more ume on home assignment than is
stipulated by the curricula. This is bound to affect his progress in other discip-

Tasut 16. Chenucal Enginecring Department Programme. total amount of tme available

Year No of hours per week
of Senrester
stisdy I extures Tutorial Practical Total
i 6 15 3.5 16 345
7 14 LS 185 34
v 8 15 3 17 35
9 I4 ~- 18 32
A% 10 14 - 18 32
70




Analyss of the curnicula of insttutions of higher learning

Tapre 17 Time distnbution per subject

Subject Lectures Tutorsal Pracucal Total
Mathematers 64 16 32 112
Mathematies including

machine computation 48 32 32 112
Principles of chenneal

engincering operation 128 — 120 248
Materials technology 38 16 18 112
Chemical processes 256 — 280 526
Industnal stoichtometry — —_ 64 64
Equipment design and drawing — 48 272 320
Thermodynamies 96 — 96 192
Electrical engincering 32 8 24 61
Theory of machines and

design of machine elements 32 — 24 56
Industrial organization

mcluding cost accounting 32 - — 32
Electronics 32 8 24 :
Chemical engineering
Econonnes 32 — - 32
Kmeucs 2 — 32
Works visits - - 32 32
Instrumentation and

process control 64 — 64 128
Reacior design 128 - 128 256
Homework - - 128 128
Electives 128 - — 128

Torar 152 128 1 400 2,680

lines and his attendance at classes. Some commentators hold that the tenth
semester should be entirely reserved for homework. others believe that 6 to
8 months should be allotted to 1.

The total number of academic kours (2,704 + 2,680 = 5,384 hours) for the
full 5-year course is broken down as follows. lectures. 1,136 + 1.152 = 2,288
hours (42.4 per cent): tutorial 384 + 128 = 512 hours (9.5 per cent), practical,
1184 + 1,400 = 2,584 hours (48.1 per cent). Upon completion of the pro-
grammes of the third and fourth years of study. 6 wechs of on-the-job training
1s provided  The amm is to acquaint students with actual industrial conditions
(mechanical drawing, design, production. and counselling). It s believed at
the insttute that this is too short a period to enable students to acquire skills
and develop a capacity for mechanical drawing. Emphasis is laid on problems
mvolved 1n industrial orgamization.

On-the-job tramnmg cequals:

S, = 6 weehs 2 trning pertods 5 days 8§ hours = 480 hours

Time distribution according to groups of subjects 1s given 1n Table 18,
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Taser 18, Time distribution according 1o groups of subjects (in hours)

Subject Lewtures Tutoral Practical Toul

GENERAL SCIENCE AND GENERAL ENGINEFERING DISCIPUINES

General mstitute requirements

Mathematics 288 160 96 544
Physics 256 80 216 552
Chenmustry 192 64 192 448
Apphed mechanes 64 32 48 144
Strength of materials 32 16 48 96
Flud mechanics 32 8 24 64
Thermodynanies 48 16 24 88
Electrical cireuts 32 8 24 64
Toral 944 384 672 2,000
Dt’purhm’nlu/ progranume
Mathematics 64 16 32 112
Applhed mathematics
and machme computaion 48 32 32 112
Fundamentals of enginecering
chemistry 128 —- 120 248
Thermodynamics 96 -— 96 192
Electrical engineering 32 B 24 64
Theory of machine and
destgn of machine elements 32 — 24 56
Electronies 32 8 24 6
Kinetics 32 — 32 64
Toras 464 64 384 912
GRAND 10TAL 1,408 448 1,056 2912

PROFESSIONAL SLBJECTS

Toiw 688 64 1,320 2,072
HUMANITTS
Economies 03 — 32 96
Logics 32 — - 32
English 64 - 48 112

Torat 160 — 80 240
PREPARATION

ToraL 128
WORKS VISITS

Torat 32
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Hene the total number of academic hours allotted to all types of academic
vty equals 3384 hours. of which, 2912 Liours (542 per cent) general
scienee and general engineening disaiplines . 2.072 hours (38.4 per went) profes-
sional subjects, 240 hours (44 per cent) humanmities. 128 hours (2.4 per cent)
home (diploma) paper {thesis). and 32 hours (0.6 per went) works visits. In
addition. factory trammmyg 15 provided for 480 hours.

These figures prove that emphasts 1s kud on the study of general science
and general enginecrning disciplines.

It 15 pownted out in the Preface to the Collection of the Curricula of the
Indian Insutute of Technology (Bombay)' that the content of the curricula
and syllabuses 15 aimed at layiag a solid theoretical foundation in the field
of the sciences and the enginecring disciplines,

The study of the engineering disciplines is designed to enable students to
redhize the basie problems of engineering in o generalized form mstead of
accumulating fragmentary knowledge or partial methods.

Professional subjects come up for study n the last 2} sears and mclude
theors . design and traming v line with the specialized ficld chosen. The
programme at this stage provides for laboratory experimentatton. ndustrial
trarming. home preparaton. semmars. works visits. elc.

In order to find an integral criterion that would determine the academic
fevel of education attaned by graduates awarded « B.Tech at the Induan
Institute of Technology. Boembay. we shall calculate the parameters of the
individual types of acadenmuc activity:

General scrence education:

S 2912
Ky =2 = 7.7 =0.542. !
' S, 5384 ¢ t
Professional traming
S 2.072
K,= - = 77~ =033 2
- S, 5.384 %)
Humansties education:
S, 240 .
= o= = 0045, 3
Ro= g = sagy =008 9
Diplomi project
Sy 128
o= o = = 0.024. 4
R S, 5.384 @
On-the-gob trammg:
S, 32+ N0 <
= = = 0.096. 3
K« s, 5 384 0.096 ()

U Sallabies of the S-vear Integrated Cowne for the Degred of Bachielor of Lechnology . Bombay .
Indian Institute of Technology. December 1966, Repint of the Scaate Computtee to Revien
the Undergraduate: Programme. Bombay . Indian Insttate of Tedhnology . 1971,
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Laboratory work:"

.o Sy 1692
K, = ‘—b:‘—' = m = 0314
Preparation:'
, S, _ 12
Techmical aids and facilities employed m turtion:?
S
Kg = =4 = 0.50.
8 S 50
Academic stall:
o Pdcg —
Ky = 5 = 0,50.

K 15 denived from formula (10) page 40 and Table 3 as follows:

=9
K= 3 %K,

=1

+ 6 x 0.09 + 8 x 0314 + 10 x 0.138 + 6 x 0.50 +

+ 10 + 0.50 = 21,362
Ky ~ 214

(6)

(7

®)

©)

10 x 0.542 + 8 x 0.386 + 4 x 0.045 + 10 x 0.024 +

If account is takhen of the Master's degree course, the numerical value of this

critcrion can go up to something like K,;; ~ 3I.

It is extremely difficult to compare the content of subjects offered at the
Bombay Institute with those studied at the Moscow Institute and the University
of Salford. since the Bombay Institute curricula fail to use conventional
terminology and are extremely brief. In some cases it is next to impossible

even to identify fields of learning.

Taste 19. Mechanical Engincening Department Programme

Year Hours per week

of Semester

studs Lectures Tutorial Practical Total

HI 6 14 2.5 13.5 30

v 7 I$ 4.0 5.5 345
8 14 4.0 I55 33.5

v 9 i$ —_ 1€.5 315
10 14 — 16.5 30.5

1. The over-all amount of practical (laboratory) traiung and independent preparation s

tentatively differentiated by reference to the condensed syllabuses of the institute.
. Technical facilitics employed in tuittion have been considered in terms of thuse at higher

1

cducational establishments of the U.S.S.R.
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For example. course CHE-3250 “Industrial Storchiometry™ planned for 32
academie hours 15 defined as: “Power and material balance in typical processes
and operations” “Stoichiometry®, however. as a particular course, does not
form part of the programmes at any of the ligher cducational establishments
considercd in this paper.

Course CHE-321 "Principles of Chemical Engineertng Operations’ s detined as:

The hqund systen,, propertes., effect of compression and shedr-equation of conti-
nuity, energy and momentum, flow of iquds in pipes, channels, patched and fluidized
beds.

Flow past immersed bodies, storage, transport, pumps. The gaseous system:
pressure and vacuum, flow of gases through pipes and patched beds, storage and
transport. Non-Newtonran and two-phase flow.

This latter course is one of “Fluid Mechanics'. In the case of the Soviet higher

educational institutions these topics are included in the course entitled ‘Processes
and Apparatus of Chenucal Engineering'.

Tantr 20. Tune distribution as per subjeets

Subject Lectures Futonal Practical Total
Matheratics 32 16 — 48
Mathemnaties including

machine computation 48 16 24 88
Electrical engmeering 96 24 72 . 192

Theory of machines

and mechanisms 96 8 72 176
Thermodynamics

and combustion 32 3 24 64
Machine design and drawing 32 - 96 128
Workshop technology 32 — 24 56
Engineering metallurgy 32 -— 24 56
Heat power engmeenng 64 16 48 128
Strength of matenals 64 32 24 120
Punciples of engincering

production 192 - 192 384
Flurd mechanics 96 -~ 72 168
Machine design 64 32 144 240
Heat transfer 32 16 24 72
Refrigeration, air conditioning 64 — 48 12
Instrumentation and

process eontrol 64 - 48 112
Industnal organization,

COst accounting i — - 32
tlectives 64 - 48 112
Visits. seminar - - 128 128
Report writing 16 - - 16
Home paper (projecy) - - 128 128

ForaL 12 168 1,240 2,560
Q 75
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For the Mechanieal Engincering Department Programme the total number of
academic hours (2.560) 15 divided as follows lectures, 1,152 hours (45 per cent);
tutorial. 165 hours (6 6 pet cent). and practical, 1.240 hours (48 4 per cent)
Sce Tables 19 and 20,

Proposals for changes m the curricula are under discussion at the present
tine An academic year would consist of 2 semesters, 13 weeks of 5 working
dayvs each, providing for umnterrupted studies (lectures. tutorial, practcal).
The sinteenth week vould be reserved for preparation. and the seventeenth,
for actital exauunations crowming the semester The number of lectures and
the amount of practical traming would be cut down  On-the-job training
would tahe place durmg the third and fourth years of study within a shorter
pertod of 4 weehs.

The over-ail amount of teaching tme allotted to theoretical studies during
the wourse. and the total number of hours per week accordimg to study years,
semesters and (v pes of academic activity under the draft curriculum. ' are as
shown tn Table 21 These tigures show thai the total number of hours (4.507.5)
i semester (the fength of 4 semester cquals 135 weeks) allotted to theoretical
stitdies 1s as follows 1,930 hours (43 3 per cent) lectures. 495 hours (11 per cent)
tutorial . and 2,062 5 (45.7 pet cent) practical. Comparison of these figures with
the relatine parameters of the ewsting curricula s given m Table 22 The

Faste 21 Number of hours pei weeh aceording 1o stidy sears, semesters and types of
academic activ ity

Year No o of hours per weeh
of Scarester —_
study Lectures Tutorial Practieal total
I i 10 4 14 28
2 12 4 11 27
it 3 12 S 10.5 275
4 12 5 105 275§
{11 5 B} S 125 KIS
6 14 4 15 33
iv 7 14 3 14 3!
8 14 3 14 31
v 9 14 - 18 32
10 B} — 18 32

Taste 22 Comparson of draft proposais with existing curricula

No of hours reserved for theoretial stadies 1n curricula

[ypes of academie activaty

I usting Draft
All types of academie eetnviiy 5.384 (100 per cent) 4.507 5 (84 per cent)
Lectares 2288 (100 per cent) 1.950 (85 per ocent)
Tutoral 512 (100 per cent) 495 (96 S per cent)
Practeal 2 584 (100 per owent) 2.6025 (80 per cent)

v Report of the Senate Commitce to Revien Undergraduate Programme, op at.. . 08,
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comparson shows that the draft currieula tend to reduce substanually the
total number of hours allotted to theoretical studies and particularly to practical
work and leetures This trend 1+ also ev. fent from an andlysts of the distiibution
of the total number of hours according to indiv idual groups of deaiplines and
Gpes of academic acunvity m the draft curriculum (Table 23).

It will be seen that the draft curniculum aims at a substantal curtalment
of the academwe hours earmarked for mathematics (from 544 to 300, meluding
a reduction from 288 hours of lectures to 150), chemistry (from 448 to 330.
meluding i reduction from 192 hours of lectures to 150, and a reduction from
192 hours of laboratory and pracucal classes to 135). etc.

The mtention 15 also to set aside a large amount of ume m the ifth year
(preferably in the afternoon) for thesis work (home paper). so that students
wiil notdivide their attention between this activity and the study of programme
subjects

Should the draft curriculum take effect, the academie standard of traming
at the Bachelor's degree level will be maintamed.

Tamie 23 The draft curniculum general instiute tequuements, 24 years, and the Chemical
Logineering Departmental Programme, 2% years

Subject Lectures Tutorial Practicg’ townt

General scence and general engineer mg diaplines

Mathematis 150 150 - 300
Physics 240 75 2025 S517.5
Chemistry 150 45 135 330
Apphied mathematies 60 30 45 135
Machine computation 60 60 120
Mechaniaal drawing - - 225 225
Tota 660 300 067.5 1,627 5
Professional subjecis
Departmental subjects 0660 90 705 1,455
Electuy e 360 75 22§ 0660
Non-departmental 120 30 90 240
Workshop - — N 45
Totu 1.140 195§ 1.065 24400
Humaniries
t.cononies 30 30
Eeconomies and cethies 30 30 60
Logies 30 60 30
Fnghsh 60 60 120
Toru 150 90 240
Home paper (project) 240 240
GRAND 101 1.950 195 2.062.5 1.507'5
| - 77
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Higher educational establishments of France

School-leavers holding the Buccaleurdar are not immediately eligible for
wstitutions of hugher learning, and must go through an extra period of traiming
at preparatory departiments set up in certain [yedes for 1 to 3 years.

Studies at the gramdes écoley are centred round the fundamental (general
science and general engineering) disciplines, training of researchers being the
main objective. Institutions of higher learning, such as the Ecole Centrale des
Arts et Manufactures, Chdtenay-Malabry ., train engineers  chiefly for industry
(technologists and designers)  and managerial personnel, the main objectives
of trauning beng. (4) to enable students to form a scientific Weltans hauung
(b) to establish conditions for students to learn the fundamental engineering
problems related to the branch of technology in which they specialize; and
(¢) to train prospective engineers for independent work.

fn pursuance of this goal, instruction at the higher technical schools is of
a hugh theoretical level and is based on methods of rescarch  to some extent
at the expense of descriptive disciplines.

The higher educational establishments provide conditions for students to
master niethods of eaperimental research and to worhk on real problems and
complex physical phenomenda. All this goes a long way towards develeping
engineering intuition and resourcefulness.

Thie humamties, which help to reveal the urgent problems of modern society
and cquip spectalists with the understanding needed when working with other
people. play an important part in the technical education offered by institutions
of higher learning 1 France.

All these objectives can be attamned provided the faculty keeps in close
contact with students and. at the same tume, with industry and its latest
developments.

Students are allotted tome for independent work, which enables them to
prepare reports, think over major scientific and technelogical problems, study
scientific hiterature, and devise projects.

The warricula of nstitutions of higher learning provide, as a rule, for 3 stages
of instruction in France at the present time, e.g. there are 3 stages in each
major study area (physics and mathematics, physical chemistry. and bio-
geology) at the Natural and Exact Sciences Department of the University
of Toulouse

Upon completion «f the first stage of 2 years, students tahe an examination
ior the unnersity diplonia in the field of natural and exact sciences (Diplome
Unitervtaire des Etudes Scentifiques- DUES). A comnussion analyses the
attamninents of those students who complete the first stage programme and
plans their further fields of learning, with due regard to their capacities.

The second stage (induding exanunations) also lasts for 2 years and leads
to the degrees of Licence and Maiuise.

The degree of Maitrise fequuies the student to pas wminations for 4 cer-
tificates-- Certsficats C, and C, in the first year of s ,and C; and Cy4 in

-1
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thesecond The exammations are taken un completion of the reles ant theoretical
studres accompanied by Laboratory practice and course (researchy work.

Those passing the examinations for the degree of Licence i the first or
second year of the sceond stage may be exempted from one of the certificates
required for the degree of Vainise, and obtain the degree with only 3 certificates.

The third stage (2 more years) s resersed for those proceeding to a vanety
of doctoral dcgrccs’ Doctorat de Spécialud de 3 <vde (DS). Doctenr en Scrences
Techmques, and Doctorar d Frat.

Candidates for the degree of Docrorar de Spécialité de 3° « tdde must master
anmarrow spectlized ficld of learning and. as a prerequsite. obtain the Dipléme
JLades Approfondies (DLA) awarded after the first year of study at the third
stage upon passing written and oral examinatons i the major held of learning,
\ report settng out the research work completed duning the year 1s discussed
in the course of an ntersiew and a thests is presented and defended.

These requirements are sufliciently high for the completion of higher educa-
tion and transfer to a rescarch career leading to acadenue degrees.

As 1 other countries, the traiming of engineering personnel m France 1s
abo arranged through evenmg dasses. Tramng of ths type 15 offered, for
example. by the Conservatoire Nationat des Arts et Méuers This mstitution
has nearly 30 branches throughout the country and ofters faulities to those
mactive employment who hase a complete secondary education and wish to
raise therr qualtications and improve their saenttic, technical and economic
hnowledge mn off-work hours.

To mamtamn a high level of instrucnion. all those registered at the Conser-

vatorre National des Arts et Méuers are required o complete a preparatory
counse (cicle préparatoire) for 1 1o 2 years. duning which ume thy are taught
clementary mathemates and elementary physics.

Further mstruction. followmg the pattern of the full-time studies, falls mto
3 stages.

Stage *A” Lists for 3 1o 4 sears. Students must complete 7 courses and
receve 7 passes at this stage. Those receiving a pass for an extra (erghth)
course are entitled o the University Technological Diploma (Diplome Uni-
vensan e de Tedmologre DUTY or the Technolomeal Diploma of the Conser-
vatarre: Natonal des Arts et Méuers (DT du ' AM), depending on the
sabject for which the extra pass was awarded.

The second stage (stage "BY) fasts for 2 10 3 vears and consists of 5 courses
for whuch students are required to receive passes Those who obtam an extra
{>inth) pass are awarded the Diploma of Higher Technical (Economic) Courses
(Diplome d Lindes Supcrieures Tedhmgues ou Leononques DEST or DESE).

The third stage Gtage *C'), which lasts for 1 1o 2 years, involves an examin-
ation m d techmeal (or econonue) disciphine and completon of a diploma paper.
Sucerssful co mpletion of the study programme of ths stage leads to the Diplome
d ligénrenr e d Lconomiste) die CNAM.

Each course s, as a rule, of an itegrated type. 40 academuc hours of lectures
(includimg some broadeast by television) accompanied by semunars and n-
dependent preparation, The over-all volume of seminar work and independent
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prepudtion ranges from 80 10 120 hours A good repoit on the 40-hour
progrannne entitles the student to a pass, and on the 20-hour programie,
o a “half-pass’.

Practical traunig consists of making experiments and tahing measurements
AU laboratuties, and presenung reports on methods of applying the knowledge
so obtamed Clises of this type are organized i cyeles of approximately
20 academic hours, each Chass Lasting for an average of 3 hours Pulfilment of
all assignments in these practical dlasses entittes the student to a pass for the
20-hour programme and « half-pass’ for the 10-hour programme.

With o view to eapediung the tnunmg of specialists awarded the Diplome
dingemanr wor I Lcononustey du CNAM, students who eacel i theoretical
studies and practical traiming can be enrolled i a full-time department for
1-year course. Those registered at the full-time department leave ther jobs m
widustiy for the sear of study. The following requirements must be met by
candidaie for registrauon as o full-ume student. (1) @ 3-year uninterrupted
record of service i industry an the specithized field selected at CNAM, (b) the
status of o student of CNAM or of one of its branches, for at feast 2 years,
(€) possession of a Diplome de Tedmologie die CNAM.

A new procedure for obtaminyg the third-stage diploma was introduced as
from the 1970 71 acadenne year, as follows.

A candidate for the diploma is required to pass o general exanunaticn
consisting of 2 practical tests and 1 oral test, complete independent resedrch
work of « theoretical or Liboratory experimental character, and defend 1t s
a diploma paper.

The Diplome d"Ingcmewr dn Comservatonre National des Arts ot Méters and
the Diplime d Ingénienr ' Ltar do not come m the sume category.

The Diplome d'ingcmeur d* Ltat may be Jumed by citizens of the French
Republic of not less than 30 sears of age, having @ service record with industry
of at least 3 years, imduding 2 years in posts requining the generad theoretical
and technological knowledge of an engineer

The Diplome o Ingcman du CNAM can only be awarded to candidates who
meet the speatied prerequusites and requirements. No one may tahe an examin-
aton for the Diplomic &' Ingcnicur without aservice record i industry , evaluated
by the professor in charge i terms of length and sigmificance.

Lach candidate for the diploma is required to obtan the consent of the
professor in charge o contribute to the solution of the problems entrusted to
the professor’s Laboratory or design office In comphance with this procedure,
the candidate submits to the professor a synopsis of his work not later than
6 months m advance of the generdl examimation. If the candidate possesses
the required practical and theoretical bachground to enable him to discharge
the duties of an engineer, the professor dassigns him work for which he is
responsible.

In his testimonial, the professor in charge is expected to analyse the candi-
date’s proposed work, its origmnality and ts signiicance for science and
industry, The professor also indicates the casdidate’s industrial experience
and admmistrative ability, On the b -wis of thewe o ports, the CNAM director
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authonizes the candidate o take the general exanunation (practical and oral
tests) and complete a diploma paper

The duration of the pracucal tests should not exceed 8 hours. The tests
may anclude a project o caleulation of the detals of design. solution of
one or more problems. an analytical laboratory assignment. a cntical analysis
of documentation. a report on a techneeal assignmeni Iwo topies from the
hst of tests should fall within the candidate’s professional field.

One of the assignments should be ompanied by a written composition
to show the candidate’s ability to vpress his wdeas and thoughts in techmieal
language I addition. the professor giv *s the candidate an oral test comprising
« brief 1eport by the candidate on @ speailic topic selected by the commussion,
followed by a broad discussion of the topic

Performance 1y assessed on a 12-pomt scale, with coeflivients 3 and 3 for
practical and oral tests respectively

The candidate s allowed to defend o diploma paper only of the integral
mark obtamed with due regard to the coeflicients, comes 1o at least 96 ponts,
with 6 pomts bemg the towest possible mark for cach indisidual test,

Fhe tinal decision concerming the paper is tahen by a4 commission paesided
over by the professor in charge The candidate must make an oral preseatation
of this paper and the commission of experts pronounces on its merits.

If suceessful. the candidate is awarded the Diplome " Ingémenr du CNAM
stating the specialized field of fearming.

Hotders of the Miplome ' Ingémcnr du CNAM may proceed to the Diplome
de Cherchewr or Diplime do Docrew -Ingémenr Those obtamimg 4 diploma
of this hind are entitled to do academic work at higher educational estab-
bshments speciahizing in techmieal fields of learning.

It follows from the above that the duration «f studies for the Diplome
Lingemanr du CN 1M offered by this extiemely saaiable system of evening
classes at the Comervatone Natonal des Arts et Meuers ranges from 6 to
I sears

Those proceeding o the Diplime J Ingéniew o Ltar must meet another
requirement. namely, employmeat moindustry for @ specitied kength of ume,
so that all e all st may take a candidate as long as 8 1o 13 years to obtan
this diploma: Duspite the rather lengthy course of studies under this system,
the education oftered s narrower and of a Tower fesel as compared with that
provided by the normal day-tme pattern at the imstitutions of higher learming
i France. None the fess. ONAM graduates’ practical shills seem to be much
better than i the case of those who hase completed their education on the
full-ume pattern.

A\ more detatfed analyses of the curricula (full-ime conrey of the Institut
Nutional des Sciences Appliquées. Lyons (INSA). 1v gnen below

INSTEIU T NATEONAL DIS SCIENCES APPLIOQE T TS
Studies at the mstitute under the full-time programme owupy 5 acadenue

)
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TasLr 24, First stage programme (2 academic years)

Subjedt T);":lo:rt Laboratory Subjedt f)?';:):{‘: Laboratory
Mathematics 645 — Preparation for
Mechanics 105 — on-the-job training 16 —_
Physnc_s 5-30 180 TOTAL 196 —_
Chemistry 270 90
I ‘ench 60 —
ToraL 1.560 270 Foreign languages 120 -
ToTAL 180 —
Mechanical drawing 60 — . L.
Mechanical drawing Physicz! training
and technology 60 — and sports l_g) -—
Shop technols,zy 60 — GRAND TOTAL 2.056 270

years and consist of 3 stages. For the first stage, the length of studies is 2 years.
In the first stage (see Table 24), considered as basic for all fields of stud,,
students learn general science subjects, certain subjects of the general engineering
group, and some of the humanities.
Classes in mathematics in the firs: year of study (at the rate of 11 15 acaden:ic
hours a weck) are conducted by television. The mathematics »yllabus inclu-
des only differential and integral calculus, algebra, analytical and differential

geometry.

The courses m physics. chemistry and mechanics are not extensive.

TasLE 25. Second-stage curriculum for the scction “Chimie Industrielle’

No of hours for 2 years of study

Subject Lectures t aboratory Total
and samnars
Mathematics 30 -— 30
Non-organic chemistry 9 240 330
Analytical chenustry 45 — 45
Organic chemistry 120 270 390
Chemical kinctics 60 45 105
Structural physical chemistry 120 90 210
Electrochemistry 60 — 60
Thermodynamics 90 90 18C
Chemical techrology 90 — 90
Instrumental methods of analysis 30 30
Crystallography 30 0 60
Electronics 60 6n 120
Statistics 30 — 3o
Humanrties 80 160 24C
ToTtaL 935 985 1,920
82
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However. the total number of hours stipulated by the curriculum for the
study of mathematies. physics and chemistry 15 reasonably ligh.

Successful completion of the first stage entetles the student to go on to the
sccond. in whick students are registered for speaitic fields of concentrtion,

The second-stage curniculum of the Department of Chemical and Mechanieal
Ingmeering s gnven i Table 25,

Upun completion of the second stage. students are required, as a rule, to
work for a probationary period in industral enterprses. responstbility for the
flecessary arrangements resting with the Service de Liaison Erudiants-Entre-
prises set up by the Conmité de Bienfaisance des Ecoles et des Uniyersités de
Parts The term of probation 1» extremely brief (4 1o 6 weeks) bur may be
extended at the expense of the students’ vacations. Under these condutions,
probation cannot be regarded as an integral component of struction, closely
related to the content of theoretical schoofing. As & result, INSA graduates
have. as a tule. no industrial experience of any significance nor any direct
Anowledge of industrs.

The third stage of instruction. lasting 1 year. is reserved for the subjects
ginen m Table 26,

Independent preparation is siipulated at the rate of 10 hours a week all
through the S years of study. 1o e ble students to fulfil assignments and
work at study matenal.

The total number of hours allotted 1o compuisory classes and mdependent
preparation for the §years of study therefore amounts 1o S, = 2050 + 1920
+ 960 = 4936 hours. of which 270 + 985 + S85 = 1.840 hours Taboratory
work: and S, = 30 weeks 3 vears of study 10 hours = 1.500 Lours
preparation.

After the 1968 change-over 1o a fiv e-year coarse of study. basic study areas
were established i the tramimg of mechamical engineers. and 1t was decided

Fanas 26 Third-stage curricalum

Nes of hours

Subiect Icatares 1 thorators Lot
Wi A unars

Indurserisl Chemistry 60 60
Operaions analyvas and opiimization W0 0
Automaties and control 0 30
Chemiteal technology i 120
Analy ticai chemistry 120 120
Macremoleealar chemisiry 69 60
Reactor design ) 60
Humanses 6 105 135

Hectives organic and brologieal chemistry
macrochamntrs and physical chemistry
chemiaal technology | non-organie chemistry 10§ 240 115
Toru T96h

|
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i particular that specaahsts m design, construction, and the technology of
comtruction of machine-tooks should be tramed within the framework of tie
Scetion Mecamgue Apphguee” tGM ).

The bulk of graduates speaalizing in apphied micchanies will be going
resear b instiattons for permanent employ ment and 1t was therefore deemed
dewrable that mechamiedl engineers specializing i ¢ pphied mechames should
micet the followmg requircments:

Ty ~hould possess a sufliciently broad general saenutic education and hase
somic idea of how to realize i natuie designs of mdustrial compleses imvolving
large-seale use of machinery.

Thay should have a techmeal educavon, sufficienty compact and practical,
iv cnable them to create the planned system of mechanisms and bring it
to perfecnion. dealing with all ditliculties encountered.

A set of subjects was selected and tharr volume decided upon. to ensure that

micchanmical engineers were tramned to comph with the above reguirements

(see Table 27,

Taking o account the it stage of study. the distribution of the totl
munber of hours (4,436} amony the varous tpe of acadenue actnay will
be as follows

Total number of hours allotied to the programme 4456 hows. of which
630 hours tor 141 per cent) laboratory worh: and 480 hours (or €3
per cent) projects.

Distribution of acadenne time per groups of disaphnes: general saienee and
ceneral engineening. 2413 hours (34.2 per centys professional 1331 hours
(34 3 per cenod: and humamaes, 310 hours (113 per cent).

Fams 27 Carneudam for the seaiton “Meaanigue Appliguec Gocond and turd stages - 3 years
of aady)

toral N Total Ne
Subnat ot bours Suttrent of hours
Sashemates 195 1 abricants Ki]
. . » . - )
General prnciples of mecharies 165 Metallurgy and metab 0
| Automatics 75
I undanientals of hiiematies R .
- Technology of procesang
Osllations 75 and prodaction 165
Soldy mechanies 193 Hydrauhe and gas nachines 120
I hnd aechamies 60 Desigmng 480
. A1 ¢ A} AN R
IFhermaody naimies 30 l’"h‘ atory worl 6o
Panciples of ssmalation 15
I lectriead engineening | —_
For- 1.335
and cledromes 60
K.anematies and dynanues Fhie huminities
of nuchines 45 Orgamzation 210
o 855 GRAND T0§AL 2,400
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The corresponding distiibution lud down by the carnculum of the Ecole
Centrale des s et Manufactures at Chitenay-Malabr, a5 as follows. general
saence and general engmeening. 49 per cent. professional, 31 per cent. and
humanines. including cconomie subjects. 20 per cent.

It follows from tae above that the correlation between the general science.
generalengimeening and professional disciplines is roughly the same as stipulated
m the INS A curniculum. The difference appearing in the humanities programmes
can b explained by the fact that some economie subjects (ndustrial organ-
1zaton and management) are classed among the professional disciphnes in
one case and the humanities in the other.

An analysis of the curnicula of some other higher techmice schools 1n France
shows that «here s no difference in prinaple concerning the appropriate
pattern for engineer training. At the general mecting of the section *Mécamque
A\pphyuée” which tcok place on 10 May 156%, M. Bonvalet, Director-General
of INSA. sad that graduates from institutions of higher learming providing
a S-yedr counse could obtain an addit:onal or permanent education at special-
1zed schools in Franee or abroad  for example. at the Massachusetts Institute
of Technology.!

This sigmifies that INSA does not provide for a compicte engmeerning
education.

In broader terms, engineenng education can be divided into 2 stages:
birst staze. theorencal study for 5 years followed by probation in mdustry

@ a4 prereguisite for taking an examination and completing « paper for the

Diplime " Ingémenr of the institution of g’ or learning concerned.
Second stage: study for 1 1o 2 years for the Doctorar die 3° cvele.
It can be presumed then that studies for the degree of Dectorar du 3° Gdle
constitute the final stage of engineering educauon.

Analyas of the curreula prompts the conclusion that the degree of Engineer
awarded by the Massachusetts Institute of Teck slogy 1s comparable to that
of Doctwat du 37 (rdde anarded by the higher educational establishrie s
of Frang

i Option Genic Mecannne G Prygect d'une S ction o ongemenars Mecam: iens Designee
Provivurcmnent par G o Ltablic par la Commssion des Frogrammes de { Actuelle Sectien
Vccamyue Apphguee. p. 10 17
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The procedures for obtaining the qualfication or degree of Engineer (Diplome
d’'Ingenienr) testify to the prevailing view in Il countries that training of
cngineers without on-the-job practie is inconceivable. Even though higher
schools are not in a position to arrange planned factory training for under-
graduates while they are cngaged 1n theoretcal study . such training is considered
essentiai for graduates on completion of their theoretical schooling. Only if
they go through industrial training can they be aliowed to take the final
examination and complete and defend a diploma paper (project) for the degree
(title or qualification) of Engineer.

It would seem that the effect of factory training conducted upon completion
of the theoretical course is reduced in as far as it is hardly possibie to arrange
it under a specific programme taking acount of the general orientation in
the farmation of a versatile engineer, erudite not only 1n theoretical bu: also
large-scale practical matters.

In the case of the higher educational establishinents of the U.SS.R.,
compulsory introductory training is stipulated for first-year students upon
completion of the theoretical course and the subsequent examination. in
addition to study of the te;hnology of industrial production prucesses, which
tahes place at industrial-type workshops during the first to the third years
of education. The aim of introductory training is to help the student form an
dea of the specific features of theindustry in w hich he is destined to be cmployed
on graduation. Apart from arousing the student’s mterest in learning, such
iraining helps acquaint him in depth with piofessional discipiines.

The second phase of industrial (techaological) training oceurs on completion
of the third-year programme. Students are, as a rule, required to undertahe
workers” jobs at this time. The aim is to give them a chance to study the
techaology of production, ecuipment, machinery, devices and arganization
of work on the spot.

The third phase of industrial training comes after completion of the fourth
year of study. at whih time students are supposed to undertahe engineering
and technuiogical duties in posts falling within the competence of the Chief
Technologist, Chicf Mechanic or Chief Economist of the industnial enterprise
concerned.

The fourth phase is hknown as pre-diploma trining. Students are expected
during this phase to collect matenial bearing on their diploma papers (projects)
at 1ndustrial enterprises.
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Thus. the over-all iength of undergraduate industrial traiving ranges from
s 10 ten months (dependmg on the specihized field of learming) for the
entire pertod of educauon.

Industrial enterprises are nstructed to collaborate with speatic mstitutions
of lugher learning in this respect. the appropriate directives being 1ssued by
jomt orders of the Minister of Higher and Specialized Sceondary Educauon
and the ministers of the appropriste branches of ndustry. Studznts are enutled
to grants from the sttutions of higher learaing. and the foctonie, nay them
asalary over ard above the grant for work done as 4 non-academic assignment.

The factory managers are under an obligaton to move the students from
one working stition 1o another, o make arrangements for lectures by leading
factory specralists, and to provide conditions for the students to study indusinal
producuon (techinology. organization and economics) as a whole and n s
indnvidual aspects. With this aint in view. traming supervisors appointed by
higher school and factory. are jointly responsible for the execution of the
factery training prograrame .pproved by the higher educationa! establishments
concerned on the basis of an organic link with theoretical schoohng. With
mdustrial training patterned along these hines, cour.e paners {projects) are
prepared on the basis of both theoretical knowledge and pra ucal eaperience.

Factory traming is also a rich source of material for diploma papers {project),
which may prove of value not only theoretically but also practically and the
results of many such papers are in fact utilized in industrial production.

When factory training takes place after graduauon. it is divorced from
theoretical schooling. and factory managemenis can hardly be expected to
meet the requirements of higher schools in erms of training content and
procedure: the schools, in turn. cannot keep industrial training under control
so that.tisan line with the eventual goal of traiming broadly riented engineers.

One orher important consideration must be menuored: if a higher school
graduate comes to a factory 1o work and his ~ubsistence becomes the factory’s
responsibiinty, his employment will necessarily be geared o the saterests of
this factory. Industrial trunmg can only be effective if it is organized and
controll~d by a higher school which regards t as an integral part of insaruction

If students take jobs to study industrial production i vacation time., there-
fore. 1t may be said with certaingy that. in the absence of any supervision by
the higher school. there will be no significant raning f the fevel of pracucal
trauming for engineers.
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Academic degrees and titles

There are two academic degrees i the U.S.S.R.- Candidate of Science (in a
speaalized ficld of study) and Doctor <f Suience (i a speciatlized field of study ).

Candidates of Science are trained. as a rule. through post-graduate study
lasiing three years and offered by agher educationdd establishments and
research nstitutions. This is a speufie form of traming for highly qualified
teaching personnel and researchers.

Those seeking regisiration for post-graduate study must be graduates of a
higher school. pass a competitise entrance examinatien, and complete an
esay which s approved by the department head coiscernied. ia his essay, the
intending post-graduate siudent 1s expected to jusufy his choice of subject for
post-graduate study. stating why this particular theme should be studied at
all and what contributon 1t can make to the development of science and
technology. He should also give esidence of Tis famihanty with the proposed
and admcent ficlds of study.

Post-graduate students are required to sit for what is known as a Candidate’s
examination (n addition to the entrance examination), to complete a thesis
and to defend 1t public.

\ thesis for the degree of Candidawe of Science must contain new scientific
and practical conddusions and recemmendatiorns and show evidence of the
candidate’s capacity o pursue farther rescarch studies without supervision,
his competence in the field of study fie s engaged . as well as his knowledge
of the problems covered by tiic thesis.

The post-graduate student pursezs s studhes on an individual plan approved
by the Academic Counal of the higher cducatonal establishment or research
institution concerned for the entre period of the post-graduate course. A
supervisor selected from ameng those holding the degree of Boctor of Suence
1s appomted to gueide post-graduate stedents in their research.

A thesis for a Doctoral degree inust be a fully tndependent piece of research,
and zhow evidence of the solutiun of 4 major scientific problem and a significant
contribution t learning in a practical field of study. A candidate for a Doctorai
degree 15 not required 1o take any yjualifying examinations, and no deadlines
are fined for the presentation of his work.

The degree of Candidate of Suience 1s awarded by the Academie Council
of the higher educauviial establishment or rescarch nstitution voncerned,
having due regard to the results of the public defence. Compliance with the
procedure for granung the degree s supervised by the Degree Awarling
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Acadomie degrees and utles

Comnussion set up by the Muustry of Higher and Speaalized Sccondary
I-ducation of the U S.S.R.

\ person holding (ke degree of Candidate of Science ot the acadenie title of
Professor, who suceeeds in defending a Doctoral thesis m pubhic, s awarded
the degree of Doctor of Science The degree is awarded by the Degree Awarding
Commission on the recommendation of the acadenie counals of higher
educational estabishments or research istitutions.

The academic coundt. my aceept o thesis for defence no sooner than three
month~ after the candicate’s Jast published work on the thesis, Those seehing
the degree of Candidate or Doctor of Science must publish an abstract setting
out the main content of the thess and enumerating all published works on
the topic. and arculate copies of the abstract to interested institutions and
ofgantzations as well as o individual scentists and speetalists,

Ofticial epponents are then appointed st least two for a Candidate’s thests
and three tall Doctors of Scence) for a Doctosal thesis, and @ qualitied organ-
ation is designated  normally a rescarch mstitution or o higher educational
establishment to which the thests s referred for exammation.

In the hght of the discussion of the thests, the Academic Council takes a
deaision by secret ballot, requiring a qualtfied meority of the members voting.

It wdl be seen from the above that candidates for acadenmie degrees have a
complete higher education withia five o siv yvears, and are only required to
revedl therr ability i rescarch and Anowledge of the chosen field of study.

Whethier or not an academic degree 15 awarded depends wholly on the
scientific Tevel of the thess and on the extent of the contrbution made to
scienee. technology and culture, 1e. on e sigmificance and seope of screntific
achtevements.

Depending on thar academie or reseairch activaty, sceentific workers may be
awarded, apart from academic degrees, the folloswing academic titles. () jumor
mstrector inanstitutions of higher learning. and junior researcher m rescarch
mstitutions, (hy assouate professor in imstitutions of higher learning, and senior
rescarch i roscarch imstitutions. (o) professor i mstitutions of higher leavning
and research institutions

Those holding a higher cducation diploma and having suflicient Gualification
for acadenic or research work are eligible for the academic utle of Junor
Instractor or Junior Rescarcher The deasion is taken by the rector of the
institution of higher learning or the director of the research institution coneern-
ed. on the basis of a recommendation from the academic counal arrived at
by secret ballot

The academie titfe of Asscaate Professor (Senier Rescarcher) may be granted
to those holding thie degree of Candidate: of Science who have been appornted to
acompetitive post of assodiate professor at ananstitation of higher lfearming or
of sentor researcher at a ro carch mstitution. who have remained i this post
for at least one yean and who have completed and published duning this ume
scientitic worhs of significance for the development of science and technology.

The academic tide of Professor may be granted to those holding the degree
of Doctor of Suence. who have been appointed to a competitive post of
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professor atan msutution of hugher learning or of professor or senior researcher
ata research institution. who have remartned in this post for a least one year,
who have completed and published during this time suientific works of stgnttic-
ance for the development of science and technology. and who have auided
a number of students in their post-graduate studies

The academic ttles of Professor, Associate Professor and Sentor Researcher
are awarded by the Degree Awarding Comnussion on the recommendation
of the academic councils of the institutions concerned.

Professors and doctors of science who have been engaged tn successful
rescarch for many aears and who have solved a number of major problems,
thereby making an outstanding contribution to the development of scence
and technology. are eligible for the degree of Honoured Worker of Science
and Technology. This title 1s conferred by the Presidium of the Supreme Soviet
of the constituent republic concerned on the recommendation of the acadenic
councils of insttutions of higher learning or research inst:tutions.

The granting of this title 15 not dependent on the candidate’s age since
rescarch achievements are the only eriterion, but 1t usudally goes to scientists
of from 50 to 70 years old.

The swudy. Les Londes Supérieures. Présentation C. omparatite des Régimes
d'Enseignement o des Diptomes. 10 which reference has already been made,
states in the seetion devoted to the United Kingdom that there are two distinct
doctoral degrees (a) the Ph.D.. which is awarded in many fields of learning
after two or three years of study. completion of independent research work.,
subnussion of a thests and passing one or two examinations: and tb; the
Higher Doctorate. which is awarded to outstanding researchers who have
held a Ph.D for many years and have a series of original works. most ..f them
published. to their credit.

Both doctoral degrees are considered to be the highest academic degrees.

Institutions of higher learning award professional degrees and diplomas in
the following sequence. Diplome Universitaire du 1'" Qcle after two years of
study 2 Diplome after three to four years of study. Licence m e fourth year
of study. Maitrise on expiraion of the fourth year of study. Doctorat de
Spécialeé du 3 e after six years of study. and Doctorat d"Etat aiter cight
years of study.

It wall be noticed that the degree of Doctenr-Ingéntenr is not imcluded 1n the
frst. This 1s defined 1n the above-mentioned study as a degree of higher educa-
tien, which is awarded following the completion of a two-year course of study
and the defence of two theses reflecting the candidate’s work on the practical
application of science i technology. The degree is awarded provided the can-
didate holds a diploma attesting to an engineering education and three certificates
altesting to advanced traimng.

This means that these proceeding to the degree of Doc tewr-Ingénenr are
required to have a complete ngher education. Howeser, the level signifying
the completion of higher education 15 not specified Despite the requiremert
that a document be presented attesting to a higher educition, candidates are
also requrred to take an additional course of study. Another point calling for
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comment 1y that candidates an only expected 0 be able to apply scienufic
hnowledge 1o the solution of engineening problems The study tends to put the
degree of Docteur-Ingémenr and that of Doctorat d" Lrat on the same footing.

The study defines the Doctorat o Lrar as the highest degree in lugher school.
However, the degree of Maitrise is not suflicient to mahke a candidate chgible
for a Doctorar d"Erat which neeessitates an dditional course of study of at
least two years,

In comparing requirements for the award of vanous academic degrees, we
can only emphasize again that the exisung patterns of traning scienufic person-
nelin the United States, the United Kingdom and France do not stipulate the
award of degrees for attainments in research alone, as 1s customdary in the
USSR. Hungary. Czechoslovakia and some other countric. when ‘he
deaision is taken to award a Doctoral degree.

On the basis of avarlable mformation, 1t 1s difficult to pronounce judgement
on the cemparabihity of Doctoral degrees awarded i the United Kingdom and
the United States, despite a farrly large degree of similanty m the systems of
gher education and researcher traming i these countrics,

fe can be asserted. however, that the requirements for the Doctoral degrees
m the United Kingdom, Umited States and France, and the Candidate’s degree
mthe USSR areidenucal in character. F goes withoutsaymgthatthe scienufie
level of Doctoral theses in cach country and of candidate’s theses 1 the
USSR vanes, and for this reason comparison should be undertaken i
terms of the ume 1t takes a candidate to complete a thesis and the levels of
education he is required € possess. If this approach 1s adopted n assessing
the levels of Doctoral and Candidate’s theses. there seems to be no difference
in principle.

The degree of Higher Doc drate in the United Kingdom 15 comparable n

status to the degree of Honoured Worker of Science and Technology n the
JSS.R.
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Conclusions

The wm ol this paper has been to analyse m broad terms the patterns of

engineer traiming in the United Kingdom., India. United States. France and

the U.S S.R for the purpese of arriving at a method >f establishing comparabil-
ity of lesels of education rather than assessing the standard of speciahist traming.

This investigation has prosed, i our view, that it is neeassary o establish an

integral criterion to determune an academic fevel of higher education
However. 1t 1s 10 no way suggested that the proposals put forward are

conclusive or absolutely correct. --
ft would be advisable to consider these proposals along the following lines.

Is 1t possible at all to establish an integral criterion for an academie level
of education with non-dimensioned parameters?

Is there a possible way of establishing the components of 4 non-dimensioned
parameter and determining therr relative share i assessing an academie fesel
of education?

It mught be usefull for example. to establish a parameter charactenizing
the scope of rescarch attempted by an anstitution of higher learnimng, n
addition to one that would serve to assess the academic wtandard of 1ts
tecaching stalfl.

Is it advisable to define boundaries between engineer and rescarcher training,
and deternune a level at which higher education s completed and rescarch
activity begins?

It would be extrenicly useful if Unesco could draw a dividing hine bhetween,
on the on: hand, the tuition of students, when prospective specialisty, master
sucntific knowledge to giaduate from higher school and. on the other, the
trasiing of scientists, v hen fully fledged spectalists engage in creauve rescarch
dctivity and proceed to academic degrees that are only awarded for the solution
of major problems and the discovery of new laws relating to the development
of science and technology.
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