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ABSTRACT

This paper discusses the demand of university-level engineers
in Brazil. Information 1s glven on the schools of Engineering
in Brazil, on the yearly output of engineers, in each field of
specialization, on thelr industrial demand and on the measures
taken to inerease the output.
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The need for the training of engineers in the basic sclences
is emphasized and claimed to be important for the developing -
countries as well as for the advanced countries. The difficulty
offered by the obsolete structure of traditional unlversities can
be provisionally circumvented by the creation of modern instl-

. tutes, where research work is intimately assoclated to the
teaching function, which will give an example to the older ones
on how to change. '

An example is described in the field of physles, in Rio de Jg
neiro, where the Brazillan Centre for Physics Research spontaneousg
ly became a national centre of training of assistants of physics
and graduate students of Engineering Schools of other reglons of
the country.

Another 1nitiative which it is hoped to influence favourably
the quality of the sclentific and technological educatlion

of technielans, englneers and scientists required to maintain
and expand that &evelopment in the frame of the national interest.
The first problem is the affair of economics and engineering
specialists. The second problem has usually been discussed by
these experts and by educators. I believe that -the scientists of
such countries should have a great interest in the problem since
they have something to say about the education of scientlists and
engineers. '

First of all a remark must be made concerning the transfer of
industries to less developed countries. They immediately require
a certain number of specialized workers and technicians. But if
the technological and industrial problems which ocecur are not to
be investigated only abroad and thelr solutlons exported to the
less developed countrles = if they are to be investigated and
solved locally, as 1t must be - there will be a growing need of
university-level engineers and scientists.

In Brazil, such a need starts being felt, There was, in this
country, in the last 20 years,; an industrial growth which was not
accompanied by a corresponding output of ihte;mediate—level tech-
nicians and university-leve} engineers. Of great significance -
to summarize the situation in this respect ~ is the fact that,
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according to the 1950 census, only 1.15% of the personnel working
in industry had_a technical education. This index exprisses the
low technological level of the industry in this country

The number of university-level englneers evaluated in. Brazil
{n the 1950 census was 25 532, corresponding to an index of 1
engineer per 2 000 inhabitants. This index, however, includes

engineers who do not exercise their profession or who have ad-
ministrative functions only. Less than 50% of the university-edg
cated engineers work in industry: the figure is 44. 58 © One

obtains, therefore, an index of the order of 1 engineer working
in industry per 4 000 inhabitants in this country.

In the United States,_in 1957, there were 528 000 engineers,
152 000 scientists and 58 000 administrators of scientific and

engineering activities employed by industry, of which about one
third were engaged 1in research and development activities 3.

This problem has been the subject of discussion and studies in
Brazil and is leading to the organization ~ of new Engineering
Schools and new Universities in this country. The Table I gives
the number of university-level schools of Engineering in Brazil 4
since 1940. From 1940 to 1950 only three new schvols were created
while from 1950 to 1962 sixteen new schools were organized. The
Table II gives the number of engineers graduated in Brazil 4 year-
1y since 1940 and by specialized fields. The numbers are exceed=~
ingly small. It must be polnted out that the new schools have not
all been created as a result of a pre-established program. And in
fact the organization of such Schools have not been accompanied by
the required intensive program of training of professors and es-
sistants for the new positions, in spite of the important effort
of the Brazilian National Research Council (created in 1951) and of
the Commission for the Training of University-level Personnel (CA-
PES) (created also in 1951), which have had a very limited budget
for this purpose. The Table III gives the number of fellowships
granted for studies abroad by the first of these organlzations 5
from 1956 to 1961; Table IV gives the number of fellowships granted
by cAPES-8 in the period from 1953 to 1961.
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They illustrate the highly unsatisfactory situation concern-
ing the training program. -

It is not enough to increase only the number of universities.

Tt is indispensable to improve the quality of the teaching and
research staff. In the Engineering Schools, the Assistant and
Full Professors must be competent not only in the case of the
discliplines which have an applied character but also 'in the basic
sciences and they must be dedicated to thelr jobs in the uni-
versity. And a national effort has to be called for a change
in the structure of the Brazilian Universities to make this pos-
sible and to change them into modern  institutions corresponding
to the actual needs of the country.

How does one change the structure and the mentality of old and
obsolete universities in countries in a stage of development ? If
cne sets aslde the intervention by force or the reforms which fol-
low from revolutlonary movements, an efficlent way to induce such
a change 1s, in the opinion of the writer, the creation of a new
institute or a new university with a good and modern structure and
s competent staff, which will in the long run provide an example
for the other, traditional, ones to change.

Two examples are now avallable in Bragzil.

In 1949, an institute was founded in Rioc de Janeiro in g
speclal field, the Brazilian Center for Physics Research (Centro
Brasileiro de Pesquisas Ffsicas). It had the support of seientists,
engineers and men of social and political repregsentation and Its
aims were to promote and stimulate research in physics and to offer
courses on those branches of this sclence which might be regarded
as a cbmplement to the university courses in the Schools of Engine
ering and of Sclences in the country. The structure of this Centre
was chosen to be that of a private institution to allow for more
flexibility in 1ts expansion.

One of the great problems which have faced the universities in
Brazil has been the structure of their professorship career, The
Universities are divided in Schools and each one of these hag a
given number of disciplines called chalrs, FEach chalr 1s occupled
by a Full Professor (called "professor catedratico") who is ap~-
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‘pointed after a competition takes place in which the candidates
present a thesls, give classes and submit to practical and written
examinations before a Committee. In such a system, the sclentific
production and 1life of the candidates are considered with a
relatively small weight if at all,

In the Brazilian Centre for Physics Research this system was
abolished, The career starts with the posjition of Instructor and
follows through the positions of Third Assistant, Second Assistant,
First Assistant to Associéte Professor and Full Professor, Scien-
tifie and teaching experience, with strong emphasis on original

scientific work carried out, are the fundamental criteria for
admission and promotion of the scientific staff of the Centre. From
the beginning, young graduates were admitted for post-graduate
training and sent abroad with fellowships after they hed already
carpled out research work in the Centre., Several of these young
men occupy & research position in thls Centre and elsewhere after
having completed thelir doctoral work abroad,

As a result of the work thus developed, young assistants and
graduate students were sent to the Brazilian Centre for Physics
Research by the Schools of Engineering of other regiong, of Brazil,
such as Pard) Oeard, Pernambuco, Bahla, Minas Gerais, Parand and
Rio Grande do Sul G&tates for initiation in research work.

Training has been offered’'in two levels: in an elementary level,
as & review to unsatigfactory courses obtained elgewhere, the
Centre has offered & course with laboratory experiments in General
Physies and practice in glass work, machine shop, electronies, pre
cision optics and mechanics, Graduate and postmgraduate courses
have also been offered in experimental atomic physics, structure of
matter, nuclear physics, solid state physlcs, electronics, quantum
mechanics), eleatromagnetic theory and several topicg of advanced
theoretical physics. Research work has been carried out and

'publiahed, mostly in journasls of international circulation, on
cosmio radiation physies, nuclear chemistry, nuclear emulsion
.Btudies of low and high energy events, elementary particle and

quantum fleld theory, nuclsar theory, problems of propagation and
“diffraction of electromagnetic waves, solid state physics 7,



CBPF-CS-001/63

The medernizatlon of Engineering education in the universitiss
of countries in phasge of'development will hardly be successful =
let me emphagize it again - if basic research work is not stimulag
ed at the same time, It was the reputation obtained in Brazil and
in the other latin American gountries by the research  effort

employed hy the Brazilian Centre for Physics Research that ate
tracted graduate students and Assistants from the Enginae?ing
Schools of universities of other cities of Brazil to the Centre

for an Intenslve training period in physics. This work has of -

fered a consplcuous example of the funﬁaﬁental importance of an
intimate association of research and teaching work in the basic
sciences. And 4t proved that it was feasible in  this counfrj.
Moreover, it spread and brought a concrete support, to the 1dea
that the Physics professorial staff in any university-school - N

ineluding Engineering Schools - must be first of all good ‘physi-
cists engaged in actlve research in one of the fields of pure or
applied physlecs. This i1dea 1s not accepted without a strong :re-
sistance. The Engineers would prefer them to be the professors of
any ‘speciality in an Engineering School, even if they only  know
the special field superficially. And Iindeed, the by-laws of the
Schools of Engineering in Brazil, require that the candidates for
the Physics professorship carry an Engineer diploma. If they' do
not have such a degree their applications for the professorship
competition will hardly be accepted. S '

Obviously, the action of the Brazilian Centre for Physics Re~
search has béen limited to physics; and research work has  been
conducted only In the field of this sclence in which its scientists
are speclalized. Its catalitic actlon has however, been felt
through the years in other institutions of the country. Toge ther
with other research institutes, the Brazilian Centre for Physies
Research has been Invited by the federal university of Rio de Jane}
ro - the University of Brazil - to offer this university's poét-
-graduate courses and training in Physies. - “

The fundamental problem still remains, however, that the
scientists of these research institutes do not have access to the
university students - including the Engineering students - to teach
and train them while they still are in the undergraduate level. For
in Brazil, many research institutes and many first-rate scientists
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are outside of the universities not because they do not want +to
teaéh;‘but because the universities have been closed to them and
rhave presented obstacles to their incorporation into the
university.

The other important Initiative which it is hoped to signifi-

cantly contribute to the improvement of the education of engineers
in Brazil was the creation in December, 1961 of the University of
Brasilia. Since about four years ago, a group of Brazillan scien-
tits and educators strongly defended the idea that if the new

Capital of Brazil were to have a university, this must be dif-
ferent from the traditional universities in the country. A rare
opportunity was offered to build a modern university which  wounld

abolish the system of appocinting catedréticos and would invite
competent men to start each department. Moreover, it was sug-
gested that the University were formed of Institutes of  baslc
sciences such as mathematics, physics, chemistry, biology and

geological sciences, and Institutes of Arts, Letters and Soclal
Sciences. These Institutes would offer the basic and  advanced
courses for students who wanted a degree in that special field.
But such institutes would also'give the basic courses for students
who after two or three years would go into a professional school
of the University such as Medicine, Technology (comprising the
several branches of Engineering) and others. The structure of the
~university has been outlined elsewhere 8. The plan is progres-
sively belng made into reality.

Physicists from the Brazilian Centre for Physics Research have
. been invited to organize the Institute of Pure and Applied Physics
for that Unlversity. A detailed program for this institute is
under study which will include a substantial amount of basie and
modern physics and physical techniques needed for the modern engl-
neer as well as for physicists and chemists. It is hoped, further
more, that there will be strong interaction between the staff of
the Physlcs Institute and that of the Technology School in  the
choice and contents of subject matters for regular and special
courses and in research work. |
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If this work is allowed to6 proceed according to the plans and
recommendations of the experts and if the best scientists and
specialists in other flelds of knowledge are finally appointed to
the staff, this University will have accomplished a peaceful
revolution in the Brazilian University system.

Already, the University of Brasiiia, 1ts aims and its intended
organlzation, Is affecting the older universities - which take the
first steps to review their present structure.

These are some of our problems and expectations -in Brazil.
In the advanced countries, the scientifiec training of engineers is
almost&automatically offered in good universities which  have
sclence departments working side by side with the englineering
departments.

In a country like Brazil, the need of a greater output of
university - level engineers and of intermediate technicians is
presently recognized by industrialists and Government authorities.

There isy however, presented before us the problem of changing

the unlversities, their system of selection and appointment ~of

. professors, the problem of attracting competent young men  to

scientific and teaching positions in our universities, of creating

these positions and opening them to such young men, of surmounting
the traditional obstacles which are opposed to modernization.

Local initiatives, as the ones described in this paper, need,
however, aid and cooperation. It is very important that intere
national organizations which have as their brogram to stimulate
technological education and industrial development, have a full
realization of the special problems of each country and of the
reglon it belongs to. An organization, like the United Nations
Speclal Fund, which considers requests of aid to improve Engineer-
ing education In developing countries, must understand that basiec
sclence and scientific research are also important in modern times,
for engineers, for electronic engineers, metallurgical englneers,
nuclear engineers, among others.
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A failure to stimulate the proper Interaction between scilence
and technology, a pressure to separate and isolate the Engineering
Schools from the Schools and Institutes of Sciences represent. a
step tackwards and a threat to make the economically smaller
countries developed only to the stage when they can import  Iideas
and assemble mechanisms invented abroad.
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Table I

Number of Universltv-Schools of
Engineering in Brazil

 Year 1940 | 1941 | 1942 | 1943 | 1944 | 1945 | 1946

Schools 13 13 13 13 13 13 1a
Year 1947 ) 1948 | 1949 | 1950} 1951 | 1952 1953

Schools 14 | 15 15 16 16 | 18 19
Year 1954 | 1955 | 1956 | 1957 | 1958 | 1959 | 1960 -

Schools 21 22 25 26 26 26 28
Year 1961 | 1962

Schools 30 32
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Table III

Fellowships granted by the B;azilgan National Regearch Council
' Years

Field 1986 - | 1957 1958 1959 1960 | 1961
Agronony 10(52) 112(75) | 981) | (92) | (82) | (é7)
Biology 24(142) | 25(148) | 21(154) | 13(152) | 4(170) {3(190)
Chemistry 7(82) |1a(65) | 12(73) | 7(73) | 2(76) |6(10%)
Geology 1(40) | (41) (39) (59) (27') (25)
Mathematies| 5(18) | 6(2a) | 7zp) | 3(31) | 6c26) | 7¢s7)
Physics '19(44) 17(44) 18(46) | 16(31) | 10(17) | 8(32)
Technology | 20(4) 16(9) 9(23) | s(27) | 4a(28) | 6(20)

Numbers outside brackets refer to fellowships for study abroad.

Numbers inside brackets refer to fellowships for work in the country.
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Iable IV

Fellowships granted by CAPES
in the period 1953%-1961

Agronomy and Veterinary
Bilology, Medicine and related
Physics and Mathematics

Engineering, Architecturse and Urbanism

151
1159*

253

510

* Including 201 fellowships granted in cooperation

with the Rockefeller Foundation.
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