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Abstract - This article presents a discussion about the
disciplines of the first two years of undergraduate
studies in engineering, as offered by the Escola
Politécnica da Universidade de Sao Paulo (EPUSP) /
Polytechnic School of the University of Sdo Pauloni
Brazil, and which are common to students of all
specialization fields. These first two years are ferred to
as the Basic Cycle of the Polytechnic School, andrgain
all the fundamental Engineering subjects, such as
Physics and Calculus. After this cycle, there is a
mandatory advanced professional cycle of three yesar
consisting of subjects specific to each specializa, or
emphasis in Engineering, which is based upon the
theoretical foundations acquired during the Basic @cle
of the Polytechnic School. This article begins witla brief
historical account and the reasons for implementinghe
Basic Cycle of the Polytechnic School, and its
development through the years. This paper also ain®
thoroughly explain the “Basic Cycle” nowadays and
demonstrate that it has itsraison d"étrein particular
contemporaneous problems, such as evasion, verytlbt
interdisciplinarity, the decontextualization of disciplines,
the lack of integration among students and the intmal
competition due to a gradual selection system.
Furthermore, it is explained how students and profesors
face these problems, and a reflection on the solofis in
relation to these problems is proposed. A comparate
approach between the activities of this cycle andme of
the propositions of the Declaration of Bologna is lao
presented.

Index Terms — Basic Cycle, decontextualization,
interdisciplinarity, undergraduate in engineering

THE FORMATION OF THE UNIVERSITY OF SAO PAULO
(USP)AND THE BAsIC CYCLE

To better understand the Basic Cycle of the Polytic
School of the University of Sdo Paulo it is necegsa
identify the objectives of an university and, irrtpaular, of
the University of Sdo Paulo, from its creationhe present
time. In accordance with Heladio Gongalves Antuifitia

during the Middle Ages, the universities’ organiaatand
functioning had experienced almost no change. InlXV
century, a university was still a place that helik t
conservative values of intellectual and pedagod&athing
and its main objective was the perpetuation antstrassion

of the classic culture and the graduation of libera
professionals proceeding from the courses of Arts,
Theology, Medicine and Law.

From the Renaissance on, with the advent of new
technologies and the birth of the State-Nation, tlze
beginning of XIX century, the University structuseffers
modifications. Deep changes in the economic andosoc
political organization occur. The causal relatidietween
these changes are difficult to define, but a remirgion in
the way of production (characteristic of the Indiast
Revolution) is evident.

In response to the new forms of production, as aegll
the sprouting of new emergent social classes, tsities
had to redefine themselves in order to addresstthllenge:
how to graduate the students in an Industrial Age?

In the XIX century, different answers were giverdan
two fundamental reforms indicated the directione th
Humboldtian and the Napoleonic. Although being etiint
concepts, both had in common the affirmation of the
nationality of the universities and its integratias a basic
element in the national reorganization of a couninythis
context, the universities start to be national ifagons
worried about the instruction of the citizen ande th
professional, still preserving ecumenical charésties. The
characteristics of the main models at that mom&htahd
that still exists [3] are demonstrated in Table .

TABLE |
UNIVERSITY MODELS

Napoleonic Humboldtian Anglo-Saxon

Directed at a small Directed at a Mass education

Student access__ ) - Lo S
social elite small social elite in its majority

Connected to the
Administrative State, without
organization  university

autonomy

State functioning Of private

and financing, character,

but with independent in
university relation to the
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Chair system —
with public
functions, serving
the State and with
great prestige and

Function of power inside the

the professor

autonomy

Freedom of the
Chair - freedom
of education and

State

Freedom of the
Chair - freedom
of education and

State, ending up
influencing the
elaboration of
courses and
university politics

research research

Hypercentralization

gt%gfuurlg c(:cijr:lr?lcalrbem Decentralized Decentralized
nationwide)
Education with Taylorist
emphasis on education
technical (industrial
knowledge Education with  standards are
(technicist). It is emphasis on the transferred to
directed at the erudite and education

Objective formation_ qf the encyclopedic _ causing_ '
body of civil knowledge. It is productization,
servants (the elite), directed at the  normatization
as a way to formation of the and the
promote the researcher. collective
economic organization of
development of intellectual
society. work)

Under this new conjuncture, philosophical questiares
raised on the existence of universities and amdmget
questions, Antunha presents the following questiMinat
are the objectives of the University itself? Whatdkof
relations must the university keep with the Statd the
Academies, institutions and other establishmentbat\élre
the universities relations with rising science, Ipkophy,
and also with new industrial professions? [1]

From the XIX century until the beginning of the XX
century, the most distinguished works were: Caildina
Newman’'s “The Idea of a University”, and “Rise and
Progress of Universities”, Abraham Flexner’s “Unisities:

the isolation and dispersion of S&o Paulo’s higdthrcation
at that time, which was comprised of small indeped
schools without bonds and any suggestion of appraeac
exchange of experience. This integration was irddrid be
not only geographical but also related to the stubedies.

In order to enable the integration of knesdge a
common course term named the “Basic Cycle” wastedea
for all the students of the University. This Baglycle
would unite the freshman students of all fields basic
disciplines to promote a common and joint educatibiis
structure favors the social and affective compastiim
among the students regarding that the interactimong
people with different ideals is fundamental, beeaus
stimulates the critical spirit and the respect diversity.
Therefore, the College of Philosophy Science antlet
was created as a central institute to assembleydineral
disciplines such as Mathematics, Chemistry, Physacsl
Biology. The motive behind the creation of thislege was
to form a unit of knowledge common to all regardles
future specializations and to hinder the dispersiwin
knowledge and scientific fragmentation.

The creation of the University of Sdo Paulo and
ideals were fervently contested at that time, esfigcby
the more traditional colleges, which feared the lospower
through this union. The Polytechnic School also fad
pedagogical argument to preserve its authenticibg a
specialized education [1]. Diverse opposition hatéred
the University to implement some ideals, such as th
common Basic Cycle for all specializations.

Some polytechnics were in favor of segregating the
formation of engineers and “scientists”, and of the
organization of Technical Universities directed tie
professional formation of “industrial agents”. Megq
comments on the subjec¢tn the domains of engineering, a
strange conception of things reigns. It seams timatthe
opinion of the majority of those who profess it,dogineers
there is a Physics that has nothing to do withghgsics of
Fermi or Broglie. There lies the probable explaoatifor
the almost non existent influence of those whdtkm on
the evolution of nationality. In truth, there is nmon
contribution that came directly or indirectly frothis circle

ts

American, English and German’, Ortega y Gasset'sfor the solution of any of the national problemstipent to

“Mission of the University”, Whitehead’'s “The Endf
Education”) and Karl Jaspers’ “The Idea of the lémnsity”.

Within this context, the University of Sdo Pauloswa
created in 1934 under its founders’ view of a lder
university model. Mesquita, one of the founders of
University of Sdo Paulo, quotes the Governor Arncand
Salles de Oliveira’s speech: hiversities have the objective
to cultivate the sciences, to help the human sphdigress
and to give elements to society for the incessaméwal of
its scientific, technical and political bodiejgl].

The University of S&o Paulo was based on two
complementary principles: universality and inteignat The
universality principle is opposed to the specializbaracter
of closed objectives, which is typical of technical
universities, and cultivates the universality oblhedge in
all aspects. Promotion of pluralism and criticahscience
were expected in all the areas of knowledge. Tlea idf
integration was intertwined with the creation ofeth
University itself. The University was also createdsurpass
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engineering.”[1]

The concept of Basic Cycle was implemented at the
Polytechnic School in the 1970’s due to the refoahshe
University of Sdo Paulo. Contradictorily, a comnmurse
term has not yet been implemented for all the it the
University of Sdo Paulo. The Polytechnic Schooldmetp
offer it in 1976 through a resolution which creatis
minimum curriculum “omprised of two parts, one common
to all areas and another diversified, accordingetach area
of graduation” [5]; this was the first step towards the
current configuration of the engineering coursedie T
curricular structure of engineering in the PolytgichSchool
is resembled to the Napoleonic model in the fiesary but
later, it resembles Humboldtian and the Anglo-Saxmdel.
However, when examining the objectives, the fingi years
resemble the Humboldtian model and the followingrge
resemble a combination of Napoleonic and Anglo-&axo
models.
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Currently in Europe, the Declaration of Bologna has
generated much discussion about format and funation
higher education. The discussion aims at the imgmr@nt
of education and mobility of students and professonong
the educational institutions, and it has amongligctives
the adoption of a two cycle system, of undergrasleatd
graduation, the latter mandatory after the forméhe
undergraduate cycle, with at least a three yeaatdun, is
directed at the work market. The graduation cysldiiected
at students that want to master in science or mlat&hD.

THE ENGINEERING COURSE AT THE POLYTECHNIC
SCcHOOL

The Polytechnic School is located in the city 0b $F&aulo —

At the end of the first year, the students go tgtoa
second selection, where they can choose amongaf@as
(referred to as GA’s - Great Areas) related to difeerent
specializations offered:

1. Civil Area (Environmental and Civil)

2. Electrical Area (Automation and Control, Computeda
Systems, (4 month terms), Computer and Digital
Systems (6 month terms), Energy and Automation,
Electronic Systems, Telecommunications).

3. Mechanical Area (Mechanics, Mechatronics, Marine
and Naval Architecture, Production)
4. Chemical Area (Materials, Metallurgy, Mining,

Petroleum and Chemistry).

Depending on the students performance throughout

Brazil, and has more than 450 Professors and 4,50Gheir first year and the “vestibular’ grades theg able or

undergraduate students in the engineering couréés T
course lasts five years, which enables a studenbtain a

not to enter one of the four GA'’s related to thecsglization
they desire. If the student fails to obtain a vagam the

Bachelor Degree of Engineering, and confers on thedesired GA they end up studying their second yeas i

graduate the possibility to fully exert the engieg
profession, without the necessity of further cerdiion.

The Polytechnic School offers a 6 month speciatirat
terms or a four month specialization terms dependim the
chosen field. The six month term specialization®: ar
Environmental, Automation and Control, Civil, Contgu
and Digital Systems, Energy and Automation, Matsyria
Mechanics, Mechatronics, Metallurgy, Mining, Mariaad
Naval Architecture, Petroleum, Production, Eleciton
Systems, and Telecommunications. The four montm ter
specializations are: Computer and Digital Systems a
Chemistry. There is a two year mandatory preretusicle
for all specializations, named the Basic Cycle bt
Polytechnic School. That is followed by three ydargach
field. Currently, the first year is common for #ie students
and has basic disciplines as Physics, Calculuspt@ral
Geometry, Introduction to Engineering, MaterialseBce,
Technological Chemistry, Linear Algebra, Introdoctito
Computing, Numerical Calculus, and Mechanics.

To enroll in the first year at the Polytechnic Schthe

different GA with vacancy.

In the second year of the engineering course, the
common disciplines for the GA's are Physics anc@as,
but the Physics discipline for the Electricical @Assesses
more weekly class hours and more content, thanr®the
GA'’s. The other disciplines also possess a moreifspe
character, directed at the objectives of each apization.

At the end of the second year, there is a thirdcsiein.
Based on the performance of the two first yeams,stiudent
can obtain the desired specialization, once itrmgdato the
same GA. The gradual selection finishes at the afnihe
second year and from the third year on each sjediain
possess its own objectives and curricular structure

BAsIC CYCLE AT THE POLYTECHNIC SCHOOL
ADVANTAGES AND DISADVANTAGES

The format of Basic Cycle at the Polytechnic School
provides a series of advantages and disadvantagehe
engineering course. With a minimum curriculum céfibfor

student must be selected in a two phase nationwideall the engineering courses it is possible to bitager the

examination - called “vestibular’. The first phass
comprised of multiple choice questions and the ’sdco
phase in comprised of written questions. In regesatrs the
relation between candidates and vacancies offesedhe
engineering course has diminished as presentdeiiable
I

TABLE Il
RELATION BETWEEN CANDIDATES TO VACANCIES FOR THE EGINEERING
COURSE AT THEPOLYTECHNIC SCHOOL, COMPUTING AND APPLIED

MATHEMATICS
Year Relation
2001 13.38
2002 13.28
2003 11.79
2004 11.06
2005 10.11
2006 10.31
2007 9.74
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different specializations, such as curricular aspesocial
issues and students and professor’s integratiorg imay
which is similar to the objectives of the Basic @yc
designed for the University in its creation but yorfbr
engineering students. This exchange of experieanables
the future engineer to achieve a minimum commore ludis
transit among the different fields of engineerinegardless
of their specialization.

However, a course evaluation research done between
2004 and 2006 presented that the curricular streiatithe
Polytechnic School favored a segregation and disuaity
between the basic disciplines and the specific .omhes
accordance with the obtained data and discussibmgas
verified that the basic disciplines contents hawav |
relationship with engineering applications and/dthwthe
subjects of the specific disciplines. The studemts up in a
course where the first two years are distant from
engineering, this happens because they only leamnepts
without context. The lack of contextualization casighe
student to lose interest in the teaching contemd, iaduces
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the classes.
the

apathy and little participation in
interdisciplinarity absence also provokes
conseqguences.

The text reading were evaluated worse by the studarggathe
samecompetitive environment in which they live.

In 2005, research was conducted on the admission

These characteristics appear mainly in more basicprocess in which students from all terms and allrses of

disciplines, such as Physics, Calculus and Linegelta.
The curriculums of these disciplines do not commgem

engineering were consulted. The Table IV shows that
significant part of the students considered thedgmh

themselves in an ordered way and do not lead to aradmission system not advantageous.

application of the subject matter.

This does not mean that all taught content muse tzav
practical application in engineering learning, buteast the
content has to have connection with the reality thod
profession. The type of education that is utilaariand
practical and abstains from the responsibility team
something beyond the disciplines own scope, woildelyl
be more suitable for Technical Universities, opplot®e the
proposal made by the University of S&o Paulo.

Another disadvantage was observed from the resiilts
these researches is the gradual admission prooesfisei
engineering courses which is a theme currently weba
between students and professors.

In principle, this process makes it possible foe th
students to better understand the options in tist fivo
years, and later, with better access to informaéind more
time for reflection, choose their course. Howewer2005, a
research about the admission form was performearevh
students from all terms of engineering were coeslilin
which it was observed that only few students chdrpeir
minds about their course options in their first tyears, as
observed in Table IlI.

TABLE 1lI
INSIDE THEPOLYTECHNIC SCHOOL, HAVE YOU CHANGE YOUR IDEA ABOUT
WHICH SPECIALIZATION YOU INTEND TOGRADUATE?

1styear 2nd year
No 73.4% 73.7%
Yes, because | acquired more information 16.1%  9%3.2
Yes, because | will not have grades to be admitted
in the course | desire 4.4% 3.2%
Yes, because I'r'eallze that the market is |ncl|nedo'4% 1.2%
towards a specific course.
Yes, for another reason. 5.6% 7.4%

This type of admission does not influence the niigjor
of the students to change their course option,iastirs up
the competition among them, since the selectioterion
pertains to school performance. The competitiopcas$f the
students’ behavior to pursue better grades. Thig b
considered an advantage for some, but on the btoed it

develops some values considered negative such as

individualism. The students, for example, stop dingd in
groups or tutoring each other, because they coaildetping
a “rival” and “losing time” that could be used foheir
individual learning. In the researches it was al&russed

that the better evaluated professors where those wh ¢qurses

emphasized the exercises more likely to be on #ams,
thus validating the competitive system of the geddu
selection among the students. The best evaluatalktit
materials were those that possess all the answergexts
directed towards the exams. Professors who expladigcts
that are not demanded in tests and propose comptarye
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TABLE IV
DO YOU CONSIDER THE GRADUAL ADMISSION SYSTEM ADVANTAGEQS,
WHERE THEGA AND THE SPECIALIZATION ARE DEFINED AFTER THE
VESTIBULAR?

1st year 2nd year 30, 4° e 5° years
Yes 44.9% 53.8% 50.4%
No 45.1% 38.5% 40.5%
Indifferent  9.9% 7.7% 8.9%

The segregation of the basic and specific disaglin
leads to a lack of contextualization and intergibioarity.
Together with the gradual admission process, they
contribute to students abandoning the course, asame
observe in the data of the 2005 research, in Téblehere
more than 42% of the students, of all years, hdd fe
discouraged, thinking about abandoning the Polytiech

School of USP.
TABLE V
HAVE YOU CONSIDERED ABANDONING THEPOLYTECHNIC SCHOOL?

lstyear 2ndyear 30 40 e 5° years
No 58.1% 52.9% 46.0%
Yes, pgcause some disciplines 21 6% 20.3% 22 4%
are difficult.
YES, because it is not exactly 14.5% 22.8% 26.7%
what | expected.
Yes, because I think | will not be
able to obtain my first option of 5.2% 1.5% 3.3%
specialization
Yes, because | do not have the
financial means to maintain 0.4% 15% 0.8%

myself at the Polytechnic
School.

The research data, the contemporary problems of the
Basic Cycle of the Polytechnic School and finallther
more common models of universities around the world
suggest that a necessary change is apparent.

Furthermore, this change has to not only involve th
Basic Cycle of the Polytechnic School, but also tag
course structure, rediscussing the objectivesarfdhmation
of the engineer and the mission of the University.

A NEW BASIC CYCLE - REFLECTIONS

The Basic Cycle of the Polytechnic School can bseoled
from three perspectives: by time/duration of ternhy;
common curriculum/common disciplines for different
and/or  specializations; and conceptually,
aggregating disciplines with a certain characterist

The time prospective, as noted in Graph I, is enfttst
two years of the course, because the followingyaae's of
specialization.
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BASIC CYCLE AT THE POLYTECHNIC SCHOOL—BY TIME

On Graph Il is demonstrated that the first yeadshtis
have the same curriculum and second year studamésthe
same curriculum only if they belong to the same Gam
the third year on this situation changes, becalskitare
graduates follow their own specializations. Congidg all
the specializations the common curriculum existsnduthe
entire first year and partially in the second year.
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GRAPH I
BAsIC CYCLE AT THE POLYTECHNIC SCHOOL—BY CURRICULUM

Conceptually, the Basic Cycle of the Polytechnic
School does not present a very clear definitiomprinciple,
it serves as a base for learning the concepts seen
disciplines of professional character, but in theand year
it begins to present disciplines that deal with liagp
concepts, such as “Practice of Electricity and tedcs”,
“Characterization Techniques of Materials”, “Intumtion
to Manufacture Mechanics” and “Resistance of Materi
and Statics of Construction”.

When analyzing the Basic Cycle at the Polytechnic
School by diverse perspectives a lack of cohereisce
perceived. There is no time, curriculum and conosat
confluence, conversely to the Basic Cycle propasethe
time the University of Sdo Paulo was created. laliso
difficult to analyze the Polytechnic School Basigc@ in
relation to others university’s model-matrices, dgse it has
a different character.

A proposed solution would be to have the Basic €ycl
of the Polytechnic School in the first four yeansth just
basic disciplines and the same curriculum for dlé t
engineering courses, as presented in Graph lll.133teyear
of the course would have specific disciplines igiaaering.
However, this proposal would only segregate evererttoe
basic contents from the specific ones, diminishig
contextualization and eventual interdisciplinarity.
Furthermore, it would frustrate the student’s expons
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and would discourage the students with only seeing
engineering disciplines at the end of course.
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GRAPH Il
BAsIC CYCLE IN THE FIRST FOUR YEARS

Having these questions in mind, it would be attvact
to have a course structure composed of three cyties
Professional, the Basic Engineering and the Basithe
University.

The Basic Engineering Cycle would be formed wité th
concept of basic content common to all the enginger
courses, and would last five years, and would deseréts
occurrence from year 1 to year 4. The Professi@yalle,
having specific content and being different forleaffered
engineering course, would be spread throughoutyéags,
increasing its occurrence from year 1 to year 4 Blasic
Cycle of the University would be common in all Uersity
courses, presenting occurrence in all years, anddamave
common disciplines that approach subjects direttethe
formation of the citizen, such as Law, Economy,
Philosophy, Arts and Politics (according to Grayh |
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GRAPH IV
THREE CYCLES— AN ALTERNATIVE PROPOSAL

This model differs from the model considered in the
Declaration of Bologna, because it presents allesym all
the years, and has the only Professional Cyclectgide
towards the working market. Moreover, the Polytéchn
School's proposed structure possesses a cycle with
disciplines intended for the formation of the atiz
therefore, with a broader character.

CONCLUSIONS
In the researches and discussions between professar
students it was observed that the Basic Cycle & th

Polytechnic School has to be modified. Initiallyt, is
necessary to have a clearer definition on the géner
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structure of the course and emphasize the Basite@fthe
Polytechnic School through diverse parameters. Basic
Cycle of the Polytechnic School has to be coheana also
transmit significancy to the student who is avidr fo
knowledge about his future profession. An interamtion
between the basic concepts and its application is
fundamental as an incentive to the study and touwage
student participation. All aspects previous consdemust
be strengthened with a change in the admissionepsofor
the offered specializations. The Polytechnic Schuad to
have a system that favors the contribution, instebithe
competition.

The three cycle course model can be an attractive
alternative, because it will bring applied knowledm its
first year, and will bring a larger flexibility toeach
specialization, enabling them to have their ownricular
structure, and will propitiate the integration amothe
engineering students in the Basic Engineering Gycle
because it will be spread over 5 years. The thrgsdec
course will also favor a deeper study connectedpiific
disciplines. It will also facilitate the exchangkexperience
and integration with students of other courses éamxt, but
not least, will graduate engineers who possess kuge of
other areas and are capable of fully exercisingir the
citizenship in society.

This pattern differs from the models previously
described and is closer to many concepts cited fityrha,
and in certain ways, reestablishes the ideals @& th
University of Sdo Paulo.
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