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Abstract - Schools that provide the science-core
themselves (rather than delegating it to preparatoy
schools) face a serious motivational problem: havin
already been admitted to an engineering school, ddents
expect to receive engineering training and are uslig
disappointed and discouraged by classes that thegrid to
consider too theoretical and overly scientific. An
alternative possibility is explored in this paper,in which
some classroom hours in formal disciplines are repted
with tutored workshops on engineering topics that etice
the use of relevant scientific content. It is argug that
tutored problem-solving assignments motivate the
acquisition of disciplinary knowledge while increasg
the awareness for needed interactions between diptines
in real-world projects.

teaching Civil Engineering in a leading engineerseool in
Brazil.

THE NEED FOR A SCIENCE-CORE
(OR, DO WE REALLY ACT ACCORDING TO OUR BELIEFS ?)

There is little disagreement that all engineeriigdsnts
should be proficient in physics, calculus, linedgeara,
chemistry, as well as numerical and graphical niadel
mechanics, materials science, etc., before theytawde the
more specific challenges of the engineering culuitu
Students of five-year course engineering scho@suaually
expected to fulfill those requirements in the firgb years.
Actual results frequently prove to be far from id&e
degree of success of these first two years varidslyfrom
school to school, but one frequently observed autcas

Index Terms- science-core, motivation, tutored workshops,rather frustrated students who feel they have st first

real-world projects..
INTRODUCTION

Some engineering schools require entry-level stisgdenbe
proficient in mathematics, physics, chemistry, ,eand offer
a three-year course in engineering. Typically stisle
acquire the required science-core knowledge in gregpry
schools, where they find motivation in the perspecof
being admitted to a prestigious engineering school.

On the other hand, schools that do provide thenseie

two years in an engineering school without learnamy
engineering. Quite frequently they do not effediviearn
the science-core either.

Figure 1 shows a rather dramatic result observetieat
“Escola Politécnica” of the University of Sdo Pauloshows
that a large percentage of the Civil Engineeringdshts
carry on without having really cleared their sciewore
requirements. These results are negatively biaséth w
respect to the student population in the Schoatabse of
occasional job market circumstances and pecuBaritif the
selection procedure for different branches of eegimg.

core themselves — typically as part of a five-year

undergraduate curriculum —, face a serious motivati
problem: having already been admitted to an engimge
school, students expect to receive engineeringitrgiand
are usually disappointed and discouraged by cldbs¢shey
tend to consider too theoretical and overly scienti

Some schools try to mitigate this problem by meains
an “Introduction to Engineering” course in the fiyear, as
well as courses on applied sciences, and even htiesan
Results are questionable, with a significant pewgn of
abandon and generally mediocre performance, evem fr
students that later prove to be quite motivated &opul
ranking.

Especially in the case of engineering schools which

belong to universities, another frequent discuss@ates to
the background of the professors who teach theseieore:
should they be engineers or rather should futuggneers be
exposed to differing views of science?

Most of these questions are addressed in this pamer
reflect the personal view of the author, after abinty years
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Frequency distribution of 3rd yr Civil Engineering students
according to number of flunked courses in the first two years
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FIGURE 1
DISMAL PERFORMANCE OF STUDENTS IN FIRST TWO YEARS
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The obvious question is “why should the Schoolallo
students to proceed without having fully completéeir
science-core?” This tends to be difficult to explasince it
would mean that the School itself admits that tbierse-
core is not that essential after all... In someresre
circumstances, fourth- or fifth-year students wouba
encountered who had not fully completed their szeecore
yet. Needless to say, students in that situatidmdt usually
graduate in five years. This question has beenesddd in
many debates, and some restrictions are being gssigely
applied to the promotion of students who have ootgeted
all requirements.

Academics from other areas (or disciplines) do iot,
general, feel compelled to stimulate the develogméthese
abilities in their classes in engineering schools.

An engineer, when teaching fundamental science
disciplines, might arguably be more alert to theechdo
familiarize students with the challenge of ideritify the
problems and the possible solutions offered by hihsic
sciences. He might, however, be incapable of offethe
diversity of thought that is so much needed among
engineering students.

This is precisely the positive point, especially in
universities that have this possibility, of having

Even students who have been rather successfulein ttmathematicians teach calculus to engineering staden

first two years often give the impression of havietpined
almost nothing of what they have been taught. Tikis
probably an oversimplification, but the
consequence is that many professors in the follpwisars
do embrace the notion that the students are ndtpnepared
in the science-core. And they proceed to teaclhr théiject
matters with minimum resort to the science fundaaien
refraining from using trivial results in calculug physics.
This has probably to do with the fact that profesgelate all
too well to the students’ feelings about the fingb years:
after all, they may have gone themselves throughviry
same experience, since these problems seem tableawein
the root of the engineering teaching and learnimgegss for
decades.

The whole picture is aggravated by the rate of dban
during the first two years, which fluctuates betwe&86 and
4% at “Escola Politécnica”.

physicists teach them physics, etc.. It helps brpathe
students’ horizons by increasing their exposurepéople

surprising with different perspectives of life. In this senbg, the way,

encouragement of engineering students to take soomeses
in humanities should always be welcome (the disonssf
the integral formation of the engineer is, howevsyond
the scope of this paper).

The proposed solution? Replace some of the hoerst sp
in formal science classes with workshops, tutored b
engineers, in which that knowledge is discussedapplied
to real-world problems. No need to reach profesditevel
engineering solutions to those problems: the pathather
than the end-result — is the essence of the process

PREVIOUS EXPERIMENTS

An experiment has been under way for some yedissabla

If one does believe that education is more tham jusPolitécnica” of the University of Sdo Paulo, invioly the

teaching, there must be a solution for this apgatdé@mma.

THE PLOT THICKENS ...|S THERE A WAY OUT ?
(OR, WHO SHOULD TEACH WHAT ? AND HOW ?)

A few years ago two eminent colleagues, professbfSivil

Engineering in most prestigious schools in North ehica,
delivered lectures ([1], [2]) in which the main reage was
“forward to basics”, meaning that more and morerdton
should be given to the science-core and appliednses,

course “Introduction to Engineering”. This is aditeonal
course intended to give students a general ideahef
profession. In the past professors and professoimalthe
several branches of engineering were invited taveel
lectures, which would supposedly help the studehtsose
one area or another. However, the exposure wasealy
enough to give the students a real appraisal af Hotivities
in each of the different branches of engineeringrédver,
questionnaires circulated among the students [6¢ lshown
that less than about 27% do in fact change thegina

since knowledge accumulates and changes at a lmate tchoices during the first two years in engineeriogo®l. To

makes it impractical — if not impossible or everelevant

— to try to keep students abreast of this ever giman

reality. They should rather be taught the basiogipies, and
be stimulated to develop the ability to grasp fundatal

features of a new problem and to identify prospecti
solutions (resorting to well-learned scientificmiples), as
well as to acquire life-long learning skills. [3]

make things worse, while time was not nearly enofagh
effective presentation of every option in the epgiing
profession, there was no time left to discuss tkaegal
characteristics of the engineering professionfitsel

The whole engineering curriculum at “Escola
Politécnica” had undergone significant remodelinglD99,
but it was only in 2001 that a new “Introduction to

Engineering schools must, in fact, facilitate theEngineering” syllabus was introduc€d mainly by the

development of the ability to identify, formulatadasolve
engineering problems by applying knowledge

mathematics, physics (plus chemistry,
depending on the specific problem at hand). ([#),[5

initiative of professors in the Naval and OceanigiBeering

of Department, especially Profs. Célio Taniguchi aretridni
biology, ,etc.Luiz Brinati, whose innovative contribution is hbye

acknowledged. The new course is intended to give th

As previously discussed, professors of technical anstudents a hands-on experience in engineering gmobl

applied science courses that appear later in thecalum
tend to fall short of this goal, due to the — realupposed

— perception that students have not achieved ad soli

understanding of the needed science fundamentals.
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identification, proposition of alternative solutgrevaluation
of costs and consequences of each alternativejustified

1

http://www.poli.usp.br/Organizacao/DepartamentoafiBacaoDisciplina.as
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choice of one of the solutions. General themeschmsen
each year for the project, such as “Residue genarand
disposal”, “Rational use of energy”, “Rational usfewater”,
etc.. Different classes are assigned differentstaskch as
rational use of water in hospitals, or in schoolsin private
homes. The task is further subdivided within eaelss<and
assigned to groups of 4 to 6 students. Each ateiganized
as a small firm, makes visits to the object of pteject,
gathers information about real needs and prefeserai@ut
possible alternative solutions, and establishesraifor the
choice of the “best” alternative. At the end of gemester,
classes that have been assigned the same task teofope
the best approach to the problem (nhot necessdrdybest
solution).

Results have been quite encouraging. There is lysaal
short initial period of uneasiness, while studexdapt to the
idea of having to tackle a real-world problem, deespaving
just entered engineering school. The fundamentalstHe
development of a definitive solution are obviouslygt laid
yet, and therefore the support from the professotutor) is
most important during this period to help studemderstand
that the process rather than the end-result is wbally
matters. This idea is assimilated after two toghseeks, and
student involvement usually goes irr@scenddill the final
competition, which tends to mobilize students imanner
not usually seen in other first-year courses. \&ithnd oral
presentations of partial and final results help aliey
communication, planning, control, and teamworkitbs.

Very few students (typically less than 5%) flunksth
course. Unfortunately, in many engineering schadaisd
“Escola Politécnica” is not an exception) such amcome
sometimes contributes to a negative rather tharntiy®s
evaluation of the course. This outcome must, nbedss,
be analyzed in conjunction with the very low observ

absenteeism, combined with an average performargde w

above that observed in other first-year courses lond

dispersion, both intra-class and inter-classesrd leestrong

evidence that the course attains its objectives paudly

fulfills one of the students’ expectations as thayer an

engineering school. The author believes that a laimi
approach might effectively address other expeatati@and

most of the aforementioned dilemmas.

THE ENTRY -LEVEL PROJECT (S)

Many engineering schools require a project or menis
(either individual or group work) during the lastay before
graduation (typically the fifth year). It is belied that a
similar project could be undertaken within thetfingo years
to familiarize the students with engineered sohsiderived
from knowledge acquired in the science-core andieghp
sciences.
Main objectives of the project:
e place the scientific knowledge in proper enginegrin
perspective and exercise its application for tHetsm
of real-world problems;

* help students identify the interrelationships aochmon
ground among different branches of engineering;

- foster social, political and environmental awarenes
well as the ability to work in teams.

General themes can be, for example, energy, housing
transportation and logistics, telecommunicationsatew
resources and sanitation, or any other generak isbat
appears to be relevant to the formation of an eggiat any
particular time and place.

Within each of these general themes, specific ptsje
will be assigned to classes and groups, much isdhee way
adopted for “Introduction to Engineering”. Studemil be
graded on the basis of their class projects, group
participation, and personal portfolio.

Each student will be required to prepare a personal
portfolio accounting for his participation and cadtitions to
the project. Each project will be graded accordmgvritten
and oral presentations before a jury composedefabulty
involved in the course and invited professionatsifiar with
the theme and the project. The very same projelttbai
assigned to two or three classes, so that the final
presentations will in fact be a competition betwéfims”
that have possibly adopted different approaches.

In keeping in line with the original idea of theucse,
grading should value the effectiveness of the iearn
process (demonstrated ability to make use of tlemnse-core
and applied science fundamentals, and understarditige
interrelationships between different branches @firgering)
over the final engineering solution itself.

Given this requisite, it is probably better to stdris
discipline with a course in the second semester, and
depending on the scope of the project, extend ributh
courses in one or two subsequent semesters, psoglys
gaining insight into the problem.

SOME SPECIFIC REQUIREMENTS

As far as creating specific projects it should kptkin mind
that engineering students have, in general, a aaturiosity
for engineering projects and are increasingly avedreheir
relationship with people, nature and its resouréagjects
should therefore foster this awareness, a condeab is
frequently missing from engineering curricula. Hetpthem
learn to cope with uncertainties and the tradeiofifslied in
their decisions is also essential.

Projects should never be restricted to specifiadiias
of engineering, just as they usually are not ircfica. On the
contrary, they should be devised so as to fostemash
transversal interaction as possible, so that ieksionships
rather than just peculiarities are the preferreéimseto help
students envisage the different professional optibefore
them.

In the project for a new transportation system, for
example, the students should be stimulated to ¢aalklsorts
of problems, from the logistics and the financiapects of
the project to the mode of transportation, its na@dtal and

* motivate young engineering students by stimulatingenergy characteristics, the interaction with thty eind the

them to investigate engineered solutions to realevo
problems;
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environment, the infra-structure works needed,. ethe
project should be well anchored in time and spsoéhat the
students feel related to it (such as the new tr@maton
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system between the downtown area of the city wileee
school is located and the local airport). At theneaime, a

The main one is, as usual, a question of motivatibn
people. It must be recognized that, while the psapo

systemic view of the enterprise — and the ensuin@ddresses the motivational problem of studentdods, at

investigation on its relationship with productiohains —
should be stimulated to help the future engineecelhis
work in proper societal perspective.

No excessive emphasis on the actual engineeringrofessor and the scientist-professor

solution (or solutions) can be given, since fist-second-
year students still lack specific technical backmga They
should, nevertheless, be encouraged
bibliographically and personally) for the
information so as not to be led astray to non-s&ali— or
even non-viable — solutions. To this end, parthaf faculty
in all
necessarily by persuasion rather than impositiorin—the
effort, by setting aside a few hours (one to twe) week to
act as consultants to the different groups worlingentry-
level projects. This should also give the studenfivor of
the richness of the interaction with professiorsgscialized

to search (boprerfectly
essentialfundamentals are being taught, so as to be abiaks full

branches of engineering must be involved —

the same time, create the need for motivating peufies and

tutors to act in an orchestrated way to achievetjectives.
The question of the interaction between the enginee

is of paramou

importance. One of them will have to teach the amdntals

in a rather traditional way, while the other wilhve to be

informed as to the level at which those

advantage of this knowledge while guiding the shislén
their projects.
Achieving this integration is by no means a trivisk.
Nevertheless, it is a challenge probably worth utadéng.
ADDITIONAL ADVANTAGES

In addition to all other points mentioned, this aggzh to

in different areas, as well as the ensuing realdvor education in basic sciences for engineering stsdeas the

difficulties.

It is obvious that the groups need tutors. As atenaf
fact, no formal lectures are planned for this ceu&tudents
are required to attend three 50-minute tutorialsvpeek. In

advantage of easing the adaptation of five-yeainerging
schools to the Bologna declaration.

It cannot be denied that there are some concemns, i
different parts of the world, about the formatiofi @

order not to increase the credit requirements of thbachelor in engineering in three years, particyldrhe first

engineering course, these three sessions per wesk e
taken from the regular first- and second-year csjrshe
idea being that examples and applications of thgest
matters of those courses will be dealt with inttiterials.
Instructors for these tutorials should be enginesrsas
to provide guidance about the areas of engineénvgved
in the project at hand, to help select the appabgri
references and “consultants”, and to help studestisgnize,
in the development of their projects, situationswhich

two years are entirely devoted to the science-careourse
that offers a hands-on opportunity for problem swvin
engineering might be extremely useful under
circumstances.

the
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Applications of integrals, derivatives, single- amadulti-
variable functions, matrix and vector operatioriffecential
equations, conservation principles, etc. springnbod in any
engineering project, so that all the instructorsehto do is
draw the students’ attention to them and make sigges as
to how to proceed to derive the results needethtproject.
The course will not probably be
applications of the science-core in strict termgpartunities
will certainly develop for students to be encoudhge
exercise all skills acquired,
developed in second-year
probability and statistics,
structural engineering, materials science, thermadycs,
simulation, modeling, and computer science).

On this day and age, when students are increasingigl

more conversant with computers than their tutore oan
even dream of computer simulation games aimedsante
the students’ knowledge, skills and abilities acegiin the
project.

PERCEIVED DIFFICULTIES
While the proposal seems promising, especially rgitiee

success of similar experiences, it is not withast awn
serious difficulties.
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restricted to

including those typically
courses (such as applied
engineering mechanicsd a [2]

preparation of this manuscript. The author is gisdeful for
the opportunity he has been offered to teach “thtotion to
Engineering” at the same School, where many ofideas
presented in this paper have flourished in the ifgnag

interaction with colleagues and first-year students
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