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Abstract. The ability to transform engineering basic scieng@o technology and solving problems, are somthef
main qualification requirements for an engineerngibuting for the society development and sustali@aconomic
growth. However, it can be seen that few universitind education institutions in Brazil are effeely working in
projects focusing on the society benefits and itrgutemands. This issue is related to the gap ao# bf synergy
between the engineering education institutions avatket, where a more long term collaborative wonowd be
developed. The companies globalization also reguile engineer of 21st. century be prepared forvibed. The
aggressive product time to market launching recaiinggh expertise, experienced and trained profesds able to
speed up the development cycle, doing right at fite time, with quality and competitive cost. Therrect
combination of human intellectual capital and teglugy infrastructure is the driving force to achéethese goals and
the key element for the success of the enginesratan. Investments and partnership programs inliadpscience
oriented to solve real engineering problems for ble@efit of the society should be increased. Higddlenges should
be overcome to address the lack of updated laboest@nd practical knowledge of strategic enginegrdisciplines
like material and computational sciences, electtsnicontrol systems, robotics, manufacturing preess NVH
(Noise, Vibration & harshness) and fluid dynamithe aim of this work is to study the main reasdnthese gaps,
evaluating the key steps, difficulties and oppdties during the formation of an engineer. Datalection has been
conducted by interviews with a range of particigaramong graduate, undergraduate students, professor
researchers, industry engineers and technical leadénally, the results are then discussed andganad with recent
studies reviewed in the literature. It is expectedgenerate a guideline for education institutionsyiversities,
technological centers and companies that contriddite the process of preparing the Engineer offbaure.
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1. INTRODUCTION

Engineering is a profession that has been sedusaaple since middle age, becoming essential thrabgh
Industrial Revolution. Leonard da Vinci, considetbd first-ever engineer, associated art with esgiimg in early XVI
century. Thomas Young, a physician, studied sewangineering concepts and developed the Young sulmedear
1807. Nowadays, engineering continues attractiofegsionals from every knowledge areas. Howevgreat question
still remains and it is important to know if theadjty of engineer formation is aligned with the ketrneeds.

New world trends demand a new kind of professioceghable to think global without losing the dimemsof local
peculiarities (Brito and Ciampi, 2008). It is nes&y to give an engineering student the capaciadapt to the market,
making opportunity by the planned ability with diegy and flexibility and no more only reproducikgown solutions
(Belhot, 1997).

Engineering is a career of passion with high somieltent. Health, safety and human comfort dependngineers
and these professional help the economic developdwento their capability to value the productioithwechnological
incorporation (IEL, 2006).

2. THE ENGINEER FORMATION IN BRAZIL

The engineering education in Brazil grew togethi¢gh\Brazilian development. Figure 1 shows the eegircourses
evolution.

Since near 1980 the number of engineering coursddrazil has been a strong growth however the tyuali
technological resource didn’t have the same dewedopt demanding training needs to the engineer. ffaising can
be supported by the company or in sometimes bgtigineer.

Usually the time to prepare an engineer technieatlér is near 8 years, after graduation. Howewernthrket
demands to reduce this time. In order to achieigegbal the key engineer competences should bdafma: during the
graduation.
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Figure 1. Engineering courses growth.

3. METHODOLOGY

The companies and universities need to work togdtrehe benefit of the society. Knowing that, #egineering

and the engineer play an important role in a dgyeoof society.
Inside the society-company-university triangle ¢éhare relations with student, engineer, professdr raarket to

achieve the better society development. The Figullestrates these relations

SOCIETY

‘ Professor

COMPANY UNIVERSITY

Figure 2. Relation triangle.

The aim of this work was to conduct a survey alibet relation between university and market, anatyzhe
resulted contribution for the society, based onithpressions and opinions of students, engineecsegsors and the

market have.
Four surveys i.e. student, engineer, market anfégsor were built in homepage (http) specially deyed for this

work. It was possible only one answer (automatycadintrolled by IP). Electronic mail was send talegroup through
mailing list.
The four groups population size analyzed in theseeys are showed in the Table 1.

Table 1. The 4 group population investigated.

Student | Engineef Markef Profesgor
100 99 20 17




Proceedings of COBEM 2009 20th International Congress of Mechanical Engineering
Copyright © 2009 by ABCM November 15-20, 2009, Gramado, RS, Brazil

The survey was conducted independent of the itistituso, there were no specific questionnaires dach
institution. The students are from various univésilike USP, Unesp, ITA, Mackenzie, Unicamp, IFER, Unip,
Uninove, FMU, FESP, IME, etc., at least a studemrinfthe universities listed.

The multiple choice questions followed the guidelimom Mattar (2001) where the list of options ddased
possible answer and it is required that at least @nthem be selection. Nevertheless, the optidhéid should be
answered.

The questions that cover a specific subject withrgge of answer were limited to four possible casipreventing
the respondent select the middle option.

Data were compilation in an Excel spreadsheet. rékalt from each survey was confronted with anotirez to
gain a comparative between them.

The discussion of results was focused in relatietvben university and market to contribution ofistycand in the
technical development of engineer.

4. RESULTS AND DISCUSSIONS

The companies and universities should work togefitrethe benefit of the society. Considering tlihg aim of this
work is to try to get an overview of the enginegreducation in Brazil and evaluate the gaps toeaehthis goal. It was
conducted through a survey with the four groupalsthe society-company-university triangle (Figgje

The survey represents a sample view of this pojoulalt is not intended to get a complete and stiatil analysis of
the engineering formation profile in Brazil, whishould be object of a further investigation.

Table 2 summarizes this survey results, indicattirgfigure number where to find the graph results.

Table 2. Results to the 4 groups.

Engineering
Student
1 - Intellectual and physical resources X X 3
2 — Technical lab — gaps X X 4
3 — Opportunity to solve real engineering problems X X 5
4 — Graduation activities level of importance X X 6
5 — Graduation activities level of importance — to X -
market
6 — University-Market relationship X X X X 8
7 — Postgraduation course X X X X 9
8 — Co-o0p student contribution X 10
9 — Working in other areas than University (Profeks X 11
10 — Engineer formation to market location (Profes
view)
11 - Entry level engineer advantage X 13
12 — Entry level engineer disadvantage X 14
13 — Average time to prepare an engineer X 15
14 — Key factors to hire a recent graduated engine¢ X 16

Question Engineer | Professo Market  Figure

X
X

o




Proceedings of COBEM 2009
Copyright © 2009 by ABCM

20th International Congress of Mechanical Engineering
November 15-20, 2009, Gramado, RS, Brazil

Referring to yours graduation engineering intellectual and physical resources, how do

you evaluate the following items:

Graduated
Student

Graduated

Graduated
Graduated
Student

Technical lab

Computational lab

Library (area,
organization,
database)

Professor
qualification

Technical

publication access

(journals, papers,
magazines)

Professor didactics

70% 1

60% -

50% -

40% -

30% A

20% B excellent

W good
10% 1 regular
0% | ® bad or not avaiable |

Figure 3. Intellectual and physics resources.

Referring to the technical lab, What are (were) the gaps?

45% 1

None. The lab are
(were) excellent

Obsolete. Not aligned
with the market needs

Maintenance. The labs Practical examples. The
are (were) always labs are (were) good,
under maintenance  but the experiments can

(could ) not help to
demonstrate the
concepts.

Other

B Graduated Student

® Engineer

Figure 4. Technical lab — gaps.

How do you evaluate the opportunity to solve real engineering problems
40% 1
35% A
30%
25%
20%
15% A
10% A

5% q

0% -

B Graduated Student
B Engineer

The professors show  The real problems were The real problems were No enough contact with
real market problems  from technical visits ~ from university-market ~Engineering problems
partnership

No contact with
Engineering problems
during the graduation

Other

Figure 5. Opportunity to solve real engineeringabems.
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Activities performed during graduation, offered by university:
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Figure 6. Graduation activities by level of impaorta.

Graphs presented from Figure 3 to Figure 6 showesstipns addressed to student and to the enginkerfirst
guestions were focused on the point of view ofgheduation course. The population analyzed it wassiple verify a
homogeneous answer distribution when compared gtadustudent and engineer. The majority of the medent
chose excellent or good but it is possible veriyne points of regular related to the technical dbnputational lab
and professor didactics.

The majority of graduated student and engineertpdithe obsolescence of the technical lab a weit.po

In the Figure 5 it is possible verify a balancewssn the graduated student and engineer answelite iWhone
hand the majority answered that not have enougkacbmith engineering problems in the other harel phofessor
show the market real problems.

The graph showed in Figure 6 shows the graduatativittes performed during graduation and offeredni
university. The great difference between graduatadent and engineer in co-op student answer itedinaFigure 6 is
related to the fact the graduated student had porymity to developed this activity yet. Figurg@résented a point of
view from market to importance activities to be eleped by graduated engineer.

What is the level of importance to engineer formation of the listed activities realized
during graduation?

90% 1
80% -

70% -
60% -
50% -
40% -
30% -
B Very Important
20% 1 m Average
10% A Less Important
0% m Not necessary
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Figure 7. Graduation activities level of importarce market.

In the graph above it is possible verify two poimésy important to the market: foreign languagersea and co-op
student however the majority of universities daffier foreign language courses required for thedgasion students
need to get this competence by themselves.
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How do you evaluate the university-market relationship?

100% 1
80% A
60% -

40% -

W Graduated Student
B Engineer
%
20% Professor
B Market
0% -
Great. It is good for Good But the company ~ Good But companies are Bad. Only a low cost Other
both.The academy area  gain more benefits than looking for short-term consulting.
grows in infrastructure the academy. results

resources for labs and in
solving real engineering
problems.

Figure 8. University-Market relationship.

Figure 8 shows the analyzed population opinion &lboiversity-market relationship. It is possiblentiom to the
majority of population this relationship is greatabenefiting both academy and market area. Thasioa give a better
infrastructure to university and with an improviimgtechnical and computational labs and accesgabangineering
problems is possible to improve the view showedFigure 3 and consequently the graphs showed inr€&iguand
Figure 5 have a better results. Other conclusiomfFigure 8 is that 100% of professor supportsuthigersity-market
relationship recognizing the benefits of this rielaship.

Referring to the postgraduation course, indicate the courses

100% -
80%
60% -

40%

B Graduated Student
20% 7 B Engineer
Professor
B Market
0% - T
Technical MBA (Master of MSc PhD postgraduate by the company
Specialization Business PhD

Administration)

Figure 9. Postgraduation course.

The graph showed in Figure 9 analyzed the postgtamiucourses. Graduated student chose the postjiad
courses planned. Engineer and Professor choseothises that have completed and planned. Marketecti@s main
postgraduation course to an engineer should be .nilaidepossible conclude the professor is the ngostified and it
was expected. The majority of engineer did coubsethe company or technical specialization. Thé baGraduated
student from the population analyzed opts to doBAMvhile 40% intends to do an MSc too. It is cancoeacluded in
the analyzed population the majority of graduatstmdent wants do a postgraduation course but, wherstudent
become a engineer and realizes the responsibititesthis profession give to them not everyonedmtends to do a
postgraduation course. It may conclude that theestuaims management courses because the majeiitg he MBA
as postgraduation course to be done.

The market looks for an engineer with technicalcglzation or MSc. In the end of this questioneathe
respondent had the opportunity to describe hisopatsimpressions about this survey. An interestagiment about
this postgraduation specific question is reprodumltbw:
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“It is time to eliminate the Brazilian industry padigm that an engineer doesn’'t need technical kedgé and
being capable of leading people is enough. Letp giroliferating only “engineer managers”, who has need of
technical knowledgement, where being a leader & dhly requirement. Leadership and management ary v
important to the industry; however there is not egio space to many bosses. At the end if everyanke&ler who will

do the hard job?”
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How do you evaluate the co-op student contribuition?
80% 1
60% -
40% -
20% -
B Graduated Student
M Engineer
0% Professor
No contribution ~ Technical and  Job experience Salary and Not applicable Other (please
Professional benefits offered (did not work as specify)
growth a co-op)

The graph from Figure 10 shows the co-op studentribaition. The majority of respondent chose thehtécal and
professional growth with job experience. The costpent is very important to engineer to know trekat and most

Figure 10. Co-op student contribution.

of them are hired by the company where did the g tiroe.

25% 1

20% A

15% -

10% -

5% A

0%

Referring to work in other areas than university (i.e. Industry, company)

Yes, Iam still
working in

Yes, Iamstill  Yes, Iam still

Yes, I have Yes, I have Yes, I have Never worked  Never worked  Never worked Other
working in working in worked in worked in worked in in another in another in another
another sector another sector another sector another sector another sector another sector sector sector, butis sector, but did
and consulting and have and current on and did currently consulting
worked on consulting. consulting. consulting.
consulting

Figure 11. Working in other areas than UniversRyofessor).
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What market location the engineer formation should be focused?

100% 1
90% -
80% -
70% A
60% -
50% A
40% -
30% -
20% -

10% -

0% T
Regional National Global Not applicable Other

Figure 12. Engineer formation to market locatiorofEssor view).

The majority of professors when questioned aboukimg in other areas than university answered hlaat worked
in another sector in the past and recently on dongubut the graph showed in Figure 11 demonstthe major of
professor population analyzed have never workedanother sector (35% approximately) it would be aagr
opportunity to better understand market needshérFigure 12 they conclude that the global markeation should be
a focused to an engineer formation.

What is the entry level engineer main advantage?
50% 1
45% A
40% A
35% -
30% -
25% -
20%
15% 4
10% 4

5% q

0% -
Academic knowledge Fast Response Strong Ability to Strong Computer Passion to learn Willing to grow in Other
adaptation Skills the company

Figure 13. Entry level engineer advantage.

What is the entry level engineer main disadvantage?

80% 1
70% -
60% -
50%
40% -
30% A
20% -

10%

A

Ambition Anxiety Lack of experience Indiscipline Long period of training Other
to solve Real Problems

0% =

Figure 14. Entry level engineer disadvantage.
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Average Time to prepare an engineer

90% 4
80% -
70% A
60%
50% -
40%
30% A
20% -
10%

0% -

Less than 6 months | 6 months to 1 year 1year to 2 years | 2 years to5 years Less than 1 year 1 year to 5 years 2to 4 years 4 to 8 years

Time to prepare the engineer to day by day work Time to prepare the engineer to be a technical leader

Figure 15. Average time to prepare an engineer

What are the key factors to hire a recent graduated engineer?

80%

70%

60%

50%

40%

30%

20% ® Very Important
m Desirable

%

0% Less Important

u
0% 4 . . . Not necessary

Foreign language Technical Group dynamics Interview Professional University Institution Academic Foreign experience
knowledge knowledge performance Performance experience performance

Figure 16. Key factors to hire a recent graduategireer.

The advantage of entry level engineer is passidaam followed by the strong ability for adaptatiand the main
disadvantage is lack of experience to solve engingeeal problems.

The time to prepare an engineer is between 1 teassyto perform routine work and between 4 to prapare the
engineer to be a technical leader.

To hire a recent graduated engineer the marketdenssthe technical knowledge as main key andthéroshowed
in the graph of Figure 16 are desirable.

5. CONCLUSIONS

Technical and computational lab could be better #fwedmain gap of technical lab is they are obsoletest of
graduated student and engineer don’t have enougtaatowith engineering problems, however significportion
states the professors show real market problemegiuhe classes, in other words, improving in cohtaith
engineering problems is necessary.

Foreign language courses are great level of impoetéo the market but, are not well developed enntlajority of
universities.

The co-op student period is very important forphefessional development of graduated student.

The relationship between university and marketgpraved for the majority of this analyzed populatidhis
relationship benefits both university and market/uding the graduated student and engineer imibree.

Postgraduation course is very important to thereegi professional developed. The remaining quesgiarhat kind
of course should be chosen. Graduated studentstiimMBA, engineer in technical specialization aurses by the
company while market look for an engineer with téchl specialization.

The majority of professors in this population ddméve experience in other areas than university.

The main advantage of entry level engineer is past learn and disadvantage is lack of experidoncsolve
engineering real problems. This main disadvantagaldc be improved through university-market relasioip
demonstrated in Figure 8.
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Time to prepare an engineer is too long and itessary prepare the engineer to the market whenstiiein the
university.
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