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Abstract - This article presents a set of oriented actions to
reinforce the engineering students’ competences in

hand the results of the learning process definet vema
engineering student should develop to face the new

teamwork, innovation and entrepreneurship. This aspct
is specially considered in three stages of the engering
studies: in first semester (focus of this article)during two
semesters in the middle of the engineering studieand in
the last semester. The actions presented are in tkentext
of a global curricular reform of our undergraduates
engineering programs in the University of los AndesThis
article presents an analysis ofExpoAndes, an activity
with the students of first semester of engineeringThese
students face the challenge of building a team toake an
innovating proposal from different engineering
disciplines perspectives. This activity is supporté by

challenges that society presents. These resultslassified
in categories: personal (student’s performance dlvirsy
problems, to live and experience situations, toehereative
and critic thinking, and to develop professionahiet
concepts), interpersonal (to develop team workgddeship
and communication skills) and the ability to deyelo
products and systems (conception, design, impleatient
and system operation in social contexts).

In the same line of action the ABET[2] has incagied
similar characteristics in their recommendationspider to

professors, managers and engineers. Every semester guarantee the quality of engineering educationvélsities

approximately 600 students

have participated in

have also made contributions associated to innmvaitn

ExpoAndes. It also develops three competences and skills: engineering education. These universities develagepts

Team work, Observation of problematic, Exploration of
a solution. This article intends to analyze how fist

semester engineering students are being motivated t

during the first academic period; some of them are:
University of Colorado at Boulder [3] , MIT [4], @mers,
Caltech, Universidad de Maryland en Collage Park [5

develop the forgoing competences and to analyze the Universidad de Massachusetts en Amherst [6] Unidads

strengths and weaknesses of the process. Based bis t

analysis we want to start to evidence a coherencatiwthe

proposed activities in the half and in the end of

engineering undergraduate program.

de Pittsburgh [7].

The Faculty of Engineering of University of Los Aexdin
Bogota, has been analyzing and reformulating ibg@am of

Index terms— Hands-on engineering activities; Innovationstudy in altars to lead innovation, they have siteen and

first semester
engineering

engineering ;Teamwork first

INTRODUCTION

In the traditional conception of education
engineering, the reinforcement of competences dhatved
the professional future to face the complex prolsleim
society in an innovative and flexible way, was agplicitly
necessary. The challenges that an engineer faces ays,
should allow he or she to develop observation skalhd,
therefore, to identify and define real world probke
creatively, to design processes and implement isokitto
optimize and improve the product or the proposextess.

regagdin

semestejhcorporated several characteristics that have bestioned

before. The Engineering School Renovation Projeas h
concentrated efforts into four areas, one that ersigks “A
reflection on both undergraduate and graduate ¢iduca
which resides dealing with content, incorporategarch for
new competences in an international context (demgnd
international competences). Innovative curriculand a
methodological proposal are essential in this céifi@.” [8]

It is within this context, where the project Expales
has taken place with first semester engineeringlesiis.
ExpoAndes is how the engineering students progubsv is
known, for this matter collaborative work teams areated

These ideas are the result of an innovative edwtati to begin a investigation task to identify a paraeu
program designed, adopted and implemented by \&riowproblematic and its possible engineering solutided

institutions of engineering education [1]. In thpsogram
there are standards that allow guiding the perfogmain
modern engineering education, on one hand; antienther

ExpoAndes has become in the first opportunity sttslbave
to develop in teams projects that would presentetieaend
of the period to family, other engineers, businessm
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teachers and people on the public sector of thentopu

During a whole day about 120 projects are presemtted
around 2000 people, who have the opportunity teraut

with students from different areas of the enginegfaculty

(general, industrial, systems and computers, étattand

electronic, civil and environmental, chemical).

EXPOANDES: TEAMWORK AND DEVELOPMENT
OF COMPETENCES OF ENGINEERING FIRST
SEMESTER

During the last ten years ExpoAndes has had a femges.
Before 2002 only Industrial Engineering students
participated in this activity, in 2002 interdisdigdry groups
with general, industrial, systems and computersctatal
and chemical engineering students were conformsitice
2004 first semester students from all areas of rexgging
participate conforming non- interdisciplinary greup

The interest with ExpoAndes is to develop initial
competences according to the type of engineer fewatity
wants to form, which means: “Engineers who are bkgpaf
identifying and analysing the problems of their égn of
interpreting social needs, and responding to theith w
solutions based on an understanding and mastesgiexce,
mathematics, technology, and engineering methods.
Engineers who become leaders and guides of their ow
societies in what concern to the identificationprapriation,
usage, and generation of those technologies thatbest
contribute to their sustainable development. Ergisievho
can assume a leading role in the creation andetrigg of
technologically-based  enterprises  whose leadership
contributes to the country’s business developmfit”

Based on that, six categories were defined foresttedto
work on while making their first semester projdotarning
Process, Teamwork, Innovation, Engineering approach
Entrepreneurship and Motivation. Find descriptiori o
categories below.

- Learning Process: In this category variables that
affect the appropriation of the project during the
semester are taken into account. For this mateer th
impact on the learning process, related to the
resources that students have to develop the project
is considered (bibliography, class sessions,
teachers’ preparation, technologic resources,.etc.)
What is meant with this category, is the observance
of how two important topics affect the learning
process: The way in which the student faces the
identification of the idea for project he or shemga

engineering project. Aspects related to personal
evaluation amongst a team, and the impact of
developing a project along with other engineering
students, are taken into account. In addition, the
contribution of ExpoAndes in the development of
oral, written, and communicative skills, as well as
the use and application of theoretical concepts
studied during the semester are regarded.

Innovation: In this category aspects related to the
student’'s innovative approach to the whole
elaboration process of their engineering projeet ar
analyzed. Other perception variables associated to
innovation in the solution offered by the project,
and to how innovative is the learning processfitsel
during ExpoAndes are also observed.

Engineering approach: This category seeks to
identify the theoretic contribution associated fe t
engineering tools that a student of first semeister
confronted. This is a form to observe the
contribution of the engineering professor, the
perception regarding the use of the tools of each
discipline to develop the project, to express
themselves, to communicate an idea, to write a
technical report, to work together with other
engineering students, to design and engineering
solutions, to identify problems and its solution
design.

Entrepreneurship: This category seeks to observe
how an activity such as ExpoAndes that includes
engineering aspects, teamwork and innovation,
contributes to a first approach to a proactiveiate

of a student that is beginning its learning prodgess
the faculty.

Motivation: In this category aspects related to the
student’s disposition towards a project of thiselev

in the first semester is evaluated. Additionaltyisi
intended to determine the level of satisfactiont tha
this type of projects generates, related to the dac
studying engineering. This is made to determine the
importance that students give to the development of
the projects, and the need to make a similar projec
in their education near future.

to develop, and also the meaning of having 10 ANDS-ON ACTIVITY: A STUDY OF STUDENTS'

present their idea in an open event to other staden p

engineers, businessmen, teachers and genera
public.

FRCEPTION

The Research

- Teamwork: What is intended with this category is to
analyze the extra value of making in group an
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The main objective of the analysis that is to bespnted is
to make evident the perception that students hegarding
the project that they develop in ExpoAndes, basethe six
categories mentioned above. For that matter, a lsataken
made possible to identify three different groupsstfdents
that have participated in ExpoAndes; the ones toa&t
finishing their career, it means the ones thatigpeted on
ExpoAndes 2002; the ones that are in the middi¢heir

studies, they participated on ExpoAndes 2004; hodd that
are at the first phase of the career, the partitgan

ExpoAndes 2006.

Students Profile

To determine it, a survey was made to 316 studevtiigh
represents approximately 10% of the students tlzate h
participated in ExpoAndes during the last five ygeafhe

0,75y 0,82). The perception of the studentsrislar, when
a discriminated analysis by department is made

Teamwork

100% of the variables in this category where euallidy
senior and recent students, with values betweamd3aFor
senior students the perception of teamwork is rpostive,
that for recent students (senior: mean=3,84,std=Q&8;
recent: mean=3,70, std dev =1,12). For senior stsdthe
lower perception regarding teamwork is associatéd the
development of oral expression skills (mean=3,26; dev
=1,168); for recent students the major weaknessaiso
associated with the development of oral expressikitis
(mean=3,26; std dev=1,168). Those who perceivénitieer
weakness regarding oral expression skills are indus
engineering students (mean=2,99;std dev=1,17); iclaém

41% (@enior studentsdf the students are assisting their lastengineering students think that the weak spot isthie

semesters and 59@ecent populationjre in the first yeafs
of their engineering formation. The 70% of the imtewed
belong to industrial engineering, 14%
engineering, 8% to systems and computers and teare
distributed in mechanical, electric and electronansd civil
and environmental engineering.

development of effective communicative skills (me3,33;
std dev =1,09) and that the strongest aspect a&exklto

to chemicalwriting skills development (mean=3,85; std dev=1)00

Innovation

The survey makes evident dummy variables (yes/ma) a Senior students consider that 70% of the variatdssciated

variables to be evaluated with values from 1 tq where 1
is a bad score, and 5 is an excellent score). &hdts of the
study, to be presented, allow having an approxonatd the
perception that both samples of population havaigseand
recent) regarding the categories explained befdterwards
the results of perception from senior and recergugadion
from industrial and chemical engineering are presgn
(samples’ most representative).

Results per Category

Process

For senior students, as well as for recent stugd&ts of the
variables related to this category where scoreth witlues
between 3 and 4. For the senior population, classiens are
the ones that generate the highest level of difaation
(mean= 2,42; std dev = 1,11),

technologic information resources (mean= 2,29; ditd=
1,27). For both populations the better perceptioreiated to

to the category are in scores between 3 and 4réthaining
30% are perceived with scores between 2 and 3)tHese
students the innovative strength that they devtHepmost is
the design of solutions for a problem (mean=3,6t s
dev=1,01) and the foremost weakness is the prabesign
(mean=2,79; std dev=1,23). For recent students the
perception is the complete opposite: the main gtrens
related to process design (mean=3,04; std dev #},46d
the weaker aspect is related to innovative enginger
solutions design(mean=3,53;std dev=0,98).The eshit
department highlight similar behaviors amongst ¢had
industrial and chemical engineering.

Engineering approach

For 80% of senior students the variables conceriiig
category are evaluated with values between 3 antbrd;
recent students all variables were rated betweamd34. For

while for the recenformer students the weakest point of the categsryihie
population, the weakest part of the process is e t application of

theoretical concepts to the project
(mean=2,71; std dev= 1,200); for new students iggdst
concern is related to ExpoAndes’ contribution toe th

the learning process of ExpoAndes is associatech witdevelopment of the project.(mean=3,04; std dew&)l Eor

personal performance results (mean= 3,89; std tetween

4 For survey engineering students that are devejogieir projects at the
present time (2007-1) were not taken into constaera
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all students the most favorable perception is agtst to
teamwork (mean=3,84;3,70;std dev=0,88;1,12). (Zeipg
the results per department, industrial engineeshglents

® Bear in mind that the departments taken into ascate industrial and
chemical engineering.
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consider that the weaker point related to the ergging
approach is process design (mean=2,82;std dev=hAid)
for chemical engineering students is the lack qfliaption
of theoretical concepts to the project (mean=3itl4;s
dev=1,025). The best perception for industrial regiing
students concerns teamwork (mean=3,72; std dev2),,02
although for chemical engineering students areingriskills
development (mean= 3,85; std dev=1,001).

Entrepreneurship

In this category, the evaluation of ExpoAndes’ impace
when it comes to promote entrepreneurial attitudehimv
students, was the main variable taken into accdemtmer
students (mean 3,51; std dev=1,29) and recent rsside
(mean=3,53; std dev =0,98). An interesting diffeeeris
perceived when comparing the departments’ resits.
chemical engineering students (mean= 3,76; std=dg®?2)
there is a better perception concerning the devedop of
entrepreneurial skills, than for industrial engire (mean
=3,17; std dev =1,46).

Motivation

The variables associated in this category are ateduby all
students (senior and recent) with rates betweemd3.e667%
of senior students consider very helpful to makecpsses
like ExpoAndes during their career. The higher rese for
senior students, 74% considers important to devedop
similar process while their undergraduate studig€he
interest is a higher in chemical engineering stt&lé68% of
industrial engineering students consider necestanypake
this process later in their undergraduate studid€p of
chemical engineering students think that is necgssa
reinforce this process in a near future while stogly

DISCUSSION

The aim of the research was to identify the stiemgind
weaknesses that engineering students identify wheynface

a non traditional learning space such as ExpoAndiés.
perception of the students that have had the espei of
participating in ExpoAndes is moderately good ipexgs
like learning process, development of teamwork an
engineering innovation skills, and also to useehgineering
approach to solve problems and to undertake nejeqiso

Without a doubt, the major strength that has beareldped
in ExpoAndes, is the ability to generate solutibgsvorking
together Very interesting aspects are observed in thi
category. The best results of ExpoAndes’ evaluatibout
teamwork where given by senior students, those arkoin
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engineering’s last semesters. The a priori hypathést the
research group makes about this matter, is retatéle fact
that these students had the first opportunity tokwaeithin
interdisciplinary groups. This was the first stagfechange
for ExpoAndes, where engineering projects were mniage
students from industrial, chemical, systems and mgers,
and general engineering. This project required mpdete
involvement of the students, as well as of the cissioned
teacher. The identification and solution of the ateel
problems indicated, that the knowledge regardinghea
discipline was needed. Another interesting outcaméhe
necessity to develop, in the students communicaingoral
skills. It is worth saying that both types of stoti the ones
that participated in interdisciplinary groups afabge who
did not, thought that they have not developed exaression
skills. Part of the assumption that the researchigipropose
about it, is related to the high exigency demantftech
students when is asked that they present the projging a
whole day , in an open show with over 2000 guestkiding
family, businessmen, engineers and teachers. Adtihalkey
have to be proficient explaining their project,wibuld be
helpful if they had to face oral presentations fuartial
exams. This way a permanent systemic training wdgd
guaranteed.

ExpoAndes becomes an opportunity for teachers idegu
students in observation, identification and desigth an
engineering approach. Even though it is clear ith& not
expected that students in their first semester dirsblutions
as engineers to a given problem, it is intended thay
experience a situation similar to what they arengdb face
when they become professionals. The perception of
ExpoAndes’ engineering approach is better for recen
students than for former students. The main weakifies
senior students is the difficulty they had to uleoretical
concepts while developing the project. The supjorsit
presented after having this result is that onceoBxyples got
through the interdisciplinary conformation phase,
considerable effort was made to make possible w@ffec
teamwork, therefore the development of specificmegring
tools was left aside. Another theory with the le&stult could
be connected to the fact that when interdiscipjingmoups
where formed, the emphasis was made in enginetirarges
associated to disciplines that were more relevamrder to
resolve the specific problem; if this assumptiorvadid, a
group of students that participated in the interigidary
scheme had more grounding than the other.

q\ learning process like ExpoAndes seeks the devedoy of
an entrepreneurial attitude by which the enginegsitudent,
from first semester, is able to identify the oppaities that
generate a real value. About this, former studpetseive
that the major strength is the innovation in thecpss of
designing a solution for a problem. However thecpption
is the contrary amongst recent students. An assompt
Yelated to the opposite results, even though veiy strong,
could have a relation with the two approaches Expes
had in the last years. New students had to dewvbpesign
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of the solution taking only into account their odiscipline.
The question worth asking is, its interdisciplinaeamwork
a factor that foments the innovation ability of igesng an
engineering solution?. These first results malktkiitk that it
could. However it is important to explore in a deepay
such a strong affirmation in the middle of a leagnprocess.

ExpoAndes presents itself as a possibility to stiteuthe
student to develop abilities as an entrepreneue st
important opportunity presented in this field cetsiin
exploring if each one of the departments has bdda @
develop that competence. The investigation madeaso
allows only preliminary results. Because of this ghallenge
presented to the researchers, consists
investigation in order to deepen into this par@cdubject.

CONCLUSIONS

The study presented intents to show from the stsden
perspective ExpoAndes’ strengths and weaknesses as

“hands-on” intervention in engineer’s educationtinig their
first semester. The different aspects: teamworkgwation in

engineering, use of engineering standpoint to sadve

problem, and embark on projects that were apprabichthe
study.

The research will continue, to deepen into each ahge
categories presented (with first semester studdntspne
side, and with the perception of the teachers,n@ssimen,
and engineers who participate in ExpoAndes, byther.

It is observed in this initial approach, that stoigé
motivation to this kind of projects compels themdevelop
fundamental abilities and competences for an eeging
student that the University is forming. In thissfirexercise
with teamwork projects that search for innovati®ming an

engineering process, it possible to determine sitgle
perception concerning teamwork impact, the needaof

method, and general characteristics of innovatiased on
technology. Because of eventual inconsistenciesoum
instrument, the conclusion about the impact
entrepreneurial competences is not as clear.

ExpoAndes is an approach to non traditional edanati
schemes for engineering students at the UniveddityLos

Andes. With this method the teaching has triedntegrate
not only all disciplines, but students, teachemgjigeers and
businessmen. This study made evident the strenarios
weaknesses of the process from the students’ peigpe
The investigation will continue to deepen in eacdke of the

categories presented (with first semester studesssjvell as
with the analysis of the perception teachers, lmssmen and
engineers who participate in ExpoAndes have.

Coimbra, Portugal

In this initial approach it is observed that studén
motivation to this kind of projects compels themdevelop
fundamental abilities and competences for an eeging
student that the University is forming. This is sifered a
significant step in the middle of the curriculaforen general
framework. Is the key to continue with the develepinof
this abilities and competences throughout undergrd
studies. For that matter, there are similar schemnesented
in the middle (at present time Systems and computer
Department is developing the innovation and enégegurial
process in the middle of the career.)and at the adnthe
career, within the reform context.

to promotdentifying the strengths and weaknesses at tts¢ fihase

that engineering students go trough, is a valuabéasion to
get deeper in the opportunities that these typgrofects
have for the engineer, in order to be prepareduitd bup
competences in innovation, entrepreneurship y teaw
that present day society requires.
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