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Abstract

The formation of an engineer in this new millenniisnbeing greatly influenced by the globalization
effect. Almost all major corporations now operatebglly, and engineers are expected to design and
develop new products that will impact a worldwidarket. Due to this, the academic institutions are
facing the challenge of educating the future ergimevith competencies which are indispensable to
compete in the global market. One of the most ieffic ways to provide the required international
formation is to expose the students to internati@xperiences in their curriculum so that they can
develop the necessary skills for their succesténglobal market. This work describes the inteometi
collaboration among LACCEI institutions through tivmlational global design projects. The students at
different institutions are required to work in gidldesign teams with students from other counthrethe

first year, more than fifty students, from eighffelient institutions from five different countridgve
participated in this initiative. Students have bedmallenged to solve a design problem and to use
effectively the available technology for communicat This multi-national project provides studetits
opportunity to work in a global distributed teamain the value of different ideas from differentiunes,

gain knowledge of design opportunities in otherntdas and become skilled at how to use collabagati
tools effectively. The global design project is disi foster cultural awareness and to stress the
importance of diverse teams in the solution of ezgjineering problems. The engineering work fidét a
benefits from international projects since the etid that have worked on these projects have the
necessary knowledge to excel in the global economay they graduate.
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1. Introduction

Globalization has had a tremendous impact on thg tlva companies are organized and are doing
business today as explained in Beamish et al. (200@ international structure requires having oocape
executives dealing simultaneously with local andldwide markets. Besides that, regional managers
work usually under an international division whalieof them have to interact facing the typical lieons

of communication between the home division andadisbverseas affiliates. In addition, they havdeal
with the difficulties that affiliates usually have adopt corporate policies, and the perception ltcal
power is being challenged by international policigdditionally, the global market implies to designd
manufacture new products, and being more effidieie able to reach a more diverse population.tbue
this tendency, the future professionals must b@agrexl to face those new challenges by getting the
necessary competencies as part of their formakhigiucation to succeed in the global workforce.

In the particular case of engineers, it is evidbat they are challenged more and more to design an
develop new products for the global market (seeaEéagoza and Devon (2005)). They are also required
to be part of international structures in the coap®world where they have to interact with custenand
colleagues overseas. Therefore, the new engineetdshnderstand and accept diversity, be prepared t
work in multi-national teams, be able to commurecand socialize with people of different culturasd

be prepared to use the technology for communicasiolve problems and present their solutions. I$®, t
formation of engineers nowadays requires not oafcling them mathematical and scientific concepts
but also providing them training to develop theassary skills to succeed in the global workforce.

It is important to expose the engineering studéotgternational experiences as part of their fdrma
education from the very beginning and in a constséed productive manner. One of the most effective
forms of doing this is through multinational glol#gsign projects as can be seen in lon et al. {2004
Pollard et al. (2002), Devon et al. (1998), and ¢tagt al. (1998) among others. This type of initat
allows the students to work with diverse teams gagigically disperse while they solve an engineering
problem. There are challenges in building trussuch teams (Jarvenpaa, et al., 1999) and in getieng
desire performance (Prasad et al., 2002), butdheyere to stay. It has been shown by many authais
the benefits surpass by much the difficulties thigtht appear when implementing this type of prgect

The technology available for communication has maogsible to develop global design projects with
teams disperse in different countries. This typecollaboration can be easily incorporated in the
engineering curriculum of any engineering instdntiwithout compromising a big amount of money.
Students participating in this initiative will bdiieof an international experience while studyinghesut
leaving the country and with no extra expensescies®sal with this work.

This work summarizes the efforts of several infbiis members of the Latin American and Caribbean
Consortium of Engineering Institutions (LACCEI) liilding international collaboration experiences fo
the students through multinational design projettse structure of the collaboration, the network of
institutions, as well as the difficulties and betsedf this program are discussed in this paper.

2. Background: TheInternational Network

There was a general interest in establishing aloothtive partnership among institutions members of
LACCEI and a particular desire of Penn State Umigrto find Latin American partners interested in
multinational design projects to provide internatib experiences to freshman engineering students
through global design projects. As a result, thafgasors leading this effort in Penn State serdreeigl

call to professors of institutions members of LAGCiBviting them to initiate an international
collaboration by means of short multinational dagigojects. As an additional stimulus to this atitre,

an illustrative paper regarding this type of catletiion was presented in th& Ratin American and
Caribbean Conference for Engineering and Techno(&gparragoza and Devon (2005)) to provide the
basic foundations for those institutions interegtetiwith no previous experience on this kind ofkvo
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Fig. 1 International collaboration network during Spring 2005.

The initial call from Penn State was respondedway institutions: Universidad Autbnoma de Occidente,
Colombia and Universidade Federal Juiz de ForaziBraDuring the Spring 2005 four different
campuses, from three institutions in three diffex@untries participated in the first experienceghiEeen
teams distributed as shown in Fig. 1 worked togath¢he first project.

During Fall 2005 the network grew up. In this ogdpaity the following institutions formed the
international network: Penn State University, USAjiversidad Autbnoma de Occidente, Universidad
del Norte, and Corporacién Universitaria de la @pstColombia, Universidad Tecnologica
Centroamericana, Honduras, and Universidad Catdikc&anta Maria, Peru. Therefore, seven campuses,
from four different countries participated in thearnational experience. In this opportunity twefdyr
teams distributed as shown in Fig. 2 worked togethe

3. TheDesign Project

There are different types of projects that can Hepted as described by Jenkinson (2000). The
complexity and resources necessary to implememt trey from simple and low cost projects to more
complex and expensive ones. Usually the simpldesslexpensive project consists of a case studyewhe
the students just report the final result to thiernational partners. Minimum interaction is rigqd and

is usually a one-time in class experience. In @stfrthe international projects named “integraésahis”
require more interaction between the students sineg work together in multinational teams. These
projects are usually a long term, professionalqutsj, and demand high level of commitment of stteden
and staff. Some personal interaction might be redguand they might be expensive.

The criteria to select the appropriate type anell®¥ collaboration depends on the general objestiv
rank and content of the course in which the prajélttoe offered, the level of commitment of fagulind
students, and the resources available. The prejeatture selected for the international collaborat
among the LACCEI institutions is the parallel desjgroject in which the teams in each country work
independently on the same design proposal buthbgg to share and discuss data and ideas with their



international partners to enrich the final solutibmthis particular case, due to the number diitinsons
and teams participating, the teams worked in passshown in Figs. 1 and 2. Therefore, each teaim ha
an international partner to discuss the projectsirate ideas through scheduled audio-video cordesen
and e-mail exchange.
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Fig. 2 International collaboration network during Fall 2005.

The global design projects were structured todasen to eight weeks where the mandatory intemmaltio
interaction was required to last four to five weekgen though teams were allowed to interact beyoad
minimum required period. The chronogram of actgtfor the projects is shown in Fig. 3.

The design project for all the teams during Spg685 was the design of the mounting (support) syste
for a portable electronic warning sign for road egeacies which is easy to carry in the trunk ofaa c
This project was suggested by Penn State UnivePsitit and adopted by all the participants. Duriaty F
2005, it was requested that all participating tofiths suggested design problems and the list of
proposed problems was voted to select the desigeqgtr The winning and selected project was the
design of a portable and folding bicycle that carstored in a backpack and carried by a persoroutith
any inconvenience.

4. Implementing the Collaboration

There are many activities that have to be planmetl @ordinated in the development of this type of
international collaboration. During the planninggess all the tasks must be scheduled and thesaeges
resources determined. During the project execuiiois important to coordinate and facilitate the
interaction between the teams and establish caninyg plans in the case of inevitable events mainly
when technology problems arise.

The most significant tasks in the project planrang;
» Faculty communication: The initial and permanent communication amongpiteéessors involved in
the project is extremely important.
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Fig. 3 Chronogram of activitiesfor the global design project.

Academic calendar: It is evident that not all the institutions in tAenericas have the same calendar.
Therefore it is important to share this informatianfind the proper time to schedule the design
project.

Time zone: This has to be taken into account to scheduletitio-video conferences. Besides that,
the daylight saving time that occurs during thegjgmbhas to be considered from the very beginning.
During the Spring 2005, at the beginning of thejggbUS and Colombia had the same time and
Brazil was two hours ahead. By the second weektithe changed in the US moving the clock one
hour forward and then the difference with the ottves countries changed accordingly. During Fall
2005, at the beginning of the project US was ongr latnead of Colombia and Peru, and two hours
ahead of Honduras. By the third week, the time ghdrnmoving the clock one hour backward and
then the difference with the other countries chdrageordingly.

Selection of course: Each institution participating determines in whicburse this international
collaboration is incorporated. However, it is imaoit to try attaching this experience to a cours® o

an independent study activity with a grade assediaPenn State uses this project in a freshman
introductory level engineering design course.

Selecting students: Similar to the selection of the course, studentigypating should be in a similar
academic level (freshmen working with freshmen): parallel projects, like the one reported here,
this is fundamental to ensure the participatioalbfhe team members. However, the academic system
in the US and Latin America are different. In th8 the typical engineering program is four years in
length while in Latin America is five years. Thayed, it is possible to have introductory design
courses in Latin America during the second yeanséquently, to establish the relationship between
international teams, the course content as wehastudents’ background were considered.

L anguage requirement: English has been extensively used as a commomdagegfor international
collaborations and it was used as the official lexgge for this initiative; however, students in the
were encouraged to practice the foreign languaganiSh or Portuguese) at any level they can.
Students were instructed to use on-line translasrmseeded.

Collaborative tools: MSN messenger and Skype were used for the audamvconferences and
chatting. The access to computers and connectionthd internet were responsibility of each
institution.



There are multiple tasks that have to be carrietl inuthe process of developing international
collaboration. Some of them require the coordimatnong all the institutions participating such as
establishing the contact between the instructaerdinating schedules, selecting the project, misugag
multi-national teams interaction and testing trehtmlogy for communication; others depend enticaly
each individual institution such as making avaiall the technical resources, forming the locahts,
delivering the project, and providing time for andideo conferencedt is important to get, with due
anticipation, the necessary clearance of firewaditgrtion at each institution. Similarly, testiniget
technology for communication should be done wite #ame equipment and rooms where the AV
interactions are to occur.

5. Students Feedback

It is critical to determine the effectiveness angbact of this international collaboration in reaghthe
learning objectives set for this process. Additlgnathe student assessment and feedback are very
important for future collaborations. For this pusppthe students were asked to evaluate the glesan
experience by means of an anonymous survey anthefehe project.

Generally speaking, most of the students particigagvaluated positively the collaborative expecin
They highlighted the richness of the experience imtnovative character. Most of them coincided i
placing this first experience as a starting poimtdther collaborative experienc&udents feel that when
international collaborations in global design exgrmees occur, they are very interesting and pledxer
they foster learning about other cultures, and rotiméversities; Besides that, they provide a flrand
experience about design practice in disperse teamnas,the opportunity to think in a different laage,
and to establish a wider field of acquaintancesfarddship. A great majority reported they woukkl
to do more projects like this, and considered ¢ijserience will help them to work in distributedres in
the future.

However, there were some issues that constitueriassof challenges and open questions. The ffrst o
them is the difficulty of reconciling the work infiégrent languages. A number of teams in Latin Aiceer
had some difficulty, because, although the student& with English in an educational or techniaaldl,

the spoken language presents difficulties for tieim to the lack of living the language. Overcontinig
kind of difficulty can be not a short term goal. Wkver, these limitations were overcome in someesens
by using translation tools and interpretation suppn this specific experience, they were veryfukand
made this collaboration become viable. The debinitbf the project was pointed as another drawbaick f
the teams from Brazil, since they were not involiredefining the problem, key aspect for them

Students also reported that the positive learniotcames and feelings might be threatened with
frustration by technical failures in communicatiomthe production of materials for AV interchantagk

of confidence for interchange, lack of compromisd aunctuality of team members, too short time for
previous activities and different approaches orceptual design.

6. Conclusionsand Final Remarks

In general this global collaboration project praddan excellent opportunity to involve the studemta
different and challenging experience that gave thdiaste of how the requirements and approaches may
change from country to country. The use of webcdmsdsets and the internet exposed them to the
future of communication technology and introduckdm to a new way of sharing ideas and doing
business. The students enjoyed the experience henthstructors developed new contacts with other
professors and universities given them opportunitteshare ideas and enrich in this way the clagsro
and the research in which they are involved.

As every experience in non established activitidge initiation of intercultural or international
collaboration in global design requiregultural changes in the participant institutionroeulture, lots of



work by the professor or professors supporting sti@dnges, adequate technological infra-structude an
technical support by its administrators for theeasisl communication processes. The confluence of
value, principles, and resource changes affectde aection of our universities and should corredgon
institutional politics clearly defined.

A key element for the success of collaboration agneark teams is the definition of an interactiondab

for team working, more important than technologglit Although there is consensus over the impogan

of the English language in the present world, oht¢he pillars of the collaboration is the partnéppsh
climate, where the involved cultures build its oimteraction space and meet in the language, without
priori conditions. An important condition for theicess of this work is to incorporate this type of
initiatives in the curriculum. This provides thed¢ of responsibility and commitment in the devetamt

of the projects. On the other hand, the differermsaeng academic calendars hinder the accomplishment
of projects, which demands the study of alternadipproaches.

The ideas discussed in this paper are the clelectieh of a diverse group working on the samedadopi
The perceptions change from country to country, famish institution to institution. However, amond al
the difficulties and constraints, there is a gehevasensus that these international projects &sdumble
tool for the engineering students. The benefitthis initiative, which are significant to the stute and
instructors, surpass the difficulties that mighpegr in the implementation process. Students [jzating
have the opportunity of teaming with students atbrgaining not only new friends but also a valuable
international experience. Instructors will haveradaer view of the engineering education worldvwadel
how the engineers are educated in other culturesidBs that, they can create links for future emgba
programs and collaboration in research projects.
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