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Abstract

Electrical and computer engineers are more fredyibetng asked to work in an environment
that relies on global partnerships and demandsagllareness. This shift in engineering
responsibilities fueled by worldwide connectivitydaoutsourcing activities imposes a challenge
for engineering educators in the United Stategxamnine their curricula to find ways to instill a
global awareness in US educated engineers. GexlaAt.S. institutions are currently required
to meet the Accreditation Board’s Outcomes (a) -afkdescribed in ABET2000 Criterion C.
These outcomes call on engineers to be knowledgedilnontemporary issues and to embrace
lifelong learning, but do not address the prepanatif U.S. engineers to function on the world
stage and with a global perspective.

This paper addresses the educational challengetjusting the Bachelor of Science in Electrical
and Computer Engineering (BS/ECE) curricula to oasito the engineering profession’s march
toward globalization. Issues ranging from commatan skills, ability to function on a
multicultural team, understanding of global envir@ntal issues, international treaties, and
international intellectual property laws are disacs ldeas on infusing these concepts in the
curriculum are presented beginning with introdugtmosursework and ending in the capstone
design experience.
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. The Necessity for Global Awareness

Engineering problems referred to as grand challeggeerally have global scope. Problems
such as anti-terror measures, global climate chagggy, or waste management not only have
worldwide implications, but require modern engimegmethods to lead problem solvers to
practical solutions The importance associated with educating engsrteetackle global issues

is related to their urgency. Engineers are begkgé to find technological solutions to problems
that not only have global proportions, but presgpping-point” deadlines. That is, beyond a
point where solutions need to be found, is a regibare perhaps no satisfactory solution is
possible. Examples of such problems are globainivey, feeding the world’s population, or
storage of nuclear waste. Problems such as thieser engineering challenges that beg



innovations, imagination, and technical know-hdw.addition, such problems tend to have
social, political, economic, and even psychologasgects.

Beyond the necessity of instilling a global awas=i@ our engineering undergraduates, is the
already critical need to establish a foundatioeehhical competence that is needed to
understand technology at the micro level. Addis the expectation that engineering students
should master communication skills, teambuildind ssamwork, and the concept of systems-
level thinking. With all of this “on the plate” of the enginesgieducator, how do we add global
awareness to the mix? The body of this paper descthe curricular challenges presented to
engineering students and educators, as professimhprofessionals must ultimately function
outside local, regional or even national boundaii&e Electrical and Computer Engineering
(ECE) curriculum will be used in presenting sevédahs for infusing global awareness in the
undergraduate engineering experience.

Il. Electrical and Computer Engineering Curricula

The curriculum in Electrical or Computer Enginegrat most colleges and universities satisfies
ABET accreditation requiremert$ by means of four-year programs that generallyrbegih a
First-Year introductory design experience, followsda thorough exposure to analytical
fundamentals, core courses in the engineering maar finishing with a capstone design
experience in the last year. There are generallyequirements, either within accreditation
guidelines or within institution-specific curricylpointing to educational goals that address the
worldwide nature of their engineering field, or tnementum of the trend toward globalization.

At Lafayette Collegk the program in Electrical and Computer Engineglists the following
eight goals for students:

* Educate themselves continually

» Adapt to changing job challenges

» Function in a team and provide leadership

* Apply education in solving a broad range of proldem

» Excel in their chosen area of professional activity

* Beinvolved in professional/public/community servic

« Communicate in a mature and effective manner

* Appreciate business enterprise, technology manageued social and legal issues

As a first step, the list of goals should probaiglyognize globalization trends by mentioning
global awareness at least once. There are peftyapsf the eight goals that could be modified
to reflect an emphasis on globalization:

* Adapt to changing job challengasd to inter nationalization

* Function in anulticultural team and provide leadership

» Apply education in solving global range of problems

» Appreciateworldwide business enterprise, technology management, ana sod legal
issues.




The editing of a list of program goals is one thihgwever, changing the curriculum to better
reflect the globalization emphasis is quite anothera broader sense, how does an existing
engineering degree program implement featuregpttoaote a global awareness for students—
including the lecture hall, outside the classroand as part of the overall undergraduate
experience? At the same time, this must be acdshgal while honoring the institution’s
requirements, ABET’s requirements, and the studerfsectations of a modern, comprehensive,
and cohesive curriculum. The body of this papéirexiplore a number of strategies for
changing ECE curricular components and studentresqpgees so that a greater appreciation of
themselves as global engineers is achieved by gteslu

I11. Challenges to Embed Globalization

The effort to introduce international issues arabgl concepts is not solved simply by adding a
previously missing course to the ECE curriculunmifar to other requirements associated with
ABET's Outcomes (a) - (k), this outcome must bei@gdd by means of educational elements
spread across the four years of undergraduate wodonsequence of this distribution of
responsibilities in educating the global enginedhe need for faculty acceptance of their role in
achieving this goal. Not every faculty member W@ prepared for contributing in a meaningful
way, and not every faculty member will be convinteat this must be done.

A statement of goals that alludes to engineerindestts’ appreciation and preparedness for a
global profession carries with it the requiremenassess the accomplishment of the stated goals.
As with other ‘soft’ goals, assessment is partiduldifficult. What evidence should be
accumulated to demonstrate that all of your graskiathieve goals associated with global
awareness, especially when the educational undengs are distributed across the four-year
experience?

Finally, can the globally-oriented outcomes be aebd without the requirement of an
international experience? In particular, can thikcome be achieved without an extended
experience or collaboration with a non-anglophiéwe?

A. Communication Skills

We believe that an engineer with good communicaglalls should be able to relay technical
and non-technical information verbally, in writirend electronically (multimedia format) to
native English speakers as well as to non-nativgli§mspeaker§. To meet this challenge,
traditional writing and reading courses are insugt. At Lafayette, ECE majors are required to
take two technical courses designated as writingsas. These [W] courses require a minimum
of twenty pages of process writing, and one isnakdhe sophomore year and the other in the
senior year. This experience strengthens theiitybil communicate technical material
effectively. In their senior design course, studart expected to write reports, make
presentations, create a project website, prepposter, and satisfy other requirements that
enhance not only their ability to communicate véytlaut also electronically using various
multimedia options. In addition to these two coar4eCE students are required to take two
seminar style [W] courses that require extensivig on non-technical subjects. These
seminars often include discussions among studém@ious backgrounds and countries of



origin. Furthermore, about a quarter of our stusi@airticipate in a semester-long study abroad
experience in Germafiyor Spain. Others participate in study abroad eepesgs of shorter
duration, and these can vary from Thailand to Neal@nd in terms of global reach. Such
opportunities afford students firsthand experienceommunicating with non-native English
speakers in technical and non-technical courseshé\eve that these opportunities at Lafayette
and abroad help prepare our engineers to becorer gitbal communicators of technical and
non-technical material and to use various formsgroversally accepted communications media.

B. Multicultural Teams

Modern engineering projects tend toward large systand diverse teams of engineers working
together. Industry has sent a clear message legesl universities and engineering
accreditation organizations that graduates hawpgmence working in teams are the
expectation. This is not surprising, especiallgsidering the complexity of modern technology
and the nature of the grand challenges that faxzerlgineering community. By and large,
schools have responded by not only developingaueiwhere team exercises are embedded,
but spreading such courses across the curriculum.

A more challenging goal is to populate undergragleaigineering teams in a way that assures
multicultural experiences for students. Obvioutiiyyse engineering departments and
engineering schools with a high degree of diveraigybest suited for this goal. Whatever the
level of diversity in engineering classes, facsltyuld be sensitive to the notion that
multicultural teams should be the goal when orgagiproject work. Students, when allowed to
choose team members, are more likely to form rdtberogeneous groups. Educators can
control this by being more proactive in the proaafssot only team assignments, but in team
building exercises. ltis likely that, with diverstudent teams, two benefits accrue: (1) more
interesting approaches to problems, and (2) stedgatuate better prepared to work in
environments where multicultural groups are moegertbrm.

C. Global Environmental |ssues

The issue of global warming and attendant climagnge, although a serious threat to
humankind, is at the same time a challenge to tdolists and actually brings the idea of global
environmental engineering into fouShis is probably the principal area where engiimee
majors are encouraged to think globally regardmigt®ns. It is also an area where unsound or
poorly informed opinions tend to dominate the deb@he challenge to engineering educators is
to graduate well-informed and highly analyticaldsats who are able to separate rhetoric and
political agendas from the quantitative basicslobgl environmental issues. Students must be
encouraged to read and listen critically when tsaidnce is at odds with popular jargon.

Lafayette College, not unlike other colleges andensities, has all-college requirements in the
curriculum. For engineering students, an arragoairses is offered that satisfy a first-year
seminar requirement, and a sophomore-year senggairement involving “values and science
and technology.” There are several courses witlerframework of these first- and second-year
seminars that deal with issues of worldwide envimental challenges. Requiring engineering
students to complete a seminar specifically aimegladal environmental topics could be



appropriate. Such courses are taught by engineadentists and concentrate on quantitative
measures of our global resources and the engirgeehnalenges associated with sustainability.
Different seminars focus on differing issues, eegrergy Resources and Uses, Environmental
Problems, Sustainability of Built Systems, Enefggyironment, and Society, and Technological
Development in the Third World, to name a few. Matsufficient number of existing courses
that deal with the global environment, a significalnift in the faculty’s teaching responsibilities
would not be burdensome.

D. International Considerations

As the practices of engineering have become a béaltiaity, engineers have needed to become
more familiar with international regulations, tiieat law, and intellectual property policy. For
example, most electronic products are now designednformance with the European Union’s
Reduction of Hazardous Substances (RoHS) Direotitigh sets limits on the use of six
substances (Lead, Mercury, Cadmium, Hexavalent @i, Polybrominated Biphenals, and
Polybrominated diphenyl ether) in products if tlaeg to be sold within the EU. Students should
be aware, for example, that these restrictions hadea major impact on electronic
manufacturing.

E. Intellectual Property Laws

International treaties now coordinate a significamtge of intellectual property I&w For
example, international treaties sponsored by thedAIntellectual Property Organization
(WIPO) set requirements for copyright laws of stgmg nations, leading to the U.S. Digital
Millennium Copyright Act of 1998. This law is imgant from an engineering standpoint
because it makes illegal the design of circuitmytfee circumvention of copy protection, limiting
what may be created and sold in the marketplace p&tents, both domestic and international
patents must be obtained to protect engineershimwes. Engineering students need to be
exposed to these concerns in their courses.

IV. Curriculum Infusions

Having discussed challenges to the incorporatiogiaial considerations in electrical and
computer engineering programs, the four subsectlatsollow point out the ways in which the
ECE degree program at Lafayette College has begambed global concepts in its curriculum.
The overarching goal of this initiative is to belsbur students’ preparedness for thinking,
collaborating, working, and even living beyond oatl boundaries.

A. Nontraditional Coursewor k

Electrical and Computer Engineering majors areirequo take a seminar type course in their
first year that focuses on a specific contempoissye, involves classroom discussions and
multiple writing assignments, and often entails @iutlass experiences such as field trips.
Another required seminar in the sophomore yearrsgwenciples of moral theory, and
introduces students to issues of intellectual priypend contemporary engineering etflida
addition, ECE students are required to take a mimrof four social science and/or humanities



courses satisfying specific breadth and depth rements. Two free electives are often taken in
the social sciences or the humanities. Althoughreatiired, a significant percentage of
engineering students take foreign language coarsgésome can enroll in an interdisciplinary
course known as “technology clinic,” where a grofigngineering and non-engineering
students work on a real life problem having regia@gnificance.

Lafayette College has an active Chapter of Engseshout Borders (EWB). Students have
gone to South American and African locations tolengent solutions to local infrastructure
problems, while acquiring truly global experiendéong with the engineering experiences, a
social awareness is fostered by working in an envirent where the student is the “foreigner.”
Another especially successful nontraditional leagropportunity is Lafayette’s Alternative
Spring Break (ASB) program. In this program, enghireg students eschew the usual southern
beach scene to perform community service wheeegspecially needed.

B. CoreCourses

The ECE curriculum has five technical stems theltite Signals & Systems, Computer
Software, Computer Hardware, Applied Physics, amduils & Electronics. There are three
major design projects integrated with courses diwdoe Engineering, Solid State Electronics,
and Controls. There are also two major design ptej@ the senior year (discussed in a later
section); one involving a wireless networking poatbimplemented on a Field Programmable
Array, and the other is less constrained and ctiyr@volves converting solar energy into
guality 60 Hz electrical energy. Students are etqueto design using realistic constraints as
described in ABET Criterion 3(c), and therefore expected to take into consideration various
political, health, safety, sustainability, manutaebility, economic, and ethical issues. Students
are expected to approach these constraints noffrmmya local/domestic point of view but also
from a global perspective. Issues in sustainab#twironment, safety, etc., are universal by
nature and warrant global consideration. Membeth®Department’s Program Advisory Board
often attend design reviews or presentations ahpldw students through their experiences in
real-world (often global) engineering endeavors.

C. Elective Courses

Relative to other coursework, it is perhaps ledétdlt to infuse global concepts into elective
courses. Within the ECE curriculum, the usual telecareas are:

» Solid-State Electronics
» Control Systems

e Communications

» Signal Processing

» Computer Architecture
» Biomedical Systems

* Power Systems

This is by no means a comprehensive list, butriteseto illustrate the point. That is,
international initiatives to solve global problepan be cited in any of these courses, if only for



the sake of example. In other cases, such iméatcan be used as a more significant part of the
course such as design problems.

Elaborating somewhat on this point, Solid-Statecttmics courses could include material on
photovoltaic technologies and the global applicatbsolar arrays for electrical power
generation. A worldwide need for improved methofisearch and rescue in the event of natural
disasters could be a topic for courses in Contysté&8ns or Robotics. Communications courses
could address anti-terror measures and the engigesssociated with international law
enforcement. Satellite imaging is used for envimental monitoring and this presents especially
effective examples of signal processing challengaddwide. Computer Architecture issues
associated with smart structures, weather foretg@stind earthquake prediction are global topics
and ideal materials for coursework. The globaléssf energy generation is quite readily
incorporated into Power Systems courses. Virtuallglective areas could be used to infuse
global engineering challenges into the ECE curuoul

D. Inthe Senior Design Project

ECE Students at Lafayette College take a two coaggaence of design projects during their
senior year. During the first semester, studengsnall groups (2-3 students each) work together
to design a wireless network interface using adHRrbgrammable Gate Array (FPGA) and some
attached RF hardware. Lectures in this courserdbeeDesign Process, Manufacturing of
Electronic Systems (including the international@atof manufacturing), Basics of Intellectual
Property (Patents, Copyright, Trademark, and T&elzets), and Environmental Concerns
(including the issue of overseas recycling). ks$lkecond course, students apply this knowledge
in a large team project. The current project inmesldeveloping a solar energy system that
produces 120V 60Hz AC power using a 2-kilowatt phottaic system and a LiFePO4 battery
energy storage system. The same global considesatiat were cited in the first semester can
be amplified in the larger team-oriented designeeigmce.

V. Conclusion

Engineers and scientists face challenges in botiptaxity and scope of modern problems.
Many of the complexities go beyond the purely técélnand involve collaboration across
national and cultural boundarfesikewise, the scope of today’s major technicallemges

places them in the category of “grand challengdsdse solutions have worldwide implications.
Today’s Electrical and Computer Engineering gragsiaieed preparation that respects the global
nature of the profession that awaits them. Thelehgé of teaching the Electrical and Computer
Engineering curriculum with this in mind has beeunlioed in this paper. In addition, some
strategies presently being employed within the Eleégree program at Lafayette College have
been pointed out. It is stressed here that eduratigineering majors for a global environment is
not accomplished by adding a previously missings®to the curriculum; it is realized across
the four years of the undergraduate experience.



VI.

Bibliography

[1] http://ww?2.lafayette.edu

[2] ABET, Inc.,Accreditation Policy and Procedure Manual, 2008-2009, Baltimore, MD.

[3]

[4]

[5]

[6]

National Academy of EngineerinBducating the Engineer of 2020: Adapting Engineering
to the New Century 2005.

Galloway, Patricia D.The 21%-Century Engineer: A Proposal for Engineering Education
Reform, ASCE, Reston, VA, 2007.

Friedman, Thomas LHot, Flat, and Crowded: Why We Need a Green Revolution and How
It Can Renew America, Farrar, Straus and Giroux, 2008.

Nestor, J. A., “A New Course on Intellectuabperty, Innovation, and Ethics”, Proceedings
of the IEEE Frontiers in Education Conference, ®et®2009.

[7] www.abet.org“Criteria for accrediting engineering programs.”

[8]

[9]

Hornfeck, W. A. and Lennertz, J. E., “EnginegfSocial Sciences Teaming in a Faculty-
Led Study Abroad Program for Undergraduates”, agonal Conference on Engineering
Education (ICEE2008), Pecs-Budapest, Hungary, 2J4812008.

Hornfeck, W. A., “A Study Abroad Partnershiglobal Experiences and Green Practices,”
ASEE Mid-Atlantic Section Conference, Stevens tngti of Technology, Hoboken, New
Jersey, 18 October, 2008.

[10] Jouny, Ismail and Hornfeck, William, “Teachi&gft Skills to ECE Students,” Conference

on Transforming Engineering Education: Creatingtdisciplinary Skills for Complex
Global Environments, Dublin, Ireland, 6 — 9 Ap&010.

[11] Hornfeck, William and Jouny, Ismail, “The Sessful Integration of Study Abroad and the

Engineering Curriculum,” Conference on Transformifrggineering Education: Creating
Interdisciplinary Skills for Complex Global Envirorents, Dublin, Ireland, 6 — 9 April,
2010.



