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Abstract - This paper describes the Engineers Without
Borders-USA program to educate and train
internationally responsible engineers and engineerg
students. EWB-USA partners with underdeveloped and
developing communities to improve their quality oflife
by implementing sustainable engineering projects usg
appropriate technology. EWB-USA continues to expath
its role in the education community at the univerdly level
and has started programs at the pre-college level$hese
efforts stress humanitarian, service learning throgh the
application of real world projects, and allow studats to
confront cultural as well as technological issuesStudents
have the opportunity to gain a different perspectie of
their own culture and values through the lens of dter
cultures, and experience the positive and negative
interaction between technological and social change
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INTRODUCTION

Engineers Without Borders — USA (EWB-USA)
(www.ewb-usa.org) is a non-profit 501(c)(3) tax-ewe US

corporation based in Longmont, Colorado, USA. dlta
humanitarian organization consisting of a partniersbf

professional and student engineers, whose purpese i
utilize sustainable, appropriate technologies tprowe the
quality of life of developing communities. EWB-US&eks
to achieve that goal by training internationallyspensible
engineers and engineering students while benefitinghost
communities [1].

performed on its effectiveness. This paper willgsenarily
descriptive with anecdotal observations.

HISTORY

EWB-USA was started as a result of the concerns and
actions Dr. Bernardo Amadei from the University of
Colorado in Boulder. In 2001, Dr. Amadei and amez his
students designed and built a water delivery systerte
vilage of San Pablo, Belize at the request of Badize
Ministry of Agriculture. Most adults worked at a arby
banana plantation, the responsibility for carryisignking
and irrigation water, from the nearby Swasey Riverthe
village, fell to the young children, preventing tinefrom
attending school, and thereby maintaining a cy€lpoverty
in the community. That project resulted in the tfiE8VB-
USA chapter and incorporated as non-profit orgaitinain
"June 2002 [2].

Since then, the organization has grown to over 230
chapters £73% University and=27% professional chapters
and one High School Chapter) with over 7000 volergeat
the time of this writing. It is currently growing the rate of
50% per year. There are projects completed, inga®cor
open for assignment in over 40 countries. Projeuatkide
water supply and treatment, energy, health andtysafe
education, agriculture, building and bridge corsion,
micro-enterprise, and sanitation.

STRUCTURE

The headquarters for EWB-USA is located in

EWB-USA stresses the design of sustainable systemsngmont, Colorado, USA and managed by six full pad-

that developing communities can own and operatéowit
external assistance, and seeks to empower comesinyi
enhancing local, technical, managerial, and endregurial
skills. Projects are initiated by, and completedthwi
contributions from the host community working wHwWB-
USA project teams and other cooperating organiratio
While there are professional and student chaptieis paper
will concentrate on university and pre-college peags. The
program is relatively new and research has not be

time employees. All other people associated witle th
organization are volunteers. The chapters are eulealy
interested engineers, students and/or faculty apgplyo
EWB-USA.

Projects are proposed by the community to the natio
office or to a specific chapter. All proposals must
approved before a chapter is allowed to proceed. Al

eplroposed designs must be approved by the Technical

Advisory Committee (TAC) before implementation tsure
sustainability, appropriateness, feasibility and alfqu.

T willard Nott, Engineers Without Borders-USA/EASfitiative, nottw@asme.org
2 Adam Christensen, Georgia Institute of Technal@giam.christensen@gatech.edu

% Douglas Edwards, Westlake High School, edwardgd&@schools.org

4 Peter Bosscher, University of Wisconsin, boss@rergr.wisc.edu

5 Cathy Leslie, Engineers Without Borders-USA, ydéslie@ewb-usa.org

¢ Samuel Graham, Georgia Institute of Technologsalsm@me.gatech.edu

Coimbra, Portugal

September 3 — 7, 2007

International Conference on Engineering Education 4CEE 2007



Chapters are asked to establish an extended redato (5
years minimum) with a community to better underdttreir
needs and the impact of their efforts, and to imerthe
sustainability of partnership. A chapter will oftenplement
several projects in phases.

A regional structure based on geographical locatibn
the chapters has been started to help relieve dragement
burden on the paid staff. Regional conferenceshatd to
provide workshops, training and networking.

A pre-college program has been started with oné hig
school chapter officially chartered.

UNIVERSITY PROGRAMS

Engineers Without Borders — USA has proven to be a

very popular and fast growing program in the ursitgr
setting. Students are seeking opportunities to fneco
involved in real world projects that have beneficia
humanitarian outcomes. The potential benefits feamvice
learning include:

“-Increased student recruitment, retention and ilwement,
especially among women and underrepresented miesjrit

-Increased student’s understanding of technology #re
interaction between technical and non-technicaléss
d

in a real worl

and

-Opportunities for students to work
environment, with real constraints
challenges;

-Having a legitimate opportunity to fail,
evaluate ..., and try again3].

. step cha

Since most EWB-USA university chapters are fairly

new, they are generally extracurricular rather thmging
integrated into the regular curriculum. The mosmomn
efforts to incorporate EWB activities into engiriegr
courses have been to use them as the senior dasigtts
required of most engineering students. Exampleshade
different programs are described.

University of Colorado, Boulder
(ceae.colorado.edu/ewb/)

As the first chapter and home of the founder,
University of Colorado, Boulder has a well-develdpe
program. In addition to the first project in Belizbe chapter
also has projects in Muramba & Mugonero, Rwanda%aud
Leon, Peru. The projects include solar lightingplang,
education, water supply and water treatment. InRtvanda
project, the chapter is partnering with EWB-USA pteas at
the University of Wisconsin and Johnson Space Ceffitee
field experience provided by the projects compleimehe
academic engineering programs as denoted in Fiigure
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Figure 1: EWB-USA and University Relationship [1].

A track entitled “Engineering for Developing
Communities” (EDC) has been added to the traditi@ial

and Environmental Engineering B.S. degrees. Thektia
interdisciplinary involving non-engineering disdips and
non-academic groups along with traditional academic
engineering programs [1]. The students learn pralkti
applications of sustainable, appropriate technalddney are
also learning “the importance of intentional listegi [4].
Defining the problems and implementing the solugion
requires developing strong communication skillshwttiose
of another culture and language that transcend
technological issues. The EDC program “was inditial
driven by the large student interest” [4]. Evaioatof the

the

unexpecteaorogram is still under assessment.

Tufts University
(ase.tufts.edu/ewb)

The Tufts chapter is associated with three projéeldte
current ones include a model green building in Bouand a
water filtration system in El Salvador. The chap#dso
brought together different schools and departmentsork
on water quality, health and construction projéotsa small
community in Tibet. The community is transitionifrgm a
semi-nomadic group to a stationary community facimgw
problems of depletion of natural resources andtathomn”
[5]. The chapter brought in students from the Stlod Arts
and Sciences in addition to different departmerftshe
School of Engineering. The partnership includedtighi
doctors from the KunDe Foundation. The Mechanaad
Civil Engineering faculty acted as design consuttaand
integrated the project into the “senior capstonesigie
coursework, senior thesis credit, and undergradspéeial
topics courses”. [5] Elective credit for researchswalso
available to students from the School of Arts & ecies.
Students comments included:

“-Using the principles and theories | learned in mkysics
classes to build a functioning tool was somethingoh't
think | had ever done before.”

“-| learned about group dynamics on an internatibsaale,
and learned that helping also means being helped,
strengthened my views on our responsibilities as
international citizens with the available means, dan
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witnessed the incredible strength, cohesion andipiisies
achievable through community.”

“-... engineering can be applied toward the betteriafy
communities both on the local and global level. SS&s
suddenly had more meaning through their newly disced
relevancy to what | wanted to be doing with my. lifalso
discovered my ability to be a leader and inspirkes$ into
becoming engaged” [5].

Benefits of this program include understandinghef impact
of technology, enhancing communication and leadjgrsh
skills, ability to think outside the technical b@qd realizing
professional and social responsibilities go togefsp

University of California, Santa Barbara
(www.engr.ucsb.edu/~ewb-ucsb)

educational career, a stronger sense of “learninmgpgse”
might be instilled. This could potentially leadftother self-
exploration, genuine inquiry, and the developmehtthe
next generation of engineers/scientists/humanitaria
Secondly, this project initiative will help provide flow of
new volunteers to the organization early in thdirdies.
Since the current structure of EWB is one heavdgdud on
volunteerism, new talent is always in need. Thirdly
developing a pre-college program will provide more
opportunities for university students to becomeageg in
local projects (i.e. tutoring younger studentsaladean-ups,
and smaller scale engineering projects).

The pre-college activities will stress the multi-
disciplinary aspects of the projects including teabgy,
design, and cultural, political and economic issué&NB-
USA is partnering with Junior Engineering Technical

This chapter is associated with completely différen society (JETS), American Society of Mechanical Eegis

projects in Peru, Thailand and Mali. The Araypa]lPeru
project involves three distinct subprojects; a splanel for
the school, a water purification system, and adaiessment
of the sanitation system. The team includes stgdéwnimn
electrical, mechanical, industrial, and chemicajipeering,
as well as from materials science, environmenté&nse,
geography, physics, biotechnology, film studies aodial
anthropology. [6] The film studies class made autoentary
of the various stages of the project including maythe
difficulties faced. It was a well-received eduoatl tool
that was shown at the West Coast Regional andniatienal
EWB-USA conferences.

— International (ASME), American Society of Civil
Engineers (ASCE), and CH2M HILL (a global full-sees
engineering, construction, and operations firmtplement
the programs. JETS has an established engineerigggm
and clubs at the pre-college level, which servesou$0,000
students each year across the United States. -thiftg
percent of all JETS students are from groups faditly
underrepresented in engineering and technology 3d
percent of total participants are female.

At present, three levels of pre-college programs ar

The students reported thaflanned (subject to revision). The first level lvdevelop

communication within the team and with the commnit /€sson plans based on the EWB-USA Project of thatmo

members and other local resources was a highliglheir
learning experience.
examined in addition to the
considerations. Lessons learned that were repdyethe
students included how to work under tight constgihow
to coordinate tasks between diverse groups, andedbd for
flexibility in design.

They will be structured to allow scaling for diféet

Social and economic issuege we €ducational levels and subjects. The plans will easily
technological/designdownloaded for free by anyone for use in their ipakar

educational setting. The second level will speeifyactual
projects in a developing community that schools @ddress
over a period of 3 to 6 months. School teams rglearch

Community ownership and the problems and work on solutions to the desigiblems,

significant issues for project sustainability. Thlailand
project involved construction of a school dormitagd a
sanitation system. Since the government was impgotie
educational system, it was an effort to develop
appreciation for an education geared toward intemaavith
the outside world. The Mali Folk Center is lookirhgr
means to extract the oil from Jatropha nut for kasel fuel.
The nut, while plentiful, is not edible. The chaptis
developing a workable design to provide a usefudrgn
source for the community. All of these projectsvéha
produced a wide variety of challenges for the stigle

PRE-COLLEGE PROGRAMS

of the community submitting the engineering prokdem
Any, or a combination of, the solutions may be Hart
developed at the discretion of EWB-USA and the host

arffommunity. The first community to host this progravill

be the United African Alliance Community Center
(UAACC) (www.uaacc.habari.co.tz) in Arusha, Tanzani
that is currently working with the Westlake HighhSol
Chapter. Third, schools will be allowed to form afficial
EWB-USA chapter under the sponsorship of a unityersi
professional chapter. One high school, Westlake hHig
School, part of the Fulton County School Systenmietro
Atlanta, Georgia, has achieved that status.

EWB-Westlake High School Chapter
The Westlake High School (WHS) Chapter represents

EWB-USA recently decided to develop programs suitedhe initial motion to push EWB concepts and methogies

to the pre-college level (elementary, middle schaad high
school levels in the United States) for three raas&irst, it
provides a unique opportunity to intimately linkgémeering,
ethics, and social studies, which can increaseattereness
of the beneficial aspects of engineering. By inirg
students with these interdisciplinary projects yeanl their

Coimbra, Portugal

into a pre-college environment as an official clapof
EWB-USA. The efforts at Westlake High School haesn
multifaceted in order to establish a platform tlath be
easily adopted for future development of the chapte
Development has been focused primarily on an aftaool
club, class curriculum development, and summerarese
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experience at Georgia Institute of Technology. SeEhfacets
allow for a total learning environment where theneénts of
engineering and humanities can be combined in vilags
provide a sense of learning purpose. In additmrihese
learning environments it was also found that thees a
significant amount of overlap between the Juniotidveal
Society of Black Engineers (NSBE Jr.) and the EWiibc

environmentally friendly theme. By the second s&erethe
WHS club had formed a partnership with the Unitddcan
Alliance Community Center (UAACC) in Arusha, Tan@an
in order to develop a solar cooker. The idea fasokr
cooker was brought to the club’s attention by tlaaZanian
vilage. They had a need for a non-polluting, pensive,
and reliable replacement cooking system. By deie{p

Therefore efforts were taken to open communicatiorthis connection between the UAACC and WHS the elilb

between the two clubs in order to diversify ourugro As
another extension of the EWB club, and as direstilteof
the multifaceted efforts occurring at Westlake Hgthool,
there are possibilities to participate in EWB thensemmer
research through the efforts of the Center for BEton
Integrating  Science, Mathematics, and
(CEISMCwww.ceismc.gatech.edu In these settings it will
be possible to highlight individual engineeringeirgsts of
the students.

Westlake High School (WHS)
prominent institution within Fulton County,
Accredited by the Georgia Department of Educatiod the
Southern Association of Colleges and School, WHSske a

science and technology Magnet program that offégh h

performing classes for students with those interesthe

structure behind the EWB-WHS chapter was set up as

follows. A class in “Topics in Engineering” is efied and
highlights the history, ethics, and project managetm
behind any engineering project. The first semesfethis

class is in a more traditional setting. The secesmester is
project based, and is graded on a learning conigstem.
This system allows for students to commit to a grafitheir

choice but requires projects be executed in an plam
fashion. It is through this learning contract teatne of the
EWB projects have been brought into the class @ulrim.

In addition to the engineering project managemsntias,
there are also significant social engineering mamnamnt
issues with any project in a developing communiEpr help

with social issues that are faced in a typical e

Tanzanian village the “Topics in Engineering”
collaborated with an “African Studies” class. Tluigened
up another path for communication between the hitirean
students and the engineering students.

In addition to the classroom curriculum development
after school club was established. The club metethimes
per week, twice in the mornings where organizalitsgues
were primarily discussed and then once in the radin

where the focus was on construction of prototyped a

further design analysis. The club was organizeti witeam
of coordinators rather than tradition “presideritrales. The

WHS club consisted of a Project Coordinator, Exéern

Affairs Coordinator, Financial Coordinator, and emtal
Coordinator; each coordinator had responsibilitesards
the managing the project, contacting interestedsidet
parties, finances, and distributing important infiation
internal to the club, respectively. The studentghie club

is a diverse and
Georgia

class

be participating in an actual implementation ofirtteolar
cooker design in Tanzania. One of the main benefithis
program is the ability to show the students a mtofeom
beginning to end. However, the ability to partatip in a
project that will impact the lives of others grgaginhances

Computinghe impact that it has on the students.

WHS Program Evaluation

While a formal evaluation of the EWB club has net y
been implemented, some anecdotal evidence has been
collected on the students’ impression of the pragraVhen
asked “What did you like about the EWB club?” otedsnt
replied with“l liked the networks | built and [what] | liked
the most [was] the possible effect on communities tan
use what we build.” Another student commentéetl Jike the
fact that we actually do stuff, we don't just talkout how
we're going to help people - we do it."Other students
answered with similar responses, which indicatet tha
connection to a real-world project might be a caii
component for developing a strong sense of prgjegbose.
The students were also asked “Did you feel like EWB
club reinforced previous knowledge, provided new
knowledge, or didn't teach you anything new.” Againany
of the students responded with similar statementa.
representative response was made by one stutieot; only
feel that EWB sucked forgotten knowledge out ofamm
made it worth using, but it also taught me knowé&tgould
use in class as well as corporate AmericéSince the WHS
chapter was a new club format it was importantal@ate
how to make future improvements. The studentsewer
asked, “What do you think we could do better nesary”
One student responded witkVe could raise more money,
stay focused, and do better research for our pisjéc
Another student statetiNext year, | think we should let the
students choose the project.” Yet another student
commented;“Next year we could get an active online
agenda and event keeper.”

All the comments made by the students indicate tthet
program was successful in bringing engineering and
humanities together into one interdisciplinary pmj The
recommended improvements for future years will desh
seriously and can be used by others in order ioedheir
own projects.

Two other schools are actively seeking to establish
chapters. Robinson Secondary School in FairfaxgiNia is
planning to work with a school in Roatan, Hondukasteka

were initially working on a project (a solar powere Springs High School in Eureka Springs, Arkansaske/on a

thermoelectric refrigerator) that had no specifiestto a
community in the developing world. Instead thisjpct was

number of service learning projects under the aespdf the
EAST Initiative (www.eastintiative.org). The schoelnts

used in order to introduce some more advanced ghysito expand the scope of their projects with EWB-USkany

concepts and tie them into a humanitarian

Coimbra, Portugal
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program have received from teachers, parents arbrsts.

All of these pre-college programs and interesthem has
been generated without any external promotion. tTha
suggests there is a strong desire to bring EWB-WS e
pre-college arena.

CONCLUSION

Engineers Without Borders — USA is providing, stude
with extensive service learning opportunities thmings
together practical, real world experience, multigiinary
problems and multi-cultural issues. The programajsidly
expanding and developing. It is too early to drawatusions
without further study, but the anecdotal evidensevéry
encouraging.
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