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Abstract

Creating technology that is relevant and accessible
to developing communities is an emerging area of
scholarly and practical importance. Diversity in
both the creators and consumers of advanced tech-
nology is required to develop sustained and useful
applications of robotics, Al, and other technical
fields in developing regions. Increased diversity
will result in a wider array of technological inrev
tions that are of benefit to both developed and de-
veloping regions. However, due to restricted ac-
cess to technical resources, infrastructure, and ex
pertise, technology education in developing com-
munities is non-trivial. Thus, international patn
ships and creative course designs are required. In
response to this need, we developed a partnership
between Carnegie Mellon University in Pittsburgh,
USA and Ashesi University in Accra, Ghana to de-
sign and implement an undergraduate introductory
Robotics course targeted towards the Ghanaian
context. This hands-on course, which to our
knowledge is the first of its kind in Ghana, intro-
duced students to the fields of Robotics and Artifi
cial Intelligence and guided them to develop tech-
nical creativity by designing, building, and pro-
gramming small robotic systems. This paper pre-
sents an overview of the course, its outcomes, les-
sons learned through its implementation, plans for
its sustainability, and projected future directions
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1 Introduction

Addressing the unique challenges that pertain &atorg
technology relevant to developing regions is becgmai
subject of increased attention among researcheossisev-
eral disciplines ([7],[8],[14],[20]). The goal cfuch en-
deavors is to enable technology to serve the nefalsvider
segment of human society and to assist in solvargesof
the most difficult challenges of global developmespian-
ning domains including healthcare, agriculture, cadion
and manufacturing. Atrtificial Intelligence, Robedj and
other advanced technology fields have much to dauttr in
these domains. The resulting technological inrionatare
of benefit to both developing and developed reglmesause
they advance the state of the art and enable nglicap
tions.

In this paper, we argue that success in applyingnel-
ogy to the needs and challenges of developmentiresqu
increased diversity in the creators and consumérade
vanced technology. Specifically, participants frdevelop-
ing regions must be involved in this process. €lame in-
herent benefits that result from applying a diugrsi ideas
and perspectives to any creative enterprise. Eurtore,
participants from these regions have a unique wtaleding
of the relevant problems as well as the culturabtext,
available resources, strengths and challengesaiianfiu-
ence the creation of innovative and useful solwgtion

As such, one of the needs of many developing conymun
ties is for relevant educational opportunities alna¢ creat-
ing local experts in advanced technology fields],[#1).
There are many challenges, including restrictecesedo
technical resources, infrastructure, and expertisa, make
technology education in developing communities anfe
dable task. Some of these challenges can be overtym
creative course designs that capitalize on inteynat part-
nerships [14]. We present one such example: agatip
between Carnegie Mellon University in Pittsburgid &d
Ashesi University in Accra, Ghana, to design anglen
ment an undergraduate introductory Robotics coansed



at assisting Ashesi students to further develoj teehnical
creativity. We present an overview of the couite out-
comes, lessons learned through its implementgpiams for
its sustainability, and projected future directioi$irough
this case study we hope to inspire similar inii@si and
encourage further dialogue about strategies focesscin
such endeavors.

2 Background

Ghana is a country on the West Coast of Africah vt
population of approximately 22 million, and a peapita
GDP of $2500 [4]. The five public universities @hana
each specialize in different fields of study. Ezample, the
country’s premier public technical university, tKevame
Nkrumah University of Science and Technology, affan-
dergraduate and graduate degrees in many traditeog:
neering disciplines such as electrical, civil andctranical
engineering. In recent years, several private arsities
have been established and some of these, in adddithe
public universities, offer undergraduate programsnifor-
mation Technology and Computer Science.
there are many private institutes that offer ITatetl di-
ploma and short courses, and demand for these eiss
very high. While a few universities have mastaxsgpams

in Information Technology and Telecommunications, n

university in Ghana provides graduate programs @meC
puter Science: for this, students have to travebadh sig-
nificantly influencing the availability of Comput&cience
expertise for academia and industry. The promotibn
ICTs for development is a current priority of thevgrn-
ment [10], as evidenced by the establishment irBa&fGthe
Ghana-India Kofi Annan Centre for Excellence in (3.
This institution’s mandate is to stimulate the gtiowf the
ICT sector in the West African sub-region.

2.1 Ashesi University

Ashesi University [2] is a small private university Accra,
Ghana, with a stated mission “to train a new geimraof
ethical and entrepreneurial leaders in Africa; tdticate
within our students the values of life-long leapiconcern
for others and the courage to think in a bold amérprising
way.” Central to Ashesi's educational philosoplsythe
idea of sustainable development. We aim to nurteehni-
cal and business leaders capable of critically yaivad
problems and designing creative, suitable and ik
solutions to them. Students at Ashesi can majdCom-

puter Science, Business Administration, or Managgme

Information Systems and they are all required tketa
broad collection of courses in the liberal arts.

Firmly grounded in the African context, Ashesi ttones
to build its local faculty while maintaining stroriges to
international institutions. For example, facultyorh the

University of Washington, Swarthmore College an& th

University of California, Berkeley play strong relén cur-
riculum design, and the university regularly wel@mvisit-
ing faculty from around the world. Despite its dinsze
and relatively short existence (it started insinrcin 2002),
the university is already receiving significant eation

In additio

within and outside Ghana for the quality of its gmams and
its innovative approach to education in
([6].[17],[23])).

2.2 Carnegie Mellon University

Carnegie Mellon is a private, co-educational ursitgrin
Pittsburgh, PA, U.S.A. which began as Carnegie fieeh
School, founded in 1900 by industrialist and phifaopist
Andrew Carnegie as a technical school for workiless
Pittsburgh. In 1912, it became Carnegie Institutd ech-
nology and merged with the Mellon Institute of Rash in
1967 to become Carnegie Mellon University. Careegi
Mellon has many world-class research centers, diatuthe
Robotics Institute, a world leader in developinghatic
technologies; a part of the School of Computer i8@e

Carnegie Mellon is currently working towards defigi
and implementing a vision for globalizing our edima
The goal is to create a community “that is dynaiffiycan-
gaged with other peoples and other cultures” wih tn-
derstanding of history, culture, and worldviewsy’ avare-
ness of “the interaction and transformation of therld
through technology,” knowledge of “the great intetual
debates in history and in the contemporary woréhd “an
ability to work with people of diverse cultures aimddi-
verse countries.” [16]

2.2.1 TechBridgeWorld at Carnegie Mellon

In accordance with its theme of globalizing edwatiCar-
negie Mellon University recently launched the
TechBridgeWorld initiative ([13][21]) to explore gearch
and educational opportunities in computing techgglo
relevant to developing communities around the gldiie
primary goal of TechBridgeWorld is to increase theer-
sity and impact of computing technology through #re
roliment of developing communities as consumers znod
ducers of this technology. To this end, TechBridgeMV/
launched several programs with a focus on educatimhis
currently exploring technology applications relevemtop-
ics such as health, agriculture and disaster respon
TechBridgeWorld’s education initiative has two paim
thrusts: (1) Providing educational opportunities@arnegie
Mellon University students to learn more about dieviag
communities and the relevant challenges in teclyypland
(2) Creating technology aids for education relevianand
accessible by developing communities. All programder
this initiative are strongly linked to active pagta in devel-
oping communities. Through these partnerships gesdre
formed between the community at Carnegie Mellornveri
sity and partnering developing communities to excjea
knowledge, expertise, and creativity.

We have begun to explore the first thrust of thaced
tion initiative by creating on-campus opportunittesstudy
topics relevant to the theme of technology for dmvieg
communities, and opportunities to engage in figlidies
and implementations of relevant technology in depiglg
communities. The second thrust of the educatidtiaiive
is further focused in two ways: (1) Creating tedbgy aids
to allow improved access to basic literacy in dep#lg
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communities, and (2) Creating computing-technolagy
lated courseware relevant to and accessible bylalang
communities. The case study highlighted in thisepare-
sults from this education initiative.

3 Case Study: A Robotics Course in Ghana

A number of factors motivated the decision to desimd
implement an introductory robotics and artificiadteilli-

gence course at Ashesi University.  The first wasob-
served tendency of students to think of Computérige in
a very narrow way: for example, in terms of softevangi-
neering applied to web and database applicatiodsbasi-
ness productivity tools. Our goal was to encourstgdents
to recognize the breadth of Computer Science agid alvil-
ity to harness its power to solve challenging peats in the
context of a developing country. Through this pesceve
hoped to enhance the technical creativity and pratdolv-
ing abilities of the students while expanding thegrception
of computer science and exposing them to a widemkn
edge base and range of skills that could be appdietthe
problems they would encounter in their professioeat
deavors. A hands-on course in Robotics and Aidifintel-

ligence was chosen as a platform to achieve oulsdma
cause of the multi-disciplinary nature of theseidspand
their ability to excite students and inspire thembe crea-
tive ([3],[15])[3].

Figure 1 — Course participants and instructors

The course, titled “Introduction to Robotics andifir
cial Intelligence” [11] was piloted during the summof
2006 as an optional summer experience open to Hnd
fourth year computer science majors. There wekerse
participants: six men and one woman drawn evealmfthe
two classes. They were familiar primarily with tdava
programming language and the Windows operatingesyst
Their previous computer science coursework inclustaa-

dard courses such as programming, software engmgger
databases and operating systems. The fourth yedergs
had already taken an introductory course in Aitfidntel-
ligence. All the students also had a broad libartd course
base and had participated in the required LeadeiSami-
nar series at Ashesi. Few of them had any priomkedge
of practical electronics, and several had limiteathmback-
grounds.

The students cited various reasons for taking tagsc
including enjoying solving problems, wanting to get
“taste” of robotics, liking to understand how thingvork,
and wanting to enhance their problem-solving abédit
Several students also talked about a fascinatiom Auitifi-
cial Intelligence and a desire to learn how to gp#l to
real, practical problems.

3.1 Course Design Philosophy

The following principles inspired the design angiemen-
tation of the course and are important to the laggeal of
enabling the students to apply technology to dgmakmt:
Encourage creativity. Assignments encourage students to
be creative problem-solvers as well as technologgss.

Use local resourcesCourseware is designed to maximize
the use of local resources, thus making the cowsewmore
accessible and affordable to local communities.

Inspire with examples of state-of-the-art Lectures and
assignments inspire students with examples of tide-of-
the-art in theory and application of computing-teaiogy.
Encourage a broad understanding Courseware encour-
ages students to appreciate the breadth of congpteirh-
nology and its potential impact.

Teach technical skills Lectures and assignments empha-
size understanding, developing, and applying teldgyo
Teach dissemination skills Dissemination skills are para-
mount to promoting successful leaders in computing-
technology. Thus, courseware includes lectures asd
signments to promote effective reading, writingtdning,
and presentation skills.

Impact and involve local community. A key goal of the
course is to encourage creative thinking and proble
solving that is relevant to the local communityhus, as-
signments are inspired by locally-relevant probleaml
indigenous resources, and students are providddopipor-
tunities to present their work to the local comntyni

3.2 Equipment and Infrastructure

Ashesi University provided computer laboratoriesipged
with networked computers and one of these labs coas
verted into a robotics lab for the duration of ttaurse.
However, Ashesi was not equipped with electroniara-
chanical laboratory facilities or tools, and scereint elec-
tronic tools and components were purchased to eraat
small electronics lab for the project. Improvieas were
made for tools that were not available.

The course used Lego [12] for the robot mechaninas
the Handy Board [22], programmed in Interactive € o
Linux, for the computational platform. We also dighe
CMUCam [5] for vision capabilities. We chose tlpiat-



form based on capabilities and budgetary constaifiiach
robotics kit cost approximately $850, and the en&quip-
ment budget including nine kits and basic electreni
equipment (soldering irons, multi-meters, etc.) wasghly
$8,500. Ashesi University purchased six robotiits &nd
the electronics equipment, and Carnegie Mellon igiexi/an
additional three kits for use in the course. Cgiméellon
contributed the expertise for the course desigm tre
course was co-taught by all four authors.

The course was designed to fit into a $10,000 budge
is possible to adapt the same course to contexttsaAbwer
budget by having students share robotics kits duaing
the number of different sensors purchased in edch k

3.3 Curriculum

The class met three times a week for nine weekachE
meeting day had a one and a half hour lectureemtbrn-
ing and a three-hour lab in the afternoon. Sorhesé&ssions
had formal activities scheduled, especially in fingt week
of the course. The remaining lab sessions allothedstu-
dents extra time to work on their tasks and prejeahd to
get help from the course instructors as needed.

The first week of lectures covered an introductiorro-
botics and fundamentals such as the Linux Operaiysy
tem, programming in C, basic electronics, and amduc-
tion to the Handy Board. The course then continuigd a
survey of the field of robotics, with lectures ooloile robot
kinematics, control, sensing, path planning, searechine
learning (parameter estimation and classificatiomchine
vision, manipulation, and team coordination.

Students completed four tasks and three short egiizz
the first five weeks of the course, and a finaljgcbin the
last four weeks of the course. The bulk of eack taas a
hands-on activity designed for teams of two or ehstu-
dents. The first task was to design and build ahime to
deliver a small ball to a goal using locally avhlk&a materi-
als, and with a very small budget. Subsequentstask
quired the students to build a Lego robot, progitatm per-
form basic motion patterns, add onboard sensireméble it
to navigate a maze, and finally implement the waoat
planning algorithm to enable the robot to navigateenvi-
ronment with obstacles.

Figure 2 - Building machines from local materials

The final projects were formulated according toivigual
interests and capabilities. This was done to enatdents
to explore their individual interests, and alsadquire each
student to take ownership of his/her project, nathan rely-
ing excessively on team members. The projectsudted

navigation in a changing environment using repeatéd
searches, grid-based mapping of an unknown envieohm
using sonar, vision-based estimation of traffic siignat an
intersection, and the development of a robot theatqul Tic-
Tac-Toe with a human opponent. Students presehtsd
work to friends and members of the Ashesi commuaitg
poster and demo session held on the last day s$.clahis
culminating presentation linked the course to th@m@unity
and helped students further develop their dissetinima
skills.

Figure 3 — Ashesi students working on tasks an{ept®

3.4 Outcomes

Technical Skills: The students found that the course
challenged them greatly. They learned about tircatties,
frustrations and joys of working with hardware audtware
integration, the inevitability of noise and erravben deal-
ing with real-world sensors and motors, and theartgmnce
of practical applications based on an appropriaeretical
foundation. They acquired important system developt
skills, with a focus on the iterative nature of idas devel-
opment, and testing. In the words of one studtray
learned to “test, test, test!”

Figure 4 — Ashesi students presenting final prgject



Confidence: One way to measure the learning outcomes Impact on other academic endeavorsA few weeks af-

of the course is by the success of the projectstiaadon-
cluding poster session. The poster session wasoat o
the confidence of the students when they realized fmuch
they had achieved and how interested the audiercetav
hear about their projects. One student, at the adnthe
course, admitted that he used to be afraid wheedfadgth
technical challenges, but that he had gained cendd
through working on the projects in the course. I@og
confidence is an important step to enabling thésdests to
participate actively in developing creative, suigand sus-
tainable technology relevant to their context.

Awareness of research and professional organizatisn
Some of the most important outcomes of the cousm fa

ter the completion of the course, it is still muob early to
evaluate the full impact of this pilot implementati How-
ever, there are already indications of a broadgath One
far sighted student in the class chose a projettrédated to
his final year thesis on modeling vehicle traffitis robotics
project was on automated techniques for estimatiaffic

density at an intersection by counting vehicleqgisa vi-
sion system.

External interest: It was initially planned to open the
course up to students outside of Ashesi. Unfotalpathe
invitation went out on rather short notice, andréhevas
interest from only one individual who ended up degj not
to take the course. However, after the programestaand

development perspective were not planned but erdergesince its conclusion, there have been numerousephalis

from discussions and interactions with the studenior
example, we had a very spirited and interestingugision
during one classroom session which revealed tHingeef
isolation that a technical student and professidoma de-
veloping country may experience. The studentsdagkes-
tions at length about professional organizationshsas

AAAI and IEEE and how and why they could join them.

They also asked about research and conference$ieand
they could participate in them. The students viterested
to hear about the instructors’ research, and westvaied

by the fact that they could understand some of ttod-

nigues and approaches used in this research. #dtesral
guestions following a lecture that discussed A* aidilar

algorithms, one student, whose name begins with an-

nounced that he would design an ‘H* algorithm ahds

earn his PhD in computer science. The motivatioth ex-

citement that prompted this announcement was gxattht

we hoped to engender in the course.

Knowledge and Technical creativity: At the end of the
course, the students completed an exit survey pgothieir
impressions of the course and their attitudes tdsv&obot-
ics and Artificial Intelligence. About half of thetudents
admitted that before the course, they thought dfd®os
solely in terms of humanoid robots but that thesglaom-
pletely dispelled this notion by exposing themfte breadth
of the field. All the students felt they had beeomore
technically creative, citing ideas for novel apptions,
Lego-building skills, improvisation skills, techaicreport
writing and a greater degree of logical reasonisg®am-
ples. Some of the things the students felt theyldvalo
differently in the future as a result of the clazduded tak-
ing additional courses in electronics and artifidielli-
gence, exploring the possibility of graduate edocain
robotics, incorporating some of the algorithms teal into
future programming tasks, and focusing more effortest-
ing implementations. The students also made suiggesin
how to improve the course in future years. Thesgges-
tions include repeating the task to build a machone of
locally available materials at the end of the ceymacing a
greater emphasis on the mathematics and physicséreeq
ments of the course, and focusing more on Artifimgelli-
gence.

to the university both from students and from indusep-
resentatives requesting information regarding witenpro-
gram will be run again. In addition, some studaftsther
universities have requested permission to carryr@btics
projects with supervision from Ashesi Universitgdidty. A
previously unknown robotics group, consisting ahantor
and secondary (high) school students in the sowtesn
part of the country, has expressed interest irabolating
with the university. They already have ties withhigh
school in Philadelphia (USA). As a result of thigerest,
Ashesi University will continue to run the roboticeurse
incorporating it into the existing Al course.

4 Discussion

In analyzing the case study presented in this pageseral
questions come to mind: In what ways is this cosis@lar
to and in what ways is it different from introdugtaobotics
courses already offered by several universitiedeweloped
regions? What is the benefit of the internatigreatnership
between the two universities? Why is this expexerele-
vant to the topic of Al in ICTs for development? h&¥ les-
sons did we learn from this experience that cageeeral-
ized to and enable the success other such end@avors

4.1 Comparison with other courses

Overall, this course shares much in common witlsteag
introductory robotics courses (e.g. [15][19]). Stots were
introduced to the key challenges of robotics andaime of
the techniques that have proven successful. Classes
tained theoretical information that was then tiedatbs and
projects to emphasize the practical relevance.

The key difference between this course and sinnifao-
ductory robotics course lies in its intent to teaebhnical
creativity through robotics, and in its customiaatito the
Ghanaian context. Beginning with the first lab gesient
and continuing throughout the course, we triednpleasize
what the students could create by combining stitbesart
techniques with local resources and local knowletiye
achieve local impact. Indeed, particular emphasiss w
placed on what the students could create in thé 5eb0
years of their expected working life. The courses vadso
customized to the local Ghanaian context by phgasiany
of the in-class examples to scenarios that theestisdwere



most familiar with, or to situations that we allsgioved in

Ghana where robot technology (not necessarily jusile

robot technology) could have a significant impa&s such,

lectures often emphasized the applications of corapb
technologies of robotics such as sensing, machisiery

and machine learning, and discussions repeatediguen
aged students to think of local applications ofstheéech-
nologies.  Furthermore, each student was encodrége
carry out a final project based on his/her intexest

4.2 Benefits of the International Partnership

One of the aims of the Computer Science departraént

Ashesi University is to make available, for thestfitime in
Ghana, advanced courses such as Robotics andciattifi
Intelligence. The motivating philosophy for thésthat such
courses challenge students to combine criticakthgnwith
the application of technical knowledge. The skdiBvel-
oped in these courses translate directly to thekplace,
allowing graduates to help design systems that orethe
businesses in which they work and the societiesavtieey
live. The challenge of gaining access to relewertise
in these specialties has limited our ability to tribés goal.
As such, from the Ashesi perspective, the partmgrsiith
Carnegie Mellon was an opportunity to build capada
teach Robotics as part of the existing Computeer®a
program.

From the Carnegie Mellon perspective, the inteameti
partnership with Ashesi University offered an opfpoity to
extend the university policy of globalizing eduoati([16],
[18])[15]. In teaching this course, we gained valeaex-
perience on how to effectively design technologyirees
for students in developing countries — a totall§fedent
context to what we are more traditionally famihsith. The
knowledge we gained will help us more effectivebach
similar courses in the future, and will also be fukdor
teaching other courses that have a technology.basis

Individually, seeing students learn and createyistdelf
extremely rewarding. Moreover, there is a greatsseof
impact that one feels from teaching a class to @mae
technical creativity in a developing community. Asre-
searchers and educators, social impact is a keyaoemt
of our shared goals.

4.3 Lessons Learned

In the hands-on tasks and projects, especially vdten
dents do not have much experience building systénis,
important to monitor the level of frustration. RKdtugh
some amount of frustration is unavoidable when diugj
and testing real robots and learning to handleithen im-
portant skill to be taught, ideally this should ianced by
a sense of accomplishment when the task is congptete-
cessfully. Frustration can be managed by carefeyew-
ing and testing each task before assigning thetheaostu-
dents. Demonstrations can be scheduled such tierdgs
are steered towards incremental development anohdes
which is another important skill to be taught.

It is also important to understand what will worlttwa
given class size. Having individual projects wasyvmoti-

vating for the students, as it enabled them to a®pindi-
vidual areas of interests and further develop te#ngths.
However, for this to be successful, there needstsignifi-
cant input and guidance from the instructor bottioinmu-
lating and in executing the projects, which medrat the
instructor to student ratio must be carefully coléd.

4.4 Future Directions

Ashesi University aims to continue to offer thisicge to its
students in the future. While it may be farfetchedtart a
research program in robotics locally, it will beefid to
have ongoing projects to address local problemsguki-
cally available materials. Students will then havenues to
continue their exploration after completing the rseu It
will also be useful to organize robotics competisaamong
students and any interested groups. This will dtibeu
growth and creativity. It will inspire students study even
more of the theory in order to construct robudiabdée ma-
chines for their competitions. Short programs, sadnd
demonstrations can be organized periodically feosdary
school students to get them introduced to the iexciield
of robotics. This will generate sufficient interestd help
sustain the program, while continuing to encouragativ-
ity and innovative problem solving.

In teaching this course, one of the key limitatioms
have noticed was the lack of a suitable textboolil&V
there are a number of good robotics textbooks alvks)
they generally fall into two categories: technibabks that
focus on a small sub-set of robot technology, troductory
books that are educational but fail to convey kreulgke
about state-of-the-art robotics techniques. Funtioee,
none of these textbooks specifically address timéesd of a
developing community, and many of them are pricedod
the range of students and practitioners in devetppi-
gions. There is a gap, therefore, that needs fiillbg. We
hope to explore ways to fill this gap using on-limedia in
our future work.

In addition to a lack of suitable text books, thexa sig-
nificant lack of low-cost but capable robot platfex. That
is, there is a need for something more proficibantLego
can provide but of sufficiently low-cost as to bseful to
universities without large hardware budgets. Torestl this
problem, we are in the preliminary development esaof a
robotics kit modeled on the Open Source Software
proach.

We are also working on creating an online repogitafr
technology-related courseware relevant to devetppiom-
munities. Online access to computing-technologyrse-
ware is available via several online resources. wéi@r,
many of these sites provide access to coursewaigroa
for developed communities where technology appboat
are ubiquitous and where access to computers aehre
resources is made relatively easy. Starting with Ashesi
robotics course, we seek to create and dissematatese-
ware that is purposefully designed to be relevamtavelop-
ing communities where access to technology anchéiah
resources are scarce, and where the role of temipdlas
not yet been defined in the community. This onkuica-
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tional resource will provide educators around tludeg with

the opportunity to extend and evaluate the courseweail-

able through the repository, and also share besttipes
relevant to teaching computing-technology in depilg

communities. The goal is to empower younger geiters
in developing communities to become both consuraads
creators of relevant computing-technology and ttoerage
new and creative technology solutions to relevaaoblems
in developing communities rather than mimickinghteal-

ogy solutions that prevail in developed communitidge

envision the result of this initiative will be adveancement
of the diversity, richness, and impact of the fiefccomput-
ing as whole.

5 Conclusion

This paper made the argument for creative coursige to
help develop expertise for technological innovatinnde-
veloping regions. It presented, as a case studinteoduc-
tory course in robotics and artificial intelligencinple-
mented as a partnership between Carnegie Mellawnetdn
sity and Ashesi University. Through tasks and gxty, the
course assisted the students to further developniea
creativity while introducing them to the excitingodd of
robotics and artificial intelligence. Empoweringchnical
students in developing regions through such educati
initiatives can have an important and long-term aatpon
the innovative application of technology to thelghages of
development. The international partnership forgetiveen
Carnegie Mellon University and Ashesi University tais
project enabled us to overcome many of the chadienigat
hinder technology education in developing regiond\Ve
hope this case study serves to encourage furtttrasors
along these lines
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