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ABSTRACT

Applying information and communication technologigs

development (ICTD) is emerging as an interesting) mwotivating

research area in computer science and engineelingpans
application areas from healthcare to transportatiomd requires
the use of computing skills from networking to useterface
design. Addressing problems of developing regiond ander-
served communities lets students explore a diffepant of the
ICT design space, leading to new implementation wsgarch
questions. ICTD is also an area that has the patetat excite
students about the CSE field more generally, viglemphasis on
enabling social benefits with technology, and ishriin

possibilities for interesting student projects. this paper we
report on two offerings of a course at the Univgrsof

Washington that introduce students to the field vegty of

1) reading papers from literature in the area tm gxposure to
this very different design mindset and 2) doingcfical projects
that engage students in engineering problems wrdque design
constraints. Our hope is that CSE educators mag fiar

experiences useful in identifying an approach tegrating the
field of ICTD into their curricula.

Categories and Subject Descriptors
K.3.2. [Computers and Education]: Computer and Information
Science Education Gomputer Science Education, Curriculum

General Terms
Human Factors.

Keywords
Capstone courses, service learning, socially-relepeojects,
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1. INTRODUCTION

Information and Communication Technologies for Depenent
(ICTD) is emerging as an active area of researah showcases
the connections between computing and the futurgilbéns of
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citizens of our planet [4, 11]. The third IEEE/ACSponsored
conference on ICTD was held in April 2009 [14]. jeads
currently exist in many computer science departmeand
emphasize the importance of collaboration withdekuch as
public health, education, agriculture, and busin€&samples of
projects in this area include flood detection, HADS tracking,
making crop prices available to farmers, microfican
transportation coordination, and governance.

At the same time, research on attracting and riegistudents
suggests that educators should portray computinga dgeld

through which one can contribute to the social goBIET asks
that by time of graduation, we provide our studemith [1] “an

ability to analyze the local and global impact ofrputing on
individuals, organizations, and society.” Exposismdents to
ways that computing is having an impact in low-imeoregions
and the developing world is one mechanism for ngakire field
relevant and showing its power to impact the wodditively.

In this paper, we describe our experiences teadwngofferings

of a yearlong undergraduate capstone design course
computing in the developing world, consisting obre-quarter
reading seminar followed by two quarters of designd

implementation. We found that students were abkotaprehend
and be motivated by papers from the ICTD literatiB&udent
groups implemented a variety of interesting ICTx@d projects
that forced them to consider design challengesnobuntered in
their previous CSE courses. These challenges iadludeating
low-cost technology solutions suitable for envir@amts with

intermittent power and low Internet connectivitydadesigning
interfaces appropriate for users who were illiterat had a lack of
comfort with technology.

2. RELATED WORK

There is a long history of interest in incorporgtiprojects that
have a positive impact on society into computingirses via
service learning [5, 12, 18, 22]. Benefits of seevilearning
include providing opportunities to build strongeslationships
between the university and the community and t@eittstudents
to the field through the context of projects thawé a positive
impact on society. While not all projects in ouucges went on to
be directly deployed in the communities for whidiey were
designed, we still saw students driven by a simitgerest in
using their technology skills to enable social bigse

There has also been much recent interest in spaialevant
computing (defined as the use of computation teesproblems
of societal and interpersonal relevance) [7]. EXasinclude the
incorporation of open-source humanitarian projektg] and



assistive technologies [6] into senior capstonégdesourses or
as independent study projects. Layman et al. désctee
importance of designing individual assignments &mdnstrate
how computer science can be used to aid society bave some
practical value [15]. Socially relevant projecte aeen as a good
fit for the altruistic leanings of this generatiofistudents [19].

Our course builds on the motivation and successhefwork
mentioned above in that it focuses on projects tmate the
potential to impact society in a positive way—irnr @ase, in the
context of low-income and developing regions. A fewiwversities
are beginning to integrate the topic of ICTD intbeit
undergraduate curricula [8, 24] although most stmiirses are at
the graduate level, are housed in departments ttharcomputer
science, or do not involve implementation projects.

3. OUR COURSE

All computer engineering majors (and many compusgence
majors) at the University of Washington take a qoerter
capstone design course. These courses are manuata8ET
and are offered on a variety of traditional topicanging from
computer animation to embedded systems, and gixdests the
opportunity to design and implement substantialugrprojects.
In addition, students gain experience presentimy twork and
justifying their design decisions.

In the 2007-08 and 2008-09 academic years, a nestare
design experience on the topic of technology fav-iocome and
developing regions was offered [26]. The traditipmae-quarter
capstone course was expanded to include two prediyiquarters
of background and discussion in the area of ICTie fleason for
doing this, is that unlike the case for the moaglitional capstone
topics, students had not had much previous exposul€TD
topics except, possibly, in the popular press. Harmore, it was
felt that having more time to iterate with potehtisers and/or
ICTD experts would provide a richer experience amake the
point that technology, to be meaningfully appliéds to involve
stakeholders in its design from the very beginning.

3.1 Reading Seminar

The first quarter took the form of a one-crediiéture review, in
which students familiarized themselves with some thé

challenges faced by residents of low-income regidine course
met an hour each week, and a different applicadi®a or design
constraint was discussed at each meeting. Sampiestoclude
education[21], transportation[25], non-literate rusgerfaces[16],
microfinance[20], healthcare[10], and agricultu[1Reading
lists can be found on the course web pages [26f. dpproach
was to bias the paper selection toward papers enritby

technologists working in ICTD so that the studecdsild more
easily relate to the experiences they read about.

3.2 Project Design and I mplementation

For the second quarter, in a two-credit design istudass,
students were asked to organize themselves intapgrof 4 to 6
based on their common interests and asked to cqmevitin
design ideas and implementation plans. In 200#@8¢ were six
project groups, in 2008-09 there were four. Thraughthe
quarter, students were continually asked to pretiegit design
ideas to the class and outside experts for feedbafk asked
representatives of local NGOs working in ICTD, ergrs of
major companies in the local area working on apgibms for

emerging markets, and other UW faculty familiarhatite field to
listen to student presentation and press on teaganing both in
terms of application space and design decisionsairigthe
objective was to provide a realistic team desigpeeience where
decisions must be rationalized and explained tidemaudience.

The final quarter followed the more traditional foiof other 5-
credit capstone courses, although the focus hesepwearily on
implementation rather than design and implemematio
Throughout the last two quarters, student group® requently
required to present their ideas to the class ampamels of experts
in formal presentations, poster sessions, andenritports.

4. EXAMPLE PROJECTS

In this section, we describe three of the coursgepts in greater
detail. Other student projects from our two offgsrof the course
covered a variety of areas and technologies: wrigducational
games that allow several students to share a saugiguter via
cheap USB keyboards, creating an educational ajlic for the

OLPC (One Laptop Per Child) platform, helping conmity

health workers in Tanzania manage patient cargush phones,
empowering women in Kenya via community radio, mgki
agricultural outreach video presentations more raatéve via

technology, and building a device that permits gafe and
efficient recharging of batteries.

4.1 Improving Transportation in Kyrgyzstan
The goal of the *bus (“star-bus”) project was t@yide reliable
transportation information to bus riders in Kyrgyrs via GPS
tracking devices and text messages. Currently, shuse
Kyrgyzstan have set routes but no set stops ordstéée Riders
must wave down a bus when they see one and haigeaavhen
a bus will arrive. This leads to wasted time, arehay (if a more
expensive taxi must be taken instead), and can $efedy issue
for riders waiting alone at night when serviceeisd frequent.

In many places in the developed world bus ridersehaccess to
real-time transit information via electronic sigmssted at stations
or via the web — which they may have access to faopersonal

web-enabled phone. Students with GPS-enabled phuiitbs

Internet access may even be accustomed to keegicly of the

location of their friends possessing similar tedbgg.

In designing a transportation information systemKgrgyzstan,

students were forced to work within the constraimf a

dramatically different landscape. While cell phoaes owned by
over 70% of the population, less than 15% own amdar or use
the Internet (compared to 85% Internet use in t8¢ [@5].

Students took this knowledge of technology use epadt in
Kyrgyzstan into account, and designed an infornmasigstem that
fit well with a method of communication seen as omn and
affordable — SMS (a.k.a. text messages). Studerdteva server
that runs on a computer with intentionally minimeduirements —
a cheap laptop connected to a cell phone (no letexccess was
required by the server). In the designed systedersi send text
messages to the server inquiring about the aroivtideir bus. The
server sends its response back to the rider via.SMS

For their project, students also devised a mechmafus collecting
information about the location of buses. Studenik b hardware
prototype device containing a GPS module that cbeldhstalled
on buses being tracked by the system. These *bexetewould



then relay their location information over SMS ke tserver. The
*box was intentionally designed to have a non-tteeiag

appearance, low power requirements, and minimaéstralue to
discourage theft (instead of equipping buses wiS&@&nabled
phones). An SMS interface to the tracking devicess valso
developed so that administrators could access teemtely and
drivers would not be required to interact with thextensively.

The project is an example of one that was posélealass by a
colleague from another department, who identified problem
after years of experience in Kyrgyzstan. At the efithe course,
some students from the project joined forces withtlaer project
group that had developed a system for supportingS-®istsed
applications. The newly formed group continuedaitien on the
project and eventually visited Kyrgyzstan to deplbgir system,
resulting in a senior thesis and research pubdinati

4.2 Marketing Native Crafts

The Empowering Artists group teamed up with busrgtsdents
at Heritage University in rural Washington stateatiow artisans
in remote regions to sell their art to the worlcheTgroup at
Heritage had connections with local Native Amergamnd, by
way of students at other universities, with Huiclatisans in
villages in remote parts of Mexico that were instee in
marketing their work. Although web sites such asyeBllow the
sale of items directly from artist to consumer, tran$ists in these
communities did not have either sufficient accesfaoility with
technology to make use of these options. In additioey did not
want to compete directly with mass-manufacturedlicap or
culturally irrelevant goods, instead expressingsirg to preserve
and accurately portray their cultural skills antues.

In investigating a possible solution, the UW conipgitstudents
collaborated with their partners at Heritage to emsthnd the
problem constraints. It was eye-opening for the moting

students to encounter the levels of mistrust ohrietogy and
outsiders expressed by some of the artists. To eaddthis
problem, the students proposed using the univessitgents as
both art documenters and trusted transaction irggiames who
would access technology on their behalf. This hug@nputer
solution allowed students to recognize that teobmwlalone
rarely provides the entire solution.

While university students in both locales had reabte Internet
connectivity and computer skills, the CSE studstitsneeded to
create an easy-to use web-based back end for upipadntent
and keeping track of inventory that could be avdéan (at least)
English and Spanish. In addition, they createdatfend website
that presented goods for sale in a way that woalddzeptable to
a wide variety of artists. Throughout the procesgadents were
made aware of cultural sensitivity. For exampleewtone CSE
student suggested using a Yakama language wordarwd ithe

project, Heritage students explained that manyJdafimerican

tribes, including Yakama, did not want their langes used by
outsiders. When the CSE students suggested enlati@nweb

site to support commissioning of artwork, they teat how the
majority of Huicholes produce art sporadically arately by

request.

4.3 Radio Craiglist

The CellPost project (a.k.a. Radio Craigslist) tadaa low-cost
mechanism for advertisement of goods and servesepjoyment
opportunities, community announcements, lecturesnd a

healthcare information. Students were inspired égding about
the use of community radio in the AIR [23] projeatere it gave
women a voice in communities in Africa. They wemeeiested in
using low cost technology to bring services such tlagse
available on Craigslist [9] to people in remote cammities.

To address this problem they combined two relativdleap and
available technologies: cell phones and commuratiia. Users
with cell phones would call a server to leave mgssdsuch as an
advertisement of an item for sale or a job oppatyyiihat they
wanted broadcast. The server was responsible farrdiming a
schedule for broadcasting messages and was codrtecéa FM
transmitter to allow local broadcast over a ranfyseveral miles.
For their project, students selected and assenwlohctioning
suite of hardware (FM transmitter, antenna, cetim@) and low-
cost laptop) and created the server software.

The students found several software packages biaita help
them construct the system. Asterisk [3], an open®telephony
engine, was used to connect a cell phone (for randhcoming
calls) to the server via Bluetooth. Voice menusewereated to
guide users to place their messages in the caragegory and to
allow administrators to remove inappropriate coht@he use of
voice as the mechanism for placing ads allows tis¢em to be
used by illiterate users. Similarly, the broadcatcontent in
audio form to radios (a low cost technology thagasily shared)
makes the system available to a wide range of users

A web GUI was designed so that (if the server wamected to
the Internet) a remote user could upload contenh s audio
books, farming lectures, or English lessons froywdrere in the
world for broadcast on the local station. The sasa&f a similar
system VoiKiosk [2] makes the students’ solutioakg@romising
for actual deployment.

5. LESSONSLEARNED

5.1 Successof Course Structure

Our year-long model for the course, (1) a readimgnisar

followed by (2) a design studio and then (3) anenstve

implementation push, worked well and spread thgeptceffort

nicely across the three quarters. The papers ineding seminar
were accessible to undergraduates to the point ttet were

capable of both leading and summarizing the disonssach

week. We believe that the reading seminar coulddsta its own

as a course that would be relatively easy for imestrs at other
institutions to implement. Individual papers frometseminar
could also be used as interesting supplementsumses such as
human-computer interaction, operating systemsgtwarking.

We expect that it would be difficult to do ICTD-a¢éd projects
similar in scope to the ones our students accohmadisn a single
quarter or semester. In our experience, studerd time both to
absorb content from the reading seminar and toeajpie the
unique design constraints of their projects. Furtitee, having
ample opportunity to present their ideas to a rafgeactitioners
was immensely educational and reinforced the desmrcepts
presented in the classes. Our model of gearingnufevel of

commitment and intensity from quarter to quartsoaeemed to
work well. Several students dropped after the fitstrter, and we
did have a couple that joined in the last two qerartbut, given
the small numbers, this did not pose a signifiganblem.



5.2 Resource-Constrained Design

Typical capstone course projects are in domaitesaat somewhat
known to students (games, animated films, sociaarking,
education, shopping, trip planning) and are meautiet used in a
context they are familiar with (e.g., by studeriite themselves or
professionals living in a city similar to their oyThese projects
require students to design a solution to the gpyedlem within a
set of constraints (time, skills of group, hardwane software
needed), and students inevitably wrestle with diffies such as
dealing with poorly documented software, hardwai tloes not
work as advertised, and all the challenges inhegegtoup work.

One of the benefits of having students do projecthe area of
ICTD is that it exposes them to a set of designstamts that
they are unlikely to have encountered in any previGSE course.
Design constraints our students had to considéuded:

¢ Very Low cost — Cost obviously takes on a new meaning in

scenarios where people live on less than $2 a Egyensive
computing devices are at risk of theft or can epen their
owners in personal danger. Tappearanceof low cost can be
equally important to the actual cost.

¢ Low power — Although students will probably be familiar with
the idea of conserving power for environmental oeasor to
extend portability of devices, they are not likdly have
designed for an environment where power is intéemit or
relatively expensive or both.

« Low connectivity — While cell phone coverage is becoming
more and more available worldwide, Internet coveragstill
far from universal, and continues to be expensiVe. simply
can not rely on partitioning of tasks between nmohlkevices
and servers, for example.

¢ User interface challenges — Several of our student projects had

to design user interfaces that would be accessibteonly to
people of different languages and cultures but @those who
were illiterate or who had a fear or distrust ofhieology.
Cultural sensitivities add another dimension.

« Ease of maintenance — Solutions that are deployed in remote

areas or that must be maintained by inexperiensedsupose
an extra challenge. Hardware and software shoulobbest to

the elements and designing a system so that exgertaccess
it remotely can be invaluable.

The fact that design in ICTD inherently relies tve use of low-
cost technology can be a benefit when trying tauecesources
for student projects. Wide coverage and growingesedas led
the cell phone to become a much-used computingpptatin the
developing world. While voice connections can $i#l expensive
and of varying quality, SMS (text messages) hasemaiseful for
many applications. Low cost laptops like the OLR®@ #he new
generation of netbooks are also starting to be oyepl and
present an interesting design point between phamas full-
featured laptops. Community Radio is another teldgyo that
provides low cost broadcast communication.

5.3 Impact on Students

Overall course evaluations have been very positi@n

evaluations, several students mentioned the vdltigirkking in a
new way (“Very different view to develop technolodgr

developing regions”, “Thinking outside the box é&ally good for
all engineering disciplines”). Several students tioered the real-
world and altruistic nature of projects as appeglifiGave

students an opportunity to help people...”, “I haeribdooking

for a class like this for some time. There showdniore classes
that offer a focus for the technology instead oftjuhe

technology.”). They also frequently spoke positwvealbout the
year long nature of the course (“For developingldv@eapstones,
definitely keep the leading two quarters of introtion and

design. The insight gained from studying previousrkvwas

crucial to developing a relevant capstone projgct.”

Despite most course projects only being prototypes, had
several students continue work on their projectd wo the
summer or the following year. Several of these tooklives as
research projects, often leading to publicationsemior theses. In
a few cases, funding was found to allow studentsateel to the
region for deployment or usability testing of thpipject. Several
students from the course are planning to continagkwn ICTD
in graduate school, another accepted an ICTD-tlaternship.

6. ADVICE TO INSTRUCTORS

Although several of our projects evolved from dRrigt
connections with other researchers, we believe would not
need to be an expert in the field or to have sumimections to
teach an ICTD-inspired project course. Instructcas use the
background provided in the reading seminar to p®via
motivating context for projects in low resource igonments both
close to home and abroad. Here we give suggestfons
instructors interested in teaching similar courses.

e Students need the background seminar in order to
understand the human side of project goals and the source
of unique design constraints.

Although in our experience this background provedé¢ eye-
opening and created excitement for the majoritstofients, not
all students may appreciate the broader implicaticf

technological solutions or be motivated by projectiCTD.

e Instructors need to provide greater guidance in_project
selection.

Excitement about the potential humanitarian impafctheir

solutions coupled with a lack of deep understandifigan

unfamiliar context can lead students to be overhbitious

when selecting projects. In our experience, instmscneed to
be particularly careful to reign in elaborate platsdents may
first propose when working in this new area anduemghat
projects include a reasonable technical componehbses
implementation can be achieved in the time avadlgioicluding

experiments and contingency plans).

e Instructors may need to provide more guidance during
projects.
We found that while some student projects werediedfcted,
others needed significantly more guidance alongvihg. We
suspect that this could be due to students’ lackesfainly
when working in this unfamiliar area. Besides &la€ direct
experience with the domain (healthcare, agricujture
geographic region (sub-Saharan Africa, Kyrgyzstan}kulture,
they may also have more difficulty finding answergjuestions
than they might with projects where informationriere readily
found on the Internet or from a local pool of pdignusers.



« Keepin mind that projectsare only prototypes.

The overall goal of student projects should be rmtqiype a
solution with these unique design constraints, tanghin some
understanding of the domain. While it is usefuhtid students
to reasonable reality checks (e.g., constant leterannectivity
is expensive and unlikely to be available), atghme time, an
instructor can allow some flexibility in meetingee design
constraints for the purpose of proof-of-concept aalidation

of the project’s core idea (e.g., students mighidspecialized
hardware to allow for the exploration of a desigace, while
at the same time calculating that larger quantitesld be
produced much more cheaply or that less-costlythaffshelf
options could be used). For projects that livedbegond the
course, re-engineering parts of the system was ofiguired.

« Look locally for possible projects.

You may find low-resource communities in urban arat

environments in close physical proximity that alletudents to
pursue projects similar to those they read abouh@ICTD

literature. Reading the ICTD literature will helpudents be
sensitive to issues that apply locally as well. $i¢sl proximity
may also allow visiting the site — which proved afuable in
our experience. We also found it useful to explmaect ideas
posed by colleagues in other departments that igadfisantly

more experience with the context (e.g., transporiatin

Kyrgyzstan).

¢ Consider having students do projects that are part of a
larger effort.

The HFOSS project [17] allows students to contebtiot open-
source humanitarian projects, several of which hawts in the
developing world (e.g., OpenMRS,
management system). Participating in projects eOSS
where students develop modules for existing prsjettows

students to leverage resources of a larger developm

community and more easily deploy their solutionghia field.
Developing applications for a platform like the GLRan have
similar benefits.

Overall, we found that the course topic of compuitfor low-
income regions and the developing world
successful projects, while being motivating and-egening for
students. The course has been offered twice sarfdrwill be
offered again in the coming year. A video about tbearse has
been created for use as a recruiting tool [27].
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