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ABSTRACT

The growing demand for technological innovationetmpower
developing communities and enable sustainable dpxent
requires new and creative educational initiativébus, well
designed higher educational initiatives geared tdeiappropriate
technology for developing communities can have gnificant
global impact. This paper presents the challengdsanefits of a
higher education initiative, TechBridgeWorld, atr@gie Mellon
University that focuses on innovating and implenmantelevant
technology for developing communities. The authtexamine the
potential intersections of computing technologieghveducation
and sustainable development. Several programs hiadnihirough
the TechBridgeWorld initiative are described, amgults of a
pilot study carried out in Ghana for one of the AiRddgeWorld
programs, Project Kané, are presented. The papetuntes with
an analysis of lessons learned by the authors ghréaunching
the TechBridgeWorld initiative, and other relateg@riences.

Categories and Subject Descriptors
K.3.2 [Computers and Education]: Computers and rimé&iion
Science Education

General Terms
Documentation, Experimentation, Human Factors

Keywords
Computing Technology,
Development

Education, Robotics, Sustdma

1. INTRODUCTION

The United Nations (UN) reports almost half of therld’s
population lives on less than $2 a day. Anothdiobilpeople join
them at the bottom of the economic pyramid formingoverty
base of 4 billion people; two thirds of the glolpalpulation! But
what exactly is poverty? TheWorld Bank’s Povertylpebgram
[16] defines poverty as follows:
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Poverty is hunger. Poverty is lack of shelter. Pvis being
sick and not being able to see a doctor. Povempisaving
access to school and not knowing how to read. RPpienot
having a job, is fear for the future, living oneydat a time.
Poverty is losing a child to iliness brought abbutunclean
water. Poverty is powerlessness, lack of repretentand
freedom.

Perhaps most importantly, “poverty is powerlessniesk of
representation and freedom.” While solutions to grtyw require
food and other basic necessities in the short-tarsystainable
long-term solution to global poverty must involvea@owerment
of the poor to feed themselves and make their awalihoods.
Thus, sustainable development, that is, developrieitallows
current generations to satisfy basic needs witdeptiving future
generations of the same opportunities, is at ttaetted the global
agenda. In fact, eradication of extreme global pyvevas the
focus of the UN Millennium summit during which theorld
pledged to halve extreme poverty in the world b§2013]. This
is a goliath task that cannot be achieved by origna

In the more proactive, second paragraph of thdinitien of
poverty, the World Bank’s PovertyNet program [1&jtes:

... Poverty is a call to action - for the poor ahd wealthy
alike - a call to change the world so that many enaray
have enough to eat, adequate shelter, access d¢atesuand
health, protection from violence, and a voice inatvh
happens in their communities.

This statement rings true since poverty affectsamy the poor,
but everyone in numerous ways. Furthermore, eradgcaoverty
is not limited to providing food or water or anyhet single
aspect, but instead, will require a multitude oftbiwaditional and
innovative efforts. Thus, eradication of povertyllwiequire a
concerted global effort; it cannot be accomplishgadhe actions
of a few.

Traditionally, most people support and rely on dhbte
organizations to address poverty. However, it isra@asingly
evident that charity alone will not eradicate pdyeinstead, a
drastic change in how we view poverty and the psarecessary.
In the words of C. K. Prahalad [9], “If we stopnking of the
poor as victims or as a burden and start recogmitiem as
resilient and creative entrepreneurs and valueeious
consumers, a whole new world of opportunity willeopup.” A
growing population of researchers, academicianggpreneurs,
and multi-national corporations are recognizing thalue,
strength, and creativity of the population at thatdm of the
economic pyramid and joining forces to battle glopaverty in



new and creative ways. Popular business modelspanducts
cannot be directly transferred to developing comities) instead
appropriate business models and relevant produaist rhe
developed. The key to a sustainable program is ampoent of
the people in the developing communities such thay are
partners in the design and implementation of thessgyrams.
Thus, appropriately designed educational initiatjvén both
developed and developing communities, must playuaia role
in this empowerment.

While most wonder how this topic concerns the fiedd

computing technology, an increasing number of peopte
lobbying for innovative technology as a necessaw for the
empowerment of developing communities. In his flagsaddress
at the Millennium Summit of September 2000, the Bétretary
General Kofi Annan made a declaration encompagsiagvhole
scope of the UN’s work and its future directionisTMillennium

Declaration enunciates eight international develepngoals [13]
which set the agenda for development-oriented inéion and
Communication Technology (ICT) initiatives condwttender
UN auspices and led to the establishment of thelON Task
Force who reported, “the power of ICT can be haseedsto
contribute substantially to realizing all of the ad in the
Millennium Declaration either directly or indiregtl Moreover,

one of the pioneers in Robotics and Atrtificial lligeence (Al),

Professor Raj Reddy, in his 1988 AAAI presidensidtiress [11],
urged Al and Robotics researchers to consider tiadlenges of
the poor in technology research, and highlightedrtacessity for
innovative technology that will benefit the poor.

Inspired by the vision set forth by pioneers sushPaofessor
Reddy and by the current demand for advanced téotmo
relevant to developing communities, this paper $esuon the
topic of computing technology for developing comiities, and
the role of higher education in this area of stutlye presented
case argues that innovating technology relevandeeeloping
communities must not become the sole responsibitify
developing communities but instead, is better agdethrough
partnership between developed and developing coritiesinT he
paper explores directions in which research andcathn in
computing technology fields can benefit developbognmunities
around the world, help achieve the Millennium Depehent
Goals, and increase the diversity and creativitytloé field
through the process.

2. TECHBRIDGEWORLD

The TechBridgeWorld initiative [12], recently ladred at
Carnegie Mellon University, is creating researcd aducational
opportunities in computing technology relevant teveloping
communities around the globe. The primary goahdf initiative
is to increase the diversity and richness of coingutechnology
through the enrollment of developing communitiexassumers
and producers of this technology. To this end,
TechBridgeWorld initiative creates two principal pgs of
programs: on-campus opportunities to study topsvant to the
theme of technology for developing communities, and
opportunities to engage in field studies and imgetations of
relevant technology in developing communities. AHograms
under this initiative are strongly linked to actiymartners in
developing communities around the globe. Througeseh
partnerships, bridges are formed between the Cirndgllon

the

University community and partnering developing caumities to
exchange knowledge and creativity.

On-campus activities include new courses, seminansd
independent study opportunities at both the graduand
undergraduate levels. Some current academic aesivire the
“Technology for Developing Communities” (TFDC) grede
course, the “Technology Consulting in the Commuhnity
undergraduate course, the TechBridgeWorld semiedess the
Student Technology Exchange Program for undergtadua
students, and the “V Unit” independent study opfiengraduate
students. Fielded studies and implementations imeldping
communities require more careful planning, infrasture,
contacts, and planning timeframes and hence, hasgeahslower
start. Nevertheless, the TechBridgeWorld initiativhas
successfully launched a few programs that provisleodunities
for students and faculty to participate in fieldudies and
implementations; namely, “Technology Consultingtfie Global
Community,” some opportunities through the “V UhitProject
Kané,” and the “Health and Medicine E-Communitybject. All
of the TechBridgeWorld programs have been embradtdgreat
enthusiasm by the Carnegie Mellon University comityuisome
of these programs and academic endeavors are lu$cin
further detail below.

2.1 Technology Consulting in the Community

Technology Consulting in the Community (TCIinC) is a
course aimed at juniors and seniors in computeznsei and
information systems. Students learn consultingsskihd develop
them while working each week with a leader in alapmmunity
organization.

The course exposes students to the operations r@giams of
organizations at the forefront of domestic communit
development. Students work in all types of non-dprof
organizations serving health and human services, ans,
education, advocacy, as well as local governmamdssahools.

Student experience before taking this class tewdde with

guerrilla service: showing up, volunteering foreavfhours, and
then running away. Most have not spent signifidaoirs with a
single community organization, and very few haverbavolved

in its management and administration. In the classh student
works one-on-one with the leadership of an orgdiumafor 3

hours every week. They learn in depth how the drgaion

serves its mission, and work to advance how tharorgtion can
sustain new uses of information technology.

This is not a conventional project course in whsthdents focus
on system development. Rather, the student’'s go@ build the
capacity of the organization to use technology iway that is

sustainable. This new capacity is typically moremhn than

technical. The intellectual core of the course udels strategies
and analytical tools to establish a professionaitneaship,

broadly investigate an ill-defined set of problemsa complex
organization, communicate technical ideas to a technical

audience, distill and negotiate a scope-of-workrkwaith their

partners to implement change in the organization, @document
the outcomes.

The types of problems addressed have included rivapatient
or donor information more efficiently, using comeubased
videoconferencing to deliver remote services, miog home



access to course material for students and parentgoving
communication with constituents, members, or amarpard of
directors, instituting a technology planning prageand many
more. Since the spring of 1998, over 200 student& thelped
nearly 150 nonprofit organizations, local governtnagencies,
and schools through this course.

2.2 Technology for Developing Communities
The Technology for Developing Communities (TFDClise is a
special topics course offered to all graduate sttgdand advanced
undergraduate students at Carnegie Mellon Uniyersit

The course investigates meaningful ways of utiizedvanced
computing and related technology for developmeletvemt to the
world’'s poorer 4 billion people. The instructors neer
technology to be an enabler of development, andweage the
students to study the intersection of technologicp, and the
business case with an emphasis on sustainableios™utThe
precursor to this course was the
Communication Technology for Four Billion) classgat in 2003
with collaboration from University of California iBerkeley,
using real-time videoconference technology to ereatvirtual
classroom across the two campuses. The courséntasevolved
to include a broader understanding of technologyd & now
offered jointly through the School of Computer $cie (robotics,
software engineering, and computer science depaténand the
H. John Heinz Il School of Public Policy and Maeratent at
Carnegie Mellon University.

TFDC covers three broad areas relating to techiyolagd

development; the broad economic and social contepdts
development, current applications of advanced teldyy for

sustainable development, and current needs for nadda
technology to promote sustainable development. Stuelents
engage in meaningful debates based on assignedhgsadf

relevant topics, participate in the decision-makprgcess for a
fielded project, and complete independent projectdependent
projects vary depending on student interests ariadle data.
Past projects cover a wide range of topics. Soraeples are a
study of the impact of technology on women in thg gade in
Russia, an investigation of the necessary infresire to “wire”

Africa based on a study of available road mapshgismart
meters to prevent electricity theft in India, examg the

sustainability and impact of Intel Clubhouses, ardmining the
uses of advanced technology for medical diagnasidaiti's

Albert Schweitzer Hospital. One of the studentsthiis course
designed a field study to investigate the approprizsse of an
automated reading tutor to improve English literdcyGhana.
This field study was later implemented and hasvawinto a hew
program, “Project Kané”. Students in this classticnre to be
highly motivated and enthusiastic in their clasgip@ation and
project implementation. Several past students haterned in
later years to present class projects or othevaaletopics. Class
discussions are also enriched by the insights apérinces of
the high percentage of students who have been P&ages

volunteers in the past.

ICT4B (Information

2.3 Technology Consulting in the Global

Community

Technology Consulting in the Global Community (TG@) is a
collaborative partnership between Carnegie Mellnments and
faculty and governmental and non-governmental argéons
throughout the world. A select group of Carnegidldfestudents
travel abroad each summer to enhance their ownniealh
management, and communication skills while develgpocally
sustainable uses for information and communicatiealsnology.

The program was piloted in 2004, with 2 studentssatting with
the Ministries of Health and Education in the Cdslnds. In the
summer of 2005, 11 students worked in various nmies and
non-governmental organizations in the FederatedteStaf
Micronesia, Republic of Palau, the Cook Islandg] &ni Lanka.
The activities they were involved with include défig an e-
government strategy, creating public-health wedssiind welfare-
system databases, developing the skills of nastgport staff of
World Health Organization-provided hospital computabs,
implementing a country-wide student information teys and
integrating a Linux Terminal Server Project-basedhputer lab
into a school system.

Before going abroad, students learn the prograng@padity
building consulting model and explore the cultussues unique
to where they are going. The assignment abroadridé@ weeks,
and they agree to provide remote support by eroaiahother 2
months. As part of the consulting model, studentslpce a series
of documents that articulate their thinking and iliate
communication with their clients and the facultyedtor.

TCinGC focuses on countries in which the applicatiof
information technology (IT) is in its early developnt stages and
resources devoted to technology are scarce. Coestguthis
opportunity forces students to carefully considehatv non-
obvious resources can be integrated into theirtisols, how their
solutions will integrate into and change the orgations that do
not have a history of using IT, and how their solu$ will be
sustained once they are gone. Thus, students gexperience
budgetary and organizational boundary conditionsudént
participants in this program return enriched anciteg about the
possibilities technology has to offer to developomgnmunities.

2.4 V Unit

The “V Unit” [15] provides graduate students witthet
opportunity to engage in independent studies thaaden their
perspective of the impact of their research beyiedclassroom
and laboratory. In the V unit, where the “V” starfds “vision,”
the goal of the program is to help graduate stidentearn how
to formulate a vision for the greater impact ofithesearch.
Academic credit earned through the V unit can cdowards the
student’s degree requirements. This opportunitywelsreceived
by the students and faculty, and has been adopgedeteral
departments in the School of Computer Science Udich the
departments of computer science, robotics, langtexdmologies,
and human computer interaction), and the H. JohinZHdlI
School of Public Policy and Management.

Students who sign up for a V Unit are requiredubrsit a short
proposal describing the proposed research, a skhddu the
semester, a budget, any travel or accommodatianireegents, at
least one developing community partner, and a facadlvisor



with expertise on the research topic. The V Unibrdinators
assist the students in preparing this proposal @mglove the
proposal prior to the start of the project. Thalstt is required to
meet with and update the V Unit coordinators onagacmth on
project progress. Meetings between the student facdlty

advisor occur as needed.

At the end of the semester all V Unit participastsomit a
technical report describing their research, anditen statement
describing their personal experience in carrying the project.
All V Unit participants also give a public presema of their
work at the end of the semester. In general, V Proposals deal
with topics related to the interaction of technglogvith

development, society, or the environment. V Unibjgcts
typically involve topics that popular funding soescdo not fund.

Since its introduction to the Carnegie Mellon Umsiyy
community, the V Unit program has been quite popuaawing
in a variety of student proposals and faculty ieser Some
examples of V Unit projects to date are designihgnacost early
warning system for detection of tsunamis in devielgp
communities, statistical methods for evaluatind pooperties for
agriculture in the Tropics, designing an input devior semi-
literate farmers in India to use computers, cregdrgrammar for
Quechua -> Spanish translation for the indigenoaspfe of
Cusco, creating a medical translation to enabléebeloctor
patient interaction for Chinese immigrants to theSA)
investigating the impact of an automated Englisidieg tutor in
Ghana, and creating an e-community for informasbaring on
best practices in health and medicine in developmmmunities.
Collections of V Unit reports will be compiled arplblished
periodically.

2.5 Challenges

Establishing the TechBridgeWorld initiative posecveral

challenges which are discussed next. Obtainingssace funding
for educational initiatives relevant to developg@mnmunities can
be challenging in the USA, especially if the depihg

community is not in the USA. The reasons for thalleinge are
often motivated by a lack of awareness relatingltdal benefits
from such initiatives. Thus, enhancing this awassrie a critical
need in developed communities. Along with this amass, an
important perspective to engender is that of reizigg value in
developing communities. Emphasizing shared respoitisis,

ownership, and benefits in global partnerships thdtress
technology initiatives relevant to developing conmities is

therefore critical.

Another important perceptual challenge arises ifectfely
communicating the capabilities of technology arel bsitive and
creative role technology can play in the developn@mocess.
This challenge is twofold. First, progress in maigveloping
communities is hampered by individuals in positiofisnfluence
who are reluctant to introduce new initiatives timaty restructure
the balance of power within the community. Any pysed
interventions either need to be started at a seffity small level
that they go undetected by such individuals uh&@ project has
grown strong roots, or must contain some compotiattmakes
the intervention attractive to such individuals. eTlsecond
challenge arises from the difficult task of talkialgout technology
to communities that have not been exposed to manysf of
advanced technology. While this can be a challeimgehe

beginning stages of discussions with any developmmgmunity,
it can also be a benefit since the meeting of wiffe perspectives
can often lead to creative and innovative solutions

Beyond the perceptual challenges, many infrastrattihallenges
become manifest when establishing educational asarch
partnerships across cultural and national bounslatianguage
barriers, cultural perspectives and clashes, imggrgpolicies,

health and dietary concerns, currency, environnhecgacerns,

political corruption and instability, and safetynoerns are some
of the major challenges in this arena. However, ynglobal

partnerships currently succeed despite these dgalée Hence,
appropriate partnerships to share relevant expsggncontacts,
and infrastructure can mitigate many of these ehas.

A final challenge in establishing the TechBridgeWlonitiative

arises in the attempt to build credibility withicaalemia for the
research challenges and educational value in nge&tichnology
relevant to developing communities. As with thettbiof many

new areas of research, much work was initially ssas/ to
convince current researchers in computing techmyoldigat

interesting research challenges abound in crediegnology
relevant to developing communities. However, with success of
several V Unit projects, the growing enthusiasnmiretudents
and faculty at Carnegie Mellon University, and tfaworable

reviews of relevant publications at technical coafees, this
final challenge is quickly disappearing.

2.6 Benefits

Despite the many challenges in
TechBridgeWorld initiative, the resulting and prdjed benefits
continue to motivate the initiatives growth. One tbé major
benefits to be gained from initiatives such as BeilgeWorld
that explore technology applicable to developingumunities is
the empowerment of members of developing commumifldis
empowerment could be intellectual or related tdl-sidquisition,
but is often also economic as successful businesteis related
to these technologies emerge. An additional benisfitthe
narrowing of the urban-rural divide which is sigodéint, even
within developing countries.

Along with the many benefits to developing commigsit an
important factor to consider is that the benefits r@ot limited to
developing communities. Global partnerships betwsmreloping
and developed communities to share informationykedge, and
expertise, and collaborate on technological innowatbenefit all
parties involved. The added perspective and ciigatenabled
through facing new challenges and benefiting fraew rcultural
perspectives is a tremendous asset. In fact, atrgualing of
CEOs of top engineering companies resulted in tomt j
consensus that international perspective and expegi is in
increasingly high demand for many employment opputies in
technical fields around the globe. Indeed, manyhrietogy-
related multinational corporations such as Hewletckard,
Microsoft, and Intel are investing in researchiatives to create
technological innovations that can be marketed éwvetbping
communities.

In addition to the creative solutions generatedhftbe interaction
of diverse perspectives and skills, the field ofmpating
technology is further benefited because of the aed interesting
research challenges identified through such endesayofield of

establishing the



research requires new and interesting researclenfgak if it is to
thrive and grow. Recent numbers show declineseénntimber of
students opting to study computer science andectlateas of
study at the undergraduate level. One hypothesihi® decline is
a narrow perception of computer science and itsliGgpns

among younger generations. Creative new endeakatsehable
computer science students to apply their computininology
skills in new and creative ways, interact with commities across
cultural and geographical boundaries, and gain perspectives
and cultural enrichment, may become one way in wb@mmputer
science is redefined as an attractive option faur&igenerations.
While none of the programs under the TechBridgeWmitiative

expressly focus on diversity when recruiting ppaats, these
programs have thus far attracted a diverse groygauifcipants at
all levels (students, faculty, staff, and partnewjth enrollment
of women participants at roughly fifty percent amdliversity of
ethnic groups represented in the participant conitywurthe

TechBridgeWorld initiative program appears to bdcaming or

interesting to many. Additional research is neetedever to
understand what factors attract women and otheonityngroups
to this initiative, and whether initiatives suchTeschBridgeWorld
will eventually attract and sustain a more divepsgulation of
computer scientists.

Along with presenting the challenges and benefitsstablishing
and growing the TechBridgeWorld initiative, thispea has thus
far briefly described a variety of programs creatiertbugh this
initiative. While brief descriptions of a varietyf grograms
provide the reader with an appreciation for theabite of the
initiative, more detailed information can provideetreader with
useful information about implementing and fieldiagproject.
Therefore, it is instructive to examine a TechBed¢prld project
in greater detail; the following section of thispea reports the
founding and progress to date of “Project Kané.”

3. PROJECT KANE

Project Kané, recently initiated under the Techgei/orld
initiative, explores the role that technology cdaygn improving
English literacy for children in Ghana, West Africa

Implemented in collaboration with Associates fora@ge, Ghana,
[1] Project Kané is motivated by the reality thatcording to the
United Nations, over 100 million children currenthave no
access to school, and numerous others who attemablscall

short of the required level to be considered lteerim today’'s
complex world [14]. In Ghana specifically, a 2008port

submitted to USAID concluded that “There can bequestion
that the fundamental problem still facing the Ghanachools...
remains basic literacy skills in English or Ghanalanguages”
[3]. Several studies and programs, meeting wittyiagr degrees
of success, have been implemented to try and asidigs

problem, but the issue of literacy is still one tife key
development concerns in Ghana.

The problem of illiteracy has many facets and aeudity of
approaches are applied to improving literacy amadglts and
children, in rural and urban areas. Project Kanéstigates the
effectiveness of an automated reading tutor in ihglpurban
Ghanaian children learn to read in English. Theegtigation is
based on the hypothesis that one contributing factahe low
reading proficiency of some children in Ghana meytte lack of
opportunity to practice reading, particularly guddeading. Thus,

with increased opportunities for guided readingcpee, the
child’s proficiency in and motivation for readingrc improve
significantly.

Project Kané utilizes the LISTEN Reading Tutor [1@n

automated reading tutor in development at Carnédalon

University since 1996, which displays stories orscaeen and
listens to children as they read aloud. By usirgesp recognition
to analyze the child’s reading, the tutor is aldegive graphical
and spoken feedback. This feedback is given whenréader
makes mistakes, gets stuck, clicks for help, orliksly to

encounter difficulty.

Several studies have shown the efficacy of the HISTeading
tutor in helping children improve their English dézg skills (e.g.,
[5], [6]). Of particular interest to us was a stuiywhich the
LISTEN reading tutor was successfully used by gilial (Spanish
and English) children in the Chicago area [8]. Whilrevious
studies were conducted with native English speakbis study
showed that the tutor could also be helpful to Bhglanguage
learners whose native language is not English. dbiervation
was auspicious for the study in Ghana, where maiigiren speak
one or more native languages at home but attermbstiught in
English.

3.1 Description of the Study

Project Kané was designed based on three maindsrasions,
namely (1) the technical goals of the study, (2 #ocial and
cultural context of the study, and (3) the needsimstainability.

The technical goals of the study are to measurecantpare the
efficacy of two approaches to offering guided regdpractice in
English: (1) a technological approach using theTHS Reading
Tutor and (2) a non-technological approach invajviregular
reading practice with an older, literate youth. HBothese
approaches were deemed feasible in the contexttefeist: an
urban location in Ghana where computers are realifilable
(primarily in internet cafés) and where culturaime dictate that
youth are often given the responsibility of watchowver younger
siblings or relatives. The population of interest the study is
children from low-income backgrounds attending ur@sourced
public schools. This population is at risk of neardning how to
read because reading is often not a part of falify(sometimes
because parents are not themselves literate), emobls offer
little opportunity for guided practice of reading.

Project Kané is structured in two phases: Phasealpilot study
aimed at investigating the feasibility of the teclogy in the
Ghanaian setting, identifying any factors that doaffect the
success or failure of the main study, and garneiriberest and
support for the project from relevant parties idéhg teachers
and parents. Phase Il is aimed at quantitativelasmeng the
efficacy of the reading tutor compared to regulactice with an
older youth, in helping children improve their rewegl

Due to the amorphous nature of the questions teat rio be
answered during the pilot phase, the methodologpl@med in

Phase | is informal and flexible, with a focus dsservation and
information-gathering, rather than the attainmehstatistically

relevant results. Phase Il will employ a multi-treant crossover
experiment design in which each child, over a soath period,
participates in each of three “treatment” condisior(1) the
control condition with no special reading intenient (2) guided



reading practice with the LISTEN reading tutor, gB)l guided
reading practice with an older youth. The efficaol each
approach will be measured by administering testsvden each
treatment condition. For this purpose, two testrimsents were
selected from the repertoire of tests used by #SFEN team in
its research. These instruments — a fluency tdsar@ a test of
written spelling [4] — were selected because theasuare skills
important for reading and comprehension and theyrelatively
simple to administer.

Figure 1. Screen shots of the LISTEN Reading Tutofuser
names have been changed to preserve anonymity)

Because the under-resourced schools of interestralikely to
have computers, we had to come up with a sustamabdel for
regular use of the reading tutor. To this end, egidkd to partner
with an internet café near the school.

3.2 Preliminary Results

At the time of writing this paper, the pilot phasfiehe project has
been completed. The goal of the pilot study wasnewer the
following questions:

1. Is the proposed methodology feasible? How eafiytd obtain
parental consent for the study? How feasible tis iartner with a
public school and an internet cafe?

2. How quickly do children of various ages with moior
computer experience learn how to operate the stdva

3. How much instruction is needed to attain thevablevel of
comfort with the software?

4. |s the voice recognition software able to perfacceptably
with Ghanaian accents?

5. Are the students able to understand the “acadritie narrators
and the voice synthesis software?

6. Do children of various ages identify with thedeg material
available in the reading tutor and find it enga@ing

7. What is the appropriate length of a usage sessith the
reading tutor for children of various ages?

8. Are the proposed test-instruments appropriatéhi® Ghanaian
setting?

Figure 3. Children from Group 2 using the Reading Titor

Two groups of children participated in the pilotagk. The first
group comprised twelve children selected at ranftmm grades
two through four from the Abossey Okai Anglican ‘Rrimary

School, an under-resourced public school in Accfhese
children used the Reading Tutor at CyberCity, armeanternet
café, for 20-30 minutes each day over a three vpegiod. The
second group of six children from a mixed middled dow-

income neighborhood of Accra used the tutor in mmésetting
for 20-30 minutes for three days a week over timestnree week
period. Apart from one child in the first group whad played a
computer game, none of the children participatinghie study
had ever used a computer, although they knew witatnguter
was. All the children speak a language other thagligh at home
(see Figure 4).



by the tutor, the children learnt quickly to recagnwhen the
tutor did not “hear” them correctly and to repdarmselves when
necessary.

Primary Languages Spoken at Home

=
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©

Although we did not expect to observe noticeabiagyam reading
6 ability in the short three-week duration of theopistudy, we did
conduct pre- and post-tests of the children usifigemcy test [2]

and a test of written spelling [4]. The purposdtu$ testing was

# of children

to determine whether the chosen test instruments swétable for
a Ghanaian setting and also to get a sense ofutlient reading
level of the children in the population of intereBhe fluency test
involves having the child read a passage aloudcawating the
Figure 4. Languages spoken at home (note that a feshildren number of words read correctly in a minute. Ghanammes were
speak more than one language at home and sometinges substituted for the American names in the passage, the
different language to each parent) children did not appear uncomfortable with the fesmat. The

As was expected, the parents/guardians were eagfticsebout  test of written spelling involves having the chirite down
the study, and it was not difficult to obtain pasérconsent for words dictated in order of difficulty. The childremere familiar
participation. The headmistress and teachers oAbiussey Okai ~ With this test format. There were, however, a ceupl words
School were also enthusiastic about the projeciyes the staff ~ (such as “tardy”) which are not often used in Ghama&English
at CyberCity. This initial phase of the project geeded and as such, which the children were not familiahwFigures 5
unexpectedly quickly — we obtained agreement froe gchool, ~ and 6 show the pre- and post-testing results. Tatmse results
the internet cafe and the parents all within aefday period. We  in context, some researchers have observed thaprebemsion
picked the children up from school each day andsétighem to ~ improves with a reading speed of 60 or more worels rpinute

and from the internet cafe which was about 2 Kmyawa [7]. The results confirm that many of the childrea worked with
are challenged readers. Although the results shewy glight

During the first session, pairs of children wereegi a brief 10-15 improvements between pre- and posttest scoresse the
minute tutorial on the basics of using a computiéis involved improvements are not statistically significant.

pointing out the monitor, the keyboard, and the seowand then
having each child practice pointing and clickinghvihe mouse
and typing their name on the keyboard. This, coetbiwith one Group 1 (Cyber Café) - Fluency Test
or two reminders over the next couple of days, wasthe
instruction the children needed on how to use apeaer.

Twi Adangbe Ga Fanti Ewe English
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The LISTEN Reading Tutor has two built-in tutoriasmed at
teaching the children how to use the software. \Mand that
these tutorials were not as effective with Ghanaihildren as
they were with American children. This appearetiéadue to two
reasons. First, the children were unfamiliar wittme of the
American terms used in the tutorials. As a formatigh colony, 20 | 3
Ghana employs British, rather than American Engligtor 0 ‘ 3 ‘
example, the children were familiar with “surnanrather than 1 2 3 4
“last name”, and ‘“class register” instead of “classster”.
Secondly, many of the children seemed to have teoub Grade lewel
understanding the American accent in which the riaitovas
narrated. When the field researcher repeated 8taugtions from
the tutorial in a Ghanaian accent, substituting esemords with Group 1 (Cyber Café) -Test of Written
other words more familiar to the children, the dréh were able Spelling

to understand. From this, we determined that befloeesecond
phase of the study, it will be necessary to reatarrthe
introductory tutorials for a Ghanaian audience. fiitesthe initial
challenge with the introductory tutorial, most bétchildren were
able to operate the Reading Tutor software withmlip by their
second or third session with the tutor.

« Pre-testing

&0

minute

o Post-testing

@ ¢

Words read correctly per

12
10

« Pre-testing
o Post-testing

We found that all the children enjoyed using th8 TEN Reading
Tutor, and displayed a very high level of enthusia¥he better
readers could use the tutor for more than half @ur lat a time 1 2 3 4
and were often disappointed to have to stop wheir time was Grade lewel

up. The more challenged readers would tire aftaualwenty
minutes, but would still look forward to their nextn.

Words spelt correctly
o N MO

Figure 5. Pre- and post-test scores for group 1
The voice recognition software appeared to workgadeely with g P group

the children’s accents, and based on the grapféedback given



The next phase of the study will shed light on \uketeither the
technological or the non-technological approach goided
reading practice results in significant gains iadieg ability, and
which approach results in greater gains. As wagatd, the pilot
study helped identify issues that must be dealh witiring the
second phase of the project. It also establishedngtlocal
partnerships, which, as is discussed in the folgwsection, we
have found to be an important element of succesaéh projects.
For these reasons, Project Kané promises to yiglerdsting
results in its second phase.

Group 2 (Home) - Fluency Test
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Figure 6. Pre- and post-test scores for group 2

4. LESSONS LEARNED

Designing higher educational initiatives to enatdehnological
innovation for sustainable development is a new &ardely
uncharted region. Based on the programs describélis paper
and the experiences of the authors, the followirigciples are
identified as important elements of success:

4.1 Participatory research and design

People living in developing communities have a tmea
understanding of the needs of their communitiestidaatory
design couples these people with others who hagedebhnical
know-how to develop suitable technology. Such apragch
results in a bottom-up solution that is often msustainable than
a top-down solution.

4.2 Empowerment, rather than aid

The key to sustainable development is empowerménthe
members of the community to meet their own develapneeds.
As such, knowledge transfer is often more importdman
technology transfer.

4.3 Shared, rather than individually owned

resources

A significant challenge in developing communities the high
cost of technology. More research needs to be donethods of
reducing the cost and energy consumption of sudimtdogy. As
long as costs remain high, an approach that halseddo address
the affordability and profitability of technologg & shared access
model, rather than individual ownership.

4.4 Local partnerships

This reiterates the point that was raised undetigiaatory

design, by emphasizing that people in or close tieweeloping

community have a better understanding of its nelddsvever, in

thinking about how to develop technology suitabléhte needs of
a developing community, the paradigm that technplogst be in

the hands of the individual members of the comnyustibuld not

be a limiting factor. Sometimes, a greater impact be made by
using technology to enhance the functioning of pizgtions that
work with these communities.

4.5 Global partnerships

While local partnerships are required for locakwance, global
partnerships are required for enhancing perspeend sharing
resources. The importance of global partnershipsniphasized
by its selection as the eighth Millennium Developiné&oal.
Several models are currently being pursued forvegie global
partnerships in technology-related higher educatibere is still
much to be learnt in this arena.

4.6 Sustainability

Initiatives enabling technological innovation andueation for
sustainable development are inherently interdisGpy
endeavors. Both the technical questions and theoscizc and
social questions are equally challenging. Sustdihabas many
facets, including technical feasibility, economgagibility, social
and cultural relevance, and ownership. As more arebers,
academicians and entrepreneurs enter this aremsy; acalitional
successful models will emerge.

4.7 Evaluation metrics

For purposes of funding and assessing academid, rdefining

suitable evaluation metrics is crucial. This is hotvever a simple
task. Many of these initiatives will not show meadle impact
under conventional metrics for at least a decadencH, new
metrics must be designed for evaluating shorten-tand longer-
term impact. Funding agencies will also need tdasign short-
term evaluation requirements for technology prajeetevant to
developing communities. A crucial metric for evalog long-

term impact will be the level of participation ofewkloping

communities in the innovation of technology.



5. CONLUSIONS [4]
The growing demand for technological innovation @nable
empowerment of developing communities requires revd

creative educational initiatives. This paper ddssisome of the
programs and presents some of the challenges amefitsein

founding and growing the TechBridgeWorld initiatigseCarnegie
Mellon University. A detailed description of thelgitphase
evaluation of an automated reading tutor for imprgvEnglish

literacy in Ghana is also reported. The authorscleoe by

presenting a discussion of necessary elementsufaress when
designing such initiatives.

(5]

(6]

The next few years will yield more detailed resuitsm the
described programs, and provide additional dataef@luating
this initiative. We hope this paper encouragesitfgementation
of many more educational initiatives that addrdss important
topic of technology relevant to developing commiesit

(7]
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