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Abstract

The Local Language Speech Technology InitiativeSTLL) is an open-
source project with the overall aim of enablingeadn the developing
world who cannot access computers and the Intéoriastead use
telephones to acquire information through voicénetogy. The LLSTI
project initially focused on development of Text8peech (TTS) in local
languages such as Hindi, isiZulu and Kiswahili. Tieat phase of the
project in Kenya was to produce a voice informaservice that could
benefit some of the 30 million Kiswahili speakandHast Africa.

Farming was identified as the sector where it wdiddeasiest to make
a direct impact on Kenyan society since it provitheslivelihood to 75%
of the population. A partnership was formed with National
Agriculture and Livestock Extension Programme (NAL)Ewho
currently provide extension services to about 10%emya’s farmers,
and would like to extend their reach further. Usiinglish and Kiswabhili
TTS and the open source telephony server GNU BagjamBanana
Information Service was produced which covers splegts of banana
growing.

A limited user evaluation of the system was cardatlamongst
farmers in the Kirinyaga district and the systenswsihown to NALEP
administration and extension officers as well atheoKenya Society for
the Blind. They all confirmed the need for suchcesbased services as a
reference system for farmers, especially the Vigualpaired or illiterate.

There are many possibilities for future developnudrihe system.
The content could be extended to include otherscemyl livestock, and
the provided information could be made local, watte and personal.
The functionality could be improved to enable eiagyt and updates,
SMS and e-mail integration, as well as communitypirement and
feedback. The TTS voices need some improvementthaergtammar
used in the Kiswahili service needs to be simplifi& future system
should use a new Kenyan English TTS that is cugremider
development since it was perceived as much clélaaerthe British TTS
used in the current system. Several suggestiom®wrio cut the costs of
using the service are presented, since any ICEgrtjat aims to have a
positive impact on poverty needs to be affordadtalable, self-
sustaining and sensible. We believe that a prejébta system similar to
the Banana Information Service could meet thogeraai

Keywords ICT for Development (ICT4D), Kenya, Swabhili larage,
agricultural extension, poverty, information seesg
telecommunications, Text-to-Speech (TTS) synthesis
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1 Introduction

The Local Language Speech Technology InitiativeSTL) is an open
source project with the overall aim of enabling pedhroughout the
developing world who cannot access computers amthternet, to be
able to access information through voice techno[dugker &
Shalonova, 2004]. In a country like Kenya whereyfew have computer
and Internet access, most do have access to a pkienéf they do not
own one. Most importantly, many people are notisigffitly able to read,
but would be comfortable with voice.

The LLSTI project has so far focused on the teabgiohl
development of text-to-speech (TTS) in three reglitenguages — Hindi,
isiZulu and Kiswabhili, as well as some specificdblanguages in Nigeria
and South Africa [Tucker & Shalonova, 2005]. Dembthe TTS
systems can be found at http://www.lIsti.org/dermnivs.

The next phase of the project was to pilot somevaae services
using this technology, using the Kiswahili systeaveloped for East
Africa. This system is in the standard dialect Kjuja and is suitable for
Kenya and Tanzania, as well as other East Africamties where
Kiswabhili is spoken. Kiswahili is the first languagf almost 800,000
people and 30 million rural people are second-laggwsers [Gordon,
2005].

1.1 ICT for Development

Information and Communication Technologies for Depgenent (ICT4D)
is an area that has grown very important in devaekagt cooperation over
the last decade. It is sometimes also referred t€as for Poverty
Alleviation or Reduction and as these names reV€aKD deals with
how ICTs can be used as a tool and as an enalglatgrsn development.
There is growing evidence that poverty can clebéehalleviated through
the affordable and sustainable use of ICTs [Gregn2905].

1.1.1  World Summit on the Information Society

In December 2003, ICT4D was put into the spotldning the first
phase of the World Summit on the Information Sqc{8¢SISY, which
was held in Geneva, Switzerland. The second phaséeld in Tunis,
Tunisia, in November 2005. The main question dutivgge United
Nations-sponsored conferences was how to dealthdtincreasing so-
calleddigital divide This is a term that is used to describe the big

! http:/iwww.lIsti.org
2 http://www.wsis.org
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differences between those who do and do not hawd gocess to ICT.
There is both a global divide between the develamechtries and the
developing countries, and a social divide betwe#ardnt social classes.
It is worth noting that the digital divide shouldtrbe treated as a
problem of its own, but as a consequence of tlgelgaps between the
rich and the poor,and a phenomenon that increbsee gaps
[Greeenberg, 2005].

During WSIS, world leaders recognised that thewdde a linguistic
digital divide and they committed to working towanthultilingualisation
of the Internet and to support development of saféan local languages.
They also want to nurture creation of content ithatlevant to different
segments of the population, including the nonditey persons with
disabilities and other disadvantaged and vulnergidaps. They say that
through public/private partnerships, governmentaikhpromote
technologies and R&D programmes in voice-assistedces as a way of
ensuring linguistic diversity.

WSIS also recognised that education, knowledgermmdtion and
communication are at the core of human progresgamurs and well-
being. They affirmed their “commitment to providieguitable access to
information and knowledge for all, recognising tbée of ICTs for
economic growth and development” [InternationaléeEeimmunication
Union, 2005].

1.1.2 Technologies

Information and Communication Technologies (ICTa) be categorised
into three main categories — radio, telephone atetriet-based
communications. An important factor in the choi€éechnology for an
ICT4D project is that radio and telephone havestheng benefit of being
language and literacy independent, given thatitbeaty rate of many
developing countries is in the order of 50% [Gresgh2005].

Telephone penetration in rural and remote areabéas quite low
until recently, but nowadays mobile phone commuioca can be
accessed at modest costs in large parts of théogévg world. From
2001 to late 2004, the percentage of householdérica that make
regular phone calls has increased from 3 to 80%d@erg, 2005]. Since
people are accustomed to using telephones, thepidequire as much
learning as, for example, using a computer. Phareeslso easy to
maintain, have a low investment cost and do natireq constant power
supply, Internet-connectivity or literacy.

Technology is much more likely to be used and wsdlgeople can
interact with it in their local languages [Greerthe2005]. Compared to
radio, television and newspapers, telephone sergap provide
information on demand and have more interactiVitgreasing evidence
suggests that mobile phones are the most wide-iregptBT solution to
narrow the digital divide, and the mobile servitiest are most feasible to
use are SMS and voice services [Ericsson AB, 2005].
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1.1.3 Open Source

A very positive trend within the area of ICT is tsteong development of
the open source movement. Open source softwaodtigase where the
source code is made freely available to downlodi ,aad use. Usually
people collaborate to develop the software forywee’s mutual benefit.

From an economic perspective, this trend is eslhegiasitive for
developing countries. In an extensive report fram$wedish
international development cooperation agency S¥danding this issue,
the conclusion is that with careful exploitationogfen source software, it
is possible for a developing country to establigiodal position in the
IT-driven knowledge economies of the future [Weeaeama &
Weeratunga, 2004].

1.2 Kenya and ICT usage

In Kenya, about 56% of the people live below theguty line and 80%
of these live in rural areas [Ministry of Informai and Communications,
2006]. Corruption is widespread and there are figgmit inequalities,
with the top 10% earning 70% of the national incand the lowest 40%
earning 2% [Sida, 2004]. It is a country with hygeéential though, with
an impressive 5.8% growth in the economy in 200%w&h during the
last five years has been driven by the agricultseator, particularly
horticulture, tea and coffee, and by the servictosespecifically
telecommunications and tourism [Worldbank, 2006].

The key potential for Kenya's development is inpgople. The
population is young and open to change, and it tadwogw things
quickly, ICT being one good example. The commuimcesector had a
record growth of 8.3% in 2005. Land line connecsiorcreased from
280,000 to 287,000 and the subscriber base of mphibne connections
increased from 4.3 million to 5.6 million. A totad 244 FM and 89 TV
frequencies had been assigned by 2005 and saleggbéh newspaper
increased by 3.4% while Kiswahili declined by 11.89%%fice of Public
Communications, 2006].

The Kenyan government recognises in its ICT StyaRaper that
ICTs can serve as catalysts for economic and sdeiglopment by
improving access to information, increasing tradedmmodities,
reducing costs and achieving efficiency gains [Mftinyi of Information
and Communications, 2006].

1.3 Kenyan agriculture and poverty
reduction

The agricultural sector in Kenya has seen signifigrowth and
improvement in the past few years and it is thenstaly of the Kenyan
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economy with 24% of GDP, providing a livelihooddpproximately 75%
of the population [Ministry of Information and Commications, 2006].
Production can still be boosted, for example, i help of irrigation,
value addition of agricultural materials and beiguts and
technologies. The Kenyan government recognisestiegtoor in its
country lack access to information about incomexiegropportunities
and market prices for the goods they produce, dsas¢o knowledge,
education and skills which could improve their likeods. ICT could
enhance their access to such vital information [$iy of Information
and Communications, 2006].

The government strategy in Kenya has been to ingofanming and
its product process as this would reach the lamgastber of people in the
rural areas. A key to economic recovery is to guicalture on a path of
growth [Sida, 2004].

WSIS recognises that one of the areas in ICT4nfiimgy that is in
need of greater financial resources is ICT appboatand content aimed
at the implementation of poverty reduction stragsgind in sector
programs. One of the sectors mentioned is agri@jland the
governments who took part in WSIS say they are cittedto using
ICTs to improve access to agricultural knowledgezdmbat poverty,
and to support production of and access to logallgvant agriculture-
related content. They refer to this as e-agricalamd say that they want
to ensure ready access to comprehensive, up-taaddtdetailed
information though the usage of ICTs [Internatiohelecommunication
Union, 2005].

1.4 LLSTI and Speech Technology

The Local Language Speech Technology InitiativeSIL)? is an
international open-source project that wants todtogether motivated
groups in developing countries and provide thenh wibls, expertise,
support and training to enable them to develop@p&schnology
applications in their own languages. For people dbmot have access
to computers and the Internet, telephone-basedtesrin their local
language could help them acquire information albeatth, farming,
market prices and weather, for example. This wbel@specially
beneficial for people who are illiterate or visyalnpaired, and have
difficulty accessing these types of informatiorotigh other means
[Tucker & Shalonova, 2004].

There are two types of speech technology requoethe
development of voice-based services — text-to-$p€ETS) for delivery
of spoken information and automatic speech recimgn{tASR) for access
and control of the service. Both require linguistiad technical expertise
to develop and therefore, major speech technologypanies have so far

% See http://www.lIsti.org.
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been reluctant to take the risk of developing tlesstems for unproven,
economically poor markets. LLSTI have proven noautyh, that it is
possible with no prior experience of speech teatmyofor a linguist
together with an engineer to produce, within 6-&iths, a good quality
TTS system for a linguistically simple languageslikiswahili [Tucker &
Shalonova, 2005]. To also make the results freedjlable by using an
open-source approach means that a community o€sitean be formed
and people can cooperate by working on differemjl@ages and different
parts of the system [Shalonova & Tucker, 2004].

1.41 Text-to-Speech

Text-to-speech (TTS) is the process of generatimgdn-like speech
from any text input [Huang et al, 2001]. TTS is stimes also referred
to as speech synthesis, but the systems of todagtsound like the
synthetic robotic voices people usually associatie eomputers. Most
TTS systems today use waveform concatenation, whigdins that
recorded speech from a single speaker is segmaiteshort units that
later can be put together again into new sequesfcgseech. This
process is non-trivial since it requires linguigtimwledge of the spoken
language, technical knowledge of algorithms foradiiog the best units,
as well as signal processing for joining the waueftogether [Jurafsky
& Martin, 2000].

The benefit of using TTS instead of recorded mess&gthat it is
dynamic. You can produce speech from any text impiitout needing to
record a new message every time.

The work of LLSTI has so far focused on the techgimal
development of concatenative TTS in Kiswabhili, idiZand Hindi as
well as for some specific local languages in Nig@md South Africa.
LLSTI has provided training programs and on-goingport for linguists
and software engineers willing to develop their OWIIE, as well as a
toolset for this development based on the openesodtestival/Festvox
unit selection speech synthesis [Tucker & Shalon208a5].

1.4.2 Interactive Voice Response

Interactive Voice Response (IVR) systems, sometirefesred to as
voice portals, are systems that telephone calteralale to interact with
by selecting options from a voice menu. The memasraessages can be
pre-recorded or synthesised using TTS. The useracts with the system
either by pressing numbers on the telephone kegphg speaking the
answers to the systems, if the IVR supports auterspeech recognition
(ASR). Today, IVR call flows can be created usipgio standards such
as VoiceXML. These new open standards are strutinra similar way
to web pages and are therefore relatively easgrigone to develop
[Wikipedia, 2007].

The next phase of the LLSTI project was to devaopVR system in
order to provide the voice-based services prewoungntioned for
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people in developing countries. Since ASR is venyplex to develop
and requires much data gathering, including thertiog of speakers
with different dialects, genders and ages, it iy fust now being
developed within the framework of LLSTI. Therefooey IVR system
will use the telephone keypad for navigation wittiie system.

1.5 Problem description

As described in this introduction, it is clear th@T's can help in reducing
poverty by providing information, but informatios tiypically delivered
in writing, which excludes illiterate and visualtypaired people. Also,
information provided through ICTs is typically riatlocal languages,
which excludes many poor people in rural areagndbile penetration in
rural areas has increased, the possibility of ugingpbile phone as an
information access method has arisen. The developofe Kiswabhili
TTS system has also opened up the possibility bfeteng information
though an automatic voice service.

The two primary objectives of this Master’s thasisject are:

a) to investigate how accessing information over theng using
voice could benefit phone users from the pooremssgs of
Kenyan society, and

b) to build a pilot voice information service in Kishié and
English.

The intent is that some of the results of this stigation could be fed

into the design of pilot service. The results caalkb be taken into
account for the proposal and design of future veamwices.

1.6 Aims

The first aim of the project was to understand peiemeed for
information, and how providing it in an easily-assile way could have
a direct impact on their lives (examples would keekat prices, specific
weather prediction, job search information, heaht lifestyle or
spiritual issues). That knowledge would lead toa@psal for specific
voice services which would meet those needs.

The second aim was to demonstrate the possibildiegice-based
services in a local language by building a pilogwéahili system in
Kenya.

The plan was to work with a partner who already $@aie
information or an existing service that we couldhbine with one or
more voice services. The exact form of these sesyithe content, and
the way they would be implemented would be withia $cope of the
project to decide.

Efficient Voice Information Services for Developing Countries -



The intended target group is rural Kenyans whalbterate or have
little or no education and/or knowledge of Englig¥e also assumed that
the people in the areas we were targeting had sitoesfixed or a
mobile phone, either by owning one, or being ablese a community
phone or the phone of a friend or family member.

1.7 Limitations

This report does not treat the usage of IVR systardsveloped
countries since they are usually developed for ceroial purposes and
therefore have other economic prerequisites. Tp ke cost down in
this project, only open source software has beed,sven though there
may have been better commercial tools available.drily costs for
running the service will be the hardware cost ftelaphony card, the
line and a premium rate service license, as wealles®lopment and
maintenance costs.

The lack of mobile phone units and mobile coveliaget treated
since the accessibility is assumed to be improeediderably within the
very near future. Very cheap handsets are now tsgilthand mobile
operators are extending their networks continuously

Additionally, this report will not give a full desption of all the
measures needed for this service to be fully laedcfor example
regarding marketing, maintenance and educatinguser

1.8 Disposition

The introduction in Chapter 1 is followed in Chafeby a description of
the method used during this project. Chapter 3gmtsssome literature
findings and how the pilot service was formulategether with the
chosen partner NALEP. Chapter 4 explains how tlséesy was
implemented and Chapter 5 how it was tested. Tédteeof the usability
tests, reactions from our partners and a gendéysimare presented in
Chapter 6. Chapter 7 deals with improvements asdiptities for future
systems. The report ends with conclusions for thekwn Chapter 8,
followed by acknowledgements, references and sgigf terms and
abbreviations used in the report.
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2 Method

The first part of the project took place in Swedesgearching articles
related to the subject. After that, Pernilla Nasfand Dr. Roger Tucker
went to Kenya for 2 weeks to meet up with Dr. Muc&akuru to have a
number of meetings with non- governmental orgaiusat(NGOs),
government authorities, universities and compariéier finding a
partner for the project, we were also able to nakest plan for the pilot
service in functional terms. The following 3 weeRsrnilla Nasfors and
Dr. Roger Tucker worked though implementation defai Bristol,
England, together with Ksenia Shalonova from LLSHihally, Pernilla
Nasfors went to Kenya for 13 weeks to work on contievelopment,
implementation and usability testing.

2.1 Literature survey

A literature survey was conducted in order to givgpod background in
the area of ICT4D and to find similar projects. &esh findings useful
for the project were found in books, articles andrdernet web sites
related to the subject of the project.

2.2 Meetings and observations

A number of meetings took place during the proyeth representatives
from NGOs, government authorities, universities eohpanies.
Meetings whose outcomes had no direct impact ofiriaépilot project
are not described in this report.

There was also enough time in Kenya to observeatifi somewhat
understand first-hand how people think and what tieeds are. This
process was aided by various visits and informalrinews.

2.3 Choice of pilot service

For the choice of the pilot service, we wanted twkawith an established
partner, so that there would be some existing mégion and perhaps
also some existing services from which to start@devklop. We also
wanted the area to be limited enough to be abii¢ wathin the scope of
this Master’s project, but also easy to extendtifiined out to be
successful.

Early on in the project we identified farming as gector where it
would be easiest to make a direct impact to Kersganety, since as

Efficient Voice Information Services for Developing Countries -

11



much as 75% of the population is believed to beéas [Ministry of
Information and Communications, 2006]. Livelihogdues are felt to be
more urgent than for example health issues. Healthportant, but not
something that people are willing to spend moneyaifess it is
absolutely necessary.

One of the meetings we had during our first visiKenya was with
Arne Eriksson, David O Nyantika, John Kimani anchéa G. Njuki from
the Sida-supported National Agriculture and Livekt&xtension
Programme (NALEP) at the Ministries of Agricultuaed Livestock and
Fisheries Development. NALEP had the same targetmas us, rural
Kenyans, and an increasing problem with not en@axgénsion workers
to be able to reach all farmers. They found thgegtonteresting and saw
that the service we were planning to create cofilet support for their
extension workers. We concluded that a sufficielihjted area to start
with, sought after by farmers, would be informataiout growing
bananas.

2.4 Content development

To get relevant and accurate information about bararming, | spoke
to David O. Nyantika from NALEP/Ministry of Agrictdre, and
Professor Esther M. Kahangi, former lecturer arsgaech leader at Jomo
Kenyatta University of Agriculture and TechnologkUAT),
Department of Horticulture. Nyantika has been wagkivith extension
services for a long time, and Professor Kahangielséablished a pilot
tissue culture laboratory at JKUAT for bananas fBiences Africa,
2006] so they were both very much aware of thegygenformation that
banana farmers usually ask for.

My primary source of information for the contentle Banana
Information Service was the “Fruits and Vegetafleshnical
Handbook” from The Ministry of Agriculture and Ruevelopment
[Ministry of Agriculture and Rural Development, 20l worked
through that information and structured it in a vgaythat it could be
easily accessed from an Interactive Voice Resp@hg® system.
Nyantika and Professor Kahangi helped me to exathimenaterial and
correct and complement it with missing parts. Somagket information
was also included from the Kenya Agricultural Conality Exchange
(KACE).

2.5 Implementation

The first part of the implementation process wasviauate the different
options for the service and decide which altermatd/choose. After that,
a design overview was created containing the diffeparts of the

12 - Efficient Voice Information Services for Developing Countries



service and how they would interact. Tools for gnéging the

information sources with a voice portal and a texspeech system were
chosen. A prototype of the service was developediaally, the full
service with all components was implemented anthilesl, with its
functionality tested.

2.6 Usabillity testing

In collaboration with Yvonne Spittles, a PhD stuidanThames Valley
University in England, a questionnaire was desidoedhe purpose of
evaluating the Banana Information Service. The tj@saire was
designed in full compliance with strict ethical delines and industry
standards relating to undertaking tests with hupwaticipants. The
usability testing was conducted by Pernilla Naséord Dr. Mucemi
Gakuru on 1 June 2006, with 10 banana farmershirigwi, Kirinyaga
undertaking the tests.

3 Formulating the
pilot service

One of the purposes of the project was to findfantiulate a real voice
service that could demonstrate the technology ioigugxt-to-speech in
interactive voice portals. The first step towardmpleting this goal was
to study similar projects and research findingsanks, reports and
articles to see how the experience of others coaldpplied to our
project. The second step was to have a number efimgs with possible
partners who we thought could make contributionhéoproject in one
way or another. These two steps are describedsrséietion, together
with a portrayal of our main partner, the NatioAgriculture and
Livestock Extension Programme (NALEP), and how arenulated the
pilot service together — an information system alt@mnana farming.

3.1 Literature findings

There have been some good studies carried outthegcenthe impact of
mobile phones in developing regions. These progated background
information, but little or nothing on the use ofie®services. One of the
few examples found with a similar service is Woddkl The idea of the
project coincides with LLSTI’'s goal — to provideive services to people
in the developing world who have access to telephdiut not computers

Efficient Voice Information Services for Developing Countries - 13



or the Internet [Muller, 2004]. Unfortunately, thexere not successful in
getting any funding to continue their project. Goecessful example that
could be mentioned though is the Indian mobile afmerBharti Airtel.
Their interactive voice portal logged more tharmiiBion minutes of
calls in the first 10 months of operation [Ericsg, 2005].

There is also significant general research to badawithin the area
of Information and Communication Technologies favBlopment
(ICT4D). This material gave a basic understandintp® problems and
possibilities with working in developing countri€dome of that material
was presented in the introduction to this repart,tbere were some parts
worth a deeper look which are presented here,hiegetith some
findings from studies on the impact of mobile phomedeveloping
regions.

3.1.1 Criteria for good uses of ICT

In the writing of a report for the Swedish Inteinatl Development
Agency, Sida, Alan Greenberg looked at an exterameunt of
literature on the use of ICTs in support of poveidtgviation. The
conclusion he draws from the literature and froevously
accomplished ICT4D projects, is that ICTs can andtrbe used as tools
in the fight against poverty, but he emphasisesniportance of a dual-
path approach to the use of ICT in developing cdesmtOne must start
to ask what needs to be done to reduce povertyhemdask if or how
ICTs can help. Although, in order to allow a fldebCT use, a country
must build a strong ICT sector that focuses oagects of ICT. In many
countries this ICT integration will be dependenttechnologies using
local languages and character sets [Greenberg].2005

The main criterion for good uses of ICT in devel@ninprojects is of
course that it hasgositive impact on povertput there are also several
other important criteria. The project needs tafferdable which means
having a reasonable price, given available benafitsfunding. A
scalableproject can be widely replicated to many more peapd aself-
sustainingproject can continue to help people without exdefimancial
or staffing support. The final criterion is thaetproject should be
sensiblethat is, accept the realities of the environnienthich it is
operating.

Greenberg [2005] also presents some other trentdasiseen in
successful ICT4D projects. They keep the ICT coneptsias simple as
practical since the goal is not to show off théntextogy, but to reduce
poverty. The projects both have significant comrtyimvolvement as
well as the involvement of professionals associatithl the specific
discipline or sector, and ICT practitioners degignihe ICT components.
Other important project components are traininggeftsuring success
and sustainability, and planning how to replicatd scale the project if it
is successful [Greenberg, 2005].

14 - Efficient Voice Information Services for Developing Countries



3.1.2 Impact of mobile phones in developing regions

A study in Tanzania showed that 97% of the popateaitn the villages
surveyed knew about mobile telephony and 50% hed asnobile
phone, whilst 67% did not know what a computer &g only 3% had
used a computer [Ericsson AB, 2005]. This is just of many pieces of
evidence which indicates that mobile phones aréGfietechnology that
is making the most impact on people in the develgpiorld.

Vodafone states in a report from 2005 that onéefpotential
explanations for the rapid spread of mobile teleptia the developing
world is that the poorest people are much moréyiteebe illiterate and
to be speakers of minority languages, and mob#égeisioes not require
literacy as computers and the Internet do. Inrezdaian study, 34%
used mobile phones to access business informatidifioa business
reasons. It is also noted that acquiring dataformmation from a central
source does not require ownership of a mobile plamdethat sharing of
mobile handsets within the family or local commuyrnig very common.
From their studies they draw the conclusion thebine is not a
significant barrier to access mobile telecommunicet [\VVodafone,
2005].

In a DFID report from 2005, it is stated that thkephone is
considered to have very little value for informatigathering. Examining
the survey results more closely though, peoplesinZénia have rated the
importance of information about markets and weatVidr a mean
average of +1.42 on a scale from -2 to +2 and prapagement
information was rated at +1.31 [Souter et al, 2005kse rates are of
course lower than more urgent information sucheagtdannouncements
and other family-related issues, but my conclusvonld still be that the
people in the Tanzanian sample find this type fdfrmation important.
The report also admits that ICTs can be effectidelgloyed to support
the work of agricultural extension officers [Souétial, 2005].

3.2 Choice of partner: NALEP

The current support to Kenyan agriculture from$weedish international
development cooperation agency Sida is channedléuket National
Agriculture and Livestock Extension Programme (NAL)EIt is a
program that gives advisory services to small-holdemers and is
implemented by the Ministry of Agriculture and tkinistry of

Livestock and Fisheries Development. We had seveeaitings with
people from these two ministries and from Sida. fiitsé meeting was
with Mr Japhet K. Kiara, Program Officer for Agriture & Rural
Development at Sida, located at the Embassy of 8wedNairobi. He
introduced us to the people at NALEP who we latet several meetings
with. Our contacts there were Arne Eriksson, Ishé¢. Mulagoli, David
O Nyantika, John Kimani and James G. Njuki.
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During our first meetings we were introduced to NZR’s problem of
distributing information from a national level tioelir approximately
5,500 agricultural extension officers located thgioout the country. It
could be information about new farming technologiepolicies that
need to reach the workers. E-mail is used to spréadnation to the
extension officers and almost all offices at thetritit level have Internet
access today, though it may only be 15-20 out ah@0actually read e-
mail right away. It can take months for some ofilte read it, due to
lost Internet connectivity caused by broken phamesl or other reasons.

If being able to spread information to the extensifficers is a
difficult task, then being able to reach all farsmean be an impossible
task. Agriculture provides the livelihood to approately 75% of
Kenya'’s population of 33.6 million [Ministry of Infmation and
Commnunications, 2006]. NALEP does not have the gbgeaching all
farmers, but their goal for 2006 was to reach 800 farmers. An
information system that could facilitate the spreadhformation to rural
farmers would therefore be welcome. It could heRd.HP to meet or
even exceed this goal.

We all agreed that NALEP was the perfect partneugosince we had
the same target group, rural Kenyans, and it se¢hadve would be
able to help them in their task of spreading infation to farmers.

3.3 Choice of pilot service: Banana
Information Service

In the discussions with NALEP we concluded thabadysuggestion of a
pilot service would be to have a voice portal faamers and extension
officers could call to get the latest informatidyoat farming. It could
work as an educational tool, but mainly as a refezesystem for
confirming details, since we suspect that the rsaimce of information
for the farmers would still be the agricultural@xsion officers or other
farmers. This demand-driven approach coincides WAhEP’s vision to
have “A pluralistic, efficient and effective profésnal national
agricultural extension system which is demand drized responding to
farmers’ needs that leads to prosperity in a sugbde manner” [NALEP,
2005].

To narrow down the scope of the information serwee decided to
limit it to information about growing bananas. Warged with bananas
because it is an important crop in terms of incame food security
perspective, and it is a crop that is grown in margas. Globally,
banana/plantain is the fourth most important foap@nd the most
popular fruit [Persley & George, 1999].

There are many serious pest and disease problerbariana farmers.
These can be controlled by use of chemicals, boit faomers often
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cannot afford them and pesticides are also a nhaarth concern. In
recent years, genetic research has been able tovempanana breeding
techniques and develop disease and pest-resistaaties. Promotion of
these so called “tissue culture banana plantshportant for the
resource-poor farmers since it can help them tdiggefer yields. The
farmers can minimize the risk of getting pests diséases without
having to risk their own health by using pesticiffesrsley & George,
1999, Wambugu & Kiome, 2001 and Mbogoh et al, 2003]

Extension services are especially important whenigtroduce new
crops and technologies. This is evident now withlunch of
biotechnology in farming, so the promotion of tisswlture bananas is a
good example of how a Banana Information Serviadccbelp the
extension officers. Having an easy and accessiiégence system for
the extension workers will speed up the processtadducing new crops,
varieties and techniques, such as how to treas pest diseases in
alternative ways.

4 Implementation

The basis of the implementation of the Banana imédion Service was
chosen to be an Extensible Markup Language (XMlcudwent
containing all information about banana farminghia system. A number
of XML elements were created that contained infaromaat different
levels. There was for example one element that eshelach section’s
heading, one that marked the main contents andhatenarked the
menu for navigation in the Interactive Voice Resg®(VR) system.
Extensible Stylesheet Language Transformations §$buld then be
used to transform this information to differentrf@ts needed by
different parts of the system. New documents azated with the
original XML document as a base, so the originalufoent is not
changed when you use an XSLT processor. The XSbdegs with the
original and resultant documents is shown in Fidure

One of the resultant documents was code genemtasl ised by the
open source telephony server GNU Bayonne. The segsult from the
XSLT was shell-scripts that could be used for ¢ogadf sound files
containing the utterances generated by the opacetext-to-speech
(TTS) system Festival, using Kiswahili and Enghstices. XSLT was
also used to generate HTML for a standard web paggon, and to
generate VoiceXML for the English demo versiontd service. All
these parts of the implementation are describelttiail below.
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Figure 1: XSLT process

4.1 Content development

The main source of information for the contentria Banana Information
Service was the “Fruits and Vegetables Technicalddaok” from The
Ministry of Agriculture and Rural Development [Mstry of Agriculture
and Rural Development, 2003]. It describes howlantp maintain and
harvest different fruits and vegetables, and hotreat pests and
diseases. David O. Nyantika from NALEP/MinistryAgriculture, and
Professor Esther M. Kahangi, former lecturer arsgaech leader at Jomo
Kenyatta University of Agriculture and TechnologkUAT),
Department of Horticulture, both helped me to exserand correct that
material and add relevant missing parts. Profdsabangi especially
helped me with the parts about tissue culture {@@)anas since she has
established a pilot tissue culture laboratory d8K for bananas
[Biosciences Africa, 2006].

Professor Kahangi and Mr Nyantika both have sigaift experience
working closely with farmers so they knew what mmi@tion farmers
usually ask for. Using that knowledge, we couldifalate a section
called “Frequently Asked Questions”, that couldyide easy access to
the most important information. It is a good optfonfarmers to choose
if they want to keep the call cost low and just Warhear some brief
information.

When it comes to market information in the servitejould have
been nice to be able to provide commodity priceslfiferent markets
within the country, but this would have requirech@ans of getting daily
updates and a partner that could collect the indtion every day, so it
was a too big of a task to fit within the scopeha$ project. We had a
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meeting with a potential future partner thoughe-kenya Agricultural
Commaodity Exchange (KACE). They operate a numbéviafket
Information Centres and Points (MICs/MIPs) at rumarket centres in
Kenya that serve as a source of market informatiahas a trading floor
to link buyers and sellers of commodities [KACEQPS] Information is
displayed on bulletin boards and writing boardthase MICs and MIPs,
but KACE also has an automatic information hotkmel an SMS service
which provides timely prices for some of the madmenodities at these
markets. Bananas were unfortunately not on th&tiofi main
commodities at the time our service was implemeriiatiwe decided to
provide a reference to KACE in the system anywmgesthey may be
able to help farmers with other market informatidre also gave
references to the evening news on Citizen TV adirand to KBC
radio, who also provide commaodity prices for thegéa markets.

All the information in the Banana Information See/iwas structured
into different categories to provide easy navigatiothin the system. An
overview of this structure can be seen in Figure 2.

Figure 2: Overview of navigation in the Banana mmhation Service
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4.2 IVR development

When deciding which implementation to choose fer Ititeractive Voice
Response (IVR) system, we had four different alieves. Our choice
depended on the outcome of discussions with théepanvolved. The
alternatives were:

1) Work with an existing Kenyan voice portal which popts open
standards, and interface the Kiswabhili text-to-spe@ TS) system to
the portal.

2) Work with an existing voice portal but only suppigiaudio files.
This involves much less integration with the portal

3) Run our own portal on a University of Nairobi numbe

4) Work with the main Kenyan mobile operator Safaricamd use their
current IVR system.

After discussions with Safaricom, alternative 4 Wasarded since
their IVR did not support open standards such asexiML. We were
still hoping to work with a partner with an exigiivR though, so that
we would not have to buy our own computer telephoerglware, as
alternative 3 would have required. We soon fourchsupartner — the
Kenyan company SpeechNet Technoloyies

SpeechNet turned out to be the perfect partnee sirecshared the
same goal of developing technologies which enahbiele, affordable
and alternative access to information by usingettisting telephone
infrastructure. SpeechNet has a focus on apprepuie of speech
recognition and text-to-speech technologies.

To use speech recognition in the solution for taedha Information
Service was never really an option, since themmispeech recognition
software developed for Kiswahili today. Using Esplispeech
recognition could have been an option, but sineecthhas been no data
collection of Kenyan English speakers for trainihg English system, it
is uncertain that the speech recognition would lmen sufficiently
accurate. Using Touch Tone phones, also known asiaoe multi-
frequency (DTMF), for navigation in the IVR was aich better and
simpler option, especially since a large part aftatget group does not
speak English.

4.2.1 VoiceXML and HTML

Before the full IVR system was implemented, a pgie of the Banana
Information Service was developed. As previousintiomed, XSLT was
used to generate VoiceXML that could be used fonaeurposes of the
English version of the service. VoiceXML is an exgion of XML that
can be used for specifying IVR dialogues. Theresakeral websites

* http://www.speechnet.net
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which allow for prototyping a voice service quicklging VoiceXML°.
The websites we tried had their own text-to-sp&@dts) systems that
you can use while prototyping, but it was not ploiesto integrate them
with a custom system, such as our Kiswahili TTS.

XSLT was also used to generate HTML for a web paigie the
content of the service. In the original XML docurheiith the content of
the service, special XML elements had to be crefatethe HTML
version since the other versions of the servicele@¢o be written in a
way that expressed how English words should beqenoced in the
Kiswahili TTS and how Kiswabhili words should be pomunced in the
English TTS. (A further description of this canfoend in section 4.3.2.)

4.2.2 GNU Bayonne

The telecommunications application server that et uses for their
IVR services is the open source server GNU BayoBagonne supports
a wide range of computer telephony interface hardwad voice over IP
implementations. Developers can easily write ssript their own
telephone applications.

For the implementation of the full Banana InforroatService, XSLT
was used to generate the instructions for the I'gRaliour in Bayonne’s
own scripting language. The instructions includetshould happen
when the system answers your phone call, and thea appens when
you press different touch tone keys on your teleptokeypad. When
you press a key on a touch tone phone, two simediasmtones are
generated to create a Dual-Tone Multi-FrequencyMBY signal that the
IVR system can decode to know which key you pressed

When the layout of the system was modelled, wendidvant the
menus in the IVR to be too deep or too wide sotteausers would have
to listen to too many choices, or press many keysdch a certain level
in the system. We also provided the users withogiteon of pressing 0 to
repeat the last information that had been playetdm, and to press * to
go back to the previous menu.

The Bayonne script also described the behaviotlieofVR system
when no keys were pressed at all, namely thabitlstrepeat the menu
options again after a few seconds. Finally it descthat when the user
hangs up the phone, it should clear the current@loall session from
information such as which language the user hadesindEnglish or
Kiswahili.

4.3 TTS Integration

IVR systems like GNU Bayonne can usually be integtavith a text-to-
speech (TTS) system for simultaneous synthesiseoinformation to be
spoken in the IVR. To be able to use Bayonne withkiswabhili voice,

® http://community.voxeo.com or http://www.plumvopetals.com
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we would have had to develop the voice for a faBfe$ engine, though
there are possibilities of doing this in the futUfer now, when the
information in our system was static, we could amnburselves to
letting Bayonne play pre-synthesised sound files.

4.3.1 TTS using Festival and Festvox

The TTS system used for the Banana Informationi&emwas Festival, a
general multi-lingual speech synthesis system dgeel at the Centre for
Speech Technology Research (CSTR) at the UnivessiBdinburgh. It

is distributed under a free software license amwigen in C++ and uses
Scheme in the command interpreter for general obritor building the
Kiswahili voice, the Festvox suite of tools wasdiséestvoXis a project
from the speech group at Carnegie Mellon Univertsiat aims to make
the building of new synthetic voices for Festivaina systematic and
better documented, making it possible for anyorauit a new voice.
The Festival and Festvox toolset was extended [§TLIpartners with
several other modules which simplified the buildoighew voices
[Shalonova & Tucker, 2004]. The system used forlth8T| voices was
Festival 1.95 together with the Multisyn unit s¢iec engine that was
made available early by the developers at CSTRlinkitirgh [Tucker &
Shalonova, 2005]. Multisyn is now included in th&ekt version of
Festival.

Festival is a concatenative TTS system, which méangs together
short units of speech, selected from a speech astgiroduced from
human recordings, and places them into new longesexgs of speech.
When you make the recordings and segment the syeeaheed to
choose which kind of unit to segment them into. Thi2 chosen for the
Kiswahili voice was theliphone which is a unit that normally starts half-
way through the first phone and ends half-way tghothe second.
Diphones are often used in TTS since they areivelgteasy to join and
can capture a reasonable amount of the unit’s ggritebalance to the
number of units needed to record. There are tylgid@l00-2000
diphones in a language [Jurafsky & Martin, 2000].

To be able to cover all the necessary diphonedanguage you need
to design a speech database that contains a liseteaf phonetically
balanced sentences. For the Kiswabhili voice, agebdction tool from
LLSTI partners at HP Labs in India was used tociedach sentences
from a large Kiswabhili text corpus [Gakuru et &02]. The sentences
were then recorded in only 45 minutes in a stutltbeKenya
Broadcasting Corporati8iy the professional newscaster Ken Walibora
[Gakuru et al, 2005]. To pick such a renowned voves very successful
for the Kiswahili TTS since selecting a normatipeaker can be the

® http://www.cstr.ed.ac.uk/projects/festival
" http://www.festvox.org
8 http://www.kbc.co.ke
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single most important decision in the whole sysféacker &
Shalonova, 2005]. The English voice used in theaBarinformation
Service was a CSTR prototype voice called Ninaltaata database
containing 5.8 hours of speech [Clark et al, 200%{he future we intend
to use instead a voice currently under developmviith has a Kenyan
English accent.

The component that we want a TTS system to protucien called
atarget which is a sequence of diphones with differematans and a
contour that specifies the pitch [Jurafsky & Mar@000]. The multisyn
unit selection algorithm implemented in Festivadicts such a target
utterance structure. It proposes suitable candidatesach target unit
from the inventory of diphones in the speech dateb@he best candidate
sequence is then found by minimising target amdl ¢osts [Clark et al,
2004].

4.3.2 Translation and the challenges

The texts used to create the TTS sound files ferdtoject were
originally in English. They were translated intcstahili by a group of
students majoring in Kiswahili.

Since a TTS system has so called letter-to-souied that are
language specific, we had to make special adaptatiten there were
English words incorporated in the Kiswabhili textdaKiswabhili words
incorporated into the English text, in order to éaélve words pronounced
correctly. The current system cannot detect felfitshether a word
should be pronounced like an English word wherKilsevahili TTS is
used or the other way around. Normally, Festiviabécon system can
handle this, but we chose to use a temporary feotee the problem. We
changed the spelling of those words in order tk tithe system into
pronouncing it as if it was in the other langudga:. example, there is a
banana variety called “kisii matoke”. In order take the English TTS
pronounce that correctly we had to change theisgetito “key see ma
towke”. We used the same method for making the KiSIVTTS
pronounce English words correctly, for example,clwanged the spelling
of “tissue culture” into “tishu kaltjur”.

There were relatively few words that we had to geaim this way, so
if a system would go live using these TTS systahesperson inputting
the text could quickly listen to the synthesizext #nd then rather easily
make such corrections themselves to get more gegorenunciations.
Before the TTS system supports full loan words gssing, we could
also add common Kiswabhili words into the Engliskiten and vice versa
so that you would not have to change the spellimgg¥ery word used
from the other language.
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4.4 Installation

When the full system had been implemented, it watalled on a
computer at SpeechNet’s office that was runningpfierating system
Kubuntu and GNU Bayonne 1.3snapshot-20030914. Duhe
implementation process we also tried to installsystem on another
computer that was running the Fedora operatingesygbut for some
reason the system was very slow so we only rafuthsystem on the
SpeechNet computer. We did not have time to ingattiwhether the
problem was with the computer hardware or withdperating system or
version of Bayonne we were running.

The functionality of the system was tested to kaeéverything was
working before the usability tests. During the uligitests, the computer
running the Banana Information Service was conmettie land line
phone at SpeechNet'’s office. During the autumn0ff&2 we were able to
host the demo on a fusion kit that allows you tad®a SIM card, so it
works almost like a mobile phone that you connedhe computer. We
put in a SIM card from Safaricom, the main mobitexator in Kenya.
This meant that Safaricom users could call forlderates that apply
when you call within your own network.

5 Usability tests

Usability testing is a very important part of amfte/are development
project, specifically for ensuring that the systeas a good user interface
and is considered useful for its target populatkor. our usability test,
we cooperated with Yvonne Spittles from Thameséagallniversity in
England. She is working towards a PhD in the udsgtif TTS for end
users from different cultures. We designed a qaestire together, for
the purpose of evaluating the Banana Informatianie The
guestionnaire was designed in full compliance wsitfct ethical
guidelines and industry standards relating to wa#térg tests with
human participants.

The usability testing was conducted by Pernillafbi&sand Dr.
Mucemi Gakuru on 1 June 2006, with 10 banana fagmmeKibirigwi,
Kirinyaga undertaking the tests. Each participaas @iven 3 sheets
containing the following:

— a consent form giving their personal details

— a task sheet with questions to answer while usiagystem

— a user satisfaction questionnaire to give tmepressions of the
system.
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Usability is not one single element of a systemrhateover, is
considered to be made up of five main componentshndre integrated
and can be classified as follows: Learnability id&éincy, Memorability,
Errors and Satisfaction. [Spittles & Dunckley, 2P06

The tests undertaken on the Banana InformatioreByassessed the
usability of all of the above sections apart frommorability and
efficiency which could not be measured in a sirig. The definition of
the other components and the results of the testdescribed in section
6.1.

5.1 Test population

The intended target group for this project waslrifemyans who were
illiterate or had little or no education and/or kiedge of English. We
therefore wanted to find people from this groupetce part in the
usability testing if possible. Professor Kahanige tormer lecturer and
research leader at Jomo Kenyatta University of @&gture and
Technology (JKUAT), helped us to contact peoplenfiebanana farming
community in Kibirigwi, Kirinyaga. They found teroluntary
participants who could take the usability test \vad ket up. At least ten
participants are needed for performance measurernrefill tests
[Spittles & Dunckley, 2006].

Out of these farmers, three were female and sewa®. 5ix of the
participants were aged 41+, three were betweem@4@ and one was
between 18 and 30.

Three of the participants used a telephone dailg,dsed a telephone
weekly and two used a telephone more rarely. Eftte participants
had never used a computer, one had only hadusteof a computer
before and one of the participants used a comofiien.

There was only one illiterate person in the gragpregarding that
point we did not manage to reach our target grauppetely.

Unfortunately the question we had about languagenss slightly
misunderstood so we cannot really use those resitliertainty, but
generally we can say that these participants ysoathmunicate using
their mother tongue Kikuyu, but they were all si§swabhili speakers
and the majority spoke English as well.

5.2 Test procedures

During the usability tests, the Banana Informatiystem was installed
on a computer at SpeechNet's office, using onéeif tand lines.
Unfortunately, this land line was shared with eghbouring company
who needed access to the line during office haung;h restricted us to
testing the system during evenings, weekends alidilys. Additionally,
we had limited after-hours access to the officé #were were any
problems with the system, we could not accessdhgpater until the
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following day. This scenario was quite risky simpoaver failures are
common in Kenya and our system had to be restargetally if the
computer rebooted at a power cut. This problemccbale been
prevented by using a UPS (Uninterruptible PowerpBgut
unfortunately we were still in the process of cosioning one when the
usability tests were run with the farmers in Kigixi.

On 26 May 2006 when we first went to see some @ptople from
the farming community, we informed them about tstg so that they
could gather ten voluntaries for the next meetifwat day, the Banana
Information Service worked fine and two farmersdrbut the system and
were excited about it.

When we came back on 1 June to test the systeimeden farmers,
we were not as lucky as the first time. The systexa working when we
left Nairobi but when we were with the farmers,réhbad been a power
cut so the system was down. Luckily, we had a baqian — to play the
sound files containing the information of the Bam&nformation Service
on a laptop. That meant that they could still amsve questions on the
task sheet and in the questionnaire that we haddsbout, so they could
get a good idea of how the system sounded.

The patrticipants could choose whether they wardéigten to the
information in English or Kiswahili when taking thests and only 30%
chose Kiswahili. When they had finished listeningite Banana
Information Service and completed the task shiet; filled out the
questionnaire with questions about their experiemite the system. The
illiterate person was offered help from an indeerdnterpreter to fill
out the different forms.

The following weekend, we managed to acquire a Ei*there was
some power backup in the event of further powenttiations. Since it
was rather far to travel to Kibirigwi and time w&tsort, we did not have
the opportunity to go up to meet the farmers agathen we were there
the previous time however, we had given them solnoa@ credit that
they could use for calling on their own phonesweocalled to let them
know that the system was up again and they could &ut. This meant
they could use the full system and navigate arduasl they pleased.
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6 Results and
Analysis

The Banana Information Service was well receivetth by the farmers
who took part in the usability test and by our eatd at NALEP and
KSB. The detailed results of the usability test #relreactions from
NALEP and KSB are presented in this chapter, abageh gender
analysis. A big part of the project was also twestigate what
possibilities there were for future work and depehent of similar voice
services. The results of that work are presentethapter 7.

6.1 Usability test results

The usability tests described in section 5 showatihky significantly
positive results. The various aspects of usakhlitg the results are
described here in detail.

6.1.1 Learnability

The learnability component of usability refers timheasy it is to use the
system. The findings of the tests are significarthis respect. 80% of the
participants had never used a computer before alyd30% used a
telephone on a daily basis which indicates thatallthe participants
have a low level of experience in using Informatémd Communication
Technology (ICT). However, notwithstanding thigu of 10 of the
participants stated that they could easily tellakhoptions to select from
the menu and 9 stated that overall, they foundyiséeem easy to use. The
remaining participants stated that they were nm sthether they could
easily tell which option to select from the menwdrether they found the
system easy to use. One of the participants haditienaicy skills but the
results suggest that this did not affect his/hditwtbo learn this system.

The rather high result of 80% of the participatésing that they
could easily tell which options to select from thenu, should probably
be accepted with some reservations. Due to thdgrsbwe had with the
system described in section 5.2, the participamt®wot able to navigate
around the system themselves during the testshimi¢fivi, though they
did hear all the menu options and could from thidrimation envision
how they would have navigated themselves. Also,nwhe talked to the
participants on phone after they had been abley/tout the system for
real over the weekend, they still stated that & wasy to know which
option to select from the menus.

If we do launch this system commercially, it miggeta good idea to
provide an overview of the system when we pronip®oithat users
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know before they call which keys to press to gahtsection they are
interested in. Reaching the relevant informatiothinfastest possible
way will keep the cost down for the users.

6.1.2 Satisfaction

The satisfaction component of usability refershi® pleasantness of use
of the system and the likelihood of users beingesiitvely satisfied after
they have used it. Again, the findings of the tesessignificant in this
respect as 100% of participants stated that theyduase this system
instead of using other resources such as bookeednternet. These
findings suggest that, even though the participhate a low level of
experience in ICT they are prepared to use thiesysThis is
particularly interesting as 60% of the participacdn be categorised as
older users aged 41+ who, traditionally, have Heand to be more
resistant to change in ICT developments.

6.1.3 Errors

The error component of usability refers to the aacy of using the
system. The system should have a low error ratéfamtrs are made
they should be quickly recovered from. The rateaisulated by dividing
the average number of wrong answers by the totaben of questions,
in this case 3.2 by 5, which equals 36%.

The findings of the tests indicated that furthetitey is required in
this respect. The participants were given five sgskanswer but, to
comply with ethical guidelines, there was an elenoéias in the test as
they were multiple-choice, meaning that if the amswas already known
to the participant this would not be an accurafiecdon of accuracy of
the system. Interestingly, however, the mean aecear rate of 36%
was higher than expected and suggests that, asrimon practice with
most usability tests, some elements of the interfaay need
modifications to meet the needs of the end users.

| think the major reason to why the majority of thegticipants could
not find all of the correct responses, was thag ttoaild not perceive the
spoken output produced by the text-to-speech syatésronly played
each section once so they might have absorbedifrtbiesy would have
been able to listen to it twice. Also, | think the@blems were mostly
with the English voice. 70% of the users had chdsdisten to the
English voice, which is a female voice with a BiitiEnglish accent.
Some participants stated afterwards that they thioting voice was
speaking a bit too fast. After the tests, we alaged a research
prototype of a female voice with a Kenyan Englisbemt and they all
thought it was very clear, even clearer than trenghili voice. Further
development of this voice is in progress.

During the first tests, all of the participants wiebened to the speech
in Kiswahili stated that the speech from the systes very clear to
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understand but of the participants who listenehéospeech in English,
43% stated that they were not sure about the glafithe speech.

6.1.4 Other findings

When looking at the results of these tests, inigartant to remember that
people tend to have their own interest at heartnaayg answer according
to what they believe is good for them or accordmg/hat they think you
want to hear. Notwithstanding this, there was @nttefimpression that
the farmers genuinely liked the system. 100% ofpiuicipants stated
that the system would be useful for banana farnéray also expressed
a wish to extend the system to other crops, anelcéfy to livestock.

90% of participants stated that if they had anesspout growing
bananas, they would usually seek help from agricalltextension
officers; 10% stated that they usually sought liedm other farmers.
They commented that there were not enough offizeafiable at the time
so a system like this would most likely fulfill ipgirpose of
supplementing the advisory services provided bgrestbn officers, when
they were not available or if farmers wanted toficondetails given by
them. There was no doubt that a system like thieésied.

6.2 Reactions from NALEP

On 6 June 2006, we presented the Banana Inform&#orice and the
results of the usability tests for our contactthatNational Agriculture
and Livestock Extension Program (NALEP). They wedterery happy
with what we showed them. They thought a systemtliks would fill a
recognised information gap and increase the deraaddnterest for
extension services. They were convinced that dulsrtology is
important. When farmers learn that there is money ¢ertain enterprise,
they want information about it immediately. If newops or technologies
are introduced, not even the extension workersssaciy have
information about it, so it is important to get Buformation into the
system quickly.

When describing the system, we need to be cleasaynthat the main
purpose of it, in its current design, is as a efee system for farmers to
call in order to confirm details about banana graviWe suspect that
their main source of information will still be tlagricultural extension
officers, or other farmers.

Our contacts at NALEP also came up with some useéals for
future development of the system and confirmechtred of functionality
we had already thought of, including SMS and e-riméggration,
delivery of up-to-date and urgent information, rativity such as
calculations of revenue, support in enterprisecsiele, reducing costs by
alternative access methods and by making one ealCpmmon Interest
Group. They also emphasised the need for trairfirextension workers
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so that they can give instructions to the farmersiow to use the system.
It is also important that the Common Interest Geoage involved, for
example by requiring new information to be addethtsystem, and by
providing their own information. All these ideagatescribed further in
chapter 7.

NALEP suggested that we should write a proposahfarnking as
technical consultants in conjunction with them évelop the system
further. It was suggested that if we did want t&kena proposal, we
should have a demo up and running permanentlyat@#ople could
form their own opinions about the system. During dutumn of 2006 we
managed to set up such a demo with SpeechNetableafbr anyone to
call on a Safaricom number, the main mobile opelat&enya

When the demo was up, the Banana Information Sewas
presented to a group of 30 extension officers iarteg University, the
main agricultural institute in Kenya. Generallyyregreed that the
system was good and would be useful to the farn@ms.issue for
improvement they suggested is a simplificationhef Kiswahili grammar
since the Kiswahili translation used a very fortdewabhili (sanifu) that
is not ideal for a spoken information system. Thksp agreed that the
English system would be more comprehensible iad b Kenyan English
accent, though they did think that the Kiswahiktgyn would be more
useful than the English as it would reach more [gea@specially the
illiterate.

6.3 Reactions from KSB

One of the target groups that would benefit mashfwoice services like
the Banana Information System is people that anealy impaired. We
therefore thought it was important to show the cetepsystem for our
contacts at the Kenya Society for the Blind (KSB/jlson Noreh and
Edwin Osundwa. We met them on 6 June 2006 and ghlages of the
system for Osundwa who himself is blind and works.@omputer
teacher at their school. We received some veryuusefnments from
him since, being blind, he is very used to listgrtim different kinds of
speech, both natural and TTS. He thought it woelddod to have one
voice reading out the actual information, and aeotivice reading out
the menus, which would make the system more irtiaget listen to.
This is a method that is used by screen readenafhesed. Osundwa also
thought using musical tones as a “delimiter” wdligtiten up the system
and make it less academic. He also mentioned dagile usually prefer
listening to deep voices.

Osundwa stated that 75% of the visually impairedadso farmers, so
KSB members would really appreciate a system hikeeBanana
Information Service and are welcoming this initratiespecially since
Kiswahili and Kenyan English voices could also Bediin screen readers
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in the future. Producing information written in Blais expensive and
bulky to send out, so having a way of easily pradggdnformation in
voice would be much more cost-effective.

6.4 Gender analysis

ICTs provide many opportunities for development,they also create
new forms of gender inequalities. For example,dlae high levels of
illiteracy among women and since ICT usage oftguires literacy it
affects their access and application of ICT. Mdghe content is also not
produced in a local language and does not addressews day-to-day
interests and needs. It is therefore necessargdikage appropriate
information in local languages that can be easibeased and understood
by the majority of women [Nakafeero, 2005]. Infotina access by
voice through systems like the Banana InformatierviSe can therefore
be a way of addressing the gender gaps in ICT.

Using the mobile phone as a means of accessingmaft@mn does not
have to be a barrier for women. Surveys on molsitggea carried out in
rural communities in South Africa and Tanzania, ahdmall businesses
in Egypt and South Africa suggest that gender,aagkeducation do not
present insurmountable barriers to mobile accesd§fbne, 2005].
There has also been some discussion that telephoddelecentres can
improve the position of women in local societiesorén will make
more use of communications services if they areretf by other women
[Greenberg, 2005].

In our usability tests, 70% of the users statedeéepence for a
speaker of the same gender, so future developroeunld include male
and female options in both languages. It would Bisgood to study
women’s information needs in particular, to makeegbat a future
system would meet those needs.

{ Future work and
possiblilities

The Banana Information Service was intended atoagjistem that
would demonstrate how technology such as text-éeap (TTS) could

be used in the developing world. Before a senilaethis could be
launched on a larger scale, much work needs t@be.d’here are also
many possibilities for further improvements andeesions of the system.
The necessary future work and the possibilitiegifsired functionality
are described in this section.
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7.1 Extended content

Since the content of the Banana Information Sengdienited only to
information about growing bananas there is of cearseed to extend the
content so that it suits the needs of more farniérs.service would also
be more attractive to use if the given informationld be regionalised,
personalised and more current.

7.1.1 Other crops and livestock

The first and most important step of extendingdbetent of the service
would be to add information about other crops @ektock. The farmers
we met were eager to have information about livestocluded in the
service since breeding livestock can be a lucrdtivg@ness, but it
requires a lot of knowledge about diseases etcpodBsibility of easily
adding new information into the system is partidylgood for new
crops such as bamboo, which is now being introdaseah alternative
crop for farmers who used to grow tobacco.

It could also be beneficial to add information afoealue addition into
the service so farmers can learn how to maximisethfit for their
produce.

As the amount of information provided in the segvilecreases, it is
even more important to maintain easy navigatiomiwithe system. One
possibility might be to have separate phone numioerdifferent crops
and livestock so that the time of the phone cdllbva as short as
possible. | still think it should be possible tovigate to information
about other crops and livestock when you have d¢aite number, so that
the users do not have to know all the availablenphmumbers. One
number that is easy to remember could give acoes! the available
information as well.

7.1.2 Local information

In the future, it would be good to be able to giNiéerent information for
different regions. Market information is one obwgdopic that should be
regionalised, but also perhaps which crops aralsigito grow in a
specific area or what fertilizer should be usedictvlvaries between
different regions and climatic conditions. Regiomdbrmation like this
could support the farmers in enterprise selection.

Since not all questions will be possible to anstiesugh the system
it is important to include information about whéne farmers can get
further advice. The Ministry of Agriculture in Keayas established
information desks at the market centres in allrigist, so it would be
good to add information about how to reach thesekbtang Information
Desk Officers, and other local agricultural extensofficers.
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7.1.3 Up-to-date information

The value of information often increases when itrimediate and
relevant [Ericsson AB, 2005]. A system that use$ Tdr distributing
information by voice can reach its full potentidien it delivers
information that is of great immediate importargiace a new recording
does not have to be made every time the informasiapdated. Such up-
to-date information could be weather forecasts ketanformation such
as commodity prices, or urgent announcements saidisaase outbreaks,
such as bird flu. Weather forecasts could be pidkad the web and
automatically integrated into the system. For mairki®@rmation and
commodity prices, there may be a possibility tokuwogether with

Kenya Agricultural Commodity Exchange (KACEMarket information
is a classic example that has proven successfudlwigie and shows that
information can have great value. If the farmeravkithe current market
prices, they can demand a higher wholesale prara the middlemen
who otherwise can set the prices as they pleasefberg, 2005].
Merely the knowledge about the presence of sudlyeasessible
information could be enough for the middlemen teedair payment for
the produce.

7.1.4 Personal information

A feature that would make the system more attracivd interesting to
use is to be able to give out personalised infaomatyou could for
example ask the caller to enter how many acreanaf he or she has
available for growing a certain crop, and the systeuld calculate the
possible revenue, the required investments, etould also ask the
callers to enter the time of planting for theirgsand according to that,
deliver instructions suitable for the stage théangs are in.

It might also be good to give different recommeiatet depending on
whether the caller is a poor, medium, or rich farnThis can affect the
appropriate choice for how much to invest in segdlj pesticides,
fertilizers and irrigation. These aspects can bksaonsidered when
calculating all the costs for the different patgmduction and the
expected revenue. The most important questionlfésraners always
seems to be how much you can expect to earn.

It would be possible to use caller-ids and PIN sofe identification
and keep a database with all the personal infoomatd that it does not
have to be re-entered if the farmer calls sevérad.

All these interactive services would require thstesn to be expanded
to accept a digit string input for calculationsNBletc. For easy output of
digits, a directory of pre-synthesised numberslsinid the existing
UsEng directory in Bayonne would be needed. A scopld easily be
written for creation of these number sound filesgishe TTS.

® http://ww.kacekenya.com/
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7.2 Improved system functionality

There are many ways the system itself could beangu and extended
with new functionality. Some of these thoughts atehs are presented in
this section.

7.2.1 Easy input and update

Since the content of the service is of this natiis,likely that people
with agricultural expertise rather than technolagexpertise will be
entering information into the system. For thissmg it is necessary to
create easy methods for inputting and updatingrifoeemation. The
intended system will be a website with menus wiegtension officers
can upload text information into the system or edisting texts. The
system could then input the text into the TTS tovent it to voice thus
making it immediately available in the telephone/ge. This input
could also be done at the district or provinciakleso that regional
information can be kept up-to-date. This is panvbat makes a system
like this far more efficient than making new redogs at every new
input or update.

7.2.2 SMS and e-mail integration

A problem with a purely voice-based system is ttoat are not able to
save the information you are given over the ph@herefore, it would be
very good if a future system could be combined &igervice where the
user can choose to be sent an SMS or an e-maikestiinformation,
such as dosage of fertilizers etc. that has beshtrethe user.

Of course it would also be good to be able to sheepoken
information on your phone, but the basic phonasddy do not have this
feature. It would be good if the mobile phone sigyplcould produce
cheap phones that are able to make recordings SM&services
requires literacy.

An SMS or e-mail service could also include théapto subscribe
to information you are interested in, for exampgdewt market prices.
You could also send out alerts via SMS with urgemtouncements such
as for disease outbreaks, or a notice that thaisbehas awaiting e-
mails. The latter could be good for communicatieiween NALEP and
the extension workers since not all extension warkbeck their e-mail
regularly. If the Internet connection at their offiis not working, the
extension workers could go to a local cyber caféndtl communication
is important for the organisation, for examplelfottom-up local
planning and budgeting. Previously they used faktwas not very
effective.

How services like these would be implemented Ikasproblem to be
solved. There are commercial SMS gateways thatgtglrould be
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used, such as Clickat®ll If we add the possibility of getting some of the
information in the IVR to be sent out in an SMSezemail, that
information would need to be marked up in the XMicdment that
contains the content of the system.

7.2.3 Community involvement and feedback

SMS and e-mail integration could also be usedrfpui into the
information system. Users could send SMS or e-maglstions that
extension workers could later answer. The answguedtions could be
put into a “Frequently Answered Questions” sectibthe service, or the
user could get a direct reply from the extensiomkeoby an SMS, e-
mail or phone-call.

It would also be good to provide the possibility fsers or extension
workers to call a number where they can leave ngessiay voicemail. It
could be questions, answers, or up-to-date infaomatbout markets,
disease outbreaks or similar things. If the infarorais local, the users
and extension workers could record the messadeeitotal language,
and the message could then be put directly intdoited part of the
service as it is. If the message is relevant fiopatts of the country, the
message could be translated into Kiswahili and Ehddy an
administrator of the service and then put intogygtem to be synthesized
by the TTS in the usual way. These things woulaive the community
of potential users so that they feel that theioiinfation and feedback can
be of relevance of others.

7.2.4 Improvement of voices

During the usability tests, a research prototypa fafmale voice with a
Kenyan English accent was played to the particgpaftiey all thought it
was very clear and would rather listen to this gdltan the British
English voice. Some would even choose it over tissvihili voice.
Further development of the Kenyan English voide igrogress and for
future use, this will probably be the best Engirsite to use in Kenya,
and perhaps in all Africa, since people in Africalgably identify
themselves more with Kenyan speakers than witlisBrigpeakers.

The current version of the Kiswabhili voice also a&esome
improvements. Some forms of intonations, for examplerrogatives (?)
and exclamations (!), are not yet implemented [Galai al, 2005]. There
is also need for improved text normalisation, foeraple the processing
of acronyms, abbreviations, special symbols andsjigs well as need
for processing of proper names and loan words [&ué&kShalonova,
2005]. One way of handling common proper named@ard words is to
add them to the lexicon of the TTS system. Anothigrg that would be
good to add to the system is the option of chantfiegspeed of the
pronounced words. Combined with a method of indigatvith simple

10 http:/www.clickatell.com/
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command tags which words should be pronounced y)atwould
enable you to emphasise certain parts of the text.

Another way of ensuring the clarity of the systeighmhbe to make
manual recordings of certain bits, such as the s&nth navigation
instructions. It could also be good to have twdedént TTS voices so
that one voice would read out the actual info, amdther voice would
read out the menus. As 70% of the users stateefarpnce for a speaker
of the same gender, future developments could diecinale and female
options in both languages. The method of havingdifferent voices is
used by screen readers for making the system mtaeesting to listen
too.

A positive side-effect of improving the Kiswahiloice and creating a
Kenyan English voice is that these could also lael irs screen readers
for visually impaired people or in communicatiodsfor vocally
impaired people. A possibility for doing this wolld to work with the
British company Choice Technology Ltd which haseleped the screen
reader LookOUY. This possibility is being considered as part Girger
educational project for which a proposal has begttem together with
the Kenya Society for the Blind. Assistive techigyieuch as screen
readers makes it easier for already disadvantageigpg to get
employments [Vodafone, 2005].

There is a problem to solve before simultaneous darsbe a reality
though. Both the Kiswahili and the Kenyan Englistices are developed
for the TTS engine Festival, but unfortunately Fasis too slow for
doing simultaneous TTS. The solution would be teettep voices for
faster run-time engines like FlifgFestival-lite) or Swift from Cepstrél

7.3 Ways of cutting costs

A drawback of using the telephone as an accessoahéthinformation is
of course the cost of the calls. The investment fowsa mobile phone
does not need to be that big nowadays and evgrotirest people can
access mobile telephony frequently thanks to widespsharing of
handsets [Vodafone, 2005], but the users will ab\agve to pay the
calling rates. Common Interest Groups could of sealso share these
costs if they cooperate.

If the system were launched as a premium ratecgeran extra 5 KSh
(~$0.075) would be added to the normal calling, ratgich in May 2007
started at around 11 KSh (~$0.16) per minute fbpeék calls within the
same mobile netwotk The demo of the service has so far been on a

1 http://www.screenreader.co.uk/products/lookout.htm

12 http:/www.speech.cs.cmu.edu/flite/

13 http://cepstral.com/

14 See http://www.safaricom.co.ke or http://www.kéelecom
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Safaricom mobile number, which means Safaricom lnaee been able
to call the service for 11 KSh per minute.

A normal call to the Banana Information Service talte 2-5 minutes
from beginning of the call to finishing listening & section. The time of
the phone call can be shortened if you were toigeothe users with an
overview of the system so they would know how tcess the
information quickly.

It might seem that providing information by SMS midpe cheaper,
but the time for the TTS to read the maximum 16érabtters of an SMS
is approximately 15 seconds, and the cost of a&&éral phone call
translates to about half the cost of sending an .S3t#&e information
might still be good to have written down in an SH8ugh, as stated
above.

Hopefully the prices for making phone calls anddéegp SMS
messages will go down as the mobile market growlsgat more users.
Until then though, we have thought of a number aysvto cut the costs
for the end user.

7.3.1 Alternative access methods

Universal access is the key to providing informatiBeople should be
able to choose the access method that suits thgnate people might
still be more comfortable with written informatian, booklets or on a
web page where they can print the information dreyinterested in, but
the need for voice information is still there, muifor illiterate and
visually impaired people.

Using a mobile phone does not have to be the oalyaf accessing
the information in a voice-based service, evenghdumight be the
easiest and most common access method. Landlimeeplawe quite rare
in Kenya but still provide a rather cheap way tlh, @ you could have
landline phones at local information desks wheesftimers could come
to make calls. You could also broadcast some ointipertant
information on the radio.

Another alternative access method would be to lavservice
available on computers at local information centitesould be accessible
on a website or by calling the service for freerdhe Internet using
Skype or similar Voice over IP software. This wotgguire a reliable
Internet connection though, with significant bandiili A better option
might therefore be to provide an offline versiorttod service which
could be run from a CD-ROM disc. Updates of thevisercould be
received online, or if the computer does not hawerhet connection, by
distributing the new information via USB flash d¥g/or by sending out
new CD-ROMs. The HTML version of the Banana Infotima Service
could be used as a basis for developing a systdra tsed on personal
computers. The content of the service would stdt pe needed to be
entered at one place and the system would autcatigtazeate a
telephone version and a web and PC version. A P§iorecould be put
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on low-cost computers such as the XO “$100 laptigyeloped by The
One Laptop per Child association (OLPT)t might also be possible to
create a version that could be put on low-cost Riiz&d devices such as
the Simputéf.

7.3.2 Subsidised calling rates

Services like the Banana Information Service wdagdf benefit to poor
farmers, illiterates and the visually impaired, daychelping them it could
boost development in Kenya. Because of this, ithinlog possible to
convince donor agencies or the government to sigiesitle calling rates
for calls to the service in order to make it affaste to the end users. Its
usage could for example be tax-free. One optioidcalso be to give
airtime to common interest groups so that the fasmeuld cooperate in
making phone calls to the service. It might als@bssible to convince
the main mobile operators Safaricom and Celteutisiglise the calling
rates, perhaps during certain hours of the dayn€ir are usually up
early so they could make the service very cheapoaihing hours, when
not many other phone calls are being made.

Greenberg [2005] confirms in his Sida report tleahhology is much
more likely to be used and usable if it can intevéith people in their
local languages, and therefore it is important #fifgirts to develop
language-specific software and tools are eligibtedonor support.

7.4 Other services

The Banana Information Service is just one exarapBmilar services
that could be developed using similar technologhw&i TTS system.
Before we had decided we would work with NALEP, vael these main
two possibilities for a pilot service:

1) SMS Further info People who receive an SMS from a subscription
service can call the sending number for furthew,iiffthere is any.
The further info may be voice recorded or TTS, deliey on where
the source of the info is. For instance, furthéo fior a job
advertising service could either be recorded byjdheplacer phoning
in, or by them sending an e-mail that is convettedbice by TTS. It
would support both English and Kiswabhili.

2) Value added Information ServiceA~voice information service that
processes raw data and delivers it in a voice-dlieformat.
Examples are

Commodities — e.g. price of maize etc with lows highs of
past 7 days
Weather — e.g. which are driest/wettest of the Aedadys

15 http://www.laptop.org
18 http://www.simputer.org
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Health — e.g. HIV campaigns, medicine information
E-government — e.g. timely information and delivefy
government services

Insurance — e.g. best premiums in different caiegdrom
insurance companies

Banking — e.g. best deals on loans

These services are quite similar to the proposezhsion of the
Banana Information Service so it would be fairlsagihtforward to
extend the system to other domains. Any serviaethks needs
information sources, some of which could be gathémem the web.

TTS services are good for providing personal ositie information
such as bank details or health information sin¢ribt an actual person
reading the information. For example illiteratevigually impaired
people are otherwise dependent on other peopletide this
information to them, from an information leafletaor SMS. It is
important then though to not keep logs of suchiteasnformation that
could be tracked to a single user. The user neebls aware that his or
her privacy is being maintained. Some users mightinderstand that it
is not a person reading this information but a cor@psystem, so that
would need to be clarified.

There have been some pilot projects using ICT aitheare which
have shown improvements such as a 50% reductiomrtality or 25-
50% improvements in productivity. These projectgehBCTs in their
simplest forms, aiding in the collection, storinglaetrieval of data and
information [Greenberg, 2005].

A large portfolio of suggested mobile end-user igagions for
developing countries is presented in a thesis imrkhe mobile network
provider Ericsson [Bildt & Sahlberg, 2005]. ManytbEse applications
are suitable for voice and could therefore senieees for other TTS
services. Some of them coincide with the list afgaested services above.

7.5 Other languages

If systems like the Banana Information Service $thgpread to other
parts of the developing world, there is a needeietbp TTS systems for
other languages. LLSTI have proven that it is gaeswith no prior
experience of speech technology for a linguist ttegrewith an engineer
within 6-8 months to produce a good quality TTSeysfor a
linguistically simple language like Kiswabhili [Tuek & Shalonova,
2005]. Not all languages are as straightforwarliagahili though.
Kiswabhili has direct grapheme-to-phoneme rulesones and fixed
stress which means it is rather simple to develdpa system [Tucker &
Shalonova, 2005].

LLSTI has created a database describing the featiranguages and
scripts used worldwide which add complexity wheilding TTS
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systems [Shalonova & Tucker, 2004]. This can gibetter picture of
how long it would take to develop a TTS systemdaertain language.
The database can be found on the LLSTI welsi@ne common
problem for many of the world’s languages is treklaf, or relatively
small amount of, speech and text corpora. Thahésad the reasons for
the poor linguistic knowledge about these langu@fbkalonova &
Tucker, 2004].

An easier option would be to start by making recagd of the text
you would like to put into an information systemislrather simple to
create these so called limited-domain TTS systéndees not offer the
same flexibility of a full TTS system though andwarequire
development of an easy method of recording theddiles, since it will
be likely that you have to do new recordings ratifean if you want to
keep the information system up to date.

7.6 Further testing

Before the full launch of a system like the Banhrfarmation Service it
would be good to do some further tests and evansitiMost important
would be to see that the system design is suffilgi@mprehensible by
its target users, regarding navigation throughstrstem, clarity of speech
and grammar usage. We should try to discover hévatot technology-
shy or illiterate people are to possible mistakgthle TTS and the
unnaturalness of the voice. In tests of the isiZUl$, there was no
significant difference between literate users dlitdriate users regarding
the subjective assessment of naturalness or giteliiy, but in a
comprehension test, the information given was csinfufor the illiterate
users [Tucker & Shalonova, 2005]. It highlights tmportance of an
interface design and a language usage that isextiftits target users.
The process of improving the call-flow of the seevcould be helped by
looking at logs from the system.

Another test that would be good to do is to sgedple understand
that it is a computer that is speaking and whatisapons that has for
the usage of the system. Tests should also berpetbwith participants
who are outside of the target group, in order iimieate bias. During our
usability tests we did not find any significantfdience in how users of
different genders perceived the system, but maeareh could be made
there since the gender issue is an important area.

7 http:/lwww.lIsti.org/languages-database.htm
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7.7 Training and launch

In order to enable production of local content aofiware that
corresponds to a country’s social and culturalityeat is necessary to
train local people in ICT so that they are ablddoelop a capacity to do
such design on their own [McFarren, 2005]. Theesfdris very
important that a full launch of a system like trenBna Information
Service would also include training of NALEP penseh extension
officers and farmers, not only in using the systbuat,also in providing
content to it. If the local community is involver the system’s design,
the service is more likely to be well received tsyusers.

There is also a need to investigate what other uneasvould have to
be taken if this service were to be launched fule,writing a proper
business plan including a budget and plans for etendg, maintenance
and education of users.

If the system is to be launched on a large scgld@penent would be
needed for enabling 24 hour access and allowingMReto be able to
receive many phone calls at the same time. If ailmoperator such as
Safaricom or Celtel is not able to host the equipithe project would
also need to finance the costs for having its otwonge line.

8 Conclusions

The Local Language Speech Technology InitiativeTL?) is an open
source project that so far has focused on the dprent of text-to-
speech (TTS) in regional languages. A Kiswahili TS been
developed at the University of Nairobi which candb®enefit to the 30
million people in East Africa who speak Kiswahilhe next phase for
LLSTI was to pilot a voice service using the TT8heology that would
enable people who cannot access computers andtdradt to access
information through voice [Tucker & Shalonova, 2005

During this master’s thesis project a Banana Infdrom System has
been developed to give rural farmers in Kenya actesformation
about growing bananas through an interactive vasponse (IVR)
system which they can call from their mobile phones

18 http://www.lIsti.org
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8.1 Positive response on the
Banana Information Service

A usability test was conducted with 10 banana fasnaed the findings
suggest that despite low levels of experience imfitrmation and
communications technologies (ICT), a system has blegeloped which
meets the satisfaction of the target group. Thegyaants in the test
found the system easy to use and would preferedhis system instead
of resources such as books or the Internet. Thasenw doubt that such a
system is needed. We are convinced that the tgrgap would be more
comfortable using a telephone for access to infiomaather than a
computer since our study showed that 80% of théggzeints used a
telephone daily or weekly and 80% of the partictpdrad never used a
computer.

The Banana Information Service was also demonsifateour
partners at the National Agriculture and Livest&sitension Programme
(NALEP) at the Ministries of Agriculture and Livesk and Fisheries
Development and to 30 of their extension offic@itsey have the
problem that their 5,500 agricultural extensioricafifs cannot reach all
the millions of farmers located throughout the dourA system like the
one we showed them would therefore be welcome, lynairbe used as a
reference system for farmers and extension worfkersonfirming
details. Having an easily accessible referencesystill also speed up
the process of introducing new crops and technetogi

The Kenya Society for the Blind (KSB) also receiwedemonstration
of the complete Banana Information Service. Thayficmed the need
for such voice-based services among the visualpaired, who would
otherwise need to rely on other people to providgdnsnformation to
them.

8.2 Meeting the criteria for good
uses of ICT

Alan Greenberg [2005] presented in a Sida repanescriteria for good
uses of ICT in development projects. The main ddtewas that the
project should have positive impact on povertyWe strongly believe
that by giving farmers access to information thaaild help them in
enterprise selection, in controlling pests andafies and by giving them
market information in order to maximise the revefroen their produce,
we could help to reduce poverty in Kenya.

A project should baffordableand given that it can take 2-5 minutes
to find out a particular piece of information frdtre service, it is
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unfortunately not very cheap to call the systentscurrent state. If we
could implement some of the ideas we have formyitbsts — giving
alternative access methods and offering subsidiskitig rates — we
believe that accessing the system could be afftedabanyone. A
mobile phone is relatively cheap today and manyleebave one already
or can access others. The technology used in tResiétem is not very
expensive either, but would require some investrhefdre a full launch.

A scalableproject can be widely replicated to many more peapd
given that we have equipment that would be abted¢eive many phone
calls at the same time, it is easy to use suclsteisyall over Kenya. It
could of course also be used in other parts of Efigta where Kiswabhili
is spoken, and the system could be implementedthar languages that
have TTS systems. For a linguistically simple laaggilike Kiswabhili, a
new TTS system could be developed in 6-8 monthe lioyguist and an
engineer using the LLSTI approach [Tucker & Shal@@005]. For
languages that do not currently have TTS systeraauiad recordings
could be used instead, but this would not be a#blle or efficient as
using TTS.

A self-sustainingproject can continue to help people without exdern
financial or staffing support. We believe that watfilocus on training the
NALEP staff and agricultural extension workersystem like the
Banana Information Service could be maintainedwgrdhted entirely by
them. If any technical support is needed, it cdaddrovided by our local
partners SpeechNet. Since the agricultural infalonagervice can be
partly financed by calling rates and can be inotude a part of NALEP's
regular programme, the project would only needrestefinancial
support in an initial stage.

The final criterion is that the project shoulddemsible We believe
that by using telephones as the means of accessoacdmputers, we
accept the realities of the environment in whidah phoject is operating.
Today, even people in rural areas of Kenya haepheline access and
people are comfortable in using it. Computers nejoonstant power
supply, a high literacy level and a lot of training

Greenberg [2005] also presented other trends icesstul ICT for
development (ICT4D) projects. The ICT components theen kept
simple, and we believe that IVR services are a-watiwn concept today
already and will be more common in the developimglevas the number
of telephone users increases. Our goal is notdw stif the technology,
but to reduce poverty.

Successful ICT4D projects have had significant camity
involvement and the involvement of professionalgple@ssociated with
the specific discipline or sector. Our plan isrtedlve the users of the
system in providing information and feedback toskevice, both farmers
and extension workers who are specialised in aljuieu The successful
projects also involved ICT practitioners in theigasf the ICT
components. In this project, our partners at Spgethave been able to
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provide such expertise and will continue to do tt@gether with people
from LLSTI and the University of Nairobi.

Other important project components are traininggftsuring success
and sustainability, and anticipation of succesth wpianning how to
replicate and scale the project if successful. &laes all components
which would have to be incorporated into a fulllsgaroject for a voice
information service.

8.3 Big possibilities for the future

The current Banana Information Service containgrination about
things such as suggested planting material, thegortime for harvesting
and how to control different pests and diseasdsatuse system would be
extended to also contain information about othepsrand livestock so
that it could also support the farmers in entegpsislection. The system
could also contain information about value additmmmmodity prices,
contact details for local agricultural extensioficgfrs, weather forecasts
and personal information such as calculation ofiis revenue. If
integrated with SMS and e-mail, urgent announcesn&mth as disease
outbreaks could be sent out so that farmers caid tall the IVR for
more information if needed. The value of the servitcreases when the
information is timely or individualised.

A future system would be improved so that it isydas extension
officers or others to input new information to #ystem or update it
through a website. That enables community involvaraed feedback
from the users. Using TTS instead of recordingsesdke launch of new
information efficient. Before the system goes lithes Kiswahili voice
used in the service would have to be improved mesareas and the
development of the Kenyan English voice needs todpepleted, since it
is the one preferred by the users. A businessvptarid also have to be
written, including a budget as well as plans forkating, maintenance
and education of users. Since we have a workirgioekhip with both
NALEP and SpeechNet, we are optimistic about theréufor this
project.

The Kenyan government recognises that the effeateeof
information and knowledge is becoming the mostaaitfactor for rapid
economic growth and wealth creation, and for imprgyeople’s socio-
economic standards and quality of life [Ministryloformation and
Communications, 2006]. We are convinced that eesysdike the Banana
Information Service could provide effective usardbrmation which
would also benefit illiterate and visually impairpédople.
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Glossary

DTMF
GDP
HTML

ICT

ICT4D
Implementation
IVR

KACE

KSB

LLSTI

NALEP

NGO

PDA

Sida
SIM card

SMS

TTS

UPS

VoiceXML

WSIS
XML

Dual-tone multi-frequency, used for telephone
signalling.

Gross Domestic Product, total annual valueooflg
and services produced by a country.
HyperText Markup Language, a markup language
designed for the creation of web pages.
Information and Communication Technology: Any
electronic means of capturing, processing, Stoaimdy
disseminating information.

Information and Communication Technologies fo
Development.

The process of programming and icrgat software
system.
Interactive Voice Response
Kenya Agricultural Commodity Exchange
The Kenya Society for the Blind
Local Language Speech Technology Initiative
National Agriculture and Livestock ExtensiBrogram

Non-Governmental Organisation

Personal Digital Assistant, a handheld eledtron
device which can include some of the functionaditya
computer.

Swedish International Developmental Agency
Subscriber Identity Module card, a smartidnserted
into GSM phones that contains phone account
information.

Short Message Service, text messages sengthrou
mobile phones.

Text-to-speech, the process of generating htlikan
speech from any text input. Also referred tepsech
synthesis

Uninterruptible Power Supply, a power sourc&lvh
takes over in the event of a failure in the maiwgo
system.

A standard XML format for specifying intactive
voice dialogues between a human and a computer.
Sometimes also referred to\AXML

World Summit on the Information Society
Extensible Markup Language, a general-purpose
markup language that can describe data in a stegttu
way.
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