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ABSTRACT: Providing people in under-served communities with information access
could be of great social valus. | &m.o.cmm some of our attempts during the past decade
to create systems based on speech technology which can be used for that purpose.
The trajectory we followed during those attempts — from resource creation, through the
development of basic technological building blocks, to the eventual deployment of
several services aimed at information access — has been instructive from various
perspectives, On the one hand, we now have a much better set of tools for the
development of, especially, speech-recogrition systems in under-resourced

i : The Platinum Press
Printed by: The languages. On a more abstract level, these efforts underline the need to carefully

North-West University - o:oom.m a _o_._.@-ﬂmh.a objective which is diligently pursued — even if the need for
: . ooomm_oam_ adjustment of the overall plan cannot be denied, such a long-term strategy
Vaal Trangle Campus . seems like a crucial requirement for the attainment of the deep Insights that drive
innovation.
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‘I have alwag . R
o mmmmz:ozmw@ found that anm are useless but planning is indispensable.”

Information against poverty
oOo:M %Maﬁ\m Mm.mﬁ.ﬁm,\o_cmo:m of our time is the widespread realization that information is a
widoapan m“ﬂimmjmmz <m_:m.. In the same <<m<.5m~ the industrial revolution caused a
e ge in the relative <m_¢mno: of agricultural and manufacturing activities, we
e Sm:m .8833\ come to the realization that the possession of relevant and accurate
::ﬁ.:amﬁ_o: is often mm valuable as substantial quantities of tangible goods. For a (slightly
,i __m_:w_nmc mmao:m:.mzw: of this point, consider Figure 1, which shows how often the words
%%oxmm:m _qﬂo_d_mﬁ_o: occurred in the wide variety of publications included in the Google
5 Co ection between the years 1800 and 2000 __. Clearly, the (literate) world became a ot
more interested in information from about 1940 onwards!
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igure 1: Frequencies of the words information” and “gold” in a wide range of texts between u.woc and 2000

This %:amﬂmﬂm:&:w 3mm.m6:_.:om:~ Implications for one of the oldest battles facing humanity,
anﬂm <U§m.mﬁcm@wm against poverty. It has long been understood that you can feed a man for
Io$< y giving 3_.5 a fish, but quma him for a lifetime if you teach him to use a fishing rod.
rov ever, the am__.Nm:o: .Emﬁ this represents a systematic way to address poverty is much
_:a:m ﬂﬁmom:ﬁ .a.ﬂrm _B.Bma_m.ov‘ of tangible donations was not easily replaced by something as

€ct as an instruction guide! The sea change effected by digital computers and the Internet
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has gone a long way to subverting that particular prejudice, and today there is a widespread
understanding that one of the best ways to overcome poverty is to empower people with

information,

Here in South Africa, where wealth inequality is about as bad as it gets, this understanding is
both relevant and intuitively understandable. In our daily lives, we are frequently confronted
with the fact that many of our fellow South Africans are unable to make the choices that would
lift them out of poverty, since they do not have access to the appropriate information that would
allow them to do so. “Appropriate information™ can take a variety of forms, ranging from
practical advice on agricultural matters and health care, through advice on training and job
opportunities, to longer term investments in basic to advanced education.

Such a vision of Improved information access to address the most pressing concerns of our
country (and our continent) is very attractive, since it is forward-looking and supports many of
the core values of our society. In addition, the massive growth in information technology during
the past five decades provides a wide array of tools that can be used in support of that goal.
The digital computers and computer networks referred to above have become much more
powerful and affordable in this period, thus making widespread information access a reality for
billions of people worldwide. Although this is far from a proven fact, | personally believe that
information technology will eventually alleviate poverty to an extent that is not imaginable
today. : .

This optimistic long-term view should not, however, blind us to the reality of millions of our
fellow citizens who -are currently prevented from gaining access to relevant and timely
information because they are not computer users, or not connected to the Internet, or not
fluent in English. It is not acceptable to tell these people — who certainly still constitute the
majority of Africans and South Africans in particular — that they should await their turn. As a
soclety, we should search for ways to accelerate the process whereby the benefits of
information access are provided to the widest possible range of citizens.

Of course, this realization is not new, and there have been countless attempts to provide
information technology to underprivileged communities [n Africa, South America and
elsewhere. By and large, these projects have been dismal failures: when people are struggling
to make a living, it generally helps very little to provide them with a shiny computer system,
regardiess of how many Gigahertz and Gigabytes it has on display. Many are the computer
laboratories in Africa, stocked with the latest in hardware and software, which sadly gather
dust once the kind people from the donor agencies have made their way back to Europe or the
US. Clearly, we need technologies that are more appropriate to the specific needs of the
intended beneficiaries. Thus, we need to pay attention to the realities that prevail in the
communities for whom we want to provide information access: most of the people in those
communities are not familiar with sophisticated technologies, are often illiterate, and do not

speak much English.
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MmewM Hw Mmﬂm m_w Mﬂ ﬂhmncmm a group of ﬁooﬁ:o_om_.mm that are attuned to these realities. These
oort o ﬂmom jmo::o_om_mm. and thelr common characteristic is that they use computer
S oo :Wno mm.m uman speech. The two most prominent examples of speech technology
oo oo rece Qni %; which enables computer systems to understand human speech and
e < M:oqo .a,_ w a_or generates mcm.moz based on, for example, written text. It is clear that
conbistionn @%m a Hﬂqmmm both the __ﬂmamm% concerns and issues related to technological
Sonech mmm__ ﬂwm ey use m.vmmn.: to Sﬂm.nmom between people and computers. Since
N _Soimﬂ omm:ma_».ﬂaw.a Gm_:@ E_mm_w.m,\m;mgm telephone networks) these technologies
speach. Th m_”os ing Information access to anyone who can speak and understand
p - 'he complexities of computer setup, Internet access etc. can be handled by dedicated

service providers, and end users are not requ i i
ol oo . quired to operate anything more complicated than a

M“M:ﬂr_%”,_ hﬁ%”o: _M very alluring, it presents one immediate problem: speech technologies
Sy | mmmﬁ:mmz ﬂ.om”am:r and generally not available in the languages for which the
Smaech b ﬂ.mm. Thus, when my colleagues and | started pursuing the goal of
o based 85:jm on access about ten years ago, our immediate aim was to develop the
Soutt A cvo:m:#_m that would lead to useable speech technologies in the official
oo e guages. [n E:% ﬁo.__os\m below, | will describe the path that we have taken in

quest. however, before delving into those detalls, [ first want to make a detour to examine

the general prospects for large- ; ! }
proposing. p > forfarge scale technology interventions of the nature that | have beén

w_}mn to expect when venturing into the unknown
EQmm mmﬁ Mﬂﬁ.ﬂm:ﬂﬂﬂ oo:mmncmsnwm looms large over all human activities. We all know about
L Bm.oﬂﬁm “m .ﬁmﬁ were introduced m.m a source of protein in Australia, and soon
oot M:m wwm with severe costs ﬁ.o agriculture and the environment, Or the way that
the medien e uM_oacoma an explosive growth in organized crime. Conversely, many of
Ao _n_mamsm Bo: ern doctor's .m_.mmw:m_ were discovered by happenstance -- think of
iy m_.m w 0 _mz. a Petr Qm.: uncovered in his lab. The resulting penicillium
antbition amed f preparation of bacteria, but lead to all the wonder drugs we now know as
- ANd ot course, most unforeseen outcomes are not specifically good or bad, just

c:mxnmoﬁmalmcosmm# . i
anexpocted 3mm::8mcvc&m:nc_§m which resulted from the invention of the

mﬂmmﬂﬂwm___.ww_ﬁmmm:maﬂmm%:_a have ﬁ.o account for the slings and arrows of outrageous fortune
et of e | % no: arly troubling for long-term technological planning, where both the
i S”u mm. and the nwﬁnoam of such development are subject to the influences of
retaton e of U EM _Qm_.u_m <m:mc_m.m. In ma.aaos both of these classes of unknowns — those
i an m:@:._mmﬂ_:m of innovation, and those that describe the social Impact of

er is developed — come in a continuous range of severities. Roughly speaking, longer

What to expect when venturing into the unknown + 6
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development times and larger differences between the affordances of the technology and
those of the status quo, lead to a wider range of possible outcomes that may arise.

As we now consider the development of speech technology as a means of information access
in underserved communities, we have to admit that our endeavour is fraught with fairly severe
unknowns in both respects. There are approximately seven thousand living languages on earth

(according to those who know about these things), and somewhere between twenty and a ’

hundred of those have been studied in substantial detail. Hence, technology development for
most of these languages is certain to be a long and wide-ranging task. Alsc, the shift in mind-
set required of people with very limited exposure to technology, in order to utilize a
disembodied and remote plece of technology In order to gain information access is large.
Thus, | also want to view my narrative as a case study, relevant to the following question: are
the costs of such long-term technology projects justifiable, given all the unpredictability that we
should expect during their execution?

Anatomy of a speech-recognition system

Against that background, | now want to delve into the details of how current speech-recognition
systems are constructed, and the particular challenges we had to address In order to make
such systems work for the South African languages. Figure 2 below shows the main building
blocks of such a system, with those components that require language-specific attention
coloured in. The first module serves to capture the speech from whatever device the user is
employing, such as a telephone or desktop computer. The result is a stream of numbers that
describe the sampled speech signal — typically, around 16 000 samples are collected per
second. These samples are then converted to an alternative representation in a process
known as “feature extraction”. The feature extraction process is somewhat abstract, involving
several fairly sophisticated signal-processing steps. However, its purpose can easily be
understood by considering the related task of computer vision. In vision, a digital camera
represents an image as a table of numbers (analogous to the stream of numbers representing
sampled speech), but for the purposes of recognizing objects in the.image, it Is much more
convenient to work with representations which indicate that, for example, a patch of orange
with radius 30 pixels occurs in the top left-hand corner of the image. Such a domain-specific,

outcome-oriented transformation is what we mean by the term “feature extraction”.

Anatomy of a speech-recognition system + 7
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Speech Feature ..
signal extraction Recogrition

result

Figure 2: Block diagram of a basic speech-recognition gystem

M_me mﬁmﬁﬂ,:ﬁ_‘m ammo.:u:o: produces a new stream of numbers, at a somewhat lower rate than

at occur in the sampled waveform — typically, we work with a hundred feature items

per mmow:a. Whereas each sample consisted of a single number, each feature descriptor is a

M%MW:W owcaawmﬁm {usually, 13 numbers per group), but the net resuilt Is a reduction in the

data that needs to be processed. More importantly, similar speech sounds will

ancom similar feature descriptors, so that we are able to tell —~ with some degree of
uncertainty —which sound occurred just by looking at the feature descriptor at a given time.

To explain that more clearly, ! briefly need to remind you about the building blocks of any
Hmnmmo:.mo::a. .ﬂjmmm basic blocks are known as phonemes — they are closely analogous to
mm%m%:_: M”m ,Hﬁ._nm: form of language: just as any written message can be constructed by
i nmmm. @.w:cwﬂ ﬁﬂ sequence of letters, all spoken utterances consist of sequences of
Fhoner . » Ine speech elements that can be deduced from the instantaneous feature

criptors m.ﬂm these phonemes. However, the uncertainty alluded to above means that we
R.S only assign probabilities to each of the phonemes occurring — within such a- short time
window, for example, it Is easy to confuse a “d” with a :m‘. for example — or an “m” with an “n"

Hence, our next processin i
8 g step — known as density estimation — produces a colu
phoneme probabilities at every time step. ’ Hmn et

. E * N + 3
. s analogy is not perfect. Most importantly, whereas exactly the same set of 26 letters are shared by many

languages, different languages tend to use different phoneme sets - T return to this point below.

Anatomy of a speech-recognition system + 8
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Of course, users of a recognition system are not interested.in phoneme probabilities — we want

to know which words had been spoken. Thus, we need to figure out the most likely word
corresponding to a sequence of phoneme .romg:_.mm. This is a typical exampie of what
computer scientists refer to as a search problem, and combines three types of information: the
observed phoneme probabilities, the phonemic constituents of words (as expressed in
pronunciation dictionaries — see below), and the likely sequence of words that may have
occurred at a particular time. These expectations play a )

surprisingly large role in spoken communication. In speech-
recognition systems, a language model is used to
represent such expectations. Thus, the search module
produces the most likely sequence of words based on both
the speech sounds that were heard and the sequences of languag
words that are expected in the context of the utterance. h

Do people use:
e models?
Although many aspects of

How to develop speech recognition for a our ciirrent approaches to

“new” fanguage
Based on this description, we are able to discuss the steps
that must be undertaken in order to produce a speech-

speech recognition are not.
plausible psychologically, -
the important role of

recognition system for a particular language. Importantly, - “language models is also -

we need to create a phonemic description of each word notable in human ™

that we hope to recognize ~— that is, we need to produce a tinderstanding, That is, we -

pronunciation dictionary, which is a tabulation of the continually use cues from

sequence of phonemes that corresponds to each of the the context to interpret the

words in our dictionary. However, before this can be done, - mvmmnr.:aiqm hear, Ron

we need to agree on the inventory of phonemes that occur Cole likes Jo use the "

in our target language, which is a surprisingly subtle task: R
-example of “fecognize:

whereas, say, the 26 letters of the Roman alphabet suffice
for all of the European languages and many of the African
languages, it turns out that virtually every language uses a
distinct set of phonemes, and the exact details of these
phoneme sets are subject to significant debate, even in
relatively well-studied languages such as Sesotho. Hence,
we have found that one needs to start from a standard
linguistic reference, or if that is not available, discussions
with at least a few independent linguists with detailed knowledge of the target language. From
such sources, an initial phone! set is chosen; our goal is that all the words in the target

-speech”, which is heard as’
“wreck a nice beach” if the
listener is thinking of the
.onmm.:m : :

* Being an engineer, T am allowed to obfuscate on the distinction between phonemes and phones! The distinction
does not play an important role in speech technology, so for now 1 will pretend that the terms are synonymous.

Haw ta develop specch recognition for a “new” language * 9
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language must be describable in terms
of these phones,
redunomey i e o p but that there should be no

For the mmEm_ dictionary creation process, we need to obtain the sequence of phones
.oozm.mnoza_zm to each of the words we wish to recognize. In the languages that we study, this
invariably means that a human has to enter these phonetic descriptions, and we have &::a
that a <.m3.\ systematic process is required in order to ensure that accurate and consistent
pronunciations are generated. My colleague, Marelie Davel, has lead the development of a
highly structured m:q.m&oai software package, known as DictionaryMaker, to assist in this
nﬂu.ommm. The go EmS. inputs to DictionaryMaker are the phone set, and a list of words for
which pronunciations will be generated. The easiest way to create such a list is to extract the
words' from a large collection of text in the target language. Such a text corpus is useful for
052. reasons as well, as we will see below, so we spend much of our early effort when
ﬁo:_nm:m on a new »mamﬁ._mzmcm@m on gathering suitable corpora, from sources such as the

orld Wide Web, collections available at universities and publishing houses, and wherever

- else we can find large collections of text.

DictionaryMaker presents each of the words In our word list to a human transcriber in turn, and
asks the transcriber to enter the phone string that corresponds to the “standard” .cqo:::om_mﬁ_.o:
of 5@. word. As the pronunciation of each word is entered in this way, the software employs a
Bmor_:m.._mmmi:@ algorithm to hypothesize a set of rules that are able to predict the
ﬂo:::n_m:o: ?.VB the written form of the word. These rules are also applied to each new word

at the n‘m:mo:vmﬁ has to process, giving the transcriber the option to elther enter a new
pronunciation or MWBU_V\ correct the automatic prediction. For languages with reguiar writing
Hm<m63m_ mco:.mm those of the indigenous South African languages, the appropriate rules are
eamnt very nEoES and after a few hundred words the transcriber is generally only making
.mBm.__ corrections to the predicted pronunciations (except for foreign or loan words which
_:m”sﬁvG require more_manual intervention). Once this process has been completed s.@ have
a list of words with pronunciations that have been verified by a human, but also a mmﬁ of rules
that can be used to predict the pronunciations of words that do not mvomum_, in the list.

S

So, we nmi have models for the phonetic decomposition of each word in our language; the -
:mMM mﬁv is to develop models that represent the sounds corresponding to each of the v:m:mm
M: at is, ﬁ<<m. heed to compute Em.w E.ocmcm_mq density functions of Fig. 1. One of the great

ccess stories o_.ﬂ speech recognition in the past 30 years is the development of increasingly
anmmwm automatic algorithms for computing those functions. Besides the components
memm%Monww. %:mn .Boﬂ _Snoqmzﬁ input to this process is an orthographically transcribed
J —thatis, a oo__mow_oa of spoken utterances in the target language, along with

e corresponding text representing the words that were spoken. Two characteristics of the
speech corpus play a crucial role in the accuracy of the resulting density functions:

How to develop speech recognition fora “new” language » 10
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« The contents of the corpus must be diverse, containing the speech of a wide range of
speakers, balanced for age, gender, and dialect, and also containing a wide range of
spoken content. '

» The corpus must also be representative of the target applications, as far as possible -
thus, if we wish to recognize people speaking commands to an information-access
application, the corpus should preferably contain numerous recordings of such
commands, rather than of, say, spontaneous conversations or readings of newspaper
articles. :

These requirements suggest a laborious process of speaker recruitment, recording and
transcription, and it certainly is true that the process of speech corpus development is the
largest obstacle in the process of recognizer development. In wealthy countries, it is not
unusual for tens of millions of rands to be invested in the development of useful speech
corpora for a single language. In the developing world — our focus — we do not have the luxury
of such large investments, in light of both our financial constraints and the diversity of
languages spoken here. Consider that the single-language costs must be multiplied by eleven
to cover all the official languages of South Africal

The early work in our group did indeed suffer under the complexities of corpus development.
We made a small breakthrough in discovering that a smaller group of contributing speakers
can provide most of the benefit of speaker diversity, thus reducing the potential cost of corpus
development to some extent. However, the costs of recruitment, recording and transcription
still limited the size of corpora that could be developed economically, and we had.decided on a
compromise: accept that smaller corpora are the best that we will have available (at least
initially), and therefore limit our speech applications to tasks that require smaller recognition
vocabularies, since such vocabularies can be recognized with acceptable accuracy even if
your fraining corpus is small.

This was the main trajectory of our work until mid-2009, when our entire mindset was changed
by a number of conversations with Johan Schalkwyk and Pedro Moreno (who are speech
sclentists with Google in New York). Along with their colleagues, Johan and Pedro had
developed an approach to data collection with so-called smartphones that promised to
revolutionize speech data collection. The core of the smartphone-based approach is that the
guidance to a speaker during data collection can be displayed on the screen of the telephone,
while the data collection is taking place. Thus, all the complexities of speaker recruitment,
server set-up, recording and transcription are reduced considerably, since a field worker can
take a batch of pre-loaded smartphones to a location where many first-language speakers of
the target language are available, and rapidly collect speech from several speakers in parallel.
Since the speakers can be prompted to say particular words, sentences or phrases,
transcription is replaced by verification ~ a considerably simpler task which can, in fact, be
automated to a great extent.

How to develop speech recognition for a “new” language * 11
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Nic de Vries of the .Meraka Institute, then a Master's student under Marelie’s guidance,
adapted this idea to the practicalities of the developing world, and added a number of
additional refinements of his own. The resulting open-software source package, Woefzela,
comprehensively changed our data-collection landscape. In short order we had access to
staggering amounts of data, by our earlier standards — up to 100 hours of speech per
language.

To process such large amounts of data is a challenge in its own right; fortunately, Cambrdge
University Engineering Department has long supported an extremely powerful open-source
toolkit called HTK for just that goal, and Charl van Heerden has done stellar work to develop a
suite of scripts around HTK, so that we can now train highly accurate speech-recognition
systems in relatively short amounts of time. We have done so for all of aur official languages,
and ! will describe some of the characteristics of those systems when | delve into applications
below.

The remaining resource in the language-specific triad of Fig. 1 is the /anguage model, Since
this model represents the sequences of words that users are expected to say when using a
speech-recognition system, it is highly application specific. That is, whereas a general-purpose
pronunciation dictionary or acoustic model may be a reasonable (if sub-optimal) entity to use in
a speech application, a general-purpose language model usually makes no sense. Two broad
classes of models are employed in practice: hand-crafted models, which require a human to
express-{in a suitable format) the expected utterances in a particular situation, and statistical
models, which represent the expected likelihood of any word given some surrounding context.
As can be expected, these two classes are at opposite ends of the difficulty spectrum for
under-resourced languages: whereas it is relatively straightforward to list the things a speaker
may reasonably say when asked about, say, her date of birth, it Is extremely complex to
specify all the probabilities of words and phrases that may be spoken in general. For the latter
case, systems in well-resourced languages utilize truly huge speech corpora to estimate the
relevant statistics: hundreds of millions or even billions of words of text are commonly used.
For our languages, with the exception of English, such corpora are simply not available.
Fortunately, the applications that formed our initial focus could all be constructed around hand-
crafted models; we therefore have so far not developed statistical language models for most of
our fanguages. | will return to this issue below.

Applying speech technology for information access: first steps
After this tortuous detour through technical detalls, it is perhaps useful to remind the reader of
our long-term goal with all this development: recalt that we wish to create systems that aflow a

# The name is a pun on the canine theme of DataHound~ an early name of the Google data-collection software —
and Vuvuzela, the noisemaking instrument, probably of Brazilian or American origin, used to such destructive
effect during the Soccer World Cup. The connection is that “Woef” is an Afrikaans term of endearment for dogs,
and acoustically similar to “Vuv-".

Applying speech technology for information access: first steps * 12
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speech technology, | believe th : :
trends. ! €Y are a fair representation of some of the most important

OpenPhone

The OpenPho ice i

oy M o_,_i._aa::mmwmm“_“um is m. general health Information line designed for caregivers of HIV

e oo o o ms.m:.m. these caregivers are individuais who provide personal care fo
positive children, and include parents, family members and other ooaac:_aw

caregiving.

omBMEmM oﬂMﬂ:%waEQ On average attends two lecture sessions. It was observed that

material Is not viat| %m the Bmﬁm:m_.8<m«ma In the lectures. Reinforcement through written

interactions wit omﬂmwmm%:ﬁwzmﬂwm.ﬁmmmzwa are semi-to-low literate. The Baylor lectures and all

i N wetswana (the local lan :

caregiver: st i . guage of Botswan

y g ! S mﬁm not .on.umgm:ﬁ in English. Baylor staff members therefore explai 2) sinca most
ormation in accessible terms in the local language platn compiex health

lt was al i
so observed that caregivers often travel farge distances (average 28 km and as far as

500 km) wi i i i
) with high costs and time spent during a working day. In addition, they often have

ite phone usage and i

o ownership is commonpl 9

c:mw_m%ﬁc”wmm rwwmmmmw access 0 g mobile telephone), most caregivers mmmmww_hmmww %mozm
berson-to-person calls due to the high costs of mobile phone calls. These

challenges and issues formed the bas

is of the design for OpenPhone, an IVR health

Applying speech technology for information access: first steps + 13
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User: [Dials number..]

Helpline, | am Nurse Lerato and | know you probably have many
questions about caring for someone with HIV.

. System {Overview):/ can tell you about Hygiene &
Cleanliness, Nutrition, Common Sicknesses, ARV Medication, and
Facts about HIV. If at any time during your calf you want to start our

t conversation again, you can press 0.
System {Main Menu): For Hygiene & Cleanliness, please press

1, for Nutrition, press 2, for Common Sicknesses, press 3, for ARV
"medication, press 4 or for Facts about HIV, please press 5.

User: [Presses 2.] . .
System: £ating a balanced diet of different foods helps people

with HIV stay healthy and strong. A healthy diet does not have to be
“costly and contains food from all the different food groups. Healthy
‘food is always prepared and stored in a clean environment.., o

Figure 3: keypress-based interaction with OpenlPhone

T User: [Dials number...]
System (Introduction): Hello and Welcome to the Health

Helpline,  am Nurse Lerato and | know you probably have many
questions about caring for someone with HIV.
System (Overview): ] can tell you about Hygiene &
"Cleanliness, Nutrition, Common Sicknesses, ARV Medication, and
Facts about HiV. If at any time during your calf you want to start our
conversation again, you can say “Start Over”, or press 0.
System (Maln Menu): Please say the name of the topic you

want to hear about... you can say “Hygiene & Cleanliness’,
“Nutrition”, “Common Sicknesses”, *ARV medication” or “Facts about

HIV”,
User: Nutrition
System: Eating a balanced diet of different foods helps people

“with HIV stay healthy and strong. A healthy diet does not have to be
costly and contains food from ail the different food groups. Healthy

: food is always prepared and stored in a clean environment...

Figure 4: interaction OpenPhone using speech recognition
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use both the keypress-based and speech-based systems, and then asked them several
questions related to their personal n_.ﬂocamﬂm:omw. the potential role of a service such ag
OpenPhone in their lives, and their experiences with both types of systems., As expected (in
ities  summarized above), the ‘majority of the caregivers were- quite
enthusiastic about the option to obtain information in this way, and also about the type of
content that was made available to them. They even suggested novel motivations for such a -
" service; for example, one person mentioned that she would like to use the service at home In

order to convince her family members that they really had to gct according to the guidelines
provided by the Baylor personnel. )

However, we were surprised to learn that these users — who had little prior exposure to IVR
systems — generally preferred to yse the keypress-based system rather than the version using
speech recognition which we had developed with such carel Users understood that the
speech-based system was not really faster than the version using keypresses, angd they
quickly learned how to use both, Crucially, the subject matter of the service is culturally
sensitive, and members of trial group said that it was less awkward to request the Information
by pressing keys on the telephone than to Speak the keywords out loud,

Voice search

time, Googie was interested to expand the number of languages that they cover with their
speech services, and Pedro Moreno and Johan arranged for sponsorship from Google for the
am,<m_ou3m:ﬁ of ~m6m-<oomagm€ fecognizers in South African English, isizuly and Afrikaans.

For this development, the folks at Google Research had an extremely interesting application in
mind, namely the use of Speech to search the World Wide Web. For well-resourced languages
— American English in particular — Google had found that spoken searches of the Web were
extremely popular with a certain segment of their users, and they wanted to see how well we
could do with the three languages mentioned above, While the data collection was proceeding
at Meraka Institute (under the guidance of Alta de Waal and her team), Charl van Heerden

Applying speech technology for information access: first steps « 15

Speech technology for development: working towards impact

tee

i such Voice
went to the Google offices in New York to am<m_w“oﬂ SMQOMHJﬂMm:MM _Mm%”ﬂmﬂnmﬁﬂw Saon Yoroe
icati i nguages, rm

M mmﬂwruM% ﬂ%mwmm. Mc”wwwwmﬁwmws_mmm@ ?__M_‘m:m Davel's omomo:ﬂéﬂmw”m_.zwmou“__owmu MM%MMM
our . i i d support of the
A and & __JM_Q Umﬂmﬁmmm_mﬁ_,‘omﬁﬂm_h\z _ﬂﬁmﬁﬂcw w“._ hm:m_ﬁnw_.whmmm. w,vm for the remaining QUMMMMm_
o .m:a .OW wm_:mam_v\ the need for large amounts of text to aw,\m_ov _m:m:m_.mwo:mﬁc#m
i o<mm ct answer: the queries that users enter when typing into O”oo@%. et
OOQQ_m.jma the pe mﬁ textual %m”mlm__ perfectly suited to this task. When :m_:m__. oom@W one
oan aclot rmJo?mcM e of the interface, and the starting point for language Emam 5%3 P,
om.: .wm_mo: : Hm”@ cmm% was also the language of the query. Of course, this mwmnm_, m:@_mwr
. __,:mlmom, . _@.a. M user may prefer using, say, a Sesotho Interface, but then o i.m
moaﬂ_a.mm :ﬂ <mm_m.83 By counting the number of English words in a mmau_m M nv :mmmm 9,
fotm 1 _:8:.H N Mw Sam..ma the case for isiZulu: more than 80% of the queries ﬁm“xmmzw sore o
mocn.n_.njmz._m(_“ e contained either proper names or English words. For A qﬁ:ma »o..w e
e e mm 50% of the requests were valid Afrikaans words, mqa anothe %oam_m
et o mﬂocﬂ Oooo le could build powerful Afrikaans and English _mzocmmm ot
Dol 3m3mm.ﬁwﬁcmbmammmm_ozm. for IsiZulu, we had to add text from mm<.m8_ W:Mﬂ.‘océ
_UmmmcamMM mﬂw”.wa“m Amo:QOQ by _(__,mn:._ Puttkammer and his group at CTexT in Potc

ang

in order to have a reasonable language model.

ion access: first steps * 16
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Accuracy(%)

30
78
7%
74
72

mTop 1
mTop5s

70
68

66

62

60

18fZuiy Afrikaans US English

Figure 5 Comparative accuracies of three vojce-search systems. “Top 1" and "top 5" refer to the Ppercentage of cases with the
correct answer ag the first answer returned by the system, or within the top 5 retumed by the system, respectively,

Under the guidance of Pedro and Martin Jansche
language-specific components of Google Voice Search i

. usage statistics of these services are
, but from tatking to smartphone users in South Africa,

service is used fairly extensively by
smartphone users. Usage of the South African English service Is also picking up, but for isizutu
the problem is that there are so few resources in Isizulu on the Web — hence, users do not
even attempt to use their home language to search for information,

—_—
§ For technical reasons, we did not compute the equivalent value of th
our anecdotal experience is that its accuracy is about mid
Systems.

e South African English system; however,
-way between that of the Afrikaans and US English
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Lifelines

takes us to
third and final exploration of informaticn access Eac@.: speech Mmo”v::o_ow_.\% Stephane
OCq ir have E.om:ﬁ_w completed a very informative Eo_.mo along red by the
india, where we Grewal of the Web Foundation. This project, which was sponso fcultural
Boyera and >3m“m=o: investigated user acceptance of speech technology in mwmm”mu: aalled
mcnx,mﬁm:mq mo:_.ﬂ i mm. This helpline is operated by a non-governmental oﬁMm:_w peahe,
helpine called. NM e _W is aimed at small farmers in three Indian states, m:m mma o o maciot
W zmiw% w:wmﬂwrcﬁ Mwmm.a providing over 200,000 farmers with tailored, specific advice
or mo ’

them In their farming practices.

. i i me b

t operation of Lifelines Is schematized In m_m:qw 6 (which s.\mm UN,MMMW ”mx._:@ w
Shaken! A ua who was then at Lifelines). The interaction starts @g a e masing ©
i, automated system (managed by OneWorld), which QBMN e e
B oo m:a rovides him with an identification number that can be :mma oim<m o e
o ncm\_ o Mﬁ a later stage. A group of knowledge workers at A.u:w<<oﬁ_ re v ose
m:ms.\mﬁ e e various means to answer them as well as possible. They firs kv
e ot z,_m:. cmmgm; had been answered previously, then search text Uoowm Qm:mim,. mm.
g ety ncﬁmzm one of a set of contracted agricultural experts. The ﬂmumc _Hwama e
Mmmmm:mwwxoﬂﬂomﬂzm database of “Frequently mmﬂmm xncwwﬁ”omwajﬁwmowﬂ_ MM 888 T

s back a

mcﬁogmzmcwwdﬂmﬂﬂm.ﬁ_ﬂhmmcﬁwhq ﬂwmmﬂmwﬁm_. ﬁwm_rm query), he has access to expert-curated
w:ﬂw%hwmon EM» is pertinent to his specific concerns and circumstances.

[ i : fi 5+ 18
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Figure 6: Flow diagram of the Lifetines service

This system has been evaluated in severa] ways, and

terms of the number of
people reached and the |
great track record, however, it is stiil Py

it Jmm. been a remarkable success in
0 their farming practices. Despite this

P t entirel )f- inge .
involveme no Y seli-sustalning: the ext

oxtrom nt at all mﬁm.u.mm of the process is rather costly, and the tar @mﬁ d g e fuman
xtremely price sensitive. Thus, the :oamzm_um; mE_ A geled users are, of course

entirely cover the costs of the servi i i
proportionate increase In the ext
speech technology, since we c
use of such technology.

an aim to multiply the eff

As a first step
investigate whe
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identification on the telephone systemn, we could readily determine the location from which
each call originated, and the caller could select one of these questions by keypress, or select
to leave a new query. If an FAQ were selected, the
corresponding answer would be played back immediately,
whereas new queries required the normal 24-hour waiting
time.) For the purposes of the experiment, two systems were
implemented: in one case the answers to the FAQs were
read by a human, in the other by a TTS system.

~User comments

Our investigation of the FAQ-enhanced Lifelines system : D e
consisted of two phases. In the first, we employed field C

7 The users that we
workers fo accompany our experimental team; the farmers T .
whom the field workers encounter in their normal routine . terviewed amn.._.am.oﬁ
were asked to try the original system and the FAQ-enhanced Lifelines field trial gave a
version (with either recorded or TTS-produced responses ‘number of responses that
being selected at random for different trials). The
experimenters then asked the farmers a series of questions
to assess how they perceived the various systems -in
comparison to one another. In the second phase, we simply
replaced the normal Lifelines service with the FAQ-enhanced
version for a period of 5 weeks for selected callers, and
monitored their usage of the FAQ portion of the service.

.‘were encouraging, -

: memr,ﬁ?n surprising, ... .-
Hereisa sample

; ?Eﬂimm,ﬂmn._ and
translated From Hindi):

if bmwa.a.m Is freely’
.avallable, will experiment

The results from both phases were highly encouraging. _and then trust. -

During the interviews, the farmers suggested that they found
the new information source to be equally credible to the old
one, but substantially more convenient. As the comments in
the sidebar indicate, farmers everywhere would iike more
handouts ... but these farmers in India also understood the ~ fwe

Response to fresh query.
~ should be faster

get answer same time,

value of the new information source, and even suggested it is better -

novel uses of wsm _:@‘Bmzo: Gmﬁ we provided to them {for “What would be bétter than

example, making printed versions as a general way fto S T

support farmers with relevant information). These subjective getting suggestion sitting &

responses were confirmed by the usage patterns during home. .

Phase 2: callers spontaneously listened to the FAQ content, Difficult fo m_..& 1,20r3.

and their usage of that information was in fact somewhat o

higher than the frequencies we had predicted based on - Whatever information -

previous years' requests to the system. computer is providihg;
should also be-givenin a
farmer's meet for
awareness.
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LY

» it is clear that there is great potential for speech

ct that only three FAQs are too
limited for thelr needs, and the large databage of existing FAQs at Lifelines should enable us to

answer a substantial fraction of the questions automatically - the Lifelines staff estimate that
about 80% of their querfes are Currently being answered from that database. An automated
system will, of course, not match human ingenuity in retrieving all relevant answers, but if we

-could answer 50% of the calls automatically, the service would probably be self-sustaining, We
are currently looking for funding to implement such a solutjon,

Conclusion: looking back, looking forwards

Looking back at our work of the past 10 years or so, | am struck by the unpredictabifity of it aj.
Rather than g bundle of lines leading from insights to impact, | see g patchwork of stirring
Successes mingled with severe Q_.mmnuo_.:zjmam. In the latter category, the most significant
item is probably the fact that our “build it angd they will come” approach to information access
has not taken off yet, This, despite the fact that some of our most basic insights have
"epeatedly been confirmed in the ten years we: have been worki is problem. The
importance of information is even more widely appreciated now, and speech-enabled access
to such information has been a core focys for many of the

worid (including Apple, Google, Microsoft ang iBM)
worid requirements, such as g Multinationa| study lead by the Web Foundation
confirmed  the substantial potentig] of speech technology
2m<m§m_mmm‘ a Qm.\m_ouamaﬂénm:ﬂma Voice-based service that
been found anywhere. | am st not clear on what we are doing wrong: availabllity of content

has certainly been a much tougher problem than we had imagined, and the high cost of
nm_mooaac:mBzozm in South Africa has also stymied some of ¢

. have also
in the developing world.
Can sustain itself can st not

hold us back down the line.
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cn ave entio m& : € names o Y

cha _m mm to Qm(m op tf ese te DOHO les. H

CO _"mm@r_@m ar Q meQm s wno ~ ave _Umwm anUO 1S U_m or many of our Umm o4 Q@(@ opmel ;w_ ar Q
I y

there are mﬁ east two QONm 1 ofl er's wno nave UmGCh € nignly proficie ; 1 the ger mnm_ SCl m_; fic

i are development,
method, but also in technical areas encompassing speech technology, softw

signal processing, African linguistics, and other domains. .

s d
i imistic. Under the spell of the Internet bubble, | ha

o Jm_m:om. . omdcﬂw mn_uc_q _‘Mﬂwmmmmomﬁﬁ._%ﬁ_m _mma straight from _‘mmocﬂom. m:.a ﬁ_w_wo“ww_wwﬂ
ot :ovma. mmi but | now realize that such a short path is the mxamméoﬁs_wﬁ e o o
am<mhov3ma.» © ,_M%o: _> much more likely trajectory Is a steady n_.ooﬁmmm_%% informs oot
ety ﬁ_::o r mommuﬁmzom sustainability, scalability ... and from that mo,ﬂ_ pl o o.o::.:cm
.”moz:o_om.< wcﬁm y arise <_.m<<ww from such a perspective, it is important ﬂq cm e Dot
pulding :xmw oamzolm while striking up partnerships to ensure that we m<.: e buldng
cc__a_:m. peilig Il the way up to impact. Along the way, we must keep listeni @oS el
o U_mwm. . repeatedly demonstrated innovative insights to us, and um.%wqwa o
_M m.wﬂwlﬁoﬁwwmm MMM UmM: that we have not interacted with those users at sufficient le gth.
ailur

i lanning can be distilled ?2.3 the
vante 1 o _mmmo3.ﬂmmwmnﬂuaﬂ“ﬂw%%:wmmmww »ﬂwﬁmmmwwm_omwowﬂ {ong-term plans qmnmonmm _ﬂm dw
oarah e Qmwoqﬁ supported by the surprises {both positive .m:a :m@mﬁ_,@ Mmo "y
itio om:m_ﬁﬁV\ va But Eisenhower's respect for the planning process is o oy
e porio by o ﬂm:nﬂ.m Our wholehearted - and sustained — mnm.BEm to om__S\ Ma those
e o mxw”_.om_ to .uc:&:m the in-depth knowledge and skills :.Mmﬁ a oim e
mmmm_mmwﬂ %Mﬂwnwonczzmm that came our way. As is often the case, Voltaire seem
ca

known the truth all along: .
A state of doubt is unpleasant, but a state of certainty is ridiculous.
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