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ABSTRACT

In this paper we describe our experiences designingice
interface in rural India. We outline our design gass from
initial contextual inquiry to a formal user evalioat, and
use this discussion to motivate research guidefimesthers
designing voice interfaces in developing regionser @ree

guidelines are tbuild around existing information systems

to iterate on the design through user testiagd toexplore
design alternatives through empirical analysi/e also
share some practical lessons learned

developing regions in general.
Rural

Index Terms — Voice Interfaces, India,
Development, Agriculture, Semi-literate, ICTD

1. INTRODUCTION

Voice-based interfaces have been
potential to increase access to information sesviae
developing countries like India, where 480 millidliterate
people reside [13]. However, much of the prior wank
voice user interface (Ul) design has been with susar
developed countries [2, 3, 9]. In addition, the f#ty years
of research in speech technologies has focused smadl
number of languages, and assumed the availabflicpstly
speech resources such as pronunciation dictionames
annotated speech corpora [11].

In rural areas, low literacy combined with intertitt
power and connectivity makes the possibility of @egdread
usage of Internet-connected PCs still a distanbwisyet at
the same time, the mobile phone has rapidly peteetven
the most remote areas of the world. Currently,alae 3.5
billion active mobile phone subscriptions worldwider
over half the world’s population [6]. Mobile, voidmsed
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interfaces have the potential to address bothittaty and

connectivity constraints of rural populations sitankously.

In this paper we describe our experiences designing

implementing, and evaluating a mobile voice integfdor
farmers in Guijarat, India to access and share w@tyial
information. We highlight three guidelines which Wwepe
will inform the design process of researchers
practicitioners working with spoken language tedbgies
for rural areas in the developing world.

in designing,
implementing, and evaluating information systemg fo

2. AVAAJ OTALO

Working with Development Support Center (DSC) in
Ahmedabad, Gujarat, we designagaaj Otalo(roughly
translated as "a voice-based community forum”) uga€ati-
language application allowing farmers to receineety and
relevant agricultural information over the phoneuger
interacts with the system by navigating a hierar@hinenu

identified forirthe using isolated-word spoken commands. Through & join

needs-finding process with DSC, we identified three
features for the initial prototype system to suppafter
several rounds of design iteration including infafrresting
with farmers, we implemented a prototype versioAwdaj
Otalo. The system was built using IBM Research’s WW
[8] platform. The Gujarati commands were convetted
lexicons with phonemes from the US English sethdligh
there are some Gujarati phonemes that do not hact e
English equivalents, this technique has been found
acceptable for simple command vocabularies [12ferAf
implementing the system, we ran a controlled uaetysto
evaluate user performance based on input modalityech
vs. dialed input) [10]. We found that dialed inpetrformed
significantly better than speech input in termsask
completion rate. In terms of the application’s ogpicand
functionality, the response from farmers was unanisty
enthusiastic. Based on the positive response, Wdevi
piloting Avaaj Otalo this winter in preparation farfull

or



launch to serve over 500,000 farmers across the cta
Guijarat.

3. GUIDELINES

In this section, we offer an initial set of guideds for
researchers designing voice interfaces for devetppi
regions. The main goal of these guidelines is ittate a
discussion about how to design for this domainy toe not
an exhaustive set, and may not apply to all scesari
However, we believe that successful implementadioth
evaluation of Avaaj Otalo would not have occurrathaut
these three factors. The first two guidelinesgeietage
existing information systems and to iterate witbrgs
pertain to practical matters of identifying needd areating
a working, usable system. The final guideline, eatbn
through empirical methods, addresses how we can
demonstrate our results in a way that can inforiaréu
work.

3.1. Guideline #1: Leverage Existing Systems

There is a long list of past computing projectstfa
developing world that have not sustained beyonat pil
deployments [5]. An oft-mentioned explanation is
insufficient incorporation of the externally deve&nl
technology artifact with existing practices andqasses.
Information in the developed world is currently essed
and shared through “low tech” media: human intéoact
the phone, radio, television. While designing Avaglo,
we learned that community-based radio is an effecti
means of providing localized information about tssuch
as agriculture. While the radio broadcasts prowaidéghly
effective mechanism for delivering information, ytao not
easily support ongoing, multi-way dialogue. Thispited us
to introduce Avaaj Otalo as a feedback mechanismeaftio
listeners. The system enables a new level of iotietty for
the radio program; conversations can develop artopids
discussed on the air, and can also be highlightedl later
radio broadcast. The feedback loop enabled by aundpia
mobile feedback channel with the radio broadcast is
illustrated in Figure 1.
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Figure 1: A diagram of Avaaj Otalo sketched during initial
brainstorming

Through our design process, we found that integgadiur
system with the existing radio program providedvith an
advantage over a standalone application. From &bn
perspective, the radio programs themselves seraebasis
for conversations through Avaaj Otalo. Farmers wdé
able to contribute questions and comments abougs$sand
recommendations given on air. Secondly, the créyiloif
DSC and the popularity of the radio program wouddéa
positive effect on uptake of the new system. Fnahe
existing audience of the radio program immediately
becomes potential users of the new system.

3.2. Guideline #2: Iterate with Users

We attempted to include farmers in the design mecé
Avaaj Otalo from an early stage, following the paApatory
design imperative [1, 4]. This was especially impot
because interactive voice interfaces are unfantiiaural
populations in Gujarat. Through study in the field were
able to gain insights that wouldn’t have otherviisen
possible. For example, in early design of the fat®’'s
prompts, we took the approach recommended by gisti
literature. This was to make interaction with tlggtem as
conversational as possible [1]. However, we fourad &
prompt such as “Welcome to Avaaj Otalo! What woyidi
like to do?” did not work as well as “Welcome toagj
Otalo! To record a question, say ‘question’; tbelisto
announcements, say ‘announcements’...”. Prompts that
require users to infer something about the system’s
properties were confusing. Subsequently, we chiime
explicit, directive-style prompting.

This learning would have had a disastrous consemguién
we discovered it after implementing a working ptgpe.
However, we were able to get such feedback threagly,
low-fidelity prototype scenarios. During a fieldsiti we had
potential users “act out” an interaction with tlystem in
Wizard-of-Oz [7] style using humans and flashcdste
Figure 2). Later in the implementation process alge
benefitted from developing simple features early tasting



them with famers that already felt comfortable vifib
technology. This served as a sanity check that the
application could be used under the best possilslduser
scenarios.

Figure 2: Testing prompts in the field using paper flashcaedsl to
the user from behin

Finally, we caution that this guideline should dcount
the value of indirect means of learning about theds of
the target population. We found that observatiath an
interaction with DSC field staff was invaluable in
identifying the conceptual definition and featuod#\vaaj
Otalo. Often, gathering ideas for features fronmiars was
constrained by their inexperience with computinstesns;
they didn’t know what is possible. NGO staff aneldi
agents have the unique combination of understarttimg
realities on the ground as well as significant esxe to
computers. We found our partner’s field agents viipful
in validating our design ideas and suggesting radtidres.

3.3. Guideline #3: Evaluate Design Choices Empiritlg

In order to advance our understanding of how tagtes
voice interfaces for developing regions, we muso al
develop objective knowledge about voice Uls’ usgbdand
effectiveness. The design space for voice intesfiingludes
dimensions such as input modality, prompt styld,fleaw
structure, and use of sound effects. There is d tee
guantitatively and qualitatively compare alternasiwithin
each of these dimensions. Aggregating knowledgrutiir
experiments that are replicated in a variety oélrsettings
will enable the community as a whole to begin depilg
theories about the “right” design for voice Uls this
domain.

As one data point, we ran a comparative study afevand
DTMF (dialed) input for Avaaj Otalo. We conducted a
controlled, between-subjects experiment with 45
participants, most of whom had less than an eigtalde
education (see Figure 3). The goal of our studytwas

compare performance and user preference betwedwahe
modalities. We found that DTMF dominates in terms o
performance and learnability, and that users faheg had
much less difficulty providing input using DTMF. iBh
result is useful for practitioners who are choodietyveen
input alternatives, where high-capability ASR tealogy
may be costly in terms of time, effort, and resestc

Figure 3: Evaluating Avaaj Otalo with a farmer in her villageme.
The user is testing the DTMF version of the integ

4. PRACTICAL LESSONS

Our experience designing Avaaj Otalo revealed some
practical lessons that may extend beyond voicefatdes to
the design of other information systems for theedtgping
world. There were several factors that were ciificaus to
execute our design-implement-evaluate process, Wies
began with a clear plan in mind. While user-certatesign
literature is justified in delaying prototype demement
until after user needs and capabilities have beseszed,
we believe our design process benefitted from éstabg a
rough blueprint of our system as a starting pdthe
beginning of our partnership with DSC, we preseitted
diagram in Figure 1 to DSC to communicate not anly
possible mobile application, but also our undedyitesign
philosophies, including the desire to enhance ratien
replace existing systems. This early work servedsasul
scaffolding for subsequent brainstorming discussion

Second, we depended heavily on the capabilitiesipf
NGO staff partners. Coordination of field visitsdahe user
study required relationships with farmers that oot
have been possible to establish ourselves, eshyeicia
short time period. In this sense, the NGO stafiegias a
proxy for directly building trust with farmers.

Finally, we believe that in order to avoid the faftemany
research prototypes that flounder due to lack edueces,
outlining a sustainability plan is critical. Suclplan should
not only address financial sustainability, but digdefine



the roles of the various stakeholders (the NGOdéus, [9] Lee, Kwan Min, J. Lai, “Speech Versus TouchCaAmparitive

researchers, and end-users) in maintaining thersysver Study of the Use of Speech and DTMF Keypad for Hation,”
the long term. International Journal of Human-Computer Interactj@®06.

[10] Patel, Neil, Sheetal Agarwal, Nitendra RajpAit Nanavati,
Paresh Dave, and Tapan S. Parikh, “A ComparativelySof
Speech and Dialed Input Voice Interfaces in Runadlid,”

) ) ) ~ http://www.stanford.edu/~neilp/pubs/otalo_submitped In
In this paper, we described our experiences degigAvaaj  submission to CHI 20009.

Otalo, a voice interface for farmers in Gujaratdién to

access and share information over a phone. Weedffitiree  [11] Plauche, Madelaine, Udhayakumar Nallasamypjézy Pal,
guidelines for further research in voice Ul desigis, a Chuck Wooters, and Divya Ramachandran, “Speech dRétoon
starting point for spoken language technology neseas for llliterate Access to Information and Tephnpld’gwerngtional
interested in working in rural areas of the devilgpworld. Conference on Information and Communication Teabgiek and
Two points are of particular interest to researnhthis Development (ICTD2006Berkeley, 2006.

domain. First, we found that the participatory dagprocess [12] J. Sherwani, N. Ali, S. Mirza, A. Fatma, Y. Ken, M.

is aided by “proxy” users that have both knowled@dhe  karim, R. Tongia, and R. Rosenfeld, “Healthline:eSph-based
practice and the capabilities of new tools. Whilee t Access to

Scandanavian PD tradition may prescribe a morectdire Health Information by Low-literate Users,”International
approach, we believe that in this domain, othekedtalders  Conference on Information and Communication Tedbgies and
such as grassroots organizations may be benejicialPevelopment (ICTD2007Bangalore, India, 2007.

leveraged. Second, we emphasized the importance of , ,

figorous quantitative evaluation in terms of usapiand  [13] United Nations Development Program. Human Dem@ent
performance. Results in this vein, especially ifidated Report, 2004nttp://ndr.undp.org

through repeated experimentation, may allow useful

heuristics for practitioners.

5. CONCLUSION
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