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Abstract— This paper presents our work in the design of al3S
for the provision of health information to caregives of HIV
positive children. We specifically address the fregently debated
question of input modality in speech systems; tou¢bne versus
speech input, in a new context of low literacy userand a health
information service. We discuss our experiences anfieldwork
which includes needs assessment interviews, focusup sessions,
and user studies in Botswana with semi and low-litate users.
Our results indicate user preference for touchtoneover speech
input although both systems were comparable in peofmance
based on objective metrics.

Index Terms— Spoken dialogue systems, DTMF, Touchtone,
Speech interfaces, Health information, HIV, llliterate users, Semi-
literate users, Low literate users, ICT, Developingregions,
Information access, Africa.

I. INTRODUCTION

There is a widespread belief that spoken dialogistems
(SDSs) will have a significant impact in the deyatg world
[1]. This belief is based on a number of factor@sthy,
illiteracy is predominantly a problem of the destg world
(according to a recent estimate, about 98% of Hiterate
people on earth live in the developing world [2ihd speech-
based access to information may enable illiteratesemi-
literate people to participate in the informatiageaAlso, the
availability of traditional computer infrastructui® low in the
developing world, but
mobile/cellular networks) are spreading rapidly . [3For
example, a recent community survey in South Affijafound
that 73% of households owned at least one mobitmghbut
only 7% of homes had internet access.) A furthetofais the
strong oral culture that exists in many traditiosakieties,
which is likely to render such systems more acd#ptéhan
text-based or graphical information sources. Hnalhe
availability of relevant services and alternativéormation
sources is often low in the developing world.
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Based on this perceived value of SDSs in the deumdo
world, a number of exploratory studies have beefopaed in
recent years. Barnard et al. [5] report on prelamn
experiments performed to assess the usability telegphone-
based information service for access
information
agricultural information was developed by Plauchale [6],
and evaluated with semi-literate users in rural iTadadu,
India. Nasfors [7] also developed an agriculturdbimation
service, aimed at mobile telephone users and deglag
Kenya. The most sophisticated speech technologyhis
category was employed in the telephone-based irftoom
service for community health workers developed hgr@ani
et al. [8]; this was piloted in Sindh, Pakistan.afigal et al. [9]
have implemented a telephone-based kiosk systemhiliey
call “VoiKiosk”; this is being trialled in rural VMages in
Andhra Pradesh, India.

Each of these pioneering studies was primarilyedinat
assessing the feasibility of using speech techyologarious
settings in the developing world. However, in thegess of
determining feasibility, a number of practical kess were also
learnt. For example, it was found that user accegtaf such
systems is proportional to the difficulty that userould have
to access the same information through other mésinan6]
(thereby confirming the concept of the “motivatezkid), and
two studies [5, 8] found that it may be preferaiolaise more
verbose, less efficient user interfaces to guidxperienced

telephone networks (espegciallusers for whom time pressure is not a primary conce

The current contribution similarly has a twofoldnaiboth to
explore the use of an SDS in a new environment éhgrby
caregivers of HIV positive children in Botswana,u8wrn
Africa), and to contrast different input modalitiesed in such
a system. In particular, we compare systems usygokesses
(“DTMF or Touchtone”) with those that use automaggeech
recognition (ASR) for user input in this applicatioTo this
end, we start with the most basic variant of speggtems
(key-press replacement), and compare such systeithis
DTMF input. The motivation for this choice is twddo on the

to government
in South Africa. A kiosk-based SDS for

w

one hand, key-press replacement is likely to be emor

acceptable in the developing world, where genaraieracy is
less common; on the other, such systems are mugibrda
develop than natural-language systems, and areftimiermore
attainable in the resource-constrained environmethizst
typically characterize the developing world.

To our current knowledge DTMF and ASR input modgsit
have not been compared systematically in the dpiro
world. However, in a review of developed-world d@pations



comparing DTMF to ASR input by Lee and Lai [10]thaser
preference and performance are found to depentleonature
of the task, the personality of the user, and tygabilities of
the speech-recognition system. With the exceptfaonty one
call-routing system [11], all studies found thatmpgly
replacing key-presses with speech does not impnaser
performance or perception. Conversely, well-engiege
speech recognition systems with natural-languageitirare

primary and specialty medical care for HIV/Aids, datering
for the psychosocial needs of HIV patients andrtfanilies
[18]. Baylor provides treatment to over 2100 cheldinfected
with HIV and 260 families across Botswana. The cri$
involved in a number of support activities suchcammunity
outreach programmes for patients in rural areasjcéeg 20
communities outside Gaborone and a “Teen Club’rtvide
moral support and counselling to teenagers livirith WiV

often preferred to DTMF for tasks that are not lgasi[18].

accomplished with DTMF. In terms of user prefererstedies
in laboratory settings [10], [12] report that uséirsl speech
input more interesting and enjoyable to use, butrestingly
in a recent informal poll of over a thousand usdneal-world
information-access systems [13], almost half of theers

responded that they would prefer to use a speephtin

modality “as little as possible” and only 8% woudld so “most
of the time”. Despite these reservations, numeamuications
that are completely reliant on speech input areettly in use
in the developed world - examples are the healthagement
systems described by Migneault et al. [14] and ceraral
voice portal systems, such as the Tellme portalofwkerves
40 million phone calls per month, according topteviders
[15]).

Below, we first provide background on the heakinec
application selected for our study and describesttstem that
was developed as well as the experimental protexgloyed
(Section 11). Section Il contains our experimentaisults,
including user profiles, usability measurements aadk
completion rates. Finally,
generalizability of our results, and conclude viltbughts on
next steps to be taken along this research trajecto

Il. OPENPHONE: HIV/A IDS HEALTH INFORMATION LINE IN
BOTSWANA

A. Background

HIV/Aids is perhaps the gravest health pandemifate the
world, and Southern Africa has been the worst dufion. Of
the 33 million people infected with HIV worldwide,
approximately two-thirds are inhabitants of subah Africa
[16]. Within sub-Saharan Africa, Botswana has ohhighest
HIV prevalence rates, with 1 in every 4 adults bekllV
positive [16]. The hardest hit in Botswana are wopmeearly
40% of pregnant women (ages 25-39) are living \Wit¥ and
infection levels are increasing amongst pregnanhemw aged
30-34 years, with nearly one in two living with H[¥7]. Aids
deaths have orphaned approximately 120 000 chilthges O-
17) and another 14 000 children (aged 0-14) aiediwith
HIV in Botswana.

During our study a partnership was established Witie
Botswana-Baylor Children’s Clinical Centre of EXeeke
(hence forth referred to as Baylor). Baylor is &daglised
paediatric institute serving the Botswana capi@hborone
and its neighbouring areas since June 2003. Th&ecén
staffed collaboratively by U.S.
professionals. The services provided by Baylor eafrpm

and Botswana healt

A child is typically brought to Baylor to be tedtdor
HIV/Aids by a caregiver. A caregiver is any indiva who
takes care of an HIV positive child; it may be ttiald’s
parents (who themselves might be HIV positive) gotlamily
members or an unrelated community member. Childvia
test as positive receive free treatment from Baytor the
remainder of their infancy and adolescence. Caeggiof such
children are also counselled and trained. Baylowvides free
lectures for caregivers three times a week, whemeynaspects
of HIV/Aids, antiretroviral (ARV) medication are phined
and advice is given on how to live with the corditi Each
caregiver on average attends two lecture sessidwesprimary
focus of the lecture sessions in Baylor is on agieg to ARV
medication, with topics such as the principles ofVH
universal precautions, basics of ARV therapy, matibo
dosage, side effects and storage, and importarttsteategies
for adherence, being covered.

we discuss the scope and

Fig. 1. Baylor in Gaborone, Botswana.

B. Open Phone Development

Open Phone is a pilot HIV/Aids community-orienteD S
service that makes use of language technologiesdtiress
acute informational needs of caregivers of childrgh HIV.

1) Preliminary Investigations

Our initial investigations started in April 2007 here we
conducted interviews and discussions with 2 doctbraurses,
9 caregivers, a social worker and the technicalagen We
also accompanied 3 community outreach workers sitswio 2
caregivers’ homes. The intention of this investiyatwas to
identify specific needs of the various user groaps their

ay-to-day tasks.



This trip also served to acquaint us with HIV domai
specific terminology used by the interviewees tectibe their
situations, tasks and other notable work proces$éese
‘hidden’ pieces of information allowed us to buddprofile of
the individuals interviewed and make informed chsitater in

the process of application design.

This initial field trip highlighted a number of dhenges and
issues for consideration in providing health infation to

caregivers:

Caregivers often struggle to recall material cosleire

the lecture sessions.

Caregivers often have questions regarding geneedtt

caregivers of children with HIV.

2) Content Development

information, for example, how to deal with infect®

nutritional needs, hygiene requirements and comynonl Our design process started with the identificatbmnelevant

held misconceptions about HIV.

Travelling to Baylor to address health informatio
queries is not always possible for caregivers due
family/work responsibilities, transportation cosasd

time constraints.

The majority of caregivers are semi and low literat
populations. No written material is used and tlnesd is
a lack of reinforcement and support for remembering

material learnt in the Baylor lectures.

Most caregivers are uncomfortable with English,sthu

Although caregivers are encouraged to call Baylith w
any questions they may have, most are reluctard (an
unable) due to the high costs of mobile phone calls

These challenges and issues formed the basis of
motivation for the design of a health informatioDSs that
provided not only adherence education from Bayémtures
but also general health information tailored to treeds of
caring for HIV positive children. An SDS in the lldanguage
Setswana, toll-free and accessible at any timeugir@a simple
telephone call, could greatly support Baylor's m&w to

our

content and development of a framework (Fig.2) Whic

Approach [19]

detailed the broad health topics that needed toolvered by
he SDS. Interviews with Baylor staff (nurses, dost
utritionists) and the following printed sourcesrgveised to

create locally relevant accessible HIV health eslatontent:

Baylor Adherence lecture materials
HIV Aids Care & Counselling, A Multidisciplinary

Where there is no Doctor: A Village Care Handbook

[20]

Baylor lectures and all interactions with caregivare

. ; [ 21]
in Setswana. Baylor staff explains complex health
information in accessible terms in local language.

Cure

Agzvr:]a;]rzéo Traditional
Questions about Practices

Facts on

HIV Myths

Infection

How HIV works

Learn about HIV

Nutrition Cereals/Rice/ How HIV is
Bread spread
Food Groups Fruits and
Vegetables
Meat & Beans Dealing with
body fluids &

Milk and Dairy
products

infected waste  /

Childcare Breastfeeding

Q 5. Facts about HIV

3. Common

Sicknesses Danger Signs
. Home-based care
Diarrhoea
Danger Signs
Vomiting Home-based care
Danger Signs
Breathing Home-based care
Problems
Danger Signs
Fever Home-based care

Danger Signs

Constipation Home-based care

Fig. 2. OpenPhone content framework.

How HIV is Preparing and ~ Safe preparation
spread? Storing food of food
The spread of HIV Safe storage of
from Mother to During \ food
Child pregnancy \ 2. Nutrition
During 1. Hygiene &

Cleanliness

Washing your
hands

General Health
Helpline
Keeping a clean

4. ARV household
Medication How ARVs work ?

Learn about Medication side
ARVs effects

How to store ARVs.

When to give

When and How to medication?

give medication ?

How to give
What to do if you medication ?
miss an ARV
dose? Planning ahead

Traditional
medication

Drugs & Alcohol

Vomited dose

Forgotten dose

HIV, Health & your Community, A Guide for Action

When to use
gloves

What to do if
gloves are not
available

How to clean up
blood properly.

How to dispose
infected gloves
& waste

When to wash
your hands

Washing your
hands with an
antiseptic

Water shortage
& hand washing

Cleaning
household items

How to wash
your linen.



We also held focus group sessions with 27 caregiatr
Baylor on a second visit. The discussions were lgda

A sample system-user interaction follows.

Setswana facilitator and were aimed at solicitingut from
caregivers on what kind of health information thgpically
require under the broad topics of the framework.e T
caregivers were first given a demonstration of altheSDS
prototype and then asked what kind of informatieeytwould

like the system to provide to them. For instanhe,facilitator

would introduce the topic of “Nutrition” and therskae.g.

“what kind of food does a child with HIV requireac@givers’

responses were used to fuel discussion and dirgthef

questions on sub-topics of the framework. Thereal
caregivers were asked to prioritize (rank) topieythad listed
in order of need in a group consensus setting. dnyntases
caregivers debated and gave reasons for theirehoic

We found that the topics in our content were mostlyne
with what caregivers proposed in the focus grotlifisyever,
the topics’ ranking done by the caregivers variesmf ours,
for example, they ranked Hygiene & Cleanliness asstn
important which we had thought was secondary to A

User: [Dials number...]

System (Introduction): Hello and Welcome to the Heal
Helpline, | am Nurse Lerato and | know you prolyabave
many questions about caring for someone with HIV.
System (Overview) | can tell you about Hygiene &
Cleanliness, Nutriton, Common  Sicknesses,
Medication, and Facts about HIV. If at any timeridg
your call you want to start our conversation agayou can
press 0.

System (Main Menu): For Hygiene & Cleanliness, pleas
press 1, for Nutrition, press 2, for Common Sadges,
press 3, for ARV medication, press 4 or for Faal®ut
HIV, please press 5.

User. [Presses 2.]

System:Eating a balanced diet of different foods

helps people with HIV stay healthy and strongeAlthy
diet does not have to be costly and contains fowd all

the different food groups. Healthy food is alwpyepared
RV and stored in a clean environment...

ARV

e

medication. The rankings allowed us to determire tipics
the SDS should focus on providing first and foreneosl were
later also used to determine to order of main nstions in
the SDS. The focus group sessions allowed us tisedhe
content and framework to build a SDS that catershe health
information needs expressed by the caregivers tlgpts

3) System Design

Once the initial content had been created and apprche
dialogue flow and audio output of the SDS had taleésigned
in a user-friendly manner. We carefully crafted fivenarily
text-based content for spoken speech and simpigidaye. For
instance, words like “lower cranium” will have létmeaning
for semi & low literate users; such references weaaslated
into more accessible language,
metaphors used by Baylor staff in their lecturesges. For
example, the white blood cells are the ‘soldierfsthee body,
and ARV medication is the ‘ammunition’ for thesédsers.

Since the SDS was aimed at low literacy users aedsuvho
may never have used a SDS before, the design gasltov
create an easy-to-use interface that placed adgwitive load
on the user. We grouped content under logical mandssub-
menus, so that the amount of audio output undeh eade
was balanced with the number of menu options atgiven
point in time.

The design team set the following constraints based
guidelines for speech user interface design [2R, 23

The maximum depth of menus in the SDS should not

be more than 3 levels.

The maximum breath or number of options at any

menu should be no more than 5.

As a final step, the design team decided on theifspe
wording of all audio prompts in Setswana. This el
careful consideration for the dialect, the regigtaformal or
formal), the cognitive load (short audio promptsit bong
enough to provide contextual “anchoring”), and usk
appropriate user interface metaphors. For instaacgystem
that suggests to the user “say Main Menu” is ufjike make
sense to users who have never interacted with lvisuaudio
interfaces before. Instead, we chose the metaptiom o
“conversation” and asked the user to “Start ourveosation
again”. The Setswana-speaking linguist on the des&am
played an essential role in the selection of ASiRuaeds that
were locally relevant and logical to users, yet ustically
dissimilar.

using terminologyd an

4) Final SDS Development

All the prompts and the health content were traadlaising
a registered translation service into the dialdcSetswana
spoken in Botswana. We specified that the contemilavbe
spoken aloud and the intended audience would likelyow-
literate. Since user interaction with an SDS isdobon audio
modality, the voice of the system plays a cruaiéd.rWith our
target audience we felt that this was an esseal@ahent in
creating a persona that would not only make usardartable
in their interactions with the system but also mé#ke user
experience enjoyable. Thus, our ideal voice talantld:
Sound like a caring nurse willing to answer questio
Be a mother-tongue Setswana speaker.

Have a full, mature female, well-articulated voice.
Instil a sense of confidence and trust.

Our recruited voice talent was a well-regarded licstzap
celebrity, which meant her voice would be familiamany of
the target users. All the system prompts and comésordings
were done in a professional recording studio.



The SDS was built using the Asterisk telephonyfptat, the
current set up in Botswana is a free standing RP@nected
through an Asterisk card to an ISDN line. The ISDhe
allows up to two calls simultaneously and users didocal
telephone number to access the system. While thteryis
operational, all aspects of the calls are loggedn¥start to
finish all key-presses are monitored and all aisli@corded.

C. User Study

The goal of the study was to compare the most hasiant
of speech systems (key-press replacement) with DTriyEt.
Thus, we built two identical systems that differ@uy at the
menu prompts in choice of input modality i.e. inecsystem
the user would press a key to chose a menu optidrirathe
other they would say a keyword or phrase. For eiamgp
DTMF menu option would be; “to hear about Nutritigmess
1,” whereas the ASR menu option would say, “to heaout
Nutrition, say Nutrition.”

observers took notes on user behaviour, numberedbaV
prompts needed by a user, any user comments, ametaje
body language of the user.

Each user was introduced to the system and askeigjrica
consent form. Emphasis was placed on communicahag
users were not being tested but rather the systempuirposes
of improvement. Thereafter, each user watched e rinnute
video showing how a caregiver could use the systeriind
typical health information that they might needg(H).

The ASR was simulated using the Wizard-of-Oz (WO2)

methodology [24] where a researcher played the oblthe
speech recogniser. The ‘wizard’ listened to theesh input
of the user and chose the next state of the systethis basis.
The ‘wizard’ only accepted the exact keyword orgder that
the user was allowed to say at a particular mertiompany
other input was directed to a No-Match state. lndhse of the

DTMF system, key presses were handled by the badk-e

telephony platform. Both systems ran from a PCdapthich
was connected to standard telephone through a \miee
internet protocol (VOIP) gateway.

Fig. 3. DTMF vs. ASR experiment set-up.

The user study was held over a period of five dayspril
2008 at the Baylor premises. A total of 33 caregiwveere part
of the study, of which 27 tried both the DTMF an®R
systems. The remaining 6 caregivers did not trh lsystems
due to either user’s time constraints or a techyolfailure
experienced in system set-up. The experimentalupet-
included a facilitator, an observer and a WOZ ofmeral he
facilitators were local graduate students who weamed by
the authors to facilitate in the local languagets®ana. The

Fig. 4. User watching a full-context video.

The context of the video was carefully matchedépict
typical scenarios where a caregiver could use tB& $o
obtain health information. For example, in thetfpart of the
video, a caregiver with a sick child who has jisbown up his
ARV medication is unsure of whether to give the ioation
again. A friend of the caregiver arrives and téiés about a
telephone information system that she can callleach when
and how the next dose of ARV medication can bergivex
child throws up his medication. Research [25, 8[derigning
interfaces for low-literacy users has shown thathsa full-
context video greatly improves user studies by rofée not
only a demonstration of how to use the interfacg,dbso the
source (and therefore trustworthiness) of the cuntéhe
context in which you might use such a service, #mel
potential impact in your day-to-day life.

After this video, the facilitator gave a short dersivation to
the caregiver on how to retrieve “Nutrition” infoation as
shown in the second part of the video. For eack, the
caregiver was asked to dial a number themselvasdess the
SDS. This simple action served as a quick checletdy the
caregiver’'s ability to recognise numbers and ugh@ne. In
order to show the difference between the DTMF ar8RA
systems we used separate telephone sets for esteims{Fig.
3). After the caregiver finished the tasks using DTMF
system, for example, the facilitator explained ttety would
now try a similar system (on the other handset)dng where
they would now say a keyword to obtain informatidin
example of a task explanation is shown on the folig page.



Facilitator: What's the name of any good friend in your order of trials also help to counter the impacswfject fatigue
neighbourhood? and learning effects within the small sample size.

Caregiver: Kabelo

Facilitator: Your friend Kabelo says she must wash her hands
frequently to keep her family safe from dégea
but she has very little water at home so she
doesn’t know what to do. You've heard that
Baylor has a phone number (help line) that car
answer many health questions. So you decide|to
call the phone number, can you help your fiizn

Since the study was a within-subject comparison, we

refrained from using the same tasks in both DTMé#& ABR to

prevent bias of previous knowledge. Thus, we ctedt® sets

of tasks; Set A and Set B with two tasks each @y @&nd a

difficult task; Task 1 and 2). The tasks were desifyto be

similar across Sets and to require a user to nmake tcorrect Fig 5. Order of Trials and Task Sets in experimen

menu selections (Menu levels 1, 2, 3) to reachspexified

information. Recall that our HIV health helplinedsly three  After completion of each modality's trial, a post

menu levels deep. The correct paths for each t@s&h@wn in  questionnaire was administered verbally to the ginee. It

Table I. consisted of ten questions adapted from the PARADIS
evaluation framework [26]. The facilitator recordetie

TABLE | response in a 5-point Likert scale format basetherstrength
TASK DESCRIPTIONS WITH CORRECT SDS MENU OPTIONS.
of the user response.

Task Description Menu  Menu |Menu Level We then verbally interviewed the caregivers to gath
Level 1 |Level2 |3 demographic data on education levels, language, and

Task 1, Set A Hygiene |Washing |Water shortag occupatlon,.telep.hone usage (r"rloblle.a}nq Iand]a)egwers

. and your handznd hani were also interviewed on their familiarity with tewlogy
Emddmélt howtowash | o hjiness washing (computer, mobile phone, TV, radio, video/DVD man)i
f}m tS uring water based on factors such as use, ownership, frequehaise,
shoriage. place of use, and reason for use. Data was albergat on the
Task 1, SetB Hygiene |Body What to do i| humber of children they take care of,_h_ow oftenytwé§it

) and fluids &|gloves are n¢  Baylor and how they usually resolve their inforroatgueries.
Find out how to protect | oo pjiness infected  [available At the end of each session caregivers were prowideismall
hands when gloves are not . . L . .

: waste non-monetary incentives (juice, potato chips anit fior the
available. . L .
child and gloves & household disinfectant for tlagegiver) to

Task 2, Set A Common |Fever Home Care *|  thank them for their participation.

. Sicknesses
Find out how to care for g

child with fever.

Task 2, Set B Common |Diarrhoea| Home Care *

. Sicknesses
Find out how to care for g

child with diarrhoea.

* Home Care can only be reached after the usehbasd the Danger Signs of
the selected iliness. For this reason, Task 2ghtst more difficult than Task
1.

Additionally, to minimize any possible bias duethe order
of trial of the DTMF and ASR systems or the usa dfask Set
(A or B) with a particular modality, we systematigansured
that our data covered all possible combination®©aoder of
Modality and Task Set (illustrated as Quadrantsii-Big. 5).
For example, if a caregiver started with DTMF usirask Set
A he/she would then proceed to do ASR with Task Bet
(Quadrant 1). Each caregiver thus did a total ¢agks and
users were approximately evenly assigned betweer $&5
caregivers) or Set B (18 caregivers). The permanatin the Fig. 6. A user taking part in the study.



In this section we present results from our usedyst
including a description of our users (Section Ajeit task
completion scores, other usability metrics from shely and a

RESULTS

caregivers reported having access to a landlirephbeine and
of these only 9% had the landline at home (Table Il

comparison of their performances on the DTMF andRAS

parallel systems (Section B).

A. User Profile

During our user study,
participated, of which 27 tried both DTMF and AS@tems.
The caregivers were all female with the exceptibore male
caregiver. The age of our users ranged betweenng26a
years old with the average age of 34 years. Theagee
number of years of schooling amongst our users Qvgsars
but 2 users had 0 years of schooling. All of thersiscould
read and write the local language Setswana andxzippately
79% of them knew some English. In terms of occapaté 7%

were unemployed and of the 53% who were employesl, t
majority were in low-income occupations such as k¢oo

cleaner, house maid, hair dresser, or securitydg@aregivers
reported that they visit Baylor between 1-3 timesanth, with
average travelling distance and time at 28 km ankdodr

respectively, some travelling from as far as 130, kmith

average cost of travel at 18 Pulas (approx. $3 USDg

average waiting time at Baylor reported by the gaers was
2.5 hrs, also travel time to Baylor ranges fromn@f@utes to 3
hours; together, these represent a significantigorof a
working day and are a substantial burden to thegieers.

Caregivers were also asked what they usually dthef
have questions regarding the child’s health andnvthe last
time was that they had such a question. One thirdhe
caregivers usually go the local clinic to resolheit health
gueries and another quarter go to Baylor for thigppse (Fig.
7). Forty percent of the caregivers had a querandigg the
child’s health within the last 6 months, and anoth&% had
more recent queries; in contrast, only 12 % coulst n
remember specific queries (Fig. 8).

Fig. 7. Methods of Health Resolution by caregivers

In terms of technology familiarity, 30 out of 33 1(%)
caregivers owned mobile phones and 85% of these kiosy
to load their mobile phones with ‘airtime’ (pre-gaphones
which require users to load money by calling théwonek
provider's service humber and entering a sequemadigits
from the pre-paid calling card). Average mobile phaosts
per month were 68 Pulas ($10.5 USD) with an aveiaugt
per call being reported as 4.5 Pulas ($0.75 USR)y G0% of

we had 33 caregivers who

Fig. 8. Time since last Health Question by caregy

TABLE Il
SUMMARY OF TECHNOLOGY OWNERSHIP AND USAGE BY
CAREGIVERS.

Technology Use Ownership
Mobile Phone 91% 91%
Landline 30% 9%
Computer 15% 3%
TV 76% 71%
Radio 91% 91%
DVD/Video Machine 41% 38%
ATM 35% N/A

B. Broad Usability Metrics and Observations

System usability was determined using objective skTa
completion rate, response time, routing time) anbjective
(user preference, Likert ratings) metrics [27].

1) Response Time

Response Time measures the time it takes someone to
respond to the system for the first time. It isalsumeasured
not from the system start, but from the end ofen Menu
prompt, which in our case was 29 seconds long. fEsslts in
three basic categories of responses: (1) people hainge-in
will have a negative response time, (2) people vdspond in
the 4 seconds of silence after the end of the Mdenu
prompt will have a response time between 0 andcérsis,
and (3) people who listen to one or several timedéfore
responding will have a response time greater thaecbnds.
The Mean Response Times of our users (Fig. 9) atekc
many barge-ins, roughly corresponding to the tihee dorrect
option at the first menu level was playeHygiene and



Cleanlinesdor Task 1,Common Sicknessés Task 2 (Table
). Although we expected that our users would extsbme
short term learning effects, we found that respanse did
not decrease from the first call to subsequenscall

Fig. 9. Average Response Time (time from end efNfain Menu prompt
until the user's first input).

2) Task Completion Rate

Task completion rate measures how frequently usere
able to reach the node that provided the corrdatrimation for
their assigned task.

Fig. 10. Task Completion Rates for DTMF and ASR.

For this study, we provide the task completion r@tecach
menu level of the SDS (Fig. 10). Across both tashd both
input systems, 60% to 84.38% of caregivers selet¢hex
correct first menu option (Menu Level 1). Approxiels half
of those people were able to select the appropsiatemenu
option (Menu level 2) when the task was to find abbut
“Common llinesses” (Task 2), with the ASR systeralding
the highest task completion rate for this menull¢y€.67%).
Caregivers seemed to have had more trouble corre
selecting Menu level 2 options for Task 1, with A&Bain
yielding the highest task completion rate of the tsystems
(40.63%). Task completion rate for level 3 rangeshf 2.85

% to 23.68%, with Task 2 causing the most diffiguiRates
did not vary significantly by input mode (DTMF VASR) or
by task set (A vs. B).

3) Routing Time

Routing Time measures the time it takes a useeaalr the
beginning of the node which contains the correfdrmation
for the assigned task. Fig. 11 shows the meanngtutime
from our user study. Users’ routing time was simg&ross
both tasks and both systems for both Level 1 anelL2. As
expected, due to the forced loop througanger Signsfor
Common Sicknessaregivers took longer at Level 3 for Task
2.

Fig. 11. Routing Time for completed tasks. Ref@im Task Completion
Rates (above) that the Level 1 mean response iagea over approximately
75% of our users, whereas Level 2 and Level 3 tianesaveraged over fewer
users, in some cases only one or two.

Only two users correctly completed Task 2 with &®R
system; both users took over 4 minutes to do sdh \Wie
DTMF system only one person completed Task 2, detin
less than 3 minutes. All users that correctly catga Task 1
using the ASR system did so in about 60 secondsTask 1
on the DTMF system, most users completed the taglst
over 60 seconds, but one user took over 6 minutes.

4) Other Usability Metrics

Results from our user study show that user intemaatith
the ASR and DTMF system are very similar acrossidew
range of additional usability metrics, illustratedrig. 12. Use
of the Main Menu global (press '0' or say 'Simd)o#and the
Exit global (press '9' or say "Fetsa"), were similer both
systems. There were almost the same average nuaiber
timeouts (when 4 seconds elapsed with no user nespand
repeats (when user chooses to repeat an informatida) for
the ASR and the DTMF system. On average, caregivesd
the barge-in function one more time when using A&R
system but the total number of turns taken by usesssimilar

r both systems. Note, all the usability metrics means for
each call, whether the task was completed or not.



Fig. 12. Usability Metrics for DTMF and ASR system
5) User Preference

Systems were rated separately using the PARADISHE [2
framework after use. The Likert scores were foundbe
unreliable, however. Despite efforts to elicit hstecritical
feedback to the system (for example, we had ardiffeperson
in a separate room conduct the post-study evahsticall
caregivers gave the system the highest marks pessiboss
all categories and were hesitant to provide anycisin. For
those 27 (out of 33 total) caregivers who triechitbie DTMF
and the ASR system, we were able to elicit feelimgs
preference for one system over the other (Tablp Most
caregivers (59%) preferred the DTMF system over AR
one (19%) and 22% indicated no preference. BottDIfiIF
and the ASR systems were judged to be the fastterayby
those who preferred it. Our measurements of routmg and
task completion, however, show the systems are acabje.

TABLE Il
USER PREFERENCE FOR DTMF OR SPEECH INPUT

6) Social Factor Correlations

We examined several social factors based on ours'use
responses to questionnaires to see if they coexblaith either
their interaction with the system, based on obyectnetrics,
or their reported system preference (DTMF vs ASR).

Employment and experience loading airtime on a il@ob
phone were significant factors in the overall tasknpletion
rate (p=0.09 and 0.02, respectively). Those usdrs were
employed or who had experience loading airtime deteg
more tasks during the study. Age, education, udaraflines,
mobile phones, or ATM machines were not signifidators.
Only previous use of a landline was a significamtdr in use
of system globals (p=0.01). Use of landlines was al factor,
along with loading airtime, in whether a user bdrgeduring
system use (p=0.1 and 0.1 respectively). Caregivhsuse a
landline and load airtime were more likely to bangeluring
system use. No questionnaire responses were fooinet
significant factors for system repeats or ovemsdionse time.

Employment, previous use of an ATM, and experience
loading airtime on a mobile phone were significtdtors in
the overall correct response (p= 0.07, 0.09, ar@B)b.
Caregivers who were employed, used ATM machines and
loaded airtime had more correct responses to t@siag the
user study. Age, education, and amount of mobilenphuse
were not factors in correct response.

Loading airtime was the sole significant factor tiser
preference of DTMF over the ASR system (p=0.1). sEho
people who load airtime regularly preferred DTMFEDASR.
Employment significantly correlated (p<0.1) with &all
Task Completion and Overall Correct Response. Age a
monthly mobile phone costs were not found to cateel
significantly with user performance or user prefieee for
either the DTMF or ASR system.

7) Other Observations

We observed based on body language and expliciarkem
that several caregivers were nervous at first,taed became
more relaxed during the first few minutes of thedst Many
caregivers (and their children) showed signs afjfegt while
trying the second system (sometimes an hour laBamnegivers
sometimes had trouble understanding the task. Wmayld
often try to find information about ‘Nutrition’, foexample,
which was the topic of the demonstration, instefaslearching
for information on their assigned task. Caregivals often
clarified with the interpreter what the task washatv the
keywords were, and what they should press or sepgltheir
trial. The interpreter would nod or say 'yes' bould not help
the caregiver any further. In some cases, theydvask to try
again, which we allowed if time permitted. Most werery

The following categorical groups (yes and no)endivided into two
groups and the resulting dependent values analysegioyment, previous
use of an ATM, experience loading airtime, useaofdlines, use of ATM
machines. A p-value of 0.1 and less indicates wifsignt difference between
the two groups, whereas a p-value higher than fidicate no significant

Preferred [INum |Reasons Given | Example Remark
System |ber
DTMF 16 |Clearer "Its quick and th
instructions (7) |doctor gives you th
Faster to use (4) |instructions,  yo
More private (2) |just have to follo
them."
ASR 5 More accessib|"Its faster and ol
(2) people can also us
Faster (1) it  The butto
Clearer system takes t
instructions (1) [long. "
Hands free (1)
Both o016 Similar (2) "They are simila 1
None With one you pre
buttons, with th
other, you sa
things.” difference.



interested in the content and many referred tovtliee they
heard as ‘the doctor’. Only one caregiver recoghithe voice
of the SDS as the celebrity soap star although oasimented
that “the ‘doctor’ explained very nicely”.

During the interviews, all of our users enthusity
indicated that they would like to use the servigaia; many
said that it would be very valuable for educatihgnbhselves
and their family/friends on caregiving aspectsdbildren with
HIV. A SDS such as OpenPhone could also serve
persuasion tool for caregivers trying to educateex, as
explicitly reaffirmed by a caregivembw | can tell them at
home that the docto(SDS voice) says the same thing
(referring to a HIV related topidhat I'm telling them”

IV. DISCUSSION

From our pilot study, we found that there were igmificant
differences between task completion rates (ASR
performed slightly better) or other usability mesrifor both
systems. This agrees with a number of previousedud the
developed world [12, 28, 29] where no major differes were
found in terms of performance. However, subjectiviie
majority of our users preferred DTMF (59%) over AS
(19%), which is in contrast to formal studies ie theveloped
world [9]-[11] (where user preferences largely favapeech),
but correlates with the observation that simple -fss
replacement with keywords
favourably. The users who did prefer ASR did notims
developed world studies comment on the aesthetispaech
input, that “speech is more entertaining or enjdg/atbut
rather on the utility of speech “more accessible dider
people or faster”.

Our finding that users’ employment and experierozding
airtime correlated with higher task completion biktat
education level does not, indicates that technotdditeracy
is a more important factor in adopting new techgglthan
literacy itself. This may also contribute to theding that
‘loading of airtime’ was the sole significant factfound in
DTMF preference over ASR.

It is also interesting to note that our users whd minimal
exposure to SDSs (except loading airtime), weratialy
comfortable using our system for the first timejraficated by
their frequent, timely barge-ins. Also, our usertticed the
value of speech (allowing hands-free
innumerate/older people being able to use it) addb as
well (provides privacy). This highlights that eviéusers may
be technically inexperienced and unfamiliar with BT
application, they have valuable and sound judgnuentthe
utility of the interface. Also, both DTMF and theSR systems
were judged (subjectively) to be the faster systymthose
who preferred it, which indicates that time corista may
also be of importance for low literacy users, imttast to
earlier observations. The DTMF vs. speech inputpamiBson
could be improved in terms determining task perfmmoe by
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using a between-subjects experiment design; howévier
approach would not reveal user preference.

Our preliminary investigations indicated that a gdiaction
of caregivers were in the low and non-literate earig our
user study though, we encountered that many ofrecnuits
were semi- to low literate. Also, whilst our useunmbers
represent a significant sample size for a devetppiorld user
study, it may in comparison to studies in the depetl world
ae on the ‘small’ end of the spectrum. The abovetioaed
issues emphasize some of the challenges facedéaneh for
the developing world; that the very users for whamSDS
could be most useful may be the hardest for uséeh and
also that user recruitment in developing regions peesent
significant obstacles [30].

Whilst this pilot study illustrated that telephomsgrvices
could in fact be easily used by semi and low litgrasers, and
that an SDS in local language can be a powerfulthhea

ucation tool, the decisive factor in widespregdake is
likely to be the cost incurred by the caller foe thervice. The
majority of caregivers said that even though theise would
be useful to them they would only be able to made af it, if
the service is toll-free. An average phone calBotswana of

ro-10 minutes to the SDS would cost a mobile phae 61-2

USD. From our questionnaires, the average costmpeth for
mobile phone usage was $10.5 USD. Thus, a singlaepball
to the SDS would consume, 10-20% of a caregivedsthiy

is generally not viewedhobile phone budget, making the case for a to#-inember

all the more imperative.

Notwithstanding our findings that show promise $Ss for
low literacy users, we did encounter challengemtiroducing
the concept of a SDS to our users, for instan@aukers did
not fully realise that the system was automated.dxample,
at the end of one call, a user proceeded to askntimse’
(system persona) a question when prompted by tsterayto
leave a comment (and waited for the answer). Amotiser
repeatedly acknowledged what the ‘nurse’ was saying
responding with “Yes, yes” or “I agree with youAn obvious
solution here might be to use a text-to-speech {Vb&e for
the prompts. However, we run the risk of a mismdtetween
the target audience and the context (e.g. emotiosahsitive
in terms of health care) or culturally-based comitation
norms of the community. This in turn may affect the
willingness of users to interact with the system.

operation, A general design challenge for SDSs is to ensurénamal

cognitive load on the user. This magnifies morénsthie case
of information access applications where lengthgces of
information need to be provided (e.g. in a headttecontext).
In our case, all the users indicated in the subject
guestionnaire that the length of the content wastow long;
however, during the experiment some users did merttie
need to concentrate in order “not to miss all thiags being
said by the ‘nurse’ ”. There is a need to addréssabove-
mentioned issues by developing the dialog to be emor
interactive (perhaps with audio cues, getting mittent user
feedback) and conversational.



In addition, the nature of educational informatiservices
tends to be rather exploratory; where a user mayspe
various topics related to his/her general queny. @.user may
want to, in general know about “Dealing with bodlyids and
infected waste” which has 4 topics all relatedhat toption).
This in our case translated to some users strugygdirfind the
exact menu option related to the task and exploreigted
sub-topics. One user even singled out that shedmike to
know the mapping of the menu options beforeharitetp her
locate the information she is looking for. This eKpnce
highlighted challenges of using hierarchical mef@jsand the
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V. CONCLUSION

This paper has addressed the frequently debateddiguef
input modalities of touchtone vs. speech in a cetafy new
context; low literacy users and a domain (healtlifjerknt
from the usual business centric applications (calting, voice
mail systems or banking). Our pilot study also edrto
confirm the feasibility of SDS applications for seamd low
literate populations.

It is interesting to speculate on the applicabildf our

importance of paying attention to the taxonomy anggings to other resource-poor countries. Our ifivie

vocabulary of the system to enable easy navigafonthe
user.

SDS design for smaller languages also introduceBectges
on other dimensions including prompting and persortze
prompts and content of a SDS application will tyllic be
translated from a language such as English to dwal |
language. Thus, great care has to taken in the giramiting
phase to ensure that intended meaning of the atigirompt
(English) is still preserved in the translated pponflocal
language) and conveyed in the simplest and shortest
possible. Often, a concept described by a singledwo
English has no direct translation in another lagguaFor
instance, whereas a keyword in the English versibrour
application was “Safe food”, it became the phréBgp tse di
siameng” after translation, in order to adequatidgcribe the
concept.

judgment is that the only characteristic of ourrysepulation

that strongly influenced our results was their treta
familiarity with mobile telephones; however, the ttea
requires detailed investigation. In future work weuld

therefore like to further explore the space of fitarate users
and the suitability of SDS applications for thers, waell as
investigate the interaction of task types (linear mon-linear)
and application domain — informational (Openphorws)

transactional (tracking a social services paymevith the

input modality. Once the system is free of chanyg laas been
in use for several months, we would like to studyether

OpenPhone leads to a change in health habits gdwes the
ability of a caregiver in providing care to childrdike change
of hygiene habits, better nutrition, and fewer roisteptions
about HIV.

Throughout the design and development process, we

experienced that beyond usability and creating Emp

Moreover, not only should the translated SDS prémphcessible user interfaces for low literacy ustextors such as

convey the intended meaning but the designer sheunddire
that the persona of the local language system Isménwith
cultural and contextual expectations of the intehdedience.
For instance we ensured our prompts not only hadright
balance of formality and gravity appropriate foe tinessage
(HIV info) but were also understandable and corat&wsal.

Our experience
techniques in the needs investigation phase (iletss/ and
discussions, observations, field visits, and fogumips) better
equipped us in trying to comprehend the needs ofusers.
The interviews and discussions helped us establisipport
with our users and stakeholders (Baylor staff), Isthalso

in employing multiple data-gathering

cultural and social context, establishing relatiops with
stakeholders and user communities, and localiziogtent,
play a vital role in the success of an ICT inteti@min the
developing world. We intend to draw on these vdeab
experiences and carry our work forward in servimg t
information needs of citizens of developing regionih
accessible and usable telephony based services.
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