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ABSTRACT described the remarkable ingenfity ekhibited by such users

adopted by lowliterate users in the developing world. We Inspired by this powerful onstration, we set out to
focus on spedtand pustbutton dialog systems requiring systematically developapraétices for entertainonten
neither literacy nor training. Building on the success of mass familiarization an ining tfw-literate userén the
Polly, a simple telephonbased voice manipulation and use of telephonba @rvices.

forwarding system that was first tested in 2011, we report . . . .
g sy P Our uInmateﬁ is to disseminate speéesed,

We explore how telephorgased services might be mass when theyare motivated by t;e sire to betertained.

on its first largescale sustained deplment. In 24/7 . . N
operation in Pakistan since May 9, 2012, as of -mid development . information and communication
éwlterate telephone users throughout the

September Polly has spread to 85,000 users, engaging the(g?wifes. | o : o clude: faciitat
in 495,000 interactions, and is continuing to spread to 1,000*€V€'OF ; orld. Such services may include: facilitating

new people dailylt has also attracted 27,000 people to adn ﬁ! marketplace .(.speeblage_d Crag's List);
job searchearvice, who in turn listened 279,000 times to job fa ingsocial and polltlcal. act|V|§m .(§peebhsed
ads and forwarded them 22,000 times to their friends. W. age boards and blogs), sentismpiving group
report usersd activity o V‘@'f\ sspges(greetiased mailingistsy, t'zeﬁlguﬁ’i‘ﬁl'%ﬁo?n? hic

analyze user behavior within several randomized conQ of these services are already available, in textu
a

trials, and describe lessons feed regarding spre to affluent peple via the web, and some of them are also
scalability and sustainability of telephehase ch available to noraffluent but literate people via SMSery
few such serviceare currently available to the lelterate.

based services. &
& We aim to introduce and popularize speech interfaces

Author Keywords among lowliterate users to serve asdelivery vehicle for
Speech Interfacedliteracy; low-literate_ceMdlar phones; core development services. We envision spdmsed viral
viral; job search; mobilphones; tele ; entertainment;  entertainment as an ongoing component of a telephone
ICT4D; HCI4D; information servic munication based offering, drawing people into the service, where they
servicesjow-skill jobs can periodically be introduced to the more eore
ACM Classification Keyword '& development bented services listed above.
H.1.2 [U.ser/Mac_hlne%g 5 Human factors and In [5] we described a simple telephebased, voicédased
Human information prot®ssingi.5.2 [User Interfaces: entertainment service, called Polly, that allowed any caller
Natural language to record a short message, choose from several entegtain

@ voice manipulations and forward the manipulated
INTRODUCTI . , recording to their friendsntroduced in 2011 among low
Most ICTD, cts design interfaces tiile forusers who  qyij1eq office workers in Lahore, Pakistan, in 3 weeks Polly
are low-| e and inexperienced with technology. Such

. . . . o spread to 2,000 users and logged 10,000 calls befere
p!‘OjEi i ically require explicit user training (e.g. Health ¢, ¢ it down due to instiicient telefnone capacity and
E&/n ,[2]), Avaaj Otalo[3]) and as a result are restricted g stainable cellular airtimeost. In analyzing the traffic,
a/moderate number of useRecently, Smyth et al4]  \yefound that Polly was used not only for entertainment but

al so as voicemail and for grou

Permission to make digital or hard copies of all or part of this woi viral spread crossed gender and age boundaries but not
person&or classroom use is granted without fee provided that copi . .
Sociceconomic ones.

not made or distributed for profit or commercial advantage and that (
bear this notice and the full citation on the first page. To copy othe
or republish, to post on servers or redistribute to lists, requires pr Research Questions and Experimental Goals

specific permission and/or a fee. We posedthe following research questiongl) Is it
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speeckbased services, in a largely lditerate population, help options in the interface. It also confirmed that
using entertainm@ as a motivation?2) Is it possible to  abstracted noctextual and voice based systems are
leverage the power of entertainment to reach a largepreferred by lowliterate users over textual one.

. e
number of people with other speelshsed services? Most of the work done to date in providing spedsised

These led tahe followingexperimentafoals: commurication services tolow-literate users relied on
explicit user training. InProject HealthLine ([1], [2]) the

1. Determine whether a system like Polly dam scaled up target audience wdew-literate community healthwoekers
to ergage and support a much larger user base, for an o DYovide

extended period of time, while at the same time becoming'tnlrurrf1| Sindh province, Pakistan. The goal wagt
cost efficient. elephonebased access to rellablapokm ealth

information, and the speech interface per, well once
2. Use Polly as an experimental test bed to answer theéhe health workers were trained to use it vig/humaided
following questions: tutorials. This projectalso highlighte challenges in

. eliciting informative feedback fi i .
a. How do usage patterns change with respect to gender, 9 o teusers

age, socieeconomic status (SES), experience with the Avaaj Otalo[3] is another succdssful’example of a speech
system, andost touser? interface serving low literate ysers, in this case farmers. The

b. Spread vs. Costhow to spread Polly as widely as 51 users of the system Werﬁ own how to use Avaaj Otalo

ossible at the smallest possible cost? before its launch. ThisAglephone based system was pilot
P P ’ launched in Gujarat, and offered three services: an

3. In line with our longterm goals described above, attempt open forum where Kﬁ] could post and answer questions, a
for the first time to dd a developmerbcused service top down anno ent boarand a radio archive that
(6payloadé) to Pollyds of f ellowad guser listen to ewiously broadcast radio
program epigodes. The most popular service turned out to

In V;’}:]at foIIov:s,theknexg.s?ctlorsutmmarf|zesd relalted work @e the opényforum, constituting 60% of the total traffic, and
on _eluse ol Spo tehn dla O? SYysS emsm?rthev%opm%nt aNisers féPNd interesting unintended uses for it likdnmss
on viral services in the developing world¥e thendescribe co{n;@ting and advertisement.

)}

the new setup ofPolly: user interface functionality,

software, hardware and telephony setijne following ~Patel et al.[10] recently identified three major factors

sectionprovidesdetailed analysis of the first 4 months enabling peeto-peer services in the context of developing
a

this still ongoing experiment, including usage pattern rcountries: access cost, subject matter or type of exchange
time and across demographics, user behmawithin seygr ard the influence of the administering institutiow/hile

randomized controlled trials, and the essful subject matter builds the main perception alibatservice
introduction of a job search servicé/e concl ith a among users, moderation and encouragement can play a
summay of our findings andliscussion ofutuge plans. vital role in improving and refining the details of peer

O peer interactions. In a fow up study, Patel et a[1]]
RELATED WORK compared the influence of pegenerated vs. institutional

Several attempts to design user im?acesldw-literate authority-generated content on farmehs.a two week trial,
uses have been reported fhe Iiter@ . Plauché et &b] seven agricultural tips were disseminated to 305 farmers in

deployed information kiosks i munity centers acrossGuarat, India. Each tip was recorded in the voices of
six rural sites in Tamil Nadu, India to disseminate university scientists and farmers. Based on the bainof
rmers. The dsks allowed follow up calls to listen to the remainder of the tip, it was

agricultural information4t

multimodal input (spé&] and touch screen) and outpuiconcluded.The study showed that farmers preferred to hear
(speech and display). The repm study involved around agricultural tips in thesoice of their peers; even though in
50 participants. %(’ous forms of user training were interviews they maintained their more socially acceptable

employed, i L@hg short training sessions and groupinclination towards scientists.
tsoevflzlr%r;sLo h 3tse l:girs’h e;(:r'ggﬁdir? L:?'X_?geprsef:;ﬂczat\é\oic&based media has also been shown to promote social
) put. P ~Inclusion among underserved communities. Mudliar et al.

gathe ring spoken interactions was used to semi : o s . ;
auto ally train acoustic models for each village for the[12] examined participation via citizen journalism by rural
jf"sed in these kioskg]. In Warana Unwired[8], PC commurities in India usingCGNet Swara an interactive
; T ! N . voice forum. It enabled users to record and listen to
ba®€d kiosks used for distributing agricultural information )
to sugarcane farmers were replaced by mobile phones Tressages of local interest and became popular among the

information was transferred tcheé farners using SMS. f%ﬁ%gtciﬁ?éi?cgé;?gﬁd'% e?jtbgglf] ézgozggolrzsﬁgig (Iar:’nent
Medhi et al[9] compare textual and neextual interfaces ’ 9

for applications like digital maps and job search systems for.& community radiseiHisieEEI R E e d o

low-literate users. The sy was conducted in three slums p_row_de (7 SElliEme 0 _th_e_ weloping world. _T_hey
of Bangalore, and ghlighted the importance of consistent highlighted the need to prioritize hardware stability over

cost, diagnostic tools and remote technical assistance to



solve most of the equipment related problevidgche et al, & pe "
in their empirical study of professionals living in Nairpbi 3 ﬁ 9 S -] +

Kenya [14], highlight factors to guide ICT work in ) ‘) w) vy HJQ”
infrastructure poor settingsith an emphasis on collective ( " o - A
consideration: limited bandwidtlmigh access cost; varying Jwile1,12000/- ol @ A ﬂwﬂfﬁ, @

perceptions of responsiveness anckds to physical and ;
virtual security -JLr5O;..25.JwJ/ @

When dealing with a large user base, explicit training is not _{ngg:f"t%:ﬂ_ﬂ; ")
feasible. One alternative is to rely on learningm peers @ A S . i

and on viral spread. Bakdi5] lists conditions for viral *b(“‘f’d’éf-g’/”"k"‘;dﬂ @
spread(albeit in the context of literate users and vietsed Fonb. w3t (] T
services) A successful example of cellphone edgthough | -e-20127° 2206 LS erbss )
not speectbased) viral spread BMSall [16], a group text Email: guardsjoblhr@gmail.com
messaging service in Pakistddsers caralso create new _mU.sz.O. Box 187 :=.

accessontrolled groups and join already existing anks
of last reporf16] the service has over 2 million users and ~© Jang Newspaper

four hundred thousand groups, and more than 3 billion  Figure 1: Sample low skilled job ad from paperpk.com
messages have been sent owopPe use this service to scanned from Daily Jang

share information and discuss hobbies and other interests.

However, the use of text assumes a level of literacy whichSYSTEM DESCRIP,

is not common in our target population. Polly is a telep ased, voicédased applicaon which

. . . . allows user ke a short recording of their voice,
An important question in developing speech basdeodify it idend the modified version to frieddsUrdu,

telephone interfaces the preferred input mode: speech vs. 5 |7 : L Ay — Lt houo
DTMF (push button). Project HealthLin{], [1] and[2)) ¢ o o yc i h e d Do e(f”tmgs'mm'T th e

found that speech "“‘P performed petter than DTMF in s&funny mdifications of a voice recording is non
terms of task complenon, for both literate and I_ow literate oversial and easy to understand as was discussed in
users. However, it provided no clear answer in terms
subjective user preferencén fact, [1] found that lo
literate users preferred DTMF input over speech i\éﬁ,The system we used in the current study represents a
although they performed better on average with the lattersubstantial extension of the one deployedin 2011. The
User studies conducted in Botswana by Shaﬂ?}{&l most important changes are:

with HIV health information systems for t%%g& d low 1 Telephony capacity was increased from 1 to 30 channels

literate populatios also suggest user premggnce towards (up to 30 concurrent phone calls, incoming and outgoing).

touchtone over speech while both tems perform
comparably. In contrast[3] anw (which  wee 1 Three different telephone numbers were assigned to a
conducted in a controlled envirg t) both report thato h u nt groupd consisting of t h
DTMF and numerical input peFﬁ% better than speech inflexible, dynamic allocation for multiple application types.

terms of task completion a rformance improvement. . .
Patel et al[19] also repor problerof transitioning T All the software resides on a single server hosted on

between DTMF and spediig as a major challenge. gyfocation in Pakistan by a local telecom (in 2011, software
overall, the study sOgD®sts that numerical input is moreV@s distributed and split across two continents).
intuitive and relia@d than speech. It seems from both ofCONsequently, outgoing call airtime toswere reduced

these reports, t MF may be a better choice if userffom$0.126/minute to $0.023/minute.
perception is MgF for system adoption, especially in a ¢ Most menus, prompts and recordings can now be skipped
situation wj raining and tutorials cannot be relied on.  py the user by pressing any button on their phone.

Speec%%sed input presents another major hurdle whegiThe number of voice manipulations offered was increased

deaMﬁ]' ith the languages of the developimyld: lack of {5 iy py adding mako-female and fematto-male
lilinguistic resources and expertfee training a speech options.

redagnizer. This is especially true in regions of great
linguistic diversity as is the case in Pakistan, where everf Extensive logging and re¢ilme monitoring were added.
neighboring villages may speak different languages or
dialects. Hoyvever, for applications or services requiring introduction of a developmemelated application (what we
only asmall input vocabulary, th8alaammethod[20] can . -«

call 6t he payloadd) as ©part 0

be used, as it provides high recognition accuracy in anybrowsing of advertisements, collated from Pakistani
language for up to several dozen words.

newspapers, for jobs that are appropriate for-dtilled,

1 The most important addition in the current system is the
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based job ad browsiddpelow).

User Interface
P ol | wréns user interface is an exte

<

described in[5]. For convenience andQ pletion, we

provide a full description hereFor vi

demonstrations, s¢1].

and audio

key press. a d : speech

At the start of the call,ite user is prompted to make a short

recording of their voice (15 seconds, or shorter if the user

'o)n&'?the onePresses # or remains silent for 4 secondsjunny voice

transformation of the recording is immediately played back
to them. The user is hen given an option to hear the
recording again, rerecord, try another voice manipulation
effect, forward their modified voice to friends, give

Informed Consent: Before the start of interaction every feedback to Polly or listen to the latest job adfe offer the
caller is informed that the call is being recorded and may befollowing voice modifications effects, in the Ifawing
analyzed, and is given the opportunity to hang up. All usersorder, all achieved with a standard audio processing utility:

must listen to this prompt as it cannot be skipped by any
~) 1

A

Myo |[Tel com bug reduced Poll
=un27| channels and degraded voice quality during peak hou
May | SF1: Disk space crunch reduced system responsive
2526 | gvailability
ane | SF2: Application server remained down as nghone
2 lines were being installed
Ju12 | SF3: A bug reduced the effective channel capacity to
surai | SF4 Upgraded software platform severely redy

channel capacity
Aug 16 | SF5: OS error crashed the server
Aug 25 | SF6: Server ran out of disk space
Aug 29 | SF6: Licensing problems reduced channel capacity to
S, |SF6: SMS provideros glit
Sep 11

12

SF7: SMS providerds glit

Table S1: Major System Failures

. A Male to femalevoice conversion, achieved by raising
the pitch and increasing the pace.

2. A Female to malevoice conversion, achieved by
lowering the pitch and decreasing the pace.

3. A drunk chipmunleffect, achieved with pitch and pace
modification,

4. An I-haveto-run-to-the-bathroomeffect, achieved by a
gradual pitclincrease

5. The original,unmodifiedvoice of the user

6. Converting the voice to whisper achieved by repking
the excitation sowhitem@seof userd

7. Adding background music
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If the user chooses to forward their recording to a frienc 12
they are prompted for the phone number, the name of th
friend, and their own name for introduction. @tthe phone

number is confirmed for correction. Recordings of name
are terminated by silence detection and a 4 second h:
time-out. The user is allowed to forward their voice tc
multiple recipients with the same or different modifications
applied. The message forwarding request is then added t
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the systemqueue, and will be executed as soon as a chant . 05

becomes availabl&Vhen Pollycalls the intended recipient 0 L e, 0

to deliver the recorded me 0 10 20 30 4 50 6 70 80 (in t
own unmodified voice) is immedidyeplayed to the listener Days/postfirstencounterwithRolly

to prevent confusion regarding the identity of the caller, ar Figure 3: User Retention

the recipient can also choose to hear the phone number u.

the senderAfter hearing the message, thecipient can  Software Setup ( )

then choose to replay the message, record a replyarfd Pol |l yos Il VR code <consists of

the recording to others, create their own recordings, oMo x e o0 6s PRI [3M spil nagt f\o xnRpass Tr o
listen to job ads. the interpreting engine. Speech prompts and audio files are

hosted on an Apache server. The application server also

As an additional mechanism for viral spread, text (Sms)mamtams detailed textual anddia logs of all phone calls.

messages contAal ni ng POI I Y 0 *The database is managed using MYSQL. Praat scrlpts a?
al l of Poll yds reci pi e mwiths T audloflles LWO 1L oed
the system. Pollyds phone I|U|||UC|png su played during t

phone call itself Telephony setup

We also elicit User Feedback, in the form of an  All the software is installed on a single 2U server that is
unconstrained recording (up to 60 seconds, with a silencéosted in the data center of Watee4], a local internet
timeout) from repeat users during their interactions with and telephone service provider. The first of our three phone
Polly. Feedback is requested only when a user activelynumbers is used for teffee calls to Polly by means of a
initiates a callFeedback is requested in two manners: (bﬁ mi ssed callso mechani sm: a
interpret-mebaaskoa rfeqaledanda 1t i
call-back request is added to the queue. As soon as a
channel becomes available, Polly calls the user back. The

System Prompted Feedback Every user is prompted
feedback on their fifth interaction with Polly, and on every

h ;
20 e Ll e \‘} second phone number is used as a cpbeéd service which
User Initiated Feedbacki Fol | owi ng t he is answered immediately (see below). The third phone
interaction, the menu is augmented with an explicit optionnumber is currently resved for deployment of future
to give feedback. 'Q services.
Pollyés first - @)ad browsirgp e e ¢ h Real-Time Monitoring

appeared in Pakistani papefsr jobs that are Of activity, we built a realtime monitoring system that

We daily scan Paperpk or advertisements thatTO get the pulse of the system as well as an overall picture
appropriate for lowski ﬁgfgwmerate workers. An  provides cumulative, daily, hourly and per minute statistics

example of such an & urel. Although we focus on  [21]. Our system calculates and reports statistics on overall
jobs not requiring |iteracy’ we also select some thattl’afﬁC volume, answered callsieliveries ofmessages and
require up to 1Q yefrs of educatiohle then record these job ads, ads in the system, ads listened to by users, user

ads in Udu, 1ake them available for auBi@mwsing feedback and other categorigldourly and per minute

as p ai@ o f Spedfitallyywie secomiecach ad in statstics on queue lengths of the different request types,
three separate parts: date and newspaper source; details agigannel utilization, inbound and outbound calls and free
requirements; and contact information. These are then madeard disk space allow us to detect problems inties and
available to the user via anterface option in the main to schedule maintenance. The system also sends sms and
‘menu of Polly.Ads are played latest firsAny ad can be email alerts and recovery perts about server crashes,
sk?f)ped, repeated (as a whole or just the contactiutomatic server restarts, hard disk space crunch, etc.

information), browsed and forwarded to friends.
Annotations of Recordings and Feedback
A user who receives a call from Polly with a forwarded ad one graduate student and one undergraduate student

is firstinf or med of the sender, |kdnhedto alihifSrIy selécRd daniph5388 RELRIAGR
number (also by SMS) for future usafter hearing the  gng created detaileshnotations based on their subjective
forwarded ad they casisochoose to brovesthe job ad list.  assessments. Each selected recording was annotated by a



single annotatorAs in [5], each recording was annotated as Table S1) usually resulted in a commensurate drop in call

to the speakerds gender, | valumg, wbat ghe (atte) always eedoyereck quickly rorce thel  a ¢

(child, young, middle aged, old), estimated SeEimonomic problem was fixedAnothersource of volume drop was our

Status (SES) (low, middle, high), and whether the messagguota experiments, to be discussed later.

appears to beecordedfor entertainment owtility (not

mutually exclusive).The interamotator agreement rates

were later found to be adeate for gender(97.8%) and

language(81.5%) but poor for SES40.4%) age(62.6%)

and primary us€51.6%) We therefore decided not tose

the last three imur analysis Instead we conducéd follow

up surveys as described in the next section get

information on thesevariables In addition, starting on

August4, 2012feedback recordings were listened to daily,

briefly paraphrased, and categorized as complaints, reques

or suggestions. Finally, the annotators were also

encouraged to note in unstructuredomments any

interesting subjective observations, such as unusuaDelivery requestwereplace@‘ez,%z call{1.6 delivery

functions for which Polly appears to be used. requests per call on ragencluding 55,543 delivery
requestdor multiple r& ntsOn average there were 1.7

Follow up Surveys delivery requests p)qé for every personal message and 61

We called 2@ randomly chosen users of Polly to collect delivery request very job .ad

more reliabledemographic informatiorEngaging the users SQ

in a friendy chat we asked them about their experience Choice of Voi¢e Modifications

using Polly, literacy level, age, rough location (city, small On avera@sers listened td.83 voice modificationper

city, village etc.), primary uses of Polly and their interact@.« The modifications chosen fadelivery of the

experience usind o | ljop &earch(See fiDemographics 291%04 messages were (in menu ordemleto female

As of mid-September,2012 Polly has had more than
495,000 telephone interactions with more than 85,000
users.Therehave beeri 03,250 failed calls (user bysy, out
of signal reach, pine switched off, incorrectl l;?lﬁred
numbers etc.) The message forwarding fe here a
user forwards a received message) was am 31,740 calls
with the longest chain consisting of 40 fojpbards and an
average chain length of 2.33. Amo moswérded
essages were funny voices (b ghing, duck sound
€tc.), quizlike questionsif w h caldedsin EnglisR Y a
guy whistling a tune.

and Primary Use from Follow Up Sun@y C rsion 72%; femal®-male 9%; drunichipmunk 6%;
aveto-runto-the-bathroom 3.5%; unmodified 5.3%;

RESULTS & ANALYSIS isper 0.7%; and background music 3.5%

Seeding g - )

Polly was seeded on May 09, 2012 at 8:13pm@akidtarf/Ser Activity Profile

Time by placingautomatectalls to 5 of the m quent Figure 3 depicts usenitiated interactions as a function of
callers from PoThésy beiedlyL 1the gufrqqu f_ days since they were first introduced to
announced that Polly is back online &aunched intoP0lly. Most users interact with Polly for only a few days.

A L Only 31% of users returned to Polly on the second day
Po |l | yrdirgeraatian. No attempt to fugberomotethe . 7!
system was ever mad@olly has b up continuously 19% on the third, 13% on the fourth, and 10% on the fifth.

: ; . ; P Participation continues to drop logarithmically, e.g. to 1%
since then (as of this writindan , with minimal
interruption:(a(see Tablesl) 9a y{@ 3 after 36 days and to 0.5% after 55 days. Among users who
' '& do continue to use Polly, average daily activity peaks at 3.2

System Activity Level calls on day 2, thedrops gradually to around 1.5 calls.

In Figure 2 fi Al al | teyafl eokume of h avage tdl BurafioM was 160 seconds. It takes no more
successful callsou% of esei Me s sage [l i #hfnr40 esécbnds to start experiencing the first voice

AiJob Ad picithe sumbeths successful calls  modification. Of the 495,000 Polly interactions: 87% lasted
liver messages aunld forwarded by 40 seconds or more.

made by Poll
userstotheiréﬂdsﬁAll Userso shows the total number of _
unique use@p Polly (including those who just received There werea total 0f1,023824menu options selections (by
messa& ithout ever calling Polly).Ac t i v eareUs ey iggsepduring the 495,000 interactions, out of which
the ugeN who called Polly or used it to schedule deliveries. 4-5% wereinvalid choices Note that Polly's IVR treevas
designed to requirao key presses until after the firstice

'y ds acHgure D troge ekpenereidlly afd modificationis played back. No keys wereessed in 36%
sdturated oulywitiy s dags@b ne@d p afcthet interactions Of the remaining interactions91%
a telecom system bug was discovered that had been keepirngmmeted without aninvalid key presses
our effective capacity at 10 channels and degrading voice
quality during peak hour©nce the telecom company fixed yUser Demographics from Recording Annotation
this bug, activity level again climbed exponentiaiind To understand our usersod demo
stabilized within 10 daysActivity levels appear to be Po| | y6s message de Ictedvaesanyple c ap a |l
limited only by channel capacitySystem failures See  of user recordings uniformly across time and annotated



Toll Free Caller Paid Total number of survey calls attempted 207
Count Count Number of calls resulting in any information 106
Number of calls that successfully gathered:
Annotatedrecordings 5388 399 a. Gender Information 106
By gender b. Information about primary use 63
Male 471387.3%) 359(90.0%) C . I nformati on about use 65
Female 590(10.9%) 26 (6.5%) d. Age Information 60
Unclear 93(1.7%) 14 (3.5%) e. Literacy/SES information 70
By language Primary Use
Urdu 1135 (21.1%) 64 (16.0%) Fun | Utility | both
Punjabi 3480 (64.6%) 194 (48.6%) Amongthe 63users 34 17 12
English 23 (0.4%) 4 (1.0%) Gender
Pushto 703 (13.1%) 100 (5.1%) Male 98 33 17 | 12
other/mixed 45 (0.8%) 37 (9.3%) Female 8 1 Did not
Table 1: User Demographics from annotated recordigs A arswer
e
them as described n iAnnotations 0 fess th€26 wedrsd 1 N g sg 8on d20 6 3
F e e d b Resukstare in Table 1. 25-35 years 22 9 6 5
More than 35 years 8 2 2 1
Demographics and Primary Use from Follow Up Survey Highest Education Level Attained, SES
Table 2 summarizesour survey) sesults Out of the 207 | None, lowSES 17
survey callsa 106 resulted in useful informationf some | Primary (5 year$, low SES 15 30 14 10
type. Low to low-mid SES people havingp to10 years of | Matric. (10 years)low-mid SES | 23
educationcomprised 77% of the interviewed usemsostly | Intemediate (12 yearsmid SES | 9
shopkeepers, fruit sellers, farmers, laborers, carpeateds, | University(16years)high SES 6] 3 3 0

craftsmen Another 14%had 11-12 years of education and
belonged to medium SE&hile the remaining 8% had more
than 16 years of educatioklajority of the users belomgl
to villages or small cities.For heuristic mapping of
education level to SES, sg2h).

Although around 57% of the respondentshad browse

P o | Jopdéds only a handfulreported applyindgor e
jobs This was mostlybecause the ads wee@t of
interest to them or theyid not trust the users
claimed that their friends got jobs thrm@Polly, but we

were unable to verifthis.

Table 2: Results of Survey Calls

cospN, including banner ads, carrier revenue sharing
ments, and contemtoviding sponsorsHowever, in
currenexperiment, one of our goals was to test how far
can reduce our airtime costs directly while maintaining
the systemdb Ve vidwroarl ongaing raietianel .
expense as simply the cost of reaching new users, and are
interested in strategies that makimthe coseffectiveness
of that investmentWe are also interested in understanding
how the airtime cost Sstructur

behavior.

We did not want to eliminate the tdlee option because
that wauldi havg biased the user base awaynflow
socioeconomic users, who are our prime taryée also
avoid a reliance on SMS messages, so as not to deter low
literate userslnstead, we experimented with imposing daily
guotas on the number of tdlee calls for each user (based
on their calleid).

The respondentsvho described thei
as Afuno gave
hello-hi/random messagegpoe
adsas a pastimeMore seri
voice messaging syst at they use to secmhsion
(holiday, birthday) gré®sgs,to requesta caltback to
knowa f r iw dbowtor to browseand apply for

jobs. Four innd@S s defined Polys an falter,g~*

t ext m a g i n gptofusalyn Eemajes weres e o @
yto talk. 0

mostly reIu@

Cost v ead: RCTs and the Quota Experiments

Wi outgoing call airtime cost of $0.023/min, and with
% hteraction lasting an average ohidiutes, at its peak
Polly was costingus some #00day in airtime aloneA
variety of mechanisms can eventually be used to offset this

ary use of Polly
‘sh knalls @¢osfriends, k
% d even browsing job

users defined Polly as a
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Figure 4: Daily caller-paid calls
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Figure 5: Experiment with a quota of 7toll-free calls/day . ) . .
Figure 7: Experimenting with quota of 2 toll-free calls/day
One of the benefits of a largmlume, dynamically

controlled system such as ours is the ability to run MOt restrictedwe ranthis experintgny/from May 21 through
randomized controlled trials (RCT<ur first goal was to July BOHResuItS (shown onl)\té)r _the %]'.115 h+g(;1lume .
avoid subsidizing higlvolume users, and to nudge them userswho were new to P“D" uring this perio )_a_re n
towards a callepaid model.The main research questions T'9uré 5-Activity on the dgllerpaid (namely, unsubsidized

asked herevere girtime) line is shown 4 re 4 We can see #t the quota
indeed reduced to sage by the restricted group, and
1. How much can we reduce our airtime charges (our maircaused sporadio@)t:vity on the calfmid line. However,
operating expense) while maintaining system activity andthe differenc the control group vanished after a
spread, and he? Subquestion: What partial subsidy week: it a s that most higblume users reduced their
scheme may induce people to contribute theindwnds to  activity antially within a few days even without the
the airtime cost? quotg.
2. Is Polly compelling enough for people to spend their ownQ xt experiment was to more severely restrictfto#
money on it, at least sometimes? ‘ﬁge, to a maximum of 3 calls/day, for everyow&e
pihepigefl fhg! on, et few,days ofeusing Pally ap o |
kely to send themessages mostly to new people,

In our first RCT (AQ70) w

more than 7 times a da@nce a user attempted to call P% USer IS .
for the & time on the same day, they were al@1at ly but_ tha_t on subsequent da_ys_ they are more likely to _request
assigned to the quotastricted group or to a ¢ group deliveries to the same recipient¥e therefore randomized

(and retained that assignment indefinitelggrus®’in the USers into thrge ar_mshose %n_whotm thle 3/day qu otz;swgso N
quotarestricted group, on their"sdaily call olly, wvas | MPOSE€ I mmediately (AQ SO

oo i d starting on their
told that they exhausted thesubsidy fo@wat day, and I mposed
invited to call Polly on the callgraid |j where their call day of unrestricted toliree use of Polly), and those on

: : - ; hom the quota was imposed starting on their third day
would be picked up immediat d their scheduled " N X -
deliveries would also receive bg te priorithis was a (AQ3D20, 2 un Mhessekperiment wab rud a y s )

substanti al fi rko becalays e frﬂ"ﬁg%”}' %1 trgofuqh @HQU%BO%KIFS&SPOHV@ %nly I)O'f d

. - : g the users who were new to during this period and
in receiving calbacks aid elivery of messages, due to who attempted to make & diaily call) are inFigure 6 The
t

)
ec

long queues, espe al us;r tgr? thpaeiagaye;/c?rllr?e%ruglo urS'quota reduced activity during the first few days, as

Subsequent calls py - .
number were not a&werddsers in the control group were expectedAlso of note,therewasno significant diffeence
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Figure 6: Experimenting with a quota of 3toll-free calls/day Figure S2 Experimenting with quota of 1 toll-free calls/day






