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Abstract

Information and Communication Technologifess Development (ICT4D) can aid development where
information and connectivity are the missing components. Several developing world problems like lack
of natural resources, poverty, corruption, disease etc. could be helped through ICT based solutions.
ICBD techniques can lead to better management of available resources, improved monitoring &
reporting of corruption and more connectivity among people. To achieve impact at a massive scale such
solutions need to be robust enough to reach the target massasyusvailable means with minimum
resource expenditures. However, traditional means of communication prove ineffective in reaching low
literate, nonaffluent masses. One viable option is speech over simple phones that are gaining an
increasingly high penedtion in most developing regions. Past research reveals another challenge that
low-literate people have trouble using even simple telephdmased dialog systems and typically need
explicit training. As a result such services are restricted to a moderatd@uof beneficiaries due to

the nonscalability of user training.

The goal of my research is to enable dissemination of spbashd, developmentelated information
and communication services to leliterate telephone users throughout the developing wihrivithout

the benefit of explicit user training. My work shows that spebelsed simple entertainment services
can be used as powerful motivators to induce $edining and viral spread among leiterate masses.
Such services can further be used as eleli for delivering core development services and as
experimental testbeds for performing randomized controlled trials and demographic studies.
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1. Motivation and Introduction

ICT4D

Information and Communication Technologies for Development (ICT4D) can aid development where
information and connectivity are the missing components. Several developing world problems like lack
of natural resources, poverty, corruption etc. can be hdlptarough ICT based solutions if not
completely alleviated. I@D techniques can lead to better management of available resources,
improved monitoring & reporting of corruption and more connectivity among people. Based on a Web
2.0 like ideology, a problens only big as long as the solutions are limited. Feeding a million hungry
children is less of a problem if there are a million hands to feed them. To achieve impact at such a large
scale the solutions should be robust enough to reach the target masseg asgailable means with
minimum resource expenditures.

Our Vision

The dtimate goalof our researchis to be able todisseminate speechased, developmentelated
information and communication services to lditerate telephone users throughout the devgliog
world. Such services may include:

1 Facilitating an efficient marketplace (speebhsed Craig's List)

1 HAnding and communicating with others who share a common interest and facilitating social and
political activism (speechased message boards and gsd

1 Expressing opinions and making them broadly accessible to others (speseld blogging and

tweeting)

Snding/receiving group messages (speéelsed mailing lists)

Broadcasting and receiving announcements in emergencies

dtizen journalism

Access toall kinds ofinformation that canaid sociceconomic development of the poor and

marginalized e.g. education/training/employment opportunities, health, agriculture etc.

1 Automated surveys and polls to gather dp-date information about health conditiongyublic
sentiment, demands, needed facilities (health, social, infrastructure), grievances, available
workforce and skilled labor (unemployed or looking for employment) etc.

=A =4 =4 =9

All of these services are already availableh® affluent people via the web, @hsome of them are also
available to noraffluent but literate people via SM¥ery few such serviceme currently available to
the lowliterate.

Challenges

The conditions specific to loliterate, nonaffluent usersmake them hardto-reach using traditonal

means of communicationTelevision and radio are nenteractive; printmedia is not suitable as it
assumes literacy; computers are both unaffordable and unusable because the target users are often not
skilled enough to operate them. In addition, skakelectricity and internetonnectivity could not be

relied upon. Hence, mobile phones may be our only remaimipgion that fortunately hasa high
penetration in most of the developing countridsven in case of mobile phones, we still cannot rely on
the availability of smart phonesof the technical knowhow of users to use them)SMS&based
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interactions also require some literacgencewe are left withspeech ovessimplephones as a viable
option. This option demands no moredh the capability to makand receive a voice cdtbm auser.

Most ICTD projectalreadyuse innovative techniques like speelshsed or graphical interactions over
mobile phonego reach the lowiterate and techshyandtry to come up withdesign interfaces suitable
for such uses. Despiteall that, such projectsstill typically require explicit user training (e.g. Health Line
([69], [69]), Avaaj Otal¢57]) and as a result are restricted to a moderate number of uSerde able to
provide a speech service tow-literate usersthey must firstbe taughthow to use speech interfaces
And to reach the massdbere should bea way toadvertise andpromote the intended servicesAbove
all, this needsto be done without the benefit of explicit user trainingnd traditional advertisement
mechanisms

One Possible Solution: Viral Entertainment
In 2010,Smyth et al[70] described the remarkable ingenuity exhibited Ibyv-literate users when they
INBE Y2iAQFIGSR o0& GKS RSaANB (42 0S SyuSNIlIAYySR:

(user interfacgd I NNA SNAR Ay (2 YSNB i LIS powafdeiendanstrativi, WeAs& 0 & L

out to systematically develop practices for entertainmeiniven mass familiarization and training of
low-literate usersin the use of telephonédased servicesMe aim to introduce and popularize speech
interfaces amondow-literate users to serve as a delivery vehicle for core development services. We
envision speecivased viral (defined as long, sustained chai of transmission to new users)
entertainment as an ongoing component of a telephdyeesed offering, drawingegople into the service,
where they can periodically be introduced to the more cdevelopment oriented services listed above.

In addition, aspeechbased entertainment service can have its own intrinsic development value by
directly addressing the univeakhuman need for entertainment. We need to balance various aspects of
the entertainment to make it suitable for the target audience in line with our goals.

Research Questions
The bllowing research questions habeendriving our research:

1. Viral Entertaiment: Are there simpleto-understand, norcontroversial, quicko-engageand
spread forns of entertainment that are suitable for lowliterate telephone users formerly
inexperienced with automated dialog systems?

2. Introduction and populariation of speech mterfacesusing viral entertainment Is it possible to
virally spread awareness of speeghsed services in a largely lditerate population, using
entertainment as a motivation? Can people é#ucatedto appreciate the need for such services in
their livesand motivatedto train themselves?

3. Entertainmentasax K221 ¢ 2NJ RSt ABSNE @SKA OfIsSt pasgbtogeNS
entertainment as a viral conduit to disseminate core development related services thtéosie
masses?

4. An Experimatal test-bed: Canavirally spreading entertainment servibe usedas an experimental
test-bed for performing randomized controlled trisded demographicstudies®

5. Reproducibility: Can our setup and results be reproduced in the same or (geographmatiyrally
and linguisticallyylifferent location®
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Summary

Viral Entertainment to Introduce and Popularize Speech  Services

To answer the first two research questions we started by developisgstem calle&ongLinddescribe

in chapter: Cultural Appropriatenesy Songline was a telephor®ased, voicdased application that
allowed users to listen to songs recorded by others, as well as to record their own songs and to forward
them to friends. We developed it as pa&f our exploratory study in Pakistan and adapted it in response

to user feedbackSoon, however,we learned through focus groupnd informal discussiorthat a song

and music based system wéaeing considered controversial and its broadcast natuaelreach of
privacy by a large fraction obur target audience.

Our next step (as described [63] and the chapterPilot) was to developa simple telephondased,
voicebasd entertainment service, called Pgllhat allowed any caller to record a short message,
choose from several entertaining voice manipulations, and forward the manipulated recording to their
friends. The theme of light entertainment using funny modificats of a voice recording both non-
controversial and easy to understand (as we also confirmed later by analysis of user feedback).
Recorded content in Polly is only available to the sender and intended recipients, in contrast to Songline
where it was avitable to any caller.

In 2011 we introduced Pollyamonga handful oflow-skilled office workers in Lahore, Pakistém 3

weeks Polly spread to 23Q users and logged 1629 interactions before we shut it down due to

insufficient telephone capacity and sastainable cellular airtime codtrom analyzing the traffic and its

content, itwasevident that Polly hd been used extensively for entertainment and social contact, but it

had also been put to an unintended use as a voicemail and group messaginy.fahib demonstrated

the potential for speech based services, and the pgmtdemand for entertainment, among our target
population.! f 32 2F y20Sy t2ftfeqQa OANIf &ALINBIR ONR&AASR -
itself in a female population. didvever, it appears to have not crossed socioeconomic boundaries.

Entertainment as a D elivery Vehicle and Experimental Test-Bed

Following the success of the pilot, we wanted to know if a system like Polly could scale to a larger
audience and also spread @hdevelopment related services. Véet the following experimental goals

to attempt to answer the next two research questions and the question of reproducibility in the same
environment

1. Determine whether a system like Polly can be employed to engage upmbd a large user base,
for an extended period of time, while at the same time becoming cost efficient.
2. Attemptto add a developmen¥ 2 Odza SR & SNBAOS oWLI &f 21 RQO (G2 t2ff
3. Use Polly as an experimental test bed to answer the following questions
a. How do usage patterns change with respect to gender, age, -sgoidomic status (SES),
experience with the system, and cost to user?
b. Spread vs. Cost: how to spread Polly as widely as possible at the smallest possible cost?

In [64] (and the chapterLargeScale Deploymen) we report the first largescalesustained deployment

of Polly.Relaunched in Pakistan in May 2012 with a 30 telephone line capacity, in five months Polly
spread to 85,000 users, engaging them in 495,000 interactions, and was continuing its spread to 1,000
new people every day. One major addition to thislaench was a voice based job search service for
low-skilled workers. In its first five months, the jekrvice attracted over 27,000 people, who in turn
listened over 279,000 times to job ads and forwarded them over 22,000 times to their friends.
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This version of Polly remained online for a whole y@saedetails inchapter: LargeScale Deploymenj
that allowed us enough time toonduct several experiments and randomized controlled tredgrding
cost andspread We also analyzed the traffic, demographicgeographical spreacénd message
contents.The speech datgatheredwasused to study some of the demographics of theg&trusers like
gender and languagerollowup surveys (manuahlvere conducted to gather information about the
socioeconomic statusageand educational background of selected us&v® found that Polly was sed
mostly by uneducated young meag well asome mid and highSESisery. For most, riterest declines
within ~4 dayshowever there are a nonegligible number of lonterm users.We found nost of the
usersto be verysensitive to airtimecost We also collected a large dataset of social interactions
consisting of detailed call logs and audio recordings. Some of it is already being analyzed by our
collaborators.

Reproducibility in a Different Environment

To answer the question of reprodudibty in a different environmentand to track employment
outcomes we teamed up withBabajobcomin Indiato launch Polly from Bangalar&his version of
Polly, deployed in July 2018ypports voice prompts in Hindi and Kannad& our surprise, the system

did not take off immediately as it did in Pakistan. Instead, it entered-¥ &ixy’ (i K AfL&z0F Bask y 3 ¢
of fluctuating, intermittent activity.A different form of seeding initiative transitioned it into \aral

phase with sustained transmission ovéve months but without (exponential) growth. Finally, some
user interface adjustments caused the system to transition abruptly intrakexponential phasef

very rapid growth amassing 10,349 phone calls by 1,613 users over a span of sevémalygs.of the

call graph, call logs, user feedback and surveys suggest the necessary conditions for each phase. We
studied the interplay of user interface; language of the system; seeding mechalftimwsnew users are
introduced to Pollyand active responsetuser feedback towards the uptake of the service.

Our take home message from the Bangalore deployment is that exponential spread of speech based
information services can be achieved in many countries and cultures, but must be accompanied by
careful attenton to the unique logistic and cultural aspects of each country, and that early attention to
user feedback has a critical role to play in this process.

An Alternate Dissemination Model

We explored severgbossibilitieswhen Polly did not take offrimediatdy in Bangalore One of our
hypotheses regarding the lack of virality was the inability to effectively seed the service while not being
physically present in Indi&Ve started exploring alternate seeding models. One such model was to use
an existing voicéased, telephone service and to introduseme ofits users to Polly. Thisay allow
overconingthe trustand languagdarriers faced in remote seeding

To test this model, we deploydeolly remotdy in Jharkhand Indiain collaboration with a popular lota
citizenradio-overphone platform, Jharkhand Mobile VaariJMV). Polly was launchdad Jharkhand

0l AaSR 2yaSt foOANEXAERAAASYAYIlIGA2Y Y2RStf 6KSNB t2ffe
utility-based service which is not inherently viral,Nau 32 | f gl a G2 LR2LMdzZ | NAT S
exponentially growing users once it seeds Polly by advertising to its currenbaser Polly remained

active for 54 days in which it received 19,042 calls from 4,428 users. Analysis of traffic reveals viral
spread but no exponential growth. Polly was shut down due to high international calling costseand

are nowdeploying itlocally in Jharkhand.

t2tfteQa fI dzyOK Ay WKviaNiorkds ¥iril advettiBemants hds lthé potergid BA y 3
induce viral sprad. The volumesustained itself even after the promon JMVwas turned off.
Unfortunately, diring the last few daysur caltback requeshumber remained down intermittently and
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we cannot ascertain the potential volume that Polly could have acquired. Qser$ Sy RSy 0é (2 Ay
new people to Polly in response to differagpes ofpromos shows that the content, mood and tone of

the promo plagl @A GFE NRES Ay AyTFfdzSYyOAy3I dzia SNandidzy RS NA
turn effects user beavior.

Additional Features and Outcomes

Data Gathered through Polly

The launch of Polly is Pakistan resulted in a large and detailed dataset of user interactions. We have
started analyzing this dataset ourselves (see chamehavior Analysis oft 2 { User@adnd with the

help of our research collaborators (see chaptietwork Analysis of PollyCollaborative Worf) In
addition, we have a hugeaionymized database of reorded calls and voice messages in various
languages and dialects from all over Pakistan that can be usstfudied

Real-time Monitoring and Analysis (see Appendix A)

Various types of informatiorre required on the gavhile Polly is in operatigrto monitor its smooth
operation andto analyzeits spread and distribution. Some of the key pieces of mfiion provided by
the monitoring systemare as follows:

1 Realtime operational statistics to get the pulse of the system ¢éeggths of scheduler queues;
available memory and telephone capacity; system responsivenessbacéll and delivery
latency.
f  Temporal (by date and time of day) angeographicRA & G NR 6 dzli A 2 y anfl Fstem2f f & Q&
activity.
1 Analysisand tracking oSpread e.g. message delivery graphs; trees of-imtroducedwhom to
Polly(to link seeding to spreagyiser retention.
1 Flow analysis of the dialog tree to find out the fraction of users who reach particular points in
the tree. This helps in tracking ugmeferences andletectinginterface hurdles.
1 Analysis of user feedback, scheduled voice messages and access to complete call recordings.

In addition themonitoring & diagnostics systeralso:

I Raises redime SMS and emalilased alerts about operational pgotems and bugs,

1 Automatically archives, backs up, summarizes and emails various types ohdagular basis

1 Auto-detects and recovers fromertain problems by restarting the telephony and web seryers
1 Helpsismanual diagnostics of errors and allogugick-fixing several known problems.

Quick Launch in Developing Regions (see Appendix E)

t2ffteQa AYyAGAILE tAf20G ¢l a f1dzyyOKSR Ay tlF{1Aadly NE
technique as a quick way to do preof-concept in remote locations. As Polly is originally based on
+2ES204 ¢NPLR LXGSKRF 2RVWMNES O\ 80 IFYNROYS (V2332 Q&4 & SNBSS NE
thecallmeo  O1 NBIljdzSada o6@GAl aYAaaSR Oltftagédv FNRBY @(KS
country. These phone numbers are forwarded to Polly via http requests. Pollyc#tisrthe users back

directly from US. The main advantage of this mechanism is the ease of deployment. Only a phone
number capable of receiving and forwarding a#-back requests is needed on ground while
everything else can be domemotely. The main idadvantage is airtime cost, which is generally much

higher in this case as compared to a completely local deployment. In summary, all that is required to

pilot launchPolly in a new region (using a new language) is:
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1. Translate and record around 70 voic@ppts into the target language.

2. Arrange a local phone number capable of receiving missed calls and forwarding these-as web
requests to Polly.

3. A mechanism to send SMS to the users (if international SMS is not supported).

Multiplatform Support (see Appendix E)

As mentioned earlier, Polly was originally developed in PHP for the tropo pla#@tmopo is not open
sourceand involves commercial licenses for telephony pornte have also made Polly available over
FreeSwitch, whiclis a popular open source telephony platfarmhis is enabled through a PHBA
(Freeswitch translation library. Both versiomd Pollysharethe same codéase.

Sustainability and Larger Impact
(See chaptefl2. Future Plansimpactand Long-Term SQustainability)

Skill -training and Job Opportunities in Pakistan

Polly has been funded by GIZ to act as a platform for connecting disabled people in Pakistan with
employmentand skiltraining opportunities. Polly is required to act as an information dissemination and
survey tool where it reaches the target audience through selective seeding and reféntatsiews

people to gather their qualifications and interesallows organizations to post job and skithining
openings with a special focus gubs and training opportunities for the disabled; and connects people
with opportunities appropriately.

Spreading Awareness about Ebola in West Africa

The recent outbreak of Ebmlin several West African countries threatens to engulf an even larger
population if effective measures are not taken to prevent its spread. Ebola spreads primarily through
blood and bodily fluids of the infected person. Its rapid spread is largely béiiguted to careless

local practices that bring people in contact with Ebola patients and the deceased; laekable
information being conveyed to the publicorruption andmismanagemenbn part of the governments
anda sheerabsenceof trust. In thi situation an information dissemination service like Pailyy prove

useful

We hope to lend a hand in quickly spreading reliable public health messages to the target audience.

are making efforts to quickly deploy Polly in Liberia, Sierra Leone anéasQiur plan is to use Polly to
spread awareness messages pertaining to practices like washing hands and observing proper
precautions in handling the sick and deceased. These messages would be generated by healthcare
organizations that are intervening dhe ground and will be recorded by influential public figures like
religious leaders, celebrities etc.
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2. Related Work

Viral Spread & Technolog ical Solutions for Development

Several attempts to design user interfaces for dderate users have been reped in the literature.
Plauché et a]59] deployed information kiosks in community centers across six rural sites in Tamil Nadu,
India to disseminate agricultural information to farmers. The kiosks allowetimugal input (speech

and touch screen) and output (speech and display). The reported study involved around 50 participants.
Various forms of user training were employed, including short training sessions and group sessiens. Low
literate users exhibited anixed preference towards speech vs. touch screen input. The speech data
gathered during spoken interactions was used to saotomatically train acoustic models for each
village for the ASR used in these kio$&6]. In Warana Unwired[76], PC based kiosks used for
distributing agricultural information to sugarcane farmers were replaced by mobile phones. The
information was transferred to the farmers using SMtedhi et al[46] compare textual and notextual
interfaces for applications like digital maps and job search systems fditémate users. The study was
conducted in three slums of Bangalore, and highlighteditgortance of consistent help options in the
interface. It also confirmed that abstracted néextual and voice based systems are preferred by-low
literate users over textual one.

Most of the work done to date in providing speelchsed communication seogs to lowliterate users

relied on explicit user training. IRrojectHealthLine([68], [69]) the target audience was lcliterate
community health workers inural Sindh province, Pakistan. The goal was to provide telephased
access to reliable spoken health information, and the speech interface performed well once the health
workers were trained to use it via humauided tutorials. This project also higtited the challenges in
eliciting informative feedback from loditerate users.

Avaaj Otalg[57] is another successful example of a speech interface serving low literate users, in this
case farmers. The 51 userfthe system were shown how to use Avaaj Otalo before its launch. This
telephone based system was pHiaiunched in Gujarat, India and offered three services: an open forum
where users could post and answer questions, a top down announcement board, adibaarchive

that allowed users to listen to previously broadcast radio program episodes. The most popular service
turned out to be the open forum, constituting 60% of the total traffic, and users found interesting
unintended uses for it like business catilg and advertisement.

Patel et al[55] recently identified three major factors enabling peerpeer services in the context of
developing countries: access cost, subject matter or type of exchange and thenudl of the
administering institution. While subject matter builds the main perception about the service among
users, moderation and encouragement can play a vital role in improving and refining the details-of peer
to-peer interactions. In a follow up gy, Patel et al[58] compared the influence of peagenerated vs.
institutional authoritygenerated content on farmers. In a two week trial, seven agricultural tips were
disseminated to 305 farmers in Gujarat, imdEach tip was recorded in the voices of university scientists
and farmers. Based on the number of follow up calls to listen to the remainder of the tip, it was
concluded. The study showed that farmers preferred to hear agricultural tips in the vaiceiopeers;

even though in interviews they maintained their more socially acceptable inclination towards scientists.

Voicebased media has also been shown to promote social inclusion among underserved communities.
Mudliar et al.[50] examined patrticipation via citizen journalism by rural communities in India using
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CGNet Swaraan interactive voice forum. It enabled users to record and listen to messages of local
interest and became popular among the target srdte. Koradia et a[36] involved listeners in voice
content creation, feedback and station management via community radio, and showed that it can also
be used to provide ICT solutions in the developingrlev They highlighted the need to prioritize
hardware stability over cost, diagnostic tools and remote technical assistance to solve most of the
equipment related problems. Wyche et al, in their empirical study of professionals living in Nairobi,
Kenya[7§], highlight factors to guide ICT work in infrastructure poor settings with an emphasis on
collective consideration: limited bandwidth; high access cost; varying perceptions of responsiveness and
threats to hysical and virtual security.

When dealing with a large user base, explicit training is not feasible. One alternative is to rely on
learning from peers and on viral spreakb achieve virality, Baké4] suggests (albein the context of
literate users and welbased services) maximizing the product bflfstall Rate (Percentage of invited
users who install the applicationgp) Invite Sending Rate (percentage of users who invite at least one
friend); and (3) Averagelnvites (average number of invites sent per usef successful example of
cellphone based (though not speebhsed) viral spread BMSall [7], a group teximessaging service in
Pakistan. Users can also create new acceatrolled groups and join already existing ones. As of last
report [7] the service has over 2 million users and four hundred thousand groups, and more than 3
billion messages have been sent out. People use this serviskat@ information and discuss hobbies
and other interests. However, the use of text assumes a level of literacy which is not common in our
target population.

An important question in developing speech based telephone interfaces is the preferred input mode:
speech vs. DTMF (push button). Project HealthL[6&],([68] and [69]) found that speech input
performed better thanDTMF in terms of task completion, for both literate and low literate users.
However, it provided no clear answer in terms of subjective user preference. Iid&ctound that low
literate users preferrd DTMF input over speech input, although they performed better on average with
the latter. User studies conducted in Botswana by Sharma[é6hlith HIV health information systems

for the semi and low literate gmulations also suggest user preference towards touchtone over speech
while both systems perform comparably. In contrafiy/] and [56] (which were conducted in a
controlled environment) both report that DTMF and numerical input perform better than speech in
terms of task completion and performance improvement. Patel €656] also report the problem of
transitioning betveen DTMF and speaking as a major challenge. But overall, the study suggests that
numerical input is more intuitive and reliable than speech. It seems from both of these reports that
DTMF may be a better choice if user perception is vital for system adpmapecially in a situation
where training and tutorials cannot be relied on.

Speech based input presents another major hurdle when dealing with the languages of the developing
world: lack of local linguistic resources and expertise for training a speecignizer. This is especially

true in regions of great linguistic diversity as is the case in Pakistan, where even neighboring villages may
speak different languages or dialects. However, for applications or services requiring only a small input
vocabulay, the Salaammethod [61] can be used, as it provides high recognition accuracy in any
language for up to several dozen words.

Affordable smart phones are rapidfjginingpopulaity in the developing world. Severadsearchers are
exploring the use ofext-free graphical interfaceRl8] and multimodal (spken and graphical) interfaces
[23] for the lowliterateS K 2 ¢ S @ Sté&cy asmhieSpedRice dsing smart phones plays an important
role in the usability of these interface€haudry et al[22] report that chronically ill patients of varying
literacies are able to use tefitee gaphical interfaces and prefer the ones with more prominent
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buttons. A comparison of textual and tefxee interfaces by Medhi et al47] shows that textual

interfaces are problematic for novice leteracy wsers; a liveoperator is ten times more accurate than

textual interfaces; task completion is the highest with graphical interfaces while spoken dialog improves

dza SNDR&a SFTFFAOASYOés &aLISSR IyR O2YT2NI 6KSKleoa & aidSy!
Kheti Quendetet al.[23] exploredgraphical interfacesisedin conjunction with speech and toudgbne

to allow low-literate farmers in rural India to find and watch agricultural videos in tbain larguage

and dialect. Theifield study based on 20 farmers shows that althoMitieo Khetis usable and farmers

are enthusiastic about it yet taskiccess largely depends updrm SediRation level.

User Behavior Analysis

User behavior in IVR systems iretkdeveloping world wastgdied in Project Gurgaon Id¢B7], a
telephonebased singing competition. In this project, over 80 participants were trained to use the IVR
system to record singing by four methodsaitring over radio, repeated calls, over the phone and in
person handholding. No significant differences were found between repeated calls and a single call in
terms of task completion rate, while the -rerson handholding, which costs more, significantly
improved task completion ratg51] studied the timeof-day periods when 51 users call a selporting
system of tobacco and alcohol consumption. In project Avaaj Q&dh 51 smakscale farmers joined

an interactive voice application. There was no evidence of error prevalence decreasing with user
experience.

More broadly, behavior analysis has wide application in real life. User segmentation, for example, has
beenan area of research with applications such as behavioral targétdg, [47], [15]), and detecting

social spammer$38]. Jeon et, a[30] performed cellphone user segmentation by analyzing smart
phone logs. Three types of users were proposed: communicateetype, entertainmentise type and
restricteduse type. Ozef54] proposed fuzzy clustering method to classify users with differeatsgm

an online music setrvice.
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3. Cultural Appropriateness

Chapter Abstract

This chapter describes our initial eff® to find a simpleto-understand, norcontroversial, quicko-
engageandspread form of entertainment that is suitable for lditerate telephone users formerly
inexperience with automated dialog systems. The goal wasuse such an entertainment format
virally spread awareness of speedgased services in a largely léerate populationand to find out if it
is possible to educate people sppreciate the need for such services in theiesiand motivate them to
get themselvedrained. When we develged our firstentertainment applicatiorcalled SongLine, a song
recording and sharing system, we found it to be culturally inappropriate and unattractive for our target
users. On the basis of user feedback and in consultation with a professor of psychntbdyiman
behavior in a Pakistani university, we developed Polly, a voice manipulation and forgvasditem.
Polly was appreciately our target group.

Songline: A Song Recording and Forwarding Application
Songline is a telephormased, voicdased apptiation which allows users to listen to songs recorded by
others, as well as to record their own songs and to forward them to friends.

We developed Songline as part of our exploratory study in Pakistan and adapted it in response to user
feedback. We implenmged it using the Tropo speech and telephony platfddhdue toits reliability,

ease of development anfiee onlinehosting service. Songline employs spoken prompts (in Urdu and
English) for output and DTMF (push taut) for input.

To promote Songline to lotiterate, lowA y 02 YS LIJS2LJ Sz ¢S (1SLIWG Ad FTNBS i
mechanism: a user calls Songline, hears a busy tone, and hangs up. The system then immediately calls

the user back (incoming calls aM®S Ay t I {A&ddGFy0od ¢KS aYAaaSR OF f f:
telephone users in Pakistan and most other developing countries.

User Interface

2 KSy {2y3ftAyS NBlOdaN)ya I+ dzaSNRaE YAaasSR Ortftzx Al 2
alreadyrecorded ones. Songs can be browsednimystpopular or mostrecent,and the user can skip,

listen, and vote for them. To record a song, the user is given up to 30 seconds to sing, but they can end
earlier by pressing a button. The user may also enter phmmmber(s) of explicit recipientsfriends to

whom their recorded song will be actively forwarded. In this case they may also record a brief
introduction. Songline then calls the explicit recipient on behalf of the sender and plays them the

& Sy R Smdddction Xojfoived by their recorded song. The recipient may choose to reply with a song,

record their own song, or brose all the songs in the system.

All actions in Songline require explicit user confirmation.

User Feedback and Lessons Learned

We conduced focus groups in Lahore to gather feedback on Songline. The 10 participants, in two focus
groups, were office workers at a local university, with eight years of formal education. Participants were
first given a brief explanation of what Songline can kedufor, thenwere observed interacting with
SonglineWe made sure that the uses were not intimidated by a lab or an interview like setting and
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observed them nosintrusivelyin a friendly conversational settin@articipantswvere also encouraged to
continue using Songline on their own after the focus group and their activity was logged.

Mansoor conduting focus groups in a village near Lahore

Mansoor and Samiéin the backgroundnon-intrusively observe the
reaktimelogs2 ¥ | dzZA SNR& Ay ( SmN@ADG A ¢
observes his responses

Figure 3-1: User feedback and focus groups in friendly conversational settings

User Feedback on Songline as an Application
1 It was not clear to some of the users how such an application would be beneficial to them
1 Songs and music @krtain types are considered culturally immoral in Pakistan and hence the
very theme seemed controversial to eight participants
1 All ten participants were concerned about the fact that anyone can listen to their recording,
considering it a breach of privacThey also seemed shy to sing in front of our team or even
their fellow workers

Feedback on the Interface
1 Entering phone numbers of friends (rather than selecting from a-buitthone directory or call
history) was reported to be a big hurdle by three

 Bdzaeé G2yS O2yFdzaSR 2yS dzaASN) ¢gK2 (K2dzaAKG GKIF G

1 Interface was reported as being confusing to two users due to detailed call tree and numerous
options

1 Prompts were unclear due to low audio volume as was reported by five partisipant

1 At least two participants had difficulty entering international style phone numbers with country

O2RS YR abé
This was enough to convince us that drastic changes in theme and interface were required to make an

application acceptable and compelling to darget population. This led to the developmentRblly, as
described below.

Polly: A Voice Manipulation and Forwarding Application
Polly is a telephondased, voicebased application which allows users to make a short recording of
their voice, modify itand send the modified version to friends.

z

u

LY I NRdzz t2fte Aa OFfftSR dGaAdly aAlKdzZI gKAOK KI &

light entertainment using funny modifications of a voice recording is-cmmtroversial and easy to
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understand(as we also confirmed later by analysis of user feedback). Recorded content in Polly is only
available to the sender and intended recipients, in contrast to Songline where it was available to any
caller.

PolyQ & s fal8olibased on the Tropo platforand emplogd pre-recorded prompts for output.

Standard system prompts plegt in Urdu or English depending on whether the ca#ls made from
tF1AadGry 2NJ GKS !'{® 5¢aC 6LlzaK 0 dzi( 2wisiusell th kedpda SR T 2
the servicerfee to the user.

User Interface

c2ft2gAy3a FSSRolI O]l FNBY {2y3ftAyS>s ¢S RSaAaySR t 2f
reducing the depth and breadth of the call tree. When a user calls the Polly local number, instead of

busy tone they he NJ | &a OF £ £ SNJ (dzy S¢ -likeyWwdice bt Poflydwillcdl e bagk | LI
momentarily (caller tunes are mobile operator supported services for which the caller is not charged).

Polly calls back the user and prompts them to record a shortgghr@ihe recording terminates if the

user remains silent for more than 4 seconds or when 15 seconds have elapsed. Immediately afterwards,

I Fdzyyeé Y2RAFTASR @GSNBAZ2Y 2F (KS dzZaASNDRDa ©@2A0S Aa
before they encanter any menus or need to press any key. At this point, the user is given an option

either to try the next voice manipulation effect or to forward their modified voice to friends. We offered

the following voice modifications effects, all achieved witlieandard audio processing utility:

1. Anl-haveto-run-to-the-bathroomeffect, achieved by a gradual increase of the pitch,

2. Adrunk chipmunleffect, achieved with pitch and pace modification,

3. Converting the voice to whisper achieved by replacing the exditdh 2 y & 2 dzNOS 2 F dza
with noise

4. Addingbackground music

5. The originalunmodifiedvoice of the user

Sample voice modifications and a detailed video demonstrating user interface are available of@ine at

If the user chooses to forward his recording to friends, he is prompted for the phone number and
(optionally) name of his friend and also (optionally) his own name for introduction. Only the phone
number is confirmed for correction. The user is not required to i@ty keys to terminate recordings

of names, which are terminated by silence detection and/or tioog after 4 seconds. The user is
allowed to forward his voice to multiple recipients with the same or different modifications applied.

Polly calls the inter@ R NBOA LA SYy(Ga G2 RSEtAGSNI 6KS NBEO2NRSR @2,
Fa 0KS OFfftSNIL5® ¢KS aSYRSNRa ylFIYS O0AYy KAA 26Y dz
prevent any confusion regarding the identity of the caller. A liecipcan choose to send a reply,

forward the recording to others or create their own recordings.

la Iy IRRAGAZ2YIE YSOKFYA&AY F2NJ OANIf A&ALINBIRI GSEI
asSyid G2 Ittt 2F t2ff & GeactiohSvith h#tsgstein.a 2y G KSANI FANAIG

We also elicitUser Feedbackin the form of an unconstrained recording (up to 60 seconds, with a
silence timeout) from repeat users during their interactions with Polly. Feedback is requested only when
a user actively initiatea call. Feedback is requested in two manners:

System Prompted FeedbaakEvery user is prompted for feedback on their fifth interaction with Polly,
and on every 2Dinteraction thereafter.
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option to give feedback.

Trial Launch

In atrial launchof PolywS 3+ @S t2ff&Qa LK2yS ydzYyoSNI G2 Gég2 27
Management SciencefLUMS) and asked them to call it, without explaining tetails of the

application. The test lasted two weeks during which the user base increased spontaneously to 32. We

then stopped Polly and gathered feedback by interviewing the users. Most of the reported problems

were minor software flaws which were fixed we prepared for theilot launch.
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4. Pilot launch of Polly in Pakistan

Chapter Abstract

The goal of this pilot was to find a preof-concept that simple speech based entertainment services for
mobile phones have the capability of becoming viral amomgliterate telephone users in PakistaiWe

also wanted to find out whether 2 f ibtérf@ca is simple enough for the target users and if they can be
motivated to overcome the remaining interface hurdles by themselVes. pilotwas £eded once by 32
low-skilled office workers in a Pakistani universityithin 3 weeks Polly amassed 2,032 userslagded
10,629telephonicinteractions. From analyzing the traffic and its contentyas evident that Polly hd

been used extensively for entertainment and sbcantact, but it ha also been put to an unintended

use as a voicemlaand group messaging facilitfhis demonstrated the potential for speech based
services, and the penip demand for entertainmentamong our target populatiod. f 42 2F y2(Sz
viral spread crossed gender and age boundaries and even established itself in a female population.
However, it appears to have not crossed socioeconomic boundaries.

System Description

We usal a distributed system setup for Polly. User initiated caMse received on a mobile phone in
Pakistan whiclwas attached to a PC, which in turn rejedtthe call and forwardd the caller ID to the
Polly application running on Tropo servers in US. The returmnvaalmade directly from US to Pakistan
as an international'ropo call charged to the research project. Voice modification and file stavage
done in the US, where a logging databases also kept.

Figure 4-1: Distributed setup of Polly

Launch and Shutdown

We launched Polly by seeding it with the 32 users who had participated in the pilot launch. We had our
system call these users up and announce via a voice recording that Polly is back up. We made no further
attempts to solicit userdrigure4-2 shows the growth in system usage over the 22 days it was active. In
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Figure 4-2: Polly Traffic Volume by day.

Unintended Syste m Downtime

Polly experienced multiple down times due to power/ internet failures and other technical and
administratve reasons. Major system failures occurred on Polly Days 9, 10, 13, 16 and 20, and repeated
AVOSNYAGGSYd LINROoftSYada 6SNB SELSNASYOSR 2y tzffté 5

Shutdown
We shut down Polly at the end of Polly Day 22, for two reasons:

1. During the peak evening s (seeFigure4-6 below) the system was saturating, with many callers
receiving a busy signal due to contention over the single incoming phone line (this was later confirmed
in the analysis of user feedback). Wllso started experiencing intermittent system problems, further
exacerbating user frustrations. We did not want users, especially new ones, to be frustrated in their
interactions with our system.

2. The international call charges were becoming a signifiz@ancial burden for us.

It thus became clear that, to support the ever increasing incoming call volume, we need to reconfigure
Polly for a multiline setup operating entirely withoountry.

We shut Polly down gradually and gracefully, for the nextds, we continued to use the Missed Call
mechanism but the returned call played a message stating that Polly is offline temporarily to make
improvements on the basis of user feedback. We also solicited further feedback by inviting the caller to
record anyadditional suggestions and comments. TRa&st shutdown feedbackvill be discussed later
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temporarily offline and will return as soon as we are done improiting the basis of user feedback.

Airtime Cost

We paid $0.12/minute to go from US to Pakistan over IP, with another $0.023/min for using a hosted
solution.The total traffic for the 22 days amounted to 26,000 minutes (approx.) incurring a cost of
around $1,000.

Annotations of Recordings and Feedback

Four student annotators (three male and one female) listened to the recordings and created detailed
annotations based on their subjective assessments. All recordings were annotated in this manner, each
byasy 3t S Fyy2iGdlGd§2N» 9F OK NBO2NRAYy3 ¢la FTANRG Fyyz2il
language used, and net recording duration. Recordings were next categorized by their content (humor,
information, romance, introduction, informational, profan saying hello, meaningless, or other).
Feedback recordings were similarly annotated, although with different content categories (request for
continuation of service, appreciation for Polly, suggestion for improvement, specific feedback,
complaint, suggdmns for new services, or other). Annotators also noted the location or geographic
origin of the caller, if it were expressed in, or could be inferred from, the recording. Finally, the
annotators were also encouraged to note in unstructured comments agrasting subjective
observations, such as the functions for which Polly appears to be used.

For the purpose of annotation, recordings were sorted by the phone humber used (which often, but not
always, corresponded to a single user), and then by incrgakite and time. Each annotator listened to

all the recordings of a subset of the users, and all recordings of any user were listened to by the same
annotator. This aided in making demographic assessments and enforcing annotation consistency. It also
alownlSR GKS yy2i4lGd2Na (2 20a4SNBS OKIy3aSa 2@SNJ GAYS

Analysis of Viral Growth

During the 22 days that Polly was active, it handled a total of 10,629 calls (interactions). We distinguish
calls initiated by the uggalbeit via themissed calinechanism) from those which were initiated by Polly

(to deliver a recording from another user). We also distinguish whether any new delivery requests were
made during the call (se&able4-1). We consider arctive Interactionany call which was either
initiated by the user or during which a new delivery request was made (all but the bottom right cell).
Note though that, as our annotation shows, even interactions we deemed Not Actige wifvolved
significant user engagement: voice recording, listening to various modifications, and sharing with others
nearby (203 suchon-active interactions were made). Note further that many users who received
deliveries chose to hang up and then placseparate useinitiated call. Taken together, this analysis
shows that Polly simultaneously provided entertainment and promulgated viral growth.

User Initiated | System Initiated
(delivery)
User made new delivery requests during interaction 4,340 699
User made no delivery request during interaction 2,444 3,146
Total 6,784 3,845

Table4-1: Breakdown of Pollyds 10,629 interaction

The dual entertainment and virapread properties of Polly are also demaoastd in the growth of its
user baseTable4-2 shows the number of users who took part in each of the four types of interactions
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(the categories are not mutually exclusive). Note that 86% of Call Initiators @#tdof Call Receivers
spread the service further to their contacts.

Call Initiators | Call Receivers
New delivery requests made during call 525 313
No delivery request made during call 476 1,723
Total 613 1,843

Table4-22 Breakdown of Pollyds 2,145 Users by Interaction

Word -of-mouth spread

h¥ t2tfeQad cmo /Fff LYAGAIFG2NRT FdzZfe& HdM onT dpE:0
We conclude that a signiiat component of growth and adoption of a service like Polly can come from

word of mouth or physical observation and emulation.

We defineActive Useras any user who participated in an Active Interaction

Rate of Adoption

Another important measure of the afility of a service like Polly in the developingrld is its rate of
adoption. Namely, how quickly did users adopt Polly once they learned abouditthe 322 users who
became Call Initiators when called by Polly

1 25 immediately placed delivery requestiuring the first call that they received from Polly
(Instant Conversion)

9 Out of the remaining97, 166 users started using Polly (called back Polly) just after receiving a
single call. However, on average it took 1.83 calls to each of @@&asers befoe their first in
bound call

Therefore, while a very small percentage of users become active users in their first interaction, most
became active users after fewer than two reminders. This relatively small number, 1.83, highlights the
potential of, and thgyent up demand for, value added voibased services in the developing world.

Usage growth pattern

Figure4-3a K2ga (0UKS RFAfe@ 3INRgOK Ay t2ffeQa dzal3aSe 995
effect of system down times (Days 9, 10, 13, 16 and 20) is clearly visible, as is the impact of the
intermittent disruptions during the last 6 days. Note ald® impact on the number of new users

following system down time, as many users are introduced to Polly via Polly deliveries.
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Short-term vs. long -term users

Since the entertainment options provided by Polly did not vary over time, we expected that most users
will tire of it within a short time Figure4-4 depids user retention by means of sedimentation layers.

Each layer represents the cohort of users who started using Polly on a given day. For example, on day 12
(yellow), there were 57 new users, out of a total of 99 users that day. The members of this wbbort
remained active on subsequent days can be seen by following the shrinking color band. As expected,
most users stayed with the system for only a few days. However, of note, a small but consistent fraction
of users appeared to have settled into letegm usage Figure4-5 shows the percentage of active users

who continue to use the system k days after their first interaction.
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Figure 4-4: Number of Active Users @ch day. Each color corresponds to users who started using Polly on a given day.
About 10% of users continue to use Polly long term.
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Activity by Time of Day
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evening hours, there was significant activity throughout the day, dropping down to a trickle only late at
night.
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Interactions
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Figure 4-6: Polly activity by time of day

Post Shutdown Usage

Users were still calling Polly 40 days after its final shut down, when we finally stopped monitoring the
calls. We received 1276 calls during this penoade by 310 individuals. 117 out of these callers were
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new users who had never called Polly during its active period. A significant number of users kept calling
repeatedly, as many as 46 times. This is perhaps the most compelling evidence for the pofeatidl
pent-up demand for, this type of service in developing countries.

User Feedback

Feedback elicited during Polly calls

The feedback mechanism was implemented on Polly day 13. In the nine remaining days in which this
option was available, 391 recordjs of feedback were made by 264 unique users. Out of these, 189
recordings of user initiated feedback were made by 129 individuals. In addition, 202 gysiamted
feedback recordings were provided by 169 users. 34 users recorded in both feedbackieatggoat of

the 391 recordings 118 were empty files.

Based on the remaining 273 files (191 distinct users) following is a brief summary of the main
suggestions and complaints (the categories are not mutually exclusive):

Feedback Type %

Interface/functiona lity related feedback and complaints: too long turraround time of message delivery; 49
poor call/sound quality; busy network; too short message recording time; increase/rearrange soung
effects etc.

General appreciation including mentioned reasons such ag way to connect to friends; a means g 47
having fun; free service etc.

#1171 £FOOAA OOAOO j POAOOET ¢ EAUO 10 OAUET ¢ OEAIII

~

Irrelevant feedback including: songs; messages for friends; irrelevant messages for Polly etc. 5

In addition to these, severaisers recorded interesting and useful suggestions for the improvement of
Polly as well as their ideas about other speech applications. A brief summary follows:

1 Ideas for new voice modification effects in Polly including female/child voice modification,
laughter and giggling, scary voice and background effects like sad music, rain drops, sound of a
train, wind blowing etc.

1 A application similar to Polly just for ladies

9 Several suggestions to improve user interface including a rerecord option for messagjes, r
access to effects of choice, options to go to the previous menu and to end the call etc.

9 Suggestions to improve the wording of the prompts

Additional suggestions included:

9 An accessibility software for the blind that could be used on less expensiviéerpbones
1 A software that could identify and filter out foul language in a message

Post Shutdown Feedback

As mentionedearlier, we continued to elicit feedback after shutdown. 565 post shut down recordings

from the initial 11 post shutdown days were aywdd. 299 of these were empty files (noise, silence,

button presses etc.). Out of the remaining 266 files 34% users asked to bring Polly back online as soon as
L2aaAof S® y2 gSNB yy28SR k Fy3aINEB o0SOl dzaShis2F t 2t
shutdown is creating problems for them and Polly was useful for them. 16% of the users simply stated

that they want Polly to continue as it is a good service. Several files contained irrelevant feedback or
recordings of users who were confused by thetsown and were pressing keys or asking questions.
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User Demographics and Usage Analysis

Gender

lY2y3a t2tfteQa 11to ! OGAGS !'aSNEZ T7Tm: BSNB RSGSNXYAY
with the remaining 12% undetermined (young children, old gdleptoo much background noise, etc.).

As shown in Figure 2(c), sustained usage by female users coincided with an explosion in use by male
users.

H Male HFemale #®Undetermined

Figure 4-7: Gender distribution

Age

Figure4-8 3A ¥Sa G(KS | LIIINREAYIGS RAA&GNN ocdzliagey by2ie (K S
annotators. It is clear that most users are young menisTimay partially reflect our seed population.
Nonetheless, we were encouraged to observe participation by other demographic groups, especially
women.

Number of Users

5 10 15 20 25 30 35 40 45 50 55 60

Age
Figure 4-8: Age Distribution

Language of recordings

omS ne: 2F GKS dzaASNJ NBO2NRAYy3I& 6SNB Ay ! NRdzZ KA
GARStEE aLR1SY YR dzyRSNEG22R fhy3dd IS Ay thlAad!
prompts, effectively priming for the use of this language, and &xdzZRA Yy 3 (K2 &S 6K2 R2Yy Qi
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Of note, fully 38% of the recordings were in Punjabi, the regional language of Punjab province, where
Polly was launched. Fewer than 3% of recordings were in mixed Urdu/Punjabi, in English, or in mixed
Urdu/English.rterestingly, there was also a smattering of recordings in Potohari (17 recordings), Saraiki
(6), Pashtu (2) and Arabic (2).

Geographic Spread
Polly was seeded with office workers in Lahdkealysis of the traffic showed us that it received phone
calls fom several cities throughout Pakistdfigure4-9 shows the rough geographical spread of Polly.
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Figure 4-9: Geographic Spread

Socio-economic level and educational background

lf 0K2dAK S KF@S y20 NRI2 NP dza f ates gf ©idlJodiadcShamiclamdA & > (0 K
educational level of the callesuggest that the vast majority come from a see@mnomic class similar

to that of the originallyseeded lowskilled office workers, and with an educational level that does not

exceed theirsgpproximately 8 grade and below)The fact that such users were able to successfully use

and share the system with their friends is consistent with the finding by Smyth et al. [1] thditdoate

users are able to learn potentially complicated useeifdces without any systematic training when the

purpose of the system is entertainment.

Usage Analysis

Table 4-3 shows the distribution of voice recordings based on the type of content recorded. These
message typs are not mutually exclusive. In 2,138 interactions the users did not place any delivery
requests and simply played with the system by recording their voice and listening to the modifications.
203 out of these were calls initiated by Polly to deliver rages. This brings forth two main uses of
Polly: personal entertainment and free voice messages.
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Content Type

% of Messages

Informational messages for friends

50.53

Hello/Hi and introductory recordings | 13.01
Profane 6.26
Poetry/Songs/Whistling 2.60
Humorous recordings 2.07
Romantic 1.99
Political 0.02

Table 4-3; Distribution of recordings by content

Further analysis showed striking differences in usage by females and males. There were almost twice as
many romantic recordings, four times fewer profariaiced recordings, and four times more song

recordings by women than men.

Additional Findings

l'a RAAO0OdzaaSR SINIASNE | aA3ayAFAOlryi
from it, presumably having been introduced to it by word of mouth or by observing others. In addition, a

TN OliAzy
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large portion of user recordings (including feedback files) contained interactions where one user is
training another to use the system. All this painb the important role of direct human interaction in
the spread of Polly. This is not unexpected in a rural setting where people routinely gather face to face

in the evenings.

Another interesting finding was that people kept recording detailed messagdscamplaints about
problems with everyday necessities such as electricity outages. Some explicitly requested that their
voice should reach government, relevant officials and people who can solve their problems. Some users

even identified Polly as someomého can solve their issues or raise their voice.

Conclusion

The pilot launch proved thatrgertainment and free voice messagiage both powerful motivators that
attracted 2,032 users to Polly in a span of 22 days, compelling them totleainterfaceand enabling

them to find creative uses fd?ollyin their daily lives.

Although Polly was not designed to fant as much as SM&I [7] (which was based on group
messaging), it nonetheless became viral practically instaithat this happened in spite of significant
system failures and intermittent down times underscores the potential for spéeded services, as

well as the pent up demand for entertainment, among our target audience.

hF LI NI AOdz | NI gag drdSsed dgertiér andl Bg@ bodnklavids fand &JeiNdstablished itself in

a female population. However, it appears to have not crossed socioeconomic boundaiesould be
due to the more insular nature of socioeconomic classes, or due to our service ngt ditiactive to
wealthier people, who may have other entertainment alternatives available via the Internet.

Stability and capacity

Much of the instability that Polly suffered from, and most of the airtime cost we incurred, can be

attributed to the distrituted and international setup we useWe next startedworking to set up Polly
locally in Lahore, using robust multiline infrastructuréhat would allow us to reliably support

significantly larger call volume at the fraction of the cost.
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Airtime charges

Bven with our new setup, local airtime costs (about $0.02/minute) will still be incudétiough we
could try shifting most of this cost to the users by eliminating the missall mechanism, wevere
reluctant to do so at such an early stage becauserttay discourage the poorest users, who are the
ones we are most interesting in reachit@ne option we consided was to offer two versions of Polly: a
free barebone version, and a premium one which requires the user to pay their own airtime charges.

Help facility

Our annotators noted that some users found it difficult to master Polly on their own, and could be heard
asking their friends for assistance. We also noticed that some features of Polly, like group messaging,
were rarely usedWe consideredincorporating an intelligent help facilityin the future versionsLess
frequently used features could be introduced after a user has had some success with the basic system
6GKS OFfftSNL5 YSOKFIYyAAY Fft2¢a dza ( EraQianhiSadyjA dSt &

Speed dial

A frustrating bottleneck in requesting a forwamiasto hawe i 2 Y I ydzl t £ & Sy GSNJ (KS
number. Since Polly is designed to work with any cellphone, it only uses the voice communication
channel, and thus hasnoaécé& G2 GKS LIK2ySQa Ay i S NOripifot syRtenNB Ol 2 NB
Ff NEFReé StAOAGA FNASYRAQ yI YSidn odr MBsyversdozNdcipizats NE R dzl
could be specified by choosing from a short menu of natiheg previously ecorded
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5. Large Scale Deployment

Chapter Abstract

Following the success of the pilot, we wanted to know if a system like Polly couldscakera larger
audience and also spread other development related services. We decided orfolibeing
experimenal goalsto attempt to answertheseresearch questions and the question of reproducibility in
the same environment

1. Determine whether a system like Polly can be employed to engage and support a large user base,
for an extended period of time, while at tlEmme time becoming cost efficient.
2. Attempt to add a developmenf 2 Odza SR a SNIIA OS o WL)d&dls2ih ¢hapter: G2 t 2
Dewvelopmentrelated Service:Job Opportunitieg
3. Use Polly as an experimentabkteébed to answer the following questiofgetails in chapterPolly as
an Experimental Tedied):
a. How do usage patterns change with respect to gender, age, -egoioomic status (SES),
experience with the systemnd cost to user?
b. Spread vs. Cost: how to spread Polly as widely as possible at the smallest possible cost?

In 24/7 operation in Pakistafrom May 9, 2012, as of mi8eptember Polly spread to 85,000 users,
engaging them in 495,000 interactions, anescontinuing to spread to 1,000 new people daily. ldha

also attracted 27,000 people to a job search service, who in turn listened 279,000 times to job ads and
forwarded them 22,000 times to their friendStarting midSeptember, we applied strict quota limibs

the number of subsidized dalper user per dayVe did thisboth to control our airtime expenses as well

as to continueour series of randomized controlled tr&al(started as early as July 2QX#iscussed in
chapter: Polly as an Experimental Tdmtd) aimed tavards answeing the question of finding the
optimal balance between cost and spread. Under the quota restrictions Polly continued to bring in
significant number of new usemvery day though the growth ofts call volume slowed down. After a
year from its launch Polly had gathered 165,000 users who had participated in 636,000 interactions.
34,000 people had used the job browser to listen 386,199 times to the 728 job ads available in the
system. These ads weeforwarded 34,000 times by 19,000 users to their frierleislly was shut down
again on May 07, 2013 because we had concluded our set of experiraedtthe airtime cost was
becoming a burden again

System Description
The systenthat we used in thdarge scale deploymentepresents a substantial extension of tpdot
that we deployed in 2011. The most important changes are:

1 Telephony capacity was increased from 1 to 30 channels (up to 30 concurrent phone calls,
incoming and outgoing).

 Three different teléJK2yS Yy dzYoSNE 6SNBE | aaA3ySR (2 | WKdz
channels, to support flexible, dynamic allocation for multiple application types.

1 All the software resides on a single server hosted on location in Pakistan by a local telecom (in
2011, sftware was distributed and split across two continents). Consequently, outgoing call
airtime costs were reduced from $0.126/minute to $0.023/minute.

1 Most menus, prompts and recordings can now be skipped by the user by pressing any button on
their phone.
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1 The number of voice manipulations offered was increased to six by addingtoydenale and
femaleto-male options.

1 Extensive loggingeaktime monitoring automated error detection and recovery featuregre
added.

1 The most important addition in the cumé system is the introduction of a developmerlated
F LILX AOFGA2Y O0¢6KFEG ¢S OFff WiGKS LI -BrowaihgRoQ0 | &
advertisements, collated from Pakistani newspapers, for jobs that are appropriate ier lo
skilled, lowliterate workers

User Interface

t 2ff@Qa dfar$helargegcald depldyroedt waan extension of the one described[88]. For
convenience and completion, we provide a full description here. For video and aetiondtrations,
see[6].

Informed ConsentBefore the start of interaction every caller is informed that the call is being recorded
and may be analyzed, and is given the opportunity to hang up. All users must listen pioothist as it
cannot be skipped by any key press.

At the start of the call, the user is prompted to make a short recording of their voice (15 seconds, or
shorter if the user presses # or remains silent for 4 seconds). A funny voice transformation of the
recording is immediately played back to them. The user is then given an option to hear the recording
again, rerecord, try another voice manipulation effect, forward their modified voice to friends, give
feedback to Polly or listen to the latest job a@xpldaned in chapterDevelopmentrelated Service:Job
Opportunitieg. We offer the following voice modifications effects, in the following order, all achieved
with a standard audio processing utility:

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

A Female to male voice conversion, achieved by lowering the pitch and decreasing the pace

A drunk chipmunk effect, achieved with pitch and pace modification,

An thaveto-run-to-the-bathroom effect, achieved by a gradual pitch increase,

The original, unmodified voice of the user

| 2y @SNIAYy3d (GKS @2A0S (2 | 6KAALISNE | OKASOSR o
with white noise

7. Adding background music.

oukhwhNE

If the user choees to forward their recording to a friend, they are prompted for the phone number, the
name of their friend, and their own name for introduction. Only the phone number is confirmed for
correction. Recordings of names are terminated by silence detectidraah second hard timeut. The

user is allowed to forward their voice to multiple recipients with the same or different modifications
applied. The message forwarding request is then added to the system queue, and will be executed as
soon as a channel beamws available. When Polly calls the intended recipient to deliver the recorded
YSaalk3aSy GKS aASYyRSNRa yIrYS oAy GKSANI 246y dzy Y2RA T,
prevent confusion regarding the identity of the caller, and the recipient aao choose to hear the
phone number of the sender. After hearing the message, the recipient can then choose to replay the
message, record a reply, forward the recording to others, create their own recordings, or listen to job
ads.
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We also elicit User eeback, in the form of an unconstrained recording (up to 60 seconds, with a silence
timeout) from repeat users during their interactions with Polly. Feedback is requested only when a user
actively initiates a call. Feedback is requested in two manners:

Sysem Prompted Feedback Every user is prompted for feedback on their fifth interaction with Polly,
and on every 20th interaction thereafter.

User Initiated Feedback C2f f 2 6 Ay 3 G KS dzaSNRa FAFIK AYyiSNI OGAzZ2Y
option to give feedback.

The Job audio browsecomponent of Polly is explained in detail in the next chapB¥elopment
related Service:Job Opportunities

Software Setup

t2ffteQa Lxw O2RS O2y ¥A&RxS2Mat It (B)UBHEANMT IR EERRNE  Nibixy
as the interpreting engine. Speech prompts and audio files are hosted on an Apache server. The
application server also maintandetailed textual and audio logs of all phone calls. The database is
managed using MYSQL. Praat scripts are used for manipulating audio files.

Telephony setup

All the software is installed on a single 2U server that is hosted in the data center of WWakearocal

internet and telephone service provider. The first of our three phone numbers is used fre®ltalls

G2 t2fte o0& YSlIya 2F I GYAaaSR OFffaég YnRodeyArayy
request. It is rejected and a cdihck request is added to the queue. As soon as a channel becomes
available, Polly calls the user back. The second phone number is used as-pai@dlisrvice which is
answered immediately (see below). The third phanember is currently reserved for deployment of

future services.

Real-Time Monitoring

To get the pulse of the system as well as an overall picture of activity, we built-Bmeainonitoring

system that provides cumulative, daily, hourly and per minutgistics[6]. Our system calculates and
reports statistics on overall traffic volume, answered calls, deliveries of messages and job ads, ads in the
system, ads listened to by users, user feedback and other categoriedy ldadrper minute statistics on
gueue lengths of the different request types, channel utilization, inbound and outbound calls and free
hard disk space allow us to detect problems in4té#ak and to schedule maintenance. The system also
sends sms and emailerts and recovery reports about server crashes, automatic server restarts, hard
disk space crunch, etc.

Annotations of Recordings and Feedback

One graduate student and one undergraduate student listened to a uniformly selected sample of 5388
recordingsand created detailed annotations based on their subjective assessments. Each selected
recording was annotated by a single annotator. A§68|, each recording was annotated as to the
aLISI 1 SNR& 3 S yuRes NeEtiméted @ dehild, §audgp middle aged, old), estimated -Socio
Economic Status (SES) (low, middle, high), and whether the message appears to be recorded for
entertainment or utility (not mutually exclusive). The iri@mnotator agreement rates werater found
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to be adequate for gender (97.8%) and language (81.5%) but poor for SES (40.4%), age (62.6%) and
primary use (51.6%). We therefore decided not to use the last three ifuotiner analy®s. Instead, we
conducted follow up surveys as describadthe next section to get information on these variables. In
addition, starting on August 4, 2012 feedback recordings were listened to daily, briefly paraphrased, and
categorized as complaints, requests or suggestions. Finally, the annotators were atswaged to

note in unstructured comments any interesting subjective observations, such as unusual functions for
which Polly appears to be used.

Follow up Surveys

We called 207 randomly chosen users of Polly to collect more reliable demographic information.
Engaging the users in a friendly chat we asked them about their experience using Polly, literacy level,
F3SY NRdzAK t20FGA2y 60AGex avrtt OAGex @Attt 3S Si
220 a4SIFNDK 6{SS aRSYARBNITINRAYOL 2 f R ot NANY { MEINIDIS & € 0 @

Results and Analysis

Seeding

Polly was seeded on May 09, 2012 at 8:13pm Pakistan Time by placing automated calls to 5 of the most
FNBIjdzSyid OFftftSNAR FTNRY t2ffteéQa Hnmwm adldzRiednd¢ KS&$S
fl dyOKSR Ayil2 t2ffteéeQa YIAYy AyiSNIOGA2yd b2 | GG§SYL
has been up continuously since then (as of this writing, January 2013), with minimal interruptions (see
Table5-1).

May 9 4A1T ATT AOC OAAOAAA o1T11U80 AEEAAOEOA AAPAAEOU (
-Jun 27

May 25-26 | SF1: Disk space crunch reduced system responsiveness / availability

June 21 SF2: Application server remainedlown as new phone lines were being installed

Jul 12 SF3: A bug reduced the effective channel capacity to 0

Jul 31 SF4: Upgraded software platform severely reduced channel capacity

Aug 16 SF5: OS error crashed the server

Aug 25 SF6: Server ran out of dik space

Aug 29 SF6: Licensing problems reduced channel capacity to 2

Aug28-30 [3&¢pd 3-3 DPOI OEAAOBO Ccli EOAE OOI PPAA All 1T 0606CIT ET (
Sep11-12 |3&xd 3-3 DOI OEAAOS8O Cl EOGAE OOI PPAA A1l 1T O006CIT ET (

Table 5-1: Major System Failures

System Activity Level

In Figure5-1> a! €t OFff (elLlSaé¢ akKz2ga (GKS 2OSNI T
5SSt AGSNRSaAE | VSR £€aWSAIAIOR B KESAFINFO SN GKS adz0
YSaal3aSa yR FR&a F2N¥IFINRSR o6& dzaSNER (2 GKSA
dZaSNE 2F t2tfe O0AYyOfdzZRAYy3I (K2aS gK2 ! D0 SNE GSNASE R
the users who called Polly or used it to schedule deliveries.
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On June 27, a telecom system bug was discovered that had been keeping our effective capacity at 10
channels and degrading voice quality duripgak hours. Once the telecom company fixed this bug,
activity level again climbed exponentially and stabilized within 10 days. Activity levels appear to be
limited only by channel capacity. System failures (§able5-1) usualy resulted in a commensurate
drop in call volume, but the latter always recovered quickly once the problem was fixed. Another source
of volume drop was our quota experiments, to be discussed later.

As of midSeptember, 2012 Polly has had more than 495,@08phone interactions with more than
85,000 users. There have been 103,250 failed calls (user busy, out of signal reach, phone switched off,
incorrectly entered numbers etc.). The message forwarding feature (where a user forwards a received
message) wagsed in 31,740 calls with the longest chain consisting of 40 forwards and an average chain
length of 2.33. Among the most forwarded messages were funny voices (baby laughing, duck sound

etc), quif A1S ljdzSadA2ya 6a6KIG mng&wndl £ t SR AY 9y 3IfA&KK

Delivery requests were placed in 182,652 calls (1.6 delivery requests per call on average), including
55,543 delivery requests for multiple recipients. On average there were 1.7 delivery requests placed for
every personal message and 61 dety requests for every job ad.

Choice of Voice Modifications

On average, users listened to 1.83 voice modifications per interaction. The modifications chosen for
delivery of the 291,504 messages were (in menu order): #imalemale conversion 72%; femate-

male 9%; drundchipmunk 6%;-haveto-run-to-the-bathroom 3.5%; unmodified 5.3%; whisper 0.7%;
and background music 3.5%.
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User Activity Profile

Figure5-2 depicts useiinitiated interactions as a function of the number of days since they were first
introduced to Polly. Most users interact with Polly for only a few days. Only 31% of users returned to
Polly on the second day, 19% on the third, 13% onftheth, and 10% on the fifth. Participation
continues to drop logarithmically, e.g. to 1% 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 calls on day 2, then drops gradually to
aroundl.5 calls.
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Figure 5-2: User Retention

Average call duration was 160 seconds. It takes no more than 40 seconds to start experiencing the first
voice modification. Of the 495,000 Polly interactions: 87% lasted 40 seconds or more.

There were atotal of 1,023,824 menu options selections (by key presses) during the 495,000
interactions, out of which 4.5% were invalid choices. Note that Polly's IVR tree was designed to require
no key presses until after the first voice modification is played dokkeys were pressed in 36% of the
interactions. Of the remaining interactions, 91% completed without any invalid key pressesre
detailed analysis of user behavior is presented in chaj@haviorAnalysis ot 2 f Wsér§ a

Geographical Spread

Polly is hosted in Lahore and its seed users were mostly from Okara (a city in Punjab located near
Lahore) After initial seeding we made no further effort to publicize PoRplly spread quicklyia
message forwardingnd wordof-mouth. Within the first four months of its operation it has received

calls from and delivered messages #l| four provinces of Pakistan, as welta®elgium (19), UAE (11),

Saudi Arabia (4), Spain (4), Oman [@Jja(1) and Luxembourdl]. Figurel showsome snapshots of
the domesticgeographical spread of Polly.
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Figure 5-3: Geographical spread of Polly (only Pakistan shown)

Landline vs. Mobile phone usage

In Pakistan, telefpone numbers readily reveal whether they belong to a landline or to a mobile phone.
t2ffeQa aSNBAOS Aa LINRPOARSR QOAlF | flYyREAYSST YIF{AY
phone.

Only 0.32% of the more than 400,000 skbe calls weremade from landlinesin contrast, landlines
accounted for almost 4% of the caHlpaid callsThis demonstrates some cost sensitivity on the part of
users when they need to pay for the c&lut this is only a lower bound because, unfortunately, we do
not know how many of the users who made callgaid calls had access to a landline.

User Feedback

Table5-2 lists the main findings from our feedback annotation process. Several users gave suggestions
to improve the ser interface. Among these were frequent requests to increase message recording time,
remove the voice modifications OR to bring the unchanged voice to the beginning, to display sender's
name/number on screen, to keep messages for later listening and @bleeto post ads on the job ad
system. One guy suggested that Polly should send a text message to the recipient who should call Polly
to listen to the message at his convenience (we added this feature).
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Period of feedback recordings listened to: Aug 4 Sep 9
Total number of feedback recordings in that period: 7770
Total number of feedback recordings listened to: 2567

Of those, containing thanks or praise to Polly

1797 (70%)

containing other feedback

272 (10%)

Of those containing other feedback:

Systeminitiated

183 (67%)

Userinitiated

89 (33%)

Complaints about:

189 (70%)

Delay in caltback time

140

Poor sound quality 28

Failure of system to send/receive message 14

Being disturbed by Polly 5

Requests/suggestions: 83 (30%)

Higher quota or more recording time 47

New services: News, Weather, Medical, Voice Chat, Job Ads, Songs. 22
More voice manipulations 8
No voice manipulation 6
Table 5-2: User Feedback Summary

Anec@ G ffex |Y2y3a (KS LRaAAGAGBS FTSSRol Olaz 2y
GNRYy3 6AGK GKS O2dzyiNB X ¢Stttz G tSraid oS

T2NBJISNE @

Summary and Discussion

Our first goal was taetermine whether a system like Polly can be scaled up to engage and support a
much larger user base, for an extended period of time, while at the same time becoming cost efficient.
With regard to scale and persistence, we believe that the numbers speathdmselves. The long
gueues for calme-back and delivery requests, and the quick rebounding of traffic to a fixed level after

each disruption, suggest that activity level is resodsoeind and that the potential demand for these

services is much highéran our current 3echannel capacity.

On the question of cost efficiency, we believe that the jury is still out. We have treaded lightly on
limiting the tolHree service because we did not want to scare off poor users, and because we wanted to
use the lage volume to answer many other questions, some of which we are just now beginning to
analyze. However, we clamped down more strongtarting midSeptember and have partially
discussedhe impact in[62]. As we mentin above, cost efficiency can be achieved not only by getting
the users to pay for airtime, but also by the use of ads, carrier revshaeng, and/or content sponsors

(e.g. governments or NGOs). We are planning to explore all these options.

Our secondgoal was to add our first developmem 2 Odzi SR a4 SNIIA OS

found that users took to the new offering in large numbers, and that many of them started calling Polly

specifically for the job informatioq exactly the result we hatioped for.This is discussed in detail in

chapter:Dewelopmentrelated Service:Job Opportunities

Our third goal was to use Polly as an experimental test bed to answer questions about demographics
and about spred vs. costThis discussed in detail in chapteally as an Experimental Tdstd

Additional benefits:We collected detailed interaction data, which we believe have great potential value

as a test bed for analyzirsocial network dynamics.
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6. Development -related Service: Job
Opportunities

Chapter Abstract

This chapter describes the job audio browser component of the large scale Lahore deployment of Polly

in more detail. This component was added to meet the secondezipental goal of this deployment, of
attemptingto add a developmenf 2 Odza SR A SNIIA OS 0O Wl@sdiscasseRiQchapieR t 2 f f
Large Scale Deploymenj. BetweenMay 9, 2012and mid-Septemberthe job browser was used by

27,00Q who in turn listened 279,000 times to job ads and forwarded them 22,000 times to their friends.

If we also include the quota limited periothgting mid-September we find that between May 09, 2012

and May 07, 201334,000 peofe had used the job browser to listen 386,199 times to the 728 job ads
available in the system. These ads were forwarded 34,000 times by 19,000 users to their friends.

System Description

User Interface

The job audio browseis available to the users of g right from their very first interaction with Polly

and theycouldaccesst through the first(mainymenu in allcalli @ LIS& 0 RSt A gH&@lI @1 4 € & |
calls) by pressing 50nce inside the jolbrowserthe ads are played latedirst. Each adsi recordedsplit

in three portions: 1Date and newspaper information, Zctual content of the ad (the vacancy being
advertised, prerequisites, salary expectasoatc.) and 3.Contact information (addresses, phone

numbers etc.). Following each ad, usare giventhe options to repeat the complete adr just the

contact detailsplay the nextor previous aglor to forward the ad to a friendf the user does not press

any key, the next ad starts playibgecondsafter the options menustops playing

If the user chooses to forwardn adto a friend,he isprompted for the phone number, the name of

their friend, and their own name for introduction. Only the phone number is confirmed for correction.
Recordings of names are terminated by silence detectionsa#icsecond hard timeut. The user iglso

allowed to forward theadto multiple recipients. Thad forwarding request is then added to the system

gueue, and will be executed as soon as a channel becomes available. When Polly calls the intended
recipientto deliverthead G KS aSYRSNRA yIFIYS O60Ay UGUKSANI 26y dzyyY?2
the listener to prevent confusion regarding the identity of the caller, and the recipient can also choose

to hear the phone number of the sendékfter hearing tle forwarded adrecipientscan also hoose to

browse the job ad listEven during quota limitations on number of free Pqlid deliveries per day,

users could still send as many job ad deliveries as they desired.

As an additional mechanism forviralsprea G SEG 6aYvYao YSaalasa O2yidlAyAy
FNBE aSyid GpbadNBORIDASYEX eXnd GKSANI FANRG (62 AyidSNT
number is also played during the phone call itsedtween the job ads

Job browser back-end

We daily scan Paperpk.com for advertisements that appeared in Pakistani newspapers for jobs that are
appropriate for lowskilled, lowliterate workers. An example of such an ad ifigure6-1. Although we

focus on jobs not requiring any literacy, we also select some that require up to 10 years of education.
We then record these ads in Urdu, and make them available foraudid® 6 a Ay 3 & LI NI 2 7F
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Specifically, we record each ad three separate parts: date and newspaper source; details and
requirements; and contact information. These are then made available to the user via an interface
option in the main menu of Polly.
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Figure 6-1: Sample low skilled job ad from paperpk.com scanned from Daily Jang

Analysis of Spread and Uptake

Perhaps the most meaningful development in dargescale deploymentwas the addition of a
developmentrelated service to our mengthe job ad browserSince audidorowsing job ads was added

as an option at the end of the Polly menu, and since this service was not advertised in any other way,
the extent of its use is a direct test of our strategy to reach users via entertainment.

During theinitial 130 days of Polly operationsnalyzd here (May 9; September 15), we identified and
recorded a total of 530 suitable job ads, an average of some 28 ads/week. These ads were listened to, all
by user initiative, a total of some 279,000 times, This averagesdo 525 playbacks per aglpossibly

more than the number of people who read that ad in the newspaper. Some ads were listened to much
more than others¢ the most popular ad was listened to more than 8,400 times, and 73 ads were
listened to more than 1,000rhes each.

A further indication of the usefulness of this service was the use of job ad deligaggsiesting that a
particular job ad be delivered by Polly to a friend. During the period of this reporting, a total of 23,288
such requests were made, ajub ads were delivered to 9,475 different users. Even more interestingly,
out of all the calls during which job delivery was requested, more than half requested only job deliveries
(i.e., no regular Polly message deliveries), most likely indicating tleatgbr called Polly specifically to
interact with the job ad service.

Summary

The second goal of the largeale deployment in Lahomras to add our first developmetibcused
ASNIBAOS oO6WLI et2FRQ0 G2 t2ffeéQa 27Ti6NIagammber§ T2 dzyF
and that many of them started calling Polly specifically for the job informatieractly the result we

had hoped for. Our survey calls revealed that around 57% of the interviewed users had used job search

but only a handful of thenapplied. This can be attributed to lack of trust or interest. The former may be

by cobranding with familiar government organizations or newspapers. More job ad types can be
explored (e.g. jobs for the handicapped) to serve all interest groups.

48



One limitdion of this study was our inability to track employment outcomes. We do not have the stats
of the number of people who actually applied for the various jobs that were advertised through Polly
and if some of them actually got those jobs. We also do notktiee degree by which Polly increased
the number of applicants for these positiotdéence, the impact is not measurable.

For this reason, we reached out tBabajobin India.Babajobacts as a (primarily) webased gateway
between jobopportunities for lowskilled workers and potential applicants in Bangalore, India. The
details of our collaboration are presented in chapteeproducibility: Deployment in
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7. Polly as an Experimental Test -bed

Chapter Abstract
In thischapter we discuss the various experiments that we performed using the large scale development
of Polly in Lahore. We us@&blly as an experimental test bed to answer the followmajn questions:

a. How do usage patterns change with respect to gender, sgggeconomic status (SES), experience

with the system, and cost to user?

b. Spread vs. Cost: how to spread Polly as widely as possible at the smallest possible cost?

From May 09 till micSeptember, 8 NXB LJ2 NJi

dzd SN& Q

user behavior within several randomized controlled trials, and describe lessons learned regarding
spread, scalability and sustainability of telepheresed speecivased services.

User Demographics and Primary Use from Recording Annotation
TounddNBR GF YR 2dzNJ dZaSNBEQ RSY23INI LIKAOA
a sample of user recordings uniformly across time and annotated them as describkdpier: Large

SaleDeployment Results are ifable7-1.

Toll Free Caller Paid
Count Count
Annotatedrecordings 5388 399
By gender
Male 471387.3%) | 359(90.0%)
Female 590(10.9%) 26 (6.5%)
Unclear 93(1.7%) 14 (3.5%)
By bBnguage
Urdu 1135 (21.1%)| 64 (16.0%)
Punjabi 3480 (64.6%)| 194 (48.6%)
English 23 (0.4%) 4 (1.0%)
Pushto 703 (13.1%)| 100 (25.1%)
other/mixed 45 (0.8%) 37 (9.3%)

Table 7-1: User Demographics from annotated recordings

Iy R

Our annotators nted that the following interesting examples the various things that people use Polly
for. Some of these are clearly unintended (or at least unthouwdhtises

1.
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To wake up others in the morning for prayers, work etc.

Tosend random andften obscene messagesd playing pranks oclose friends

To send romantic messages to the opposite gender (though we have mostly seen male users
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sending such messages)
To record songs, movie dialogues etc. from TV, radio and send them to friends witha@utwoice

modification
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To record poetry, jokes, songs in their own voice for their friends
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7. Toplayquid A1 S 3JIYSa 20SNIt2tfe So3aod agKFEG Aa E OFff.
answer.

8. To play with Polly in group settings. This whpesple record their voices and play with the voice
mods while laughing away with a group of friends. Some parents also used to modify their voice and
play it to entertain their young children.

9. To record messages reporting problems for government offi@als even Pollyas if Pollycan
convey their problems to the government). E.g. power failures, lack of electricity, gas etc.

10. Some people also recorded messages for specific police officers. As some of these messages were
full of curse words we were furthef 2 G A @ G SR (2 jdAO1f& FTRR GKS 2 LJi7
LIK2yS ydzYoSNI Ay it 2F t2ffteQa YSaaldS RSt ADSNA

11. During the period when as part of an experiment Polly stopped delivering free voice messages but
still continued to deliver job ads, a yoBra G SNJ adGF NISR NBO2ZNRAyYy3I |ff KJ
name part of the job ad deliveries (allowed duratio® 4econds). This allowed him to keep sending
free voice messages.

12. Someone scheduled messageR St A ASNE (12 t 2ff & Q& 24\ chfake¥0o SN !
prevent thisat that time and as all calls received by Polly are treated dsnoaback requests; this
triggereda series ofrecursive calbacks We were able to catch and fix it only after nearly 3000 such
calls.

13. For making announcementsgeA user announced change of his phone number through Polly.

14. To search and send job ads appropriate from friends. We found some people who themselves were
employed doing this.

15. Several blind users expressed a lot of interastl remained its loyal usershdy likedPolly as a
voice messaging system and as a way for them to listen to job ads. They even asked for making
newspaper content available over Polly.

16. For teaching their friends the use of Polly. Such messages often included explicit instructions like
G FGSNI NBO2NRAYy3I @2dz2NJ YSaal3Ss LINBaa v FyR Sydas
YR @2dzQft 3ASG &2dzNJ Oft SI NJ g2A0S (22Xe¢d

Entertainment and Utility are not Mutually Exclusive

Our attempts to classifthe messageas entertainmentr utility turned out to be achallengngtaskfor

human annotatorgone graduate and one undergraduate studenthe annotators were asked to listen

to 6,000recordingsNJ Yy R2Yf & OK2aSy 2@SNJ 0KS &LJ y,addrotdg &SI NJ
each recording astility, entertainmentor both. In the end, he interannotator agreementame out to

be 51.6% and weattidednot use this data for any further analysis.

Apparently it was difficult in majority of the cases to clearly mark a recording as entertainmetilitgr

LG A& AAYAEEFNI G2 lFalAy3a GKS [dSadAaz2yy aR2 LIS2LX S
Surely there are cases where the udgtent is beyond doubt e.g. a person announcing a change in his

phone number to several friends in uidified voiceis clearly looking for a utility, a user sending songs

or jokes in unmodified voice is mostly doing so out of entertainment. But a-éiadkorth conversation

where a friend is quizzing anothex competition where friends are reciting poestarting from the last

letter of the previous persons verseromantic@2 A OS Y2 RATASR YSAANBS S&L YLR &
messages where the intention could be either or both.

We conclude from this experimenthat the primary ntent of a user of Polly while recording a message
could range from(and be a mixture of curiosity, exploration, fun, a desire for entertainment or just to
be able to send a free voice message.
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Demographics and Primary Use from Follow Up Survey

Table7-2 adzY Yl NAT Sa&

2 dzNJOut adeNBe S287QsurveN Balisdaf 16 @sulted in useful

information of some type. Low to lowid SES people having up to 10 years of education comprised 77%
of the interviewed uses: mostly shopkeepers, fruit sellers, farmers, laborers, carpenters, and craftsmen.
Another 14% had 312 years of education and belonged to medium SES while the remaining 8% had

more than 16 years of education. Majority of the users belonged to villagemall cities. For heuristic
mapping of education level to SES, §&4.

Total number of survey calls attempted 207
Number of calls resulting in any information 106
Number of calls that successfully gathered:
a. Gnder Information 106
b. Information about primary use 63
Od LYTF2NXNIGA2Y | 02dzi dza S 65
d. Age Information 60
e. Literacy/SES information 70
Primary Use
Fun | Utility | both
Amongthe 63users 34 17 12
Gender
Male 98| 33 17] 12
Female 8 1 | Did not answer
Age
Less than 25 years 30| 20 6 3
25-35 years 22 9 6 5
More than 35 years 8 2 2 1
HighestEducationLevel Attained SES
None, lIowSES 17 30 14 10
Primary (5 years)ow SES 15
Matric. (10 years)pw-mid SES 23
Intermediate (12 years)mid SES | 9
University (16 yearshigh SES 6 3 3 0

It 0K2dAaAK

I NB dzy R p 1572

Table 7-2: Results of Survey Calls
27T

0KS NBaLRYRSyYyi(a
for those jobs. This was mostly because the ads were either not of interest to them or they did not trust

them. Two users claimed that their friends got jobs through Polly, but we were unable to verify this.

The respondents who described their primagy § 2 F
to friends, hellehi/random messages, poetry and even browsing job ads as a pastime. More serious
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users defined Polly as a voice messaging system that they use to send occasion (holiday, birthday)

greetings, to request acadl I O] X
RSTAYSR

of AYR dzia SNA
mostly reluctant/shy to talk.

G2 1y26 |

t2tte | a

TNASYROQA

by

Cost vs. Spreadz RCTsand the Quota Experiments

With an outgoing call airtime cost of $0.023/min, and with each interaction lasting an average of 3

Gl tGSNY L GADS

g KSNEI 0 2dzia

02

minutes, at its peak Polly was costing us some $400/day in airtime alone. A variety of mechanisms can

eventually be used to &det this cost, including banner ads, carrier revenue sharing agreements, and
content-providing sponsors. However, in the current experiment, one of our goals was to test how far
Oy NBRdAzOS
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ongoing airtime expense as simply the cost of reaching new users, and are interested in strategies that
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maximize the coseffectiveness of that investment. We are also interested in understanding how the
airtime cost structure affect® dzNJ G NBSG dzaSNARQ 0 SKI @A 2 NI

We did not want to eliminate the tofree option because that would have biased the user base away
from low socioeconomic users, who are our prime target. We also avoid a reliance on SMS messages, so
as not to deter lowliterate users. Instead, we experimented with imposing daily quotas on the number

of toll-free calls for each user (based on their caller id).

One of the benefits of a largeolume, dynamically controlled system such as ours is the ability to run
randomized conblled trials (RCTs). Our first goal was to avoid subsidizingvblghme users, and to
nudge them towards a callgraid model. The main research questions asked here were:

1. How much can we reduce our airtime charges (our main operating expense) whitainiag system
activity and spread, and how? Sghestion: What partial subsidy scheme may induce people to
contribute their own funds to the airtime cost?

2. Is Polly compelling enough for people to spend their own money on it, at least sometimes?
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Figure 7-1: Daily caller-paid calls
Ly 2dz2NJ FANBRG w/ ¢ o0avtéuv ¢S GFNBSGSR dzaSNAB ¢K?2
attempted to call Polly for the 8th time on the same day, they were altelgadssigned to the quota
restricted group or to a control group (and retained that assignment indefinitely). A user in the-quota

restricted group, on their 8th daily call to Polly, was told that they exhausted their subsidy for that day,
and invited to cdlPolly on the callepaid line, where their call would be picked up immediately and

GKSANI a0KSRdzZt SR RSt AOSNASE ¢2dx R Ffaz2 NBOSAQGS |

users often complained of delays in receiving-baltks and in delery of messages, due to long queues,
especially at the peak evening hours. Subsequent calls by this user on that day to-fheetalimber

were not answered. Users in the control group were not restricted. We ran this experiment from May 21
through July80. Results (shown only for the 1,115 higilume users who were new to Polly during this
period) are inFigure7-2. Activity on the callepaid (namely, unsubsidized airtime) line is shown in
Figuire 7-1. We can see that the quota indeed reduced -fodle usage by the restricted group, and
caused sporadic activity on the caleaid line However, the differences from the control group
vanished after a week: it appears that most higilume users reduced their activity substantially within

a few days even without the quota.
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Black: Control Group days post first encounter with Polly
Red: Quota Group

Figure 7-2: Experiment with a quota of 7 tol-ree calls/day

Our next experiment was to more severely restrict-fodle usage, to a maximum of 3 calls/day, for

everyone. We hypothesized that on the first few days of using Polly, a user is likely to send their
messagesnostly to new people, but that on subsequent days they are more likely to request deliveries

to the same recipients. We therefore randomized users into three arms: those on whom the 3/day
jd20F 61 & AYLRAaSR AYYSRALIFIGSt & dstartiogon thairSecdnKddya S 2y
6avo5mMésT KIF@Ay3a 2y SfreRlsé of Pdlly), dnd NiBs& brNdihanil tBeRquoia2nad
AYLI2ASR A0GFNIAYy3a 2y GKSANJI GKANR RIF®@ 04avo5HEIT H  dzy
through August 16. Regsl(shown only for the 486 users who were new to Polly during this period and

who attempted to make a 4th daily call) areRigure7-3. The guota reduced activity during the first few

days, as expected. Also of note, there was no significant difference among the behaviors of users from
various quota arms once the grace period (in which the users are allowed unlimited dditgaalalls)
SELANBR® 6b2GSY aiKS ydzyoSNI 2F OFfta LISN RIF&¢ | Ll
one call during which the quota announcement was played).
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Black: 2 unrestricted days payg post first encounter with Polly
Blue: 1 unrestricted day

Red: 0 unrestricted day
Figure 7-3: Experimenting with a quota of 3 toll-free calls/day

Regretfully, the introduction of Q3 required a software platform upgrade, resulting in frequent system
crashes (and a sharp drop in all activity) from which we recovered gradually over the following 10 days
6a{ Cné¢ A ye theré&dreScanfiotnmedsure the shadrm impact of the Q3 quota on overall
activity level, but we observe that after 10 days activity fully recovered, thanks to a constant supply of
new users, and supporting our hypothesis that activity is only limitgdobr channel capacity. In
hindsight, the quick rebound is not surprising, because the few unrestricted days were enough to recruit
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new users. Note fronFigure5-2 that 40% of calls to Polly took place during &R & FANBG R
interaction, and fully 56% during their first two days.

Our next experiment, run from August 17 to September 4, was similar but tightened the quota to 2/day,

with the same Zarm randomized assignment (Q2D0, Q2D1, Q2D2). Results (shdyfoothe 1,029

who were new to Polly during this period and who attempted to make a 3rd daily call) Rigure7-4.

Again, users seem to have quickly adjusted to the new quota regardless of whether it was introduced
immediately or with delay. Callgraid calls spikedFfgure 7-10 @ ¢ Kl y{ Fdzf t 85 GKS &aeai!
Table5-1) that coincided with this introduction lasted only a day, and overall activity remained high
(Figure6-1).

Average number of daily inbound calls
among active users (solid line)

Fraction of users who were active (dotted

1 2 3 4 5 6 7
Black: 2 unrestricted days
Blue: 1 unrestricted day
Red: 0 unrestricted day

Days post firstencounter with Polly

Figure 7-4: Experimenting with quota of 2 toll-fr ee calls/day

PSR e : .‘...-.-.‘. srii
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g
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Fraction of users who were active (dotted
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Black: 2 unrestricted days . .
S T Days post firstencounter with Polly

Red: 0 unrestricted day
Figure 7-5: Experimenting with quota of 1 toll-free calls/day

Finally, from September 5 on we have been operating undeaarBQ1 experimentRigure7-5). This
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time, overall activity level did go down somewhat, although the number of usetsnamber of new
users Figure7-6) did not, achieving the same spread with lower costs.
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Figure 7-6: New users added daily

Cost and Sustainability z Limiting Free Message Deliveries

The previous sectiodescribes how the number of daily tolf NS 6 aYA&aaSR OF f te¢ o6 aSF
gradually restricted for eachser.Once uses exceeded their daily quotdhey were invitedto a caller

paid phone number, which provided a similar (in fact, slightly enhanced) Polly experidttoaugh

more than 4,500 users used the calfid line to make more than 12,000 calleetmajority of users

chose to avoid the call charges bwiting until the following day.

After limiting tolHree calls to one per user per daye werestill paying for 4,000 calls/day, costing
nearly $800/day in airtime alone. We did not want to elimieatoll-free calls altogether, because we did

not want to bse the lowefSES users, who are our primary target. Upon further analysis, we found that
of the 4,000 Pollpaid daily calls, some 60% were interactions initiated by users, and 40%ngssage
deliveries ¢ calls initiated by Polly to deliver previously scheduled messages to their recipients
further reduce costs, we focused on message delivery calls. We wanted to test how willing people will
be to pay call charges in order to retrieve messaged ®© them by friendsWe therefore replaced the
original model with one where the recipient is just notified that a message has been recorded for him
and that he may call our callgmaid line to listen to itThe callespaid line was then modified to adtie
following functionality:

a. When an experienced user calls, if they have any messages waiting Polly informs them of their
number and prompts them to choose between listening to them and going directly to
interacting with Polly.

b. When an inexperienced usealls, if they have any messages waiting Polly informs them of their
number and starts playing them o#®-one. After each message it prompts the user to choose
between continuing to listen to messages and switching to normal interaction with Polly.

A use is considered experienced if he has interacted with Polly at least three times b&fessages
that have been skipped are retained for future retrievddbrelated calls were not affected and were
always delivered at our expense.
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We send message nothtionsusing SMS andptionally short voice followup calls. We conducted this
experiment in three phases:

SMSonly notification

Under this experiment, an SMS was sent to the intended recipient of a message immediately upon its
scheduling, briefly inforjgid KAY GKFG + YSaalr3asS KFa 0SSy NBO2NRS
ydzYo SNJ | YR -pai@ fuiBefér re@iévalX t6talbf 7,893 such SMSs were sent during this

stage of the experiment, which resulted in 514 (merely 6.5%) eadlief retrieval calls. Of note, 57% of

these calls were made within one hour of the SMS delivery, and 85% were made within 24 hours.

SMS notification with a 24 -hour voice follow -up

We conducted this as a two arm randomized controlled trial. Out of all the SMS audifis that did not

result in retrievals within 24 hours, half were randomly chosen for sending -eait@éeminders. Polly

called each of these intended recipients and briefly announced that a message is waiting for them,
LI @Ay 3 (KS & Snorbréthrded woiceY &hd explainitigktttit) to listen to the messages,
the receiver needs to call back the number from which they were just called (which was thepeadier

line). The main motivation for voice call reminders was to help recipients whaotdyave understood

the SMS, perhaps due to lack of literagyso, with voice alerts the user was not required to type any
numbers to access their messages, but could simply call back using their plabit2 & KA & G 2 NB @
During the period of this trial, 4% of the delivered SMS alerts triggered retrievals within 24 hours, and
hence were not assigned to any arm. Of the remaining messages, 2,693 were randomly assigned to SMS
only (the control arm), out of which 26 (0.96%) were eventually retrieved. We ateingoice
reminders for the other 2,681 messages, resulting in 113 retrievals. So, the message pickup rate of the
treatment group was 4.2% vs. 0.96% for the control group, with an estimated effect size e0.96% =
3.24%, a relative increase of 57%le tetrieval rate.

Of note, among those who responded to the voice calls by retrieving their message, new users were
somewhat ovetrepresented (40% vs. their 32% share of all recipients), suggesting that unfamiliarity and
lack of reading/comprehension dkilare a factor in failing to retrieve messages.

SMS notification with a 1 hour voice follow -up

This was also conducted as a two arm RCT, very similar to the previous one, except that voice call
reminders were sent 1 hour after SMS delivery. During théodeof this trial,3.5% of the delivered SMS

alerts triggered retrievals within one hour, and hence were not assigned to any arm. Of the remaining
messages868 were randomly assigned to the SMS8Ily (control) arm, out of whicl21 (2.4%) were
subsequentlyretrieved. We attempted voice reminders for the oth880 messagesresulting in61
retrievals. The message pickup rate of the treatment group was theré&@®eé vs2.4% for the control

group, with an estimated effect size 6f%%- 2.4% = 4.5%, a relat increase of 63% in the retrieval

rate.

Cost of Spread and Development Outcomes

In Pakistan we paid for Polly by 15 second pulSedle 7-3 summarizes the airtime distribution of
t2ff28Qa dzaS Ay (SN iis@ehr thatmust f tedairting i spani@aimerbdok K 2 R &
andDeliverytype calls.
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CallTypes Sum of Seconds | Sum of 15SecPulses | Sum of 30SecPulses | Sum of 1MinPulses
Caltme-back 62,485,883 4,347,495 2,260,732 1,225,009
DelAlert 271,750 27,069 15,237 15,111
Delivery 22,620,738 1,600,680 848,340 470,678
JDelivery 3,179,257 222,124 116,530 63,878
SystemMessage 875 60 31 16
USDelivery 255,699 18,088 9,593 5,323
USJDelivery 3,977 280 147 83
Grand Total 88,818,179 6,215,796 3,250,610 1,780,098
Table 7-3: Airtime by call types

Table7-4 summarizes various spread outcomes of Polly.

Number of Job ads in the System 728
Number of Phone Numbers who listened to a Job ad at least® 33,832
Number of times Job ads were listened to 386,199
Job ads were listened during 77944 calls
Number of job ads that were forwarded 584
Job ads were forwarded 33,597times
Job ads were forwarded by 8,715users
Job ads were forwarded to 18,541 users
Each Job ad was listened on average 530.49times
Each user of Job Ads service listened on average to 11.42job ads
Number of Active Users 101,984
Number of Users 166,428

Table 7-4: Outcomes

On the basis ofalde 7-3 and Table7-4, Table7-5 shows the cost in terms of airtime as well as PKR and
(estimated) US dollars tachievesome oftheseoutcomes.Table7-5 should not be interpreted to mean

that a separate cost is incurred for each of these outcomes. The fact is that once the system is
operational, all of the stated outcomes are achievedudtaneously.

15SecPul| 30SecPul| 1MinPul 2PKR/Min 100PKR
ses ses ses ute UsSD
Cost per user 37.35 19.53 10.7 PKR21.4 | $0.214
Cost per active (trained and interested) user of Pol 60.95 31.87 17.45 PKR34.9 | $0.349
Cost per user of job ad service (any®who listens 183.73 96.08 52.62| PKRL05.24| $1.0524
to at least one ad)
Cost of playing one ad to a user 16.09 8.42 4.61 PKR9.22 | $0.0922

Table 7-5: Cost of Various Outcomes

Summary and Discussion

Ourthird experimentalgoal of the large scale deployment in Lahavas to use Polly as an experimental

test bed to answer questions about demographics and about spreatbst. Regarding demographics,

we find that Polly is used predominantly but not entirely by men, who are predominantly young or
middlel 3SR® ¢KA& gl & faz2 20aSNBSR Ay t2fft&8Qa HAmMM
advertisements as our firglevelopmentfocused service. Unlike in 2011, we find that Polly has spread
significantly into the mieSES and even hiBES populations.
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Usage over time is marked by rapidly declining interest among most users. This was expected given the
unchanging natre of the entertainment, although interestingly a still significant number of people
continue to use Polly for many weeks and months. Usage grew exponentially because every user spread
the system to more than one new user on average. Since the targetigtopuis measured in the tens

or hundreds of millions, volume will grow exponentially for quite a long time, limited only by the
system's carrying capacity. Nonetheless, without significant-teng use eventually activity will indeed
decline. In the sha term, we are working to increase repeat usage by varying the entertainment
content. In the long term, we believe the utility components will draw the users back. We see the
entertainment component mostly as a method to spread awareness of the systernandhe users in
speechbased services, not as a steastpte standalone service in its own right. Additionally, when a
new service is added, Polly can call some of its past users and introduce them tet#rtireg a viral
spread.

The large volume ofisers allowed us to use randomized controlled trials to answer some questions
NB 3 NRA y I-sedgaiviiyNA Digh @&l duota aoll-free calls did not reduce expenses much.
When faced with a lower quota, most users chose not to use their own manmeke calls that they
would otherwise have made. This can be demonstrated by comparing the average call volurma{diser
and tolHree) of people in the quotaestricted arm to that of people in the control arm. Nonetheless,
the total volume of usepaid calls is evidence that at least some people were willing to pay some of the
time. During the last week of our reporting period, fstke calls averaged 2,200/day, whereas caller
paid calls averaged a mere 160/day. It is possible that, once a seriitediiced as tolfree, people
would always be reluctant to pay for it. We are planning to test this hypothesis by deploying a pure
callerpaid system in a new geographic location. We also found that restrictingvbigme users does

not stymie spreadas measured by the nuper of new users addedrigure7-6).

Anecdotally, quite a few of the usgaid recordings contain strongly worded complaints and even
curses regarding the quota. Apparently, people are willing to pay foséneice in order to vent their
anger at the need to pay for the service.

Limitations of the study: Randomized controlled trials are potentially confounded by offline
communication among friends.
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8. Behavior Analysisof 0 T | 1Uskts O

Chapter Abstract

Thischapter describes a follow up study done with the help of Haohan Wang and Yiljif7LiiThe

interaction data gathered from th&65,000 usersf Polly,who interacted with the system by telephone

over 636,000 tnes was studied to find behavior patterngVe discovexd that, with experience, users

respond faster to menus (using more baiige and make fewer mistakes and abortive attempige

alsod 1 dZRA SR K2¢g dzZaSNBEQ OK2AOS 2 Fhatwihiedp&ienteuseS@idbl SR 2
'y AYONBlIaAy3a AyiSNBad Ay YSaalr3aS aSyRAy3dIs 06S02Y!
better adapt themselves to its constraints. Many new users seem to arrive with some preexisting
1y26ft SR3IS 2 7 nality? frdsém@tdy thfodgyf Sdime dackannel information from their

friends. Longerm users engage in lengthier calls from the start, and take a more active interest in voice
modification and forwarding features.

Revisiting the User Interface
Polly has tw major features. It is a voice messaging service as well as a job market.

¢KS Y2ald 02YY2y gle& (2 -ORyiid OVSOREYRAYX 40 KBADOK | & KAYR
GKS aeadasSyo ! dzaSNJ OF f tMa-. It @F £ & RA IPdFKiRMeBiAte)ydehgsS NI o |
up the call. Shortly afterwards, Polly calls the user to start the intemacti

Once a user is connected with Polly, they are prompted to record a short voice message, limited to 15
seconds, and can opt to terminate the recordirigsfore that by pressing the # button. Polly then
applies its first voice modification to the recorded message (raising its pitch, thereby creating-eomale
female effect) and plays it back to the user. At this point the user arrives ail#ie Menuy which gives

him the following choices:

1. @ ¢ 2-NBIB2 NRI LadBdaivoioe fnessafS and return to main menu). This option is
removed from the mairmenu after the user chooses to forward the recorded voice to a friend.
2. a¢2 NBLISIH G LINGpuatedvbicednBsSadg, &nd retiiritd maih menu)
3. 4¢2 FT2NBIFINR O0GKS YIYyALWzZ I SR NBO2NRAYy3IO G2 FNR
4. a¢2 GNB Iy20KSNJ SFFSOGzZ LINBaa oé¢ oLIle& y20iKSE
menu)
5. a¢2 tiRa@8y | Ra F2NJ FNBST LINBaa pée¢ oylFr@aalrasS s
menu is no longer reachable)
6. a¢2 LINPODARS FTSSRolFO]l o6& NBO2NRAy3a 0O2YYSyida | yF
I gl Afl of S FTNBIVYhwartsy dza SND& p
Notein particular that the user is prompted to record a short audio message, and then presented with a
manipulated version of their recording all before he is presented with any action choices, including

access to the job ads. This is because we view thertamment aspect of Polly as crucial to achieving
viral spread.

If the user chose to forward a message to friends, they are prompted to enter the phone number of
their first friend, and then to confirm it. They are then prompted to record their nametheu friend's
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name. This is repeated for any number of friends desired, after which they are returned to the Main
Menu.

Polly only allows one voice message to be forwarded in one call, although it can be forwarded to
Ydzft GALX S T NEOLZRE@EEgoedrkhdEay whedthe user navigates back to main menu after
the forwarding menu.

In the Job Ads menusars can browse, listen to and forward job informattortheir friends However,
they cannot return to the Main Menu.

In any of the Polly menus, ifuser presses aimvalid button(defined as a button that is not allowed in
that menu), Polly will play the menu options again.

Bargein (pressing a button before the menu finished being played out) is allowed in all Polly menus.
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Figure 8-1: Prevalence of bargein by user experience level. (a) for pressing 3 (next voice effect); (b) for pressing 5 (listen
to job ads); (c) for any button. Horizontal bars correspond to binned values.

Improvement ii 5 0A0086 )1 OAOAAOQEIT 3EEI I
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with our system improves as they gain experience with the dialog interface.

2S FT20dzaASR 2y dzZASNRQ AYyGSNI OlAz2ya g-hnterkction K e TA NR U
process from hearing the menu options to pressing any button, hanging up, oreautngwhich only

happens after the menu is played a second and then a third time). There may be none to several menu
interactions within one call. We analyzed 934,742 maegnu interactions from 292,951 calls during

which there was at least one mainenu nteraction. These calls were made by a total of 50,414 users,
FaadzyAy3a GKFEG SIFOK LIK2yS ydzyoSNJ O2NNBalLRyRa G2
interaction skill by tracking the prevalence of three phenomena: bargévalid button pressesnd
unsuccessful forwarding attempts.

Barge-in Behavior

Bargein, in speech interface terminology, occurs when a user interrupts a menu by pressing a button
before the instructions end. It often happens when a user is familiar with the speech interface an
needs fewer or no reminders.

We analyzed the changes in bafigebehavior as one indication of learning by the users. We tracked the
prevalence of bargd y | & dza SN& Q S E LFgh®8S ¢hoviss the fagtibrf of bargeCad | 4 S & ©
Fdzy OliAz2zy 2F dzaSNJ SELISNASYOS tS@Sts &aSLINIGSte F2N
YSydz o |yR FT2N I yé& odzidz2zyod | SNBEZ dzaSNJ SELISNASYyOS
encounteed the same menu and made the same choice, before the current interaction. Whenever

there were fewer than 100 such interactions at a particular experience level, we combined (binned) the

data with the next higher experience level (horizontal bars). Tdénsléd to happen only at the higher

experience levels.
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We observe that bargen prevalence increases with experience in all three categories, with a roughly
logarithmic growth rate in the range studied. Fitting a logarithmic regression line resujts-i6075

logx+0.58for (a);y = 0.074ogx+0.19for (b); andy = 0.10logx+0.112 NJ 6 OO0 ® ¢ Kdza G KS G f S
appears to be steeper for pressing button 3 (next voice effect, which is often repeated multiple times in

order to reach the desired voice effedt)an for button 5 (going to the job ads menu, which never

returns to the main menu and hence can only be done once per call).

0.025

0.015

Fraction of button presses that were invalid
o
o
2
[T
——i
1

0.005

Number of times user previously encountered main menu

Figure 8-2: Prevalence of invalid buttons presses as function of user experience. Horizontal bars correspond to binned
values.

0.14

0.12 ||

Fraction of forwards that were unsuccessful

0.02

0 20 40 60 80 100 120 140 160 180

Number of times user previously encountered main menu

Figure 8-3: Prevalence of unsuccessful forwarding a&mpts as function of user experience. Horizontal bars correspond to
binned values.

Invalid Selections
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People can respond very quickly to voice instructions, but about 0.8% of all button presses in our data

were invalid (not one of the offered choices). \&teidied how the frequency of these invalid selections
OKIFy3aSR a4 dzaSNEQ SELISNASYOS 6AiGK (KS ae&aidisSy Ayol
Polly.Figure8-2 tracks the fraction of invalid selections as function of user experience. Whenever there

were fewer than 1000 total button presses at a given experience level, we combined (binned) the data

with the next larger experience level. The (nhegative) Idgaric regression line suggests a very mild
improvement rate, contrary to our expectations.

Complex Functions

t SNKI LA GKS Y2aid O02YLX SE FdzyQiiAzy @Attt S FTNRY
(button 2). Forwarding requires a user to kdyy & NBOSAGSNRA LIK2YyS ydzyo SNE
being read back and press a button to confirm it (or els&eay the phone number), to record the
ASYRSNJ yIYS 6F2NJ FANRG NBOALASYylG 2yfteéeovr (d2r NEO2 NR
a an additional recipient or else indicate that there are no more recipients. This requires more
interactions with the system than any other choices. As a result, there were numerous attempts to
forward a message that failed.

Here, we focused on thetiractions in which forwarding was requested. We binned the data as before

to achieve a minimum of 1000 forward attempts per bkigure 8-3 shows how the fraction of
unsuccessful forwarding attempts changes as user experience increases. The (negative) logarithmic
regression line Y =-0.01409x+0.12) shows good agreement with the data. There is significant
improvement even after more tha20 successful interactions.

Caveatz Confounded User Types

Thelast threeanalyses were based on a very large humber of interactions, which was made possible by
combining the interaction data of many users, most of whom were steorh users, but many offhom

were longterm users. Because of that, the analysis confounded true learning by any one user with
differences between the different user types (shtetm vs. longterm). It is reasonable to suspect that
longterm users may tend to be more adept a¢ing IVR system to start with. To isolate this effeet

study the experiencelependent behavior of specific, controlled user groiupsall the remaining
analyses presented in this chapter

) I DPOT OAT AT O )1 5 O0A Gadng SpeciidiUSehTypeE 1 T 3 EET |
The next three subséions repeat the above analyses for three user groups:

Shortterm Users:We define ourshortterm setas the users who stopped using Polly after exacty 6
calls (we chose-6 because we were hoping this is a large enough nunibesbserve trends)The
behavior of this set is analyzed till th& Ball. We lumped thetwo experience levels together to arrive at
a large enough sample

Intermediate-term Users:We define the intermediatdéerm set as the users who stops using Poltgraf
exactly 1011 or 12calls.

Longterm Users:Finally, we define théongterm set as tle users who continued using Polly for 30 calls
2NJ Y2NBE 66S fta2 aG§dzZRASRNASAISNEE SHA KK na OENE at 2y
did not find ary significant changes in their behavior past the experience level of 30).

Improvement in Barge-in Behavior
Here we analyze two different types of bargebehavior:
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1. Bargein: The user presses a key before the enthefvoiceprompt
2. Bargein w/o Instruction: The user presses a key befdhe voice menu even instructsm about
that option

For thebargein we simply compare the interval between start of main menu and the key press with the
G2t fSy3adK 2F YIFAY YSydz LINE Ydtlihenged based 2rf sever@ld Y Sy
factors like past experience of the user, forwarding attempts etc. the length of the prompt could be
different and this analysis caters for that variation. This measure reflects that the user is comfortable

and confident enoughwith the menu to make the desired choice before listening to all available

options It also shows that hbas learnt toexped the system to understand his response even when he
interrupts its instructionsPolly never explicitly announces the baiigdadlity.

For thebargein w/o instructionwe compare the interval between start of main menu and the key press
with the interval between the start of main menu and the end of instruction regarding that chélee.
believe that a choice barga captures usergxperience and knowledge of the system ewtter than
simplebargein (of which it is a subset). A bargiew/o instruction reflects that the user was already
familiar with the main menu options and also thhe voice prompts can be interrupted religbl

Further, we have separately analyzed the bairgein the following ways:

1. First main menu interactionFor this we just look at the first mamenu interaction for each user in
each cal(experience level)

2. All main menu interations: For this we look \all main menu interactions in all the ca#lad then
find out the averagdargeins per users at each experience level.

Figure8-4 compares theprevalence of theéwo types of bargdn behavior as depicted by various user
types.Perhaps the most notable thing is the use of bairgdy all user types right from tlvrevery first
encounter with Pollyl{argein was utilized nearly 8@ of times and 15% of time users bargedvithout

even hearing about the selected optijpiWe can assume that even a new user can press the key of his
choice soon after hearing about it with waiting for the prompt to finish, but the use of barggo
instruction indicates one of two factors:

a. An old user called using a different SIM card. This is discussed in more detail in the chapter on
t2ffteQa fFNBS a0FfS RSLX2eYSyd Ay [FK2NBX FyR
b. A new user who was introduced to Polly by a friend either 4actace through a demo or
through a regular phone call (aka batkannel spread). As a result the user knew about the
options of interest and did not need to wait for the prompt to mention these choices.

It is clear from the figure that the prevalence of baigencreases with experience for all user types.
This is especially notable for the basigew/o instruction which continues to improve with experience

till the very end,where the users start to remember the menu options of interest. For the prompt
bargeins the trend eventually tapers after an initial increase. It can also be concluded that users need
little training (if any) do aimplebargein after they hear the option of interest and even nagigdort

term, users expect the system to recognize theiegsed key even if they press it before the instructions
are complete Hardly anyone continues to listen to the whole prompt after some initial experience using
Polly.
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Figure 8-4: Prevalence ofbargein and bargein w/o instructionwith user experiencebased on 1,530 longerm, 2,585

Intermediate-term and 4,755 longterm users

Invalid Selections
These ag analyzed in the next section along with prevalenceasiouskey presses.
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Complex Functions

l'a RAAaAOdzaaSR 0SF2NBx 2yS gl & G2 3ALdAS | dzaSNRa
in his message forwarding skill§.a user presses 2 irhé main menu to attempt forwarding the
recorded message to a friend but is unable for any reason to complete this operation successfully, we
count it as a failed forwarding attempiigure8-5 shows(1) the percentage of unsuccessful forwarding
attempt (out of all forwarding attempts at that experience levat)d (2) the average parser failed
forwarding attempts at each experience lev@lese are analyzed for the sam#éhree user categoes
having4,066 short-term users 2,011 intermediateterm users and 111 longterm users.
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Figure 8-5: (1) Percentage of unsuccessful forwarding attempts (out of all forwarding attemptgnd (2) Average peruser
failed forwarding attempts, as functiors of user experienceBased on 1,111 longerm, 2,011 Intermediateterm and 4,066
long-term users.
¢CKS FAIdANBA akK2g | Of SFNJI AYLINRGSYSyYy(d Auger fdidadS NB Q T
attempts of all user types it is clear that all users are nearly equally matched in terms of forwarding
abilities in the beginning but theleep improving with experience. It does not seem like shorter term
users get frustrated and leave just because of failed forwarding attempts both because all groups seem
to improve at very similar rates and also the overall number of failed attemptsaireeny high to start
with.

Usage Changewith Experience

In this section, we analyze specific sets of users and explore changes in their usage patterns as a function
of their experience with Polly. To simplify things, we continue to concentrate on the maiu
interactions only. We define aimteractionwith the main menu as the response of a user when faced

with this menu: pressing any of the valid or invalid buttons, failing to press any button, or hanging up.
We defineuser experiencas the number of &lly calls this user experienced prior to the current call.

First Main Menu Interaction in a Call

For the analysis in this subsection, we focused on the first 30 calls of the 1,523 users who experienced at
least that many calls. Our analysis is thus baead45,690 calls. During these calls, these users
interacted with the main menu on average 3.4 times per call, but here we look only at the first main
menu interaction of each call.

Figure8-6 depicts user responsawhen encountered with the main menu for the first time in a call, as a

function of their experience (number of prior calls). The most striking finding is that, somé&®@&%f

GKS GAYSZT dzaSNARQ GOSNE TFANRUG OK2ed Bgbsage@y présgingR)y I Ol
Even on their very first interaction with Polly (their very first call), 35% of users jump straight to
forwarding, without exploring any other options. We believe this may be indicative of preexisting
1y26ft SRAS 2FyERAOIE@QBYFYAOUS S dzaSNAR GKNRdAAK | ol C
user of Polly gets informed about Polly and its use by a friend via means other than Polly itself (see
discussion in section 4.1). In fact, we have anecdotal evidence in the recoreleshges that some of
t2ff28Qa dzaASNAR AYTF2NYX (GKSANI FNASYRa | o02dzi t2ffte |y
t2ff@ YSaal3asS 2N IA DA YA edrlKjmp totdelivefy @@ by hdi 21s61S alsd dzY' 6 S N
suggests that Polly has a rgption as a "voice messaging system".
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Figure 8-6: User response when encountered with the main menu for the first time in a call, among 1,523 lelegm users

An increase in the use of forwarding indicatl=i SNEQ 3INB gAYy I AYyaSNBad Ay (K
accompanied by a corresponding decrease in the use of keys 0 (rerecord) and 1 (repeat). The repeat and
rerecord functions are used a lot in the initial few calls. Our annotators were able toviimdnain

reasons for this behavior: a) many users find it hard to compress their complete message in the 15
seconds allowed for recording, so they have to retry a few times; b) users play with the voice
modifications by repeatedly recording themselves antkhing to their modified voice, sometimes even

playing out loud the modifications to family or friends around them. An increase in the use of key 3 (next
@2A0S Y2RAFAOF(GAZ2Y 0 &dzZl2NIia GKS f1FGGSN KeLRiKSa
SELX 2NAy3 t2ftfteQa FSIHidNBad |1 26SOSNE GKSNB Oly o6
send their voice using a particular voice modification, or even completely unmodified. As the
unmodified voice is offered in the fourth place among otherdifioations, key 3 must be repeated

pressed in order to reach it. The use of key 5 also gradually drops over the initial few calls. The frequent

use of keys 2 and 5 may indicate that Polly is perceived byddBdN)Y dzd SNBE LINA Y I NX f &
AaSYRA(A202NR OoNRgaAydIé aeaitsSvyo

All Main Menu Interactions

In this section we compare the usage pattern of different types of users. The user types are defined in
terms of the overall number of calls made by each user (feature 1 in Section 4). In the following
subsections, we further define and analyze these user sets.

Short-term users

We define ourshortterm setas the 2,701 users who stopped using Polly after exactly 5 calls (we chose
5 because we were hoping this is a large enough number to observe trdnd#)is set, users
encountered the main menu on average 3.09 times per €djure8-7-a shows, at each experience
level, the average peauser number of responses of each response type.

The most common user responses are keys 2 (forward) and 3 (next effect), both of which initially
increase. The number of forwards starts decreasirghtli from the second call while the number of

¢EYySEG STFSOG:e OK2A0Sa RSONBF&asSa TSN GKS ¥F2daNIiK
FfG23SGKSNI I FGSNI p Olffad ''aS 2F aGNBNBO2NR¢ YR a
@oAIOK (2 220 FTRaA¢ 2LIA2Y Aa 26 FyR 3ASyidftée RSONE
ads menu, they cannot return to the main menu, so there can be at most one such response per call,

and the average number of such responses correspdndhe fraction of calls that end up in the jobs

menu.

Intermediate -term users

We define the intermediatéerm set as the 1,862 users who stops using Polly after exactly 10 or exactly
11 calls. We lumped the two experience levels together to arrivelatge enough sample, comparable

to the shortterm set (while we do not show the error bars, the large samples guarantees that changes
of 0.1 are statistically significant). These users had encountered the main menu on average 3.15 times
per call.Figure8-7-b shows, at each experience level, the averageyser number of responses of each
response type.

We find that the most prominent of user responses are again keys 2 (forward) and 3 (next effect).
However, as ampared to the shorterm usersover the same range of 5 initial calbsctivity not only

0S3Aaya 4 | KAIKSNI £t S@St odzi faz Of Avyoa KAIKSNI
continues to climb until the experience level of 7 calls, the nundi¢orwards starts showing a decline

much sooner. Finally, use of both these options declines during the last two calls. Use of rerecord and
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repeat is very similar to that of the shet¢rm users during the initial five calls. The option to switch to
job ads declines gradually as in the shtatm case, but here we can see the trend persisting through
0KS dzZaSNEQ mniK 6FyR tFLado OFffo
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(b) Intermediate-term users (1,862 users who stopped interacting with Polly after exactly 10 or 11 calls)
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(c) Long-term users (1,523 users who continued interacting with Polly for 30 calls or more)
Figure 8-7: Average peruser number of responses of each response type in main menu, as function of user experience.

Long-term users

Finally, we define théongterm set as those 1,523 users who continued using Polly for 30 cal®@

66S faz2 addzRASR &S HISNNG SPEES NEKS sphiiyK S NEB  (f 21y 2 NJ
not find any significant changes in their behavior past the experience level of 30). Users in tteriong

set, during their first 30 calls, encotered the main menu on average 3.4 times per call. This is the same

set of users that was studied in section &Flgure8-7-c shows, at each experience level, the average
per-user number of responses of each response type.

Once again the most prominent of user responses are keys 2 (forward) and 3 (next effect). The
prevalence of these two choices is higher than in therimediateterm usersover the same range of 10

initial callsp ¢ KS LINB Gt Sy0S 2F aySEG STFSOGé Ot Avyoa dzl
continues to climb till the end. It should be noted that not all users of this group stopped usigg Pol
FFGSNJ on OFftaT GKSNBF2NBE ¢S R2y Qi aSS (KS dzadz f
towards the end.

¢tKS AYyONBlIasS Ay G(GKS dzas 2F aySEG STFFSOG¢ 6AGK SEL
voice modifications; and/or2) are looking for a particular voice modification. We have anecdotal
evidence about this latter scenario, where we found people telling their friends in delivered messages to

keep pressing 3 until the voice "clears up", and people complaining that ynieethey cycle through

all effects to reach the unmodified voice (fourth) the call sometimes disconnects, so they had to be
content with the first modification (makeo-female). Also, a common feedback request was to bring the
unmodified voice to the fitsposition.

¢KS LINBZIfSyOS 2F F2NBINRAYy3I A& Y2NB 2N t Saa adl
GNBLISI G¢ aK2g6a y2 YI 22 NJ-t&mi GsErS NEBing QHe Hirst ANEBaNs, akdy G S NI ¢
continues its gradual decline afterwards. Trevalence of switching to job ads shows the same initial

decline as in the intermediate set, but then stabilizes or even begins to rise.
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Figure 8-8: Average call complexity as function of user experience for shoterm (N=2,701), intermediateterm (N=1,862)
and long-term users (N=1,523).

Overall, we find that the most frequently used keys are 2 (forward) and 3 @ffedt), and that long

term users not only start out using these options more times, but also continue to increase their use of
GySEG STFTSOG¢ 20S8SNI GAYSd Ly Ftt OF&asSa aNBNBO2NRE
to calibrate to the 1%econd limitation, and to share the fun with nearby friends, respectively) and their

use declines as user experience increases.

Early Differences in Call Complexity

By aggregating the different response types in the grapHagire8-7, we can compare the overall call
complexity (number of menu interactions) of the different user sets at similar levels of experience
(Figure8-8).

We observe that shoterm users tend tomake the shortest, simplest calls (with fewest main menu
AYUSNI OGA2y a0 (KNRdAzZAK2 dzi O Rigikrdy) infeymediad@Bm dsérs\nfae a LI y €
significantly simpler calls than loigS N dza SNB (G KNR dz3IK2 dzii 1@GdaB)Pu) 246y a
another way, users who make simpler calls are more likely to stop using the system sbonecall

complexity can be useful in predicting user dropout, which can then be acted upon in a variety of ways.

Another striking observation is th@ersistent pattern of steep rise in call complexity from the first to the
third call, followed by an equally steep decline to the sixth &Gifice the three user sets are large and
mutually exclusive, we believe this represents a real and persistent phemon, although we are not
sure how to explain it.
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9. Network Analysis of Polly
(Collaborative Work)

Team of collaborators and ¢ o-authors:

Yibin Lin, JaYoon Lee, Danai Koutra and Christos Faloutsos (School of Computer Science, Carnegie
Mellon University Pittsburgh, PA USA). {yibinl,lee.jayyoon,danai,christos}@cs.cmulédumaterial in

this chapter has been extracted froj#4].

Chapter Abstract
When a free, catchy applicatidike Pollyshows up, how quickly Wpeople notify their friends about it?
Will the enthusiasm drop exponentially with time, or oscillate? What other patterns emerge?

This chapter presents these questions usingf | NBS AybdzSy 0SS ySignemly 2F TH.
with about 173,000 interactions, spanning 500MB of log data and 200 GB of audioTdatanost
strikingfindingsare: (a) the FIZZLE pattern, i.e., excitement about Polly shows a {ewelecay over

time with exponent of-1.2; (b) the RENDEZVOUS pattern, that obeys a power law (we explain
wO9b59%+h! { Ay GKS GSEGOT 600 GKS 5L{tow{Lhb LI G0G:¢
fewer friends he will use it with, but in a reciprocal fashion. Eifalz I ISy SNIF 2 NJis2F Ay bec
proposed which generatenetworks that mimic our discovered patterns

Introduction

How will a catchy phone application like Polly propagate among people? Will the excitement about it

spike, oscillate, or decay withnie? Information cascades, like the above one, appear in numerous
aStdidAay3azr tA1S o0f23ax GNBYRAYy3I G2LAOA AYy &az20Abft y
a topic of interest in the research commun[3, 52, 28, 39, 34, 20, 14, 19, 24, 43] because of the rise

of various odline social media and social networks. In this work, bytséci A Yy b dzSy 0SS 6S NBFSH
GKIFIG GAYRAGARdMzZ-fa FR2LIWG + ySg FOGA2y o0SOFdzasS 27
jdzSatdAaz2ya Ay | fFNBS RFEGFaSG 2F KdzyRNBRa 2F (K2 dz
deployment in Laha between May 2012 and May 2013. We focus on two main problems, described
informally as follows:

Informal Problem 1 (Pattern Discover@onsider areab 2 NI R Ay bdzSyO0S ySig62N]Y DA
whom, andwhenlnd3 8y SN} f AybdzSy OS5 heysii 6 SNya GKAA ySis2N] 2
Informal Problem 2 (Generator) NB I G S | NB-hetwbrkgerfe@torA y b dzSy OS

¢ Given a friendship social network (wlikeswhom)
¢ Design a simple, local propagation mechanism

¢ so that we can generate realistic2 2 {1 Ay 3 AYybdzSYIOBA ¥FBEANO2NFEdYSRY aNBI
AybdzSyO0S ySiGg2N]la YIGOK 2dz2NJ RAA0290SNBR LI GiSNyao

Figure9-1 gives examples of a social network (who is friends with whom, in dhagted edges), and a
LI2aadAofS AybdzSSyOS ss&ésate@ Wibm io @ed Birecied firRestampes, multi
edges). For simplicity, only edges between 1 aage2shown with timestamp and multedge structure.
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Figure 9-1: I'llustration mfgraay)hasred netwog kidbbl(e o6i npuence net work
initial nodes (6seedsd) are nodes 1 and 3.

The contributions of this work are the following:
¢ Discoveryof three new patterns (laws): the FIZZLE, RENDEZVOUS, and DISPERSION pattern;

¢ Generator and Analysiss S LINRPL}22aS F f20Ff>X SFTFUOASY(d LINBLI I |
AYybdzSy OS 3 NI istig satigl neiwdrkidamde{a 5 1] or synthetic social network datasets

[11]. Figure9-1 A f f dz&a G NF G Sa GKS LINREOS&a 2F &AYdA I GAY3I AyDbo
DISPERSION pattern.

The importance of the former corbution is that patterns can help marketers and sociologists

dzy RSNRBR Gl YR K2g¢ AybdzSyOS LINBLIIFIGSa Ay | az20Alf y
spammers, or faulty equipment. The importance of our second contribution is that a realisticagmmer

is valuable for whaif scenarios, and reproducibility: publidy@l At 6t S AybdzSyO0S ySig:
Y202NAR2dzat @ RAFTUOdz G0 G2 2060lFAyZ RdzS (2 LINRAGI O& |y
proxy.

Reproducibility

For privacy reasonshe Polly dataset is not public. Thus, for reproducibility, we present experiments on
public data (such the Enron Email wedrk [35, 12], and FacebookL3]) which exhibit similar behavior
like our dataset. We also make our code ofsEnrce at:
https://github.com/yibinlin/inflood_generator/.

Dataset Used

The dataset come¥ NB Y { K S-schldNdeploynieht NEP&ly in Lahore, Pakisiate. use data from

72,341 userslt comprises173,710 recordednteractions, spanning 500 MB of realorld message

delivery log and 200 GB of audio data. However, this analysis focusesoartlye forwarding of user

recorded messages. In what follows, we denote a user with a node and a forwarded message with a
RANBOGSR FYyR RFEGSR SR3IS® |1 SyO0S ¢S @OAS¢ 2dzNJ RI G &S
Discovered Pattern (P1): FIZZLE

Users may have been intraded to Polly by receiving a forwarded message from one of their friends, or
AAYLIE & o0& Gae2NR 2F Y2dziKéd alyeée &dzOK dzaSNE Yl & 7
possibly send messages to their own friends. Most such users cease interactitigensiistem within a

FS¢6 RIedao {GAffx I aA3IyAUOFYy(d ydzYoSNI 2F dzaSNEBR adl
activity change over time?
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Ly GKS F2tt26Ay3 lyltearas 65 RSUYS || dzaSNDa 6aea
4dz00SaafdA te aSyRa 2dzi UNRG YSaalraSeo a2NB2@SNE (K
who actively send out messages onthé /K Rl & | FGSNJ (0 KSe Figuseg-AdepicksSA NJ U N.

the FIZZLE pattern: thmumber of active senders (that is, users that still send messages to their friends)
vs. their system age. It also shows the count of messages they sent, as a function of their system age.

105 —Messages and Active Senders

* + outgoing messages

n « + active senders
8\ :|_04 3 slope=-1.26 | 4
3 I
H |
g I horizon effect
2 10°F  slope=-1.2 : (starting @ 30 days) |
8
E : kﬁ
o 2] |
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day after first Polly interaction

Figure 9-2: (Activity (number of messages (red), remaiimg users (blue)) vs system age) The FIZZLE pattern (PX)best
viewed in color: the number of messages sent (in red) and count of active senders (in blue), versus system age. In both
cases, the excitement follows aogver law with exponenta -1.2. The horizon effect is explained in the text.

Both follow powerlaw distribution with exponents ofl1.2 and-1.26, respectively. This observation
agrees with earlier results of the behavior of elapsed time in communication patterng5@@ethere,
Oliveira et al reported shows similar powlew patterns in mail and-enail correspondences, but with
slightly different exponents (1:5 and 1).

Observation 1 (P1The number of active senders c(t) at system ag#dws
ct)” t° (1)
whereh £-1.2. Similarly for the count of messages m(t) at system age t.

Horizon effect:In order to get accurate information about the FIZZLE pattern, new users who are
introduced to the system later than 110th day after it was launched were excluded. lpdpiyr,
YSaal3Sa RSt AOSNBR 6AGKAY GKS UNBG wmnn REFEEA FNB
Figure9-2K | @S LJ aaSR dGaeaidsSy F3S¢ 2F on o6y2 YIGGSNI K¢
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were introduced to he system at least 30 days before the end of our analysis scope. This is exactly the
reason for the deviation frompowdr 6 ¥ | a4 a&aeadsSy 3Sa¢ 2F on YR |0

The detailed powetaw linear regression results for the FIZZLE pattamwell as all our upcoming
patterns, are listed inTable9-1® b2GAOS GKIFG GKSe& I f¢ KI S SE{NB"
(absolute valuex0:95).

Pattern Slope Correlation
k  Coefficient r
P1 The F1ZZLE pattern (number of remaining users) k&1 —1.2  —0.994
P1 The F1ZZLE pattern (number of phone calls) k3 —1.26 —0.996
P2 The RENDEZVOUS pattern k- —4.88 —0.992

Table 9-1: Summary of Power Laws Observed in Our Dataset

Discovered Pattern (P2): RENDEZVOUS

In a directed nework, propagation from one source can take multiple paths to the same destination
node. Of particular interest to us are two paths that diverge for a while (wibhintermediate
connections between them) before they-oenvergeg an event which we here ddRENDEZVOUS. This
event type corresponds to diffusion into different social circles (efgead-of-a-friend... ofmy-friend,

whom | am unlikely to know), followed by convergence. The prevalence of stminvergences can
shed light on the effective gmlation size. In a large country like Pakistan (180 million people), the
effective population size for our system may vary widely and is unknown a priori. Thus, we are
interested in the prevalence of RENDEZVOUS as a function of the shortest path to sthecoemt
common ancestor of two parents of a node, where path length and recency are both measured in terms
of number of edges, rather than time. A node wkhparents gives rise t& . (k - 1) = 2 different
RENDEZVOUS. Taking into account the edge fremcémmon child to its parents, we have the
F2f{t26Ay3 RSUYAGAZ2YY

5SUY A INRENDEAVOUShNwWIO b59%+h! { A& RSUYSR Fa | w9bb59%+h
from the two parents to their most recent ancestor is of lengthl.

For exampleFigure9-36 0 aK2ga || w9b59%+h) { 2F fSy3imo HY GKS
the starting node A, is n=2 hops long.
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RENDEZVOUS Length Distribution

10°
10*} ;
) slope=-4.88
E
S 10%} ;
o
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8107} ]
S
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10} ;
10°
10° 10"
length of Rendezvous
(&) A 2RENDEZVOUS. (b) Distribution of RENDEZVOUEhgths

Figure 9-3: (a) Example of a 2RENDEZVOUS. (b) Distribution of RENDEZVOUS lengths follows apower law with
exponent-4.88.

CA3IdzNBE 0000 aK2ga (GKFG GKS fSy3adK RAaGNMWOMEIAZY 27
of RENDEZVOUS have a length ,ofnéaning that one of the parents is the most recent common
ancestor, because it has a direct link to the other parent.

Observation2 (P2§ KS y dzY 6 SNJ 2 () at RENDRZA¢AUS | lefigitilows
n)” 17 )
wherel f -4:88.

Discovered Pattern (P3): DISPERSION

[ SG GKS GNBOALINRBOKE OGA@GAGEE 0SGsSSYy Go2 dzaSNER o
GKSY Ay SAGKSNI RANBOGAZYy ® pSd BaE® @ OaA@nGé LINRUE
E a M), whered is the reciprocal activity between a user and one of his recipients.
5SUYAGAZ2Y H CKSL{5tLHw{o9w{blohb 5 2F | & [eah® Who Aigi K | O A
RSUYSR a GKS Syizet@widisttibutdr® § KS y 2 N)I f

Oa h i B 0zda
wherev —

Therefore, if a user has a high DISPERSION, she rsesdages her friendsiore evenlythan other
users with the same maber of friends, but lower DISPERSION.
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Figure 4(a) shows that the real DISPERSIONEIitJe 0

A a

& Yl fYIdSYNI RIAKAlLYS NBKAS yEEY | ot

user sends messages each of her friends evenly. This nteantongterm Polly users on average
exhibit the DISPESRON pattern when they semdessages to their friends.

Dispersion of User Activity

Dispersion of User Activity
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Figure 9-4: inpuence

E1, see

We can explain the DISPERSION behavior using a -fdesedormula, urder the assumption that

LJIS2LX S aSyR YSaal3aSa (G2 GKSANwhchNmnfigsk & pfit 2ofhé 2 6 A y 3
a LIS QoA U—é—zs— [65]. Based orthis, we can derive thaf we use integral as an approximation of

the sum part of theentropy calculation:

Lemmal¢ KS SYdNRBLE | 2F | %ALF Q& RAAGNAOdziAZ2Y Aa 3IA
O 6 a&0 U0 & Oat g IO H'Mi Q p8 (3)

The proof is omitted for brevity.

Observation3 (P33 A a LISNEA2Y LI GGSNYy OFy 6S Y2RSttSR ¢Sttt o

¢CKS YIFIGKSYFOGAOIE Fylfteara akKz2ga OKI Rreciprécd friendsNA Sy R
will follow an expected entropy value proportional to thgusire of logarithm ofF (In?(P) other than

(In(M) when we assume the distribution follows uniform distribution. The predicted entropy of Eq (3)
matches reality much better than the uniformity assumption. As showigare9-4 (a), the predicted

entropy (the dashed blue curve) is a better match for the real data (red dots), while the uniformity
assumption leads to the bladlotted line.

Inflood Generator : Algorithm and Evaluation

CANBGEZ ¢S T 20436andAf yBinclESSwWbykS (0 K S
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5SUYAGAZ2Y o A BadsaNetwdrkSi.o62.Nib the underlying socialetwork of all people
who are related to social information cascadeg,sMs a setof individuals. s is a set of directed,
weighted edges. The weights repent thestrength of connections.

5SUYAGA2Y n OLYYdzEyWd3SzS ¥ 6 G BySdhdive Whjcadle: sent a system

message to which node, and whenRg 6 a set of individualg,q is a set of directed, timstamped edges

of which theweight shows the number af A YSa | y2RS Kl a 0SSy y20AUSR 2
node.

In our modelVini P Vhase Bnii P Bhase A @S ®S A Y RA @A R dzbyfotherQhteykndvy £ & 0SS Ayt

We model all patterns by using INFLOOD GENERATOR. As naealione, Polly can be viewed as an
AybdzSyO0S ySig2N] 6KSNB LIS2LI S04 NR)| yRPNRIERA@ F! RiliS NI
people may start forwarding messages.

Why we need a generatoiThe best way to verify all our three patterns (FIZRENDEZVOUS and
5L{t9w{Lhb0 A& (G2 &addzRe 20GKSNJ AybdzSyO0S ySiGg2N] R
some of them lack time stamp information.

Details2¥ LbC[ hh5 D9b9w! ¢hwY ¢KS -netlioSkdpheratofi2 dgven i ¥ 2 dzN.
Figure9-5 (Algorithm 1) In more details, on day & seed nodesg, = 5) in the social networsl (e.qg.,

CII 0S06221 2N 9yNBYO | NB y2iAUSRverg fersan2whd RasbbeehK Sy = S
y2G0AUSR 27F t 2iy, R of Kdllidg sdme afIN& Bidnds Nvi& Polly. The friends are sampled

from the outgoing edges fror@lindependentof/ 2 Y I GGSNJ 6 KSGKSNJ G KS& KI @S o

Input: G1 = A base network, T = simulated days, o = power-law decay factor, P, q:
first-day infection probability of user u, day = 0.

QOutput: An influence network G2 on top of G'1
begin
notifiedl/ sers «—(5 randomly chosen people in G1 with notified day ¢,, = 0);
day +— 0;
while day < T'do
for each user v in notifiedUsers do
coin +— TAIL;
it random() < P,.: in Equation 4 then

| coin +— HEAD:
while coin == HEAD do

f =a friend sampled from G1;
if f is not in noti fiedU sers then

| add f into notifiedU sers with t. = day
else

‘ //User u has sent a message to user f, Record this interaction.

/{Details are omitted for simplicity.
if random() >= P, then

coin +— TAIL;
day +— day + 1;

Figure 9-5: (Algorithm 1) Pseud Code of INFLOOD GENERATOR

The probability of a usartelling other people about Polly is given: by
O 0fp Qowo B H o 4)
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,whereh parameter affects the exponent of the powtaw that governs the decay of infig@n activities,
andP,A & R S UlWrsBday infekti®n probability

EstimatingP,o: P,o depends on the total weight (number of communication messages) a user (node) has
in base networlGl. In fact,P, is set so that, in expectation, the number afges useu makes on the
Ust daymsgoA a LINRPLRNIAZ2YFE (2 {K6ng doredidihdstredgeh (inl biase 6 S A 3 K
network G1, i.e.
i © B. oy (5)
Note that in Algorithm 1, the process of sending messagesesmefric distribution. Hence we can get
msg,o = V(1 P,p) in expectation.

Hence, we set th&,, to be:

C
%
©

B w ©)
This ensures that a high weight node has more simulated edges. It is alsoealiséc, becaus more
social people may spread meseagnore easily. In our setting,= 14 , i.e. a user will contact a quarter
of her GL outRS3INBS& Ay SELIS Qday: dTHis2fofmuld y6 basdd Son €kpekiniental
observations.

Evaluation of INFLOOD GENERATOR
Wetested INFLOOD GENERATOR in a nuohlmetworks. Here we use communication networks, such

4 CroO86221> (2 68 FLILINREAYFGA2YyA 2FTadlemBl ¢ ol a$s

Experiment Base Network G2|V| G2|E| FizzLEslope RENDEZVOUS
G1 k1 slope k2
Polly N/A 72,341 173,710 —-1.2 —4.88
I Enron [22,1] 19,829 227,639 —1.16 —8.39
FEs Slashdot [3,17] 6. 880 19,781 —1.18 —6.11
Es Facebook [2] 22,029 222,686 —1.16 —7.65

Table 9-2: Results of INFLOOD Simulations

In all experiments)= 117, and the number of simulated days is T = 140.

Ly Fff OFasSasz (K $r weeNMiS( > 0:232 Yhe BI2ZZ8Bpesk) arS yailcdlated
0l &SR 2y f &0 @ys ofiinkefctidchddi éach usexactly as we did for the real, Polly dataset.
Recall thatk, is the slope of the FIZZIp&ttern, that is, the slope of the number of remaining active
users, over time, in lofpg scales. For the RENDEZVOUS pattera, kthslope varies between
experiments. Thisnay be due to the small count of dapmints; see Figure9-3 (b).We also tested the
INFLOOMENERATOR on synthetic datasets, such és-Béedyi graphs of various parametsettings.
Notice that the RENDEZVOUS pattern is violated Bitubs-Rényi graphs donot follow a powerlaw in
their RENDEZVOUS plots.

Because the INFLOOD GENERATOR graph is big, we disdWNS@RERSION teah in Experiment E1.

Figure9-4 (b) shows that the emopy footprint grows well withi K S %A LJF Q& RA & (0 NRA 0 dzii A 2
who have lesshan 50 friends. When the numbef friends goes beyond 50, the entropy footprints

seem less reguiaas the number ofamples decreases.
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Related Work

Static graph patterns

tKSaS AyOf dzRS -KEBNGESHI S/ H49p B buddEdegrae Qlistributiofi25],
especiallyfor telephone graphg16]; the power lawtails in connected components distributions; the
power law PageRank distributions ahonodal radius plot$33]; the supetlinearity rules[45], triangle
patterns [74, 32]. Thislist is by no means exhaustive; sg&l] for more patterns. Algorithms for
detectingthese patterns hae been proposed by multiple research teams, sucl8&s

4A1 pT OAl AT A ET KOAT AA PAOOAOT O

Work on this tojic encompasses the shrinking dv S G SNJ | y R [R]StifeipbvieOawipi tiey
mail response times of Einsteand Darwin[52]; analysis of blog dynami¢28, 42], and discovery of
core-periphery patterns in bl@gs and news articleR7]; viral marketing[39, 34]; meme tracking40];
reciprocity analysi§26, 17]; analysis of the role of weak and strong ties in informatibifusion in
mobile networks[53]T A RSy (i A ULG2 NiliAl2y§(i 247 bpeBigiod SfNsBrvice adoption in
mobile communication ngvorks [72]; information or casade diffusion in social networK80, 14, 19,
73); linguistic change in online forums, ahdNB RA QG Ay 3 GKS dzaSNRa tAFSaLly ¢
[24]; peer and authoritypressure in information propagatidi g].

However, none of the above works reports anything similar to our discoverieRENMDEZVOUS and
the DISPERSION patterns.

Chapter Summary

2SS aiddzRe | f1NHSZ NBIf AybdzSyOS ySigadk (nddgsRdzOSR ¢
170,000 interactions (edges), distilled from500MB of log data and 2@®@Bdio data. Polly is a free,
telephonebased, voice message application that hegn employed and used in the real world. Our
contributions are as follows:

Discovery of new patterns in Polly:
¢t MY GKS WSy(iKdzaAlayYQ RNRLBA Fa | LR2gSNItlg gAGK (7

¢ P2: The RENDEZVOUS pattern shows a gawattistribution.
¢ P3: The DISPERSION patiafrusers behaves like a Zipf distribution;

Generator and Analysis:
¢ We propose the INFLOOD GENERAAI@RiIthm, which matches the alerved patterns (P1, P2 and
P3) in various communication networks. The c@epensourced at

https://github.com/yibiniin/inflood_generator/.
¢ We give the derivation for the observed DISPERSION pattern

With respect to future work, a fascinating reseaminection is to estimate the wterlying population
size of our dataset, from the statistics of the RENDEZVOUS pattern.

Acknowledgements
The acknowledgements of this chapter can be founid.
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10. Reproducibility: Deploymentin a
Second Country

Chapter Abstract

¢tKAa OKILIISNI RSGFAT A t2ft & Qth BabajoblEomh a largetdgrdd{and y LY RA
entry level job portain India The collaboration was built around the idea of using Polly to advertise
Babajolf2 a -skil2 jgb opportunitiesamong lowliterate and unemployed users in Bangaloflea our
surprise,Polly did not take off immediately as it did in Pakistan. Instead, it entered -ansith long
GAaLlzi G SNAYy 3¢ LKFAS 2F FfdzO0dzZ GAy3IE AYGSNXYAGGSY O |
it into a viral phase, with sustained transmission ofiee months butwithout (exponential) growth.

Finally, some user interface adjustments caused the system to transition abruptly into a viral
exponential phase of very rapid growth amassing 10,349 phone calls by 1,613 users over a span of seven
days.Overthe year Polly accumulate??,742calls by3,801 users.Analysis of the call graph, call logs,

user feedback and surveys suggest the necessary conditions for each phase. We study the interplay of
user interface; language of the system; seeding mechanismisagtive response to user feedback

towards the uptake of the service.

Introduction

¢CKA& OKFLIWGSNI NBLR2NIA t2ffeqQa FANRG €1 dzyOK Ay LYF
maintains an active listing of thousands ioformal and entry levelgbs. As explained in chapter:
Dewvelopmentrelated Service:Job Opportunities one limitation of our study in Lahore was our inability

to track employment outcomes. We did not have stats about the number of people actually

applied, got interviewed and eventually got selected for the various jobs that were advertised through

Polly. We also did not know the degree by which Polly increased the number of applicants for these
positions. Our followup surveys did gives evidence that people took a lot of interest in these job
opportunities and (anecdotally) some of them did get positions by applying. But we could not verify

those claims. Hence, the impact of the jblowser was not measurable.

For this reason, we reaell out to Babajod1] Ay LY RALlF ® . o6l 220®02Y Aa 2yS
and entry level job portal. The portal connects registered job seekers and employers using their website
(primarily), voice services as we#f &MS8exting [10]. Our collaboration was built around the idea of

using Polly to advertise Babajob among diiterate people in Bangalore (and possibly other places in
LYRAIFIOZ FyR G2 I|ff2¢ IVRSPkh $rougt Polgabgidhialieady has la2 2 0 Q&
mechanism to track employment outcomes of its registered users, hence giving us the opportunity to
measure impact.

.FASR 2y (KS f Saaz2y a-lofiglléepNgmsnRin RdiaNany il comparisditt @3 & ST NJ
deployment in Pakistan, we derive necessary conditions for achieving virality (defined as long, sustained
chains of transmission to new users) and exponential spread of telepbased speech services among

low-SES people.

To our surprise, unliken Pakistarf64], our initial attempts at seeding Polly in India did not lead to viral
ALINBIFRZ FYR FOA@AGE RoAYRESR gAGKAY | FS¢g 6SS|a
that persisted for nearlgix months. After several unsuccessful attempts, a modified form of seeding led
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to viral spread, though the system still did not take off exponentially. Thisnoraéxponential phase
continued for another five months. Finally, adjusting the user iatefin response to user feedback led
to an abrupt exponential spread matching the growth and spread of Polly in Pakistan.

Research Questions

Our original research question was of reproducibilitan Polly become viral in a second country?
addition, wewere interested in measuring the impact of the development related kauk service.
However, as Polly did not immediately take off in India as it did in Pakistan, we became interested in the
following questions:

w Why did Polly instantly takeff in Pakitan but not in India?

w During the norexponential phase, how was a daily stream of new users sustained yet without
achieving exponential growth?

w What are the factors necessary for achieving virality and exponential spread?

System Description and Improve ments

Before doing a local deployment in India, we decided to do a remote Pilot, to find out if Polly can indeed
become viral in India withougxtensivelymodifying itsentertainmenttype. For ths purpose we ported

the latest version of Polly (thdtadbeendza SR A Yy [ | K2 NB 0 -basedPlatforirehd sethi® LJ2 Q& ¢
GKS F2tt26Ay3 YSOKIFIYyAAY F2NI t2ffeQa 2LISNIGAZ2YY

1 A local phone number was setup in Bangalore to receive the missed calsédadick requests)
from users The systenthosted through Exotelamm) does not support rindgpacktunes, so the caller
just hears the phone ringing a couple of times and then the call gets rejected without chtrging
caller anything for the airtimet KS LK 2y S ydzYoSNJ Aa (KSy TF2NHI NR
onourserversk i / a!l 0® t2ffeQa aOKSRdzZ Ay3a addahchXoldy 6 I f
ONHzyyAy3a 2y (NRLR QA Of 2dzR0 A valleNSScilled back Fomius i K
(bearing internationatropo call charges of approximate8ycerts per minute).
1 Polly sends the local Bangalore number as its caller ID so that the receiver can call back later from
the phone history.
9 Our incoming (missed) call capadiya singlephone line but outgoing call capacity is around 512
simultaneous calls.
T t2ffeQa @2A0S LINGdredardedngKani&iana Nihdybdth fentiae Roices)The
initial system supported Kannada only that was replaced by Hindi when we realized the Kannada
prompts to be too formal and difficult to understand a few mbstafter the initial launch.
1 A voicebased phone directory feature was added
0 After phone number entry, Polly prompts its users to (optionally) siéneenewly entered
phone number If users chose to do sothey are prompted to record KSANJ FNASYRQa VY
0 When uses decide to forward something (voice message, job ad) to a friend, Polly allows
them to choose from the saved numbers in reverse chronological order.by pressing a key
Soadd (2 SYyuSNI I ySg ydzyo SNE LINB&EE In TINE2A a3 $1yeR
9 Call transfer to Babajob IVR system was added.ddseild transfer to Babajob from the main menu
by pressing 5.
1 .FolF220Qa L+w sokapioRpls thatigetarcatedared i yeaime and hence do
not lead to a nice user experietBad 2 S RSOARSR (G2 A3Jy2NB GKIFG AYyAGA
virality in India.

S
a
S
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f .Iol220Qa L+xw Fff2¢ga I yS¢g dzaSNI G2 NBIAAGSNI 68
categories, salary expectations). Afterwards jobs openings ayeglaack to him every timeehcalls
in. He can also recomessages for the job advertisers.
T .FolFl2206Qa L+xw aeaidsSy KFa +Fy AYGSNylrt YSOKIFIyAayY I
via SMSWhenever a user listens to a particular job ad oruests its forwarding to a friend, that
information is pass# on to Polly to allow tracking
1 Polly sends the delivery SMS by passing the SMS text on to Babajob. The text of the SMS needed to
be preapproved by Indian telecomm regulators before were allowel to send SMSWe decided
on an English text based on the suggestions of our partners to maximally cover the target audience.
t2ff@8Qa 5. 4 a Y2 RentficindRnatipeand tiadRingy 2 NB  dza S NJ
The monitoring system was significantly enhanced (tkxdlein the Appendix on pt20).
InKannada 2f & g1 & NBYlFIYSR FTNRY &a& XISy t & NiNRdzd ¢ @ NI DA 3
(A cute little parrot) The Hindi version retained the same name.

= =4 =

User Interface
t 2t f & Qerfacdza ebdtlibkd/in detail [4]. Here is a summary for the benefit of new readers:

Each call starts by prompting the user to make a short recording of their (@@s®conds, or shorter if

the user presses #raemains silent for 4 seconddimmediately the recording is morphed and a funny
version is played back. User is given the option to rerecord, replay, to forward the morphed recording to
a friend, to listen to a different voice modification, to give feadk to Polly or tayet transferred to the

job service Later, we also added an explicit menu option to send unmodified recordings because a
significant number of users demanded it. Paiffers the following voice modifications, in the following
order, allachieved with a standard audio processing utility:

1. AMale to femalevoice conversion, achieved by raising the pitch and increasing the pace.

2. AFemale to maleoice conversion, achieved by lowering the pitch and decreasing the pace.
3. Adrunk chipnunk effect, achieved with pitch and pace modification,

4. Anl-haveto-run-to-the-bathroomeffect, achieved by a gradual pitch increase,

5. The originalynmodifiedvoice of the user

6. Converting the voice to whisper achieved by replacing the excigaty & 2 dzZNOS 2 F dza SNDa
white noise

7. Addingbackground music

When the usechoosedo forward ther recording to a friend, they are prompted for the phone number,

the name of their friend, and their own name for introduction. Only the phone nemigk confirmed for

correction. Name recordings are terminated by silence detection and a 4 second harduim&'ealso

added a optional audio speeddial feature as surveys revealed that users find it difficult to enter long

phone numbers repeatedly. €speeddial remembers the last nine phone numbers entered and allows

GKS dzaSNJ (12 OK22a$8S | ydzyoSN) o0& LINBaaiy3d | 1Se& oS
allowed to forward their voice to multiple recipients with the same or differentlifioations applied.

2 KSy t2ffe OFrfta GKS AYGiSYRSR NBOALASYG (G2 RSt AODS
their own unmodified voice) immediately to the listener to prevent confusion regarding the identity of
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the callerand establish wst. The recipient can also choose to hear the phone number of the sender
this effectively inhibits prank call#\fter hearing the message, the recipient can choose to replay the
message, record a reply, forward the recording to others, create their esordings, or get transferred

to the job service.

t2tfteQa O2ydlF OO0 AYyF2NNIGA2Y Aa aSyda G2 Fft 2F t2f
interactions@ 'y FFRRAGAZ2Y It YSOKIFIYyAaY F2N @A Nbring tieLINS | R®
phone call itselff! RRAGA 2yt fe&sx OFff NBEOALIASYyiGa OFy aixvYLX e
feature commonly used by Ioditerate mobile phone users).

Polly elicitdUser Feedbackn the form of an unconstrained recording (up to $€conds, with a silence
timeout) from repeat users during their interactions. Feedback is requested only when a user actively
initiates a call.

The job service allows the user to choose a job category of interest, browse openings available in that
categoy, register or leave a message for the employer who advertised the opening. For now, the service
only advertises jobs in Bangalore.

Polly in India initially supported voice prompts in Kannada since we aimed it at Bangalore. We later
switched the promptsd Hindi as we found that Kannada was suitable for only a subset of our target
population in Karnataka, and Hindi allowed it to spread to large parts of India.

Remote Pilot Launch

Polly was launched in India using eamote pilot setupTo be able to do dek launch in new countries

we use a distributed setup (similar {63]). In this setup, Polly receives the dadick requests from the

users (via missed calls) on a local phone set up in the target country andatgthe user back directly

from the US. Hence, the only @mound hardware support that this setup needs is a phone capable of
NE2SOlAy3a AyO2YAy3a OFffa FyYyR F2NBFINRAY3I GKS OF f f ¢
internet. This allows s1to test Polly before going for a largeale local deployment (as described in

[64)).

Annotations of recordings and feedback

The feedback files have been annotated by several members of CMU, MSRI and BabajoBdeayis.
a variety of languages (Hindi, Kannada, Bangla...), the process of annotation has not been a very smooth
one. Message recording have not been largely annotated yet.

Surveys

We have conducted several telephonic and famdace user surveys at vatis points to gather user
FSSRoOoIFO1=2 RSY2ANILIKAO& YR dzyRSNROGFIYR ad2aisSvyQa Re
partners and also team members.

Results and Analysis

Seeding Attempts

As shown irFigurel0-1, Polly wadaunched in Bangalore, India on July 03, 2@s&sirable methods of
seeding in India have been one of our major challenges. Unlike Pakistan, where | was pregeninol)
we had to rely heavily on our partners to do the seeding for us. As a result veenod\been able to
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our experience in Lahore, Polly did not immediately become viral after initial seeding attempts so we
had to reseed frequently analsing various techniques. Here are the details of our seeding attempts:
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Figure10-1:Pol | y6s Activity Levels in India (Blue vertical l'ines
changes.)

Telephonic Seeding through BabaJob.com
Automated phone calls were made by Babajob to 100 of their active users in the Driver category. Each
call was followed by an SMS 84 of which were successfully delivered.

¢KS GSEG YSaal asS &A Y Liathu GivelmisdRedl ta0B68obotx and BINE@ TGn DA Y A
@2A0S 3IALYS FT2NJ FNBSH /Iff y2gH¢

YR GKS Fdzi2YIFIGSR @2A0S OFftf alARY &kxkdn@plaf&NRY DA
fun voice game for free! Justcall 08BBBEEEEEE¢ O AY YI YV I R

Behavior: A handful of calls resulted from this initial seeding. The user behavior exhibited a striking
peculiarity though: by the third day there were just 73 ea#-back type calls, 24 users but the 75 job
ads had been listened to 133 times! The users ditlgihow any interest in the voice modifications or
the message sending features of Polly (only 10 deliveries were scheduled during the first three days).

'AMan#almi | i ar oProSideasimuohchandholding as needed to make the sadérstand the system, comfortable
with it, and excited about it. For motivational reasons, the best seeds are those who know the seeders personally. The method
involves meeting with the seeds, preferably as a group, and introducing Polly to theneeasadffunny voice messaging
service, without any hint of the developmeelated service (the jobs option). The seeder should explain Polly, and our goals,
in any way that may motivate the seeds. Give a brieftgated) demo: Record something in froftlee group, play a few
modifications out loud (so that the listeners laugh) and then forward the message to one or more of the audience members.
Wait till they receive the call(s), and have them interact with the system. Ideally, the seeder can ha@vadiiesrplacing a
missed call to Polly themselves. They may want to prepare a phone number to forward to. For everyone in the group to be able
to understand whatodés happening the phones shoul chbebte pl aced
everyone, and encourages them to spread it to as many people as possible. He may even suggest a few forwarding scenarios
(friends, family back homeé jokes, pranks, etc.).
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So it clearly showed that the users were biased towards considering the whole system a job ad browser.
We hypothesized that if the users consider Polly a serious system (as opposed to entertainment) they
are not likely to use it very often. This biased behavior may be a product of the facts that these were all
active users of BJ system, looking for jobd #mat they received the seed messages from the familiar
.Folr220Qa LIK2YyS ydzyo SN

Later we learnt that many professional j@oNR2 { SNB | f a2 FNBIljdzSydte dzasS . I ¢
2dzNJ aSSRa ol OUADS dzaSNR 27F . | ors. Bihart@they Ba8 WY OIS& 0 YA
these services; however, they could access the ads for free through Polly. So they naturally showed a
tendency to listen to all available ads and refrain from spreading the system.

What we wanted was to seed the system witbers who do not know about Babajob. However, doing
such a seeding proved quite a challenge for us as none of our team members were on ground in
Bangalore.

Manual seeding through Babajob.com

A second round of seeding was done throsgimestaff members oBabajob.com. They volunteered to
pass the Polly number on to 5 of their friends and family members. Sadly, it generated very little call
traffic and the seeds did not call in more than once or twice each.

Aug 2931, 2013: Cold Calling Old Users wixpelienced Major System BugsDue to a bug the main

menu of Polly remained silent between July 30 and Aug 26 hence giving a bad experience to the users.
Between Aug 29 and 31 all such users were called back after fixing the bugs. In all cases, a message was
played to the users briefly explaining what is Polly (in English to some and in Urdu to others) followed by
the Kannada prompt asking them to say something after the beep. A total of 35 numbers were called. 31
of these calls were answered. It led to 3 CMBscand 1 forwarding attempt. Most of the recipients did

not stay on for long, appeared confused and very few said anything during the recording period. Most of
the calls were hung up during the recording interval. It was observed that the voice qualitytlie

user's side was very bad and choppy in several calls. It was also observed that the Chipmunk voice mod
does not sound so funny when the voice is recorded in a low voice, chéetfedly. As a result we
changed the arrangement of the voice mods benforth and moved mako-female mod to the
beginning.

Cold Seeding

As is clear fronthe Figurel0-1, our initial seeding did not lead to sustained activity. ¥den tried ¢cold

calling random numbers in the Hindi speaking areasofdingdo-not-disturb subscribers Thesecold

seedingattempts were made between O@3 and Nov26 (blue lines inFigure10-1). Another such
attempt was made on Jun 03, 2014. We tracked the activity of all seeds and foundotiatohthese
cold-seedingattempts generatedany noticeablectivity.

Oct 23¢ Nov 26, 2013; ColdSeeding in the Hidi belt: In an attempt to find suitable seeds via cold

calling Polly was seeded several times by calling random numbers in the Hindi belt. Hindi and Urdu, male

and female system prompts were tried for this experiment. The numbers were selected to exskrde u

who had opted for the daot-RA A G dzZND NBIAAGNE® ! £ ydzy oSBINET IgySINE 7
OFSBHSNI NBLISGAGAZ2Yya |-y R]&kaetnils 6eBErgraRef@énbdEE soutcél BoNA S a
found.Error! Reference source not founyl.so as to exclude premium and vanity numbers that are

mostly used by the webff and numbers reserved for government offices. All in all 600 were called over

seven separate days. Calling dage was varied betwen weekends and weekdays, early morning,
afternoon, early and late evening. Other variations included male and female, Urdu and Hindi voice
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prompts, with and without an explicit brief introduction of Polly at the beginning of each call. Only 181
out of the600 numbers answered the seeding calls. It led to 39needback requests by 14 users out of
whom only 1 scheduled a message delivery. Therefore, the cold calling experiments failed to generate
any significant call traffic. Most of the recipients eithgnored the calls or hung up after listening for a

few seconds. The few who did continue beyond the initial few seconds mostly refrained from recording
anything and pressing buttons and hence could not test out the functionality of the service. Some users
called back later once or twice but did not record anything.
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Figure 10-2: Indian Telecom Circles[3] (left), Hindi Belt [2] (in red, right)

Jun 03, 2014 Coldseeding in Punjab Telecom Circke:small set (100)faandomly generated numbers

who were nonsubscribers of B-not-Disturb from Punjab telecom circle were cold seeded in an attempt

to observe the response from the area that is geographically and culturally very similar to Lahore. The
response was very sitar to our previous coldeeding attempts. Only 33 calls were answered. None of
the recipients scheduled any delivery and very few recorded anything. None of them called back later.

Jan 09, 2014 First Seeding through MSRDn Jan 09, 2014 we tried a nifidd form of seeding where
undergraduate students were informed of the service and posted about it afterwards on their Facebook
pages, blogs etc. This led to the beginning of the-vioalexponential phase.

Jan 26, 2014 Second Seeding through MSRIhs was done with lowiterate security guards mostly
based out of Bangalore. Their education background was arotthgears. One seed was given a demo
and others were approached by him. Although it was explained to him that it was free and cool app to
sendF NES ©@2A0S YS&aal3asSa GKS LINAYINE aSSR RARyQi
Al 0SOIdzaS KS FalSR GKSY (2 0 deigurdik3%iowsRHe i@y & K
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graph and user introductiotree among these users. It clearly shows that their activity was strictly
contained to a handful of calls and forwarding attempts, most probably to oblige the seeder whom they
knew personally.
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Figure 10-3: Response to Jan 26 Manual Seeding

Major System Updates
Here are some of other major events along thmeline:

 July 08,2013t 2f ft @Qa 2dzi3A2Ay3 OFfEtSNI L5 gla OKIFy3aISR TN
number.
§ July 30, 2013The onset of jo R @pfibn was delayed to the 6th usénmitiated call in an attempt to
allow the users to play with and spread Polly before seriously starting to use the Babajob IVR system
(that is not viral in nature). Up to this point majority of the users who were caillingere mostly
jumping directly to the job ads option and were not forwarding any messages. However, this
a2F06I NB dzLJANIY RS AYyGNRRdAzZOSR | o0dAaA 6KAOK YIRS t2
and fixed onAug 26, 2013New users who called durinlgis period were called back in bulk to allow
them to experience the corrected interface.
f Sep17,20132 S | faz2 €SFENYydG GKFG 2dzNJ YEYYFREFE LINRYLIa
language making them unsuitable for a Kiterate audience. As we did nbave Kannada speaking
researchers in our team we decided to focus our efforts on the Hindi speaking areas in India where
we can easily use Hindi prompts (well understood by myself). We got the prompts translated with
the help of Rita Singh and Bhiksha fapfessors in Language Technologies Institute at CMU) and
NBO2 NRSR (i KS YThellafiguaga of bySiemaqapss Avés Shanged from Kannada (female
voice)to Hindi(female voice)
Sep 18, 2013:The voice directory option was enabled.
Dec 19, 2013:Polly was updated to ignore multiple caile-back requests from the same phone
number to be ignored if previous requests are still to be tried.
1 12 Jan, 2014Yoice mod order was changed to be the same as was in Lahore. IntentioHzdaall
delay (followingCMB requests) was reduced from 45 seconds to 15 seconds.
14 Jan, 2014Polly remained down for eight hours due to a power failure.
16-17 Jan, 2014Added confirmation of rassae forwarding following each scheduled delivery. We
updated the scheduler to sihtly ignore multiplemessag delivery requests to the same recipient
with the same voice mod in the same call. The activity peak around this time was mostly because a

=a =

=a =4
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single excited user started placing many calls in which he just scheduled numeroesieebf the

same message with the same voice mod to the same set of friends.

April 9, 2014 Decreased the retry intervals of all call types in case the recipient does not answer.
April 27, 20140nset of Jobs option was made available from age 0 again.

May 19, 2014:In response to user feedback, introduced an explicit option in the menu to send
message in unmodified voice by pressing 4. However, this option was never advertised up front to
the users.

Jun 13, 2014In response to user feedback, increasedording interval to 25 sec from 10 sec.

Jun 20, 2014: Graceful Shutdown. Every caller is called back only once to inform about the shut
down and is allowed to record one last feedback message.

= =4 =

= =

Interface Changes to Induce Spread

In addition to seeding atimpts we also experimented with modifying several interface features:
language and gender of the system prompts; cold seeding at varying-tifitesy and day®f-week;
cold-seeding with and without initial introduction of the service; an audio spéiadlfeature; adding the

job service onlafter auser gains some experience with Polly; changing the order of voice modifications;
servicing the calback requests more quickly. Some of these attempts resulted in minor fluctuations of
call and user traffic butone led to sustained activity or spread.

Finally, in response to user suggestions gathered through survey calls and automated feedback feature
in Polly, we made two further interface changes:

M® hy alé& mdI Hamn 6S I RRS Rxplicityyfesed Brididing a/medsgige t 2 £ f &
in an unmodified voice. This option was always implicitly available to the users via cycling to the fifth
2LIA2y FY2y3a (GKS @2A0S Y2RAFAOIGA2yAa odzi t2ffeéeQa
note that we did not advertise this new menu option upfront and it took most of the users several days

to discover it and start using it. Call traffic starting growing soon afterwards.

2. 0On Jun 13, 2014 we increased the recording duration from 10 secondsit&282 y Ra |y R t 2 f
and user volume abruptly started growing exponentially that very day. OnlRne terminated the
service after exhausting our telecommunication budget.

Comparison with Phases from Polly -Pakistan

In what follows we compare theKtNBES LIKIaSa 2F t2ftfe& Ay LYRAI gAll
Pakistan deployment (s€é4] for figures and details)PkExp is the first exponential growth phase in

Pakistan that started from the initial seediog May 09, 2012 and continued till May 15, 20PKExp2

is the second growth phase in Pakistan that started on Jun 27, 2012 with the fixing of a telecom bug

(that reduced capacity) and continued till July 11, 2012. The-minakexponential phasePkViral is

defined asMay 16, 2012 to Jun 26, 20]1@4]. We also define ateadystate phase from Pakistan that

represents a six month period when we stopped subsidizing message deliveries and imposed a quota of

one subsidied call per day for each user (publication pending).

Virality and Exponential Spread

Polly spreads mostly through forwarded voice messages that accounted for 72% of itfokw (
Introduced users in India. Another 6% were introduced through our seeditegnpts. The remaining

22% were introduced byord of mouth that is, informed about Polly by friends or family fdoeace or
through a regular phone call or text message. Sometimes the introduction was also accompanied by a
demo. We assigned 8% of tleesisers to their putative introducers by tracing their message passing
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activity. If aword-of-Mouth (WoM) introduceduserY sends or receives a Polly message from a Xser
who started using Polly befor¢ we assigiXas the wordof-mouth introducer ofY.

Viral spreadis characterized by long, sustained chains of transmission to new usersBagie
Reproductive Rate of spread R is defined as the expected number of new users introduced by a
current user over its lifetime, in a fully susceptible populati&xponential spread occurs whep>R1
while activity dies out quickly ifoRc 1. We estimate Xfor a given cohort of users by summing up
AYGNRRdAzOGAZ2Yy A 20SNJ I dzZaASNDa FANRG 71 ,Bdcause: (B a&
smallsud S 2F t2ffeéQa dz&aASNB O2yliAydzsSa G2
there remains a large group of unassigned, and therefore unaccounted for,-o¥diduth users.

Figure10-4 shows Restimates and chairehgths of new user introductions during the various phases.
Only PkExpand IndiaExpqualify as truly exponential ag R 1.PKExp2 appears exponential based on
call and user traffic but is more close to the \inah-exponential phases because it wasliced by an
increase in traffic due to increased capacity and not because of true growth. All butdiaeSputtering
phase are characterized by long chains of transmission and are clearly viral.

M Length=0 W Llength=1 W2 <=Length <=3

4 <z Llength<=7 ®W8<=Llength<=15 ®W16<=Llength<=31
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India-Sputter India-Viral India-Exp PK-Exp-1 PK-Exp-2  PK-Viral-1 PK-Viral-2
Period 6mo & 6d |5 mo & 4d |7 days 7 days 15days |1mo&l1d|17 days
RO 0.2 0.7 1.2 1.3 0.8 0.7 0.7
Avg Chain 0.9 9.3 5 8.1 3 3.7 2.5
Max Chain 7 26 15 21 19 23 19

Figure 10-4: Ry and Chain Lengths

User Retention and Fecundity

Figure10-5 compares user retention across phases, based on users who initialeackllrequests to

Polly. DuringndiaExpand PkExpphases a large number of users kept returning to Polly. Nearly half of
the users called back on their second day, more than 30% on their third day and this trend continued for
several days. All virlon-exponential phases are also similar and are charactefizel@sser retention

as compared to exponential phases. Sputtering phase exhibits very little retention. All but the sputtering
phase have a nenegligible fraction of longerm users (not shown).
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Fraction of Users still active

Figurel0-6 showsuser fecundity the tendency of a user to introduce new users, as a function of days

Days post first encounter with Polly

Figure 10-5: User Retention

post first encounter with Polly. The cohort of potentially fecund useimposed of all users who take

part in at least one successful call with Polly. We see that even on their first day, orBOB#Uf users

spread Polly to new people during the exponential phases, and around 16% do so during therviral
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continues bringing in new users several days after their first use of Polly. During the sputtering phase,
only around 6% of users introduce new users on their first dayeben this phase has a small fraction

of longterm fecund users.
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Figure 10-6: User Fecundity
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Choice of Voice Modifications

Figurel0-7 shows the percentage of voice modifizats chosen by users in their forwarded messages in
the various phases. Here we have further divided the viral phase into tweplsages:Viral before
unmodified voice menu opticand Viral after unmodified voice menu optiofhe first option ihale-to-

female) is very dominant across all systems and phases, presumably because (1) it is the first option; (2)
it is funny; (3) some users do not know that other modifications exist; (4) it is clear enough to be used
for serious message passing; or (5) frequerrsiprefer not to cycle through even for serious messages.
There is significant increase in the use of the unmodified voice for message delivery after the explicit
option to do so was introduced. In the exponential phase the percentage of such messageses
threefold, indicating a clear usereference

B Male to Female  ® Female to Male
Voice Modifications: ® Drunk Chipmunk M I-have-to-run-to-the-bathroom

B Unmodified Voice ® Whisper Background Music
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Figure 10-7: Choice of Voice Modifications

Choice of Menu Options

Figurel0-8 shows the prevalence of main menu selections during the various phasesamgter to job
serviceoption is used a lot duripthe sputtering phase but not afterwards. One reason is that our jobs
service only has a listing of jobs from Bangalore and after the sputtering phase Polly spread out to other
areas of India. As a result, users did not remain as interested in this ogiioother reason we
discovered is that our initial seeding in Bangalore brought in goimbrokerswho used to call in just to
browse job ads, and presumably sell this information to others.

In the viral phases users showed much interest in forwardingsages and much less interest in
exploring the voice modifications. With the introduction of explicit option to send unmodified messages
users not only started using this option but also started cycling through the mods to hunt for the
unmodified voice (as evident fromFigurel0-8). It is as if they got a hint from this menu option that it

is possible to send unmodified messages using Polly. The use of rerecord key is reduced to half during
the exponential phase as the recording interval was increased from 10 to 25 secothdsens no

longer needed several attempts to fit their message in the recording interval.
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M Rerecord H Replay

Menu Options:

H Next voice modification B Send using unmodified voice
M Transfer to jobs service

Give feedback M Send to friends

Percentage of times this optionis chosen

Sputtering Viral before Viral after Exponential  Polly Pakistan
unmodified unmodified Phase
voice menu voice menu
option option

Figure 10-8: Choice of Menu Options

Distribution of Users by Experience

Figure10-9 shows representative samples of distribution of users by thtlyAge from each of the

described phases. Here Paflge is defined adays post first encounter of a user with Poliyie height

of each bar shows the number of users who used Polly on tha ddile the colors represent their
Pollyages.

During the exponential phases, udeaffic is almost exclusively composed of users who are new to Polly
or have very recently started using it. During the virah-exponential phase in India we find nearlglh

of the daily users to be more than a week old with a significant number of 2webkenth, and even
more than 3month old users. The vimbn-exponential phases in Pakistan are not very Different,
though there we find around 30% of the users to berenthan a week old.

H Age = Odays
2days < Age <= 4days
2weeks < Age <= Imonth

B Age = ldays
m 4days < Age <= 6days
® Imonth < Age <= 3months

B Age = 2days
1lweeks < Age <= 2weeks
® 3month < Age <= 6months B 6months < Age
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Figure 10-9: Distribution of Users by Polly Age (Days post first encounter with Polly)

The most interesting phases are Indjgutter and PKSteady State, where user traffic is dominated by
longterm users. In Indigputtering phasethe few users who called back every day are mostly very old
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users. In P¥steady State more than 70% of the daily traffic comprised of users who were introduced
more than a week before, nearly 50% were more than 3 months old, and around 10% of daily users
were more than 6 months old! Thus, during these phases oflavity, the service is kept alive mostly

by very longterm, loyal users.
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Figure 10-10: Message Passing Brancbut Distribution

Message-passing Brach-out Distribution

Figure10-10 shows that he viral and exponentialphasesK I @S I 2 § S NJATLINBO BRISAINE ¢ 2 T
opposed® 2y f @& KI @Ay 3 -&LIKSE ly RSdtiticn ®®hat hedtwalaodldentiabhases

are clearly much highen terms of supesspreaders (11+) togclose t05%).For all viral periods the

fractions ofuserswho forwarded to 29 friends are very siilar to each otherApparently he two major

differences (in terms of branebuts) between aviral non-exponential Polly and aviral-exponentialPolly

arethe fractions of non-spreadersand superspreaders.

The nonspreaders could be the people who:

a. justcalled once and didn't like/couldn't use thgséem;
b. called more than once, liked to play with the syatebut never sent any messages.

We found inthe survey callso terminals that severadlid not continue the use because theguld not
understandanyHindi.

User Surveys

During theviral phase, we did two rounds of surveys, manually calling up several users of Polly to gather
feedback and to find out the reasons for lack of exponential spread.

We conducted thefirst survey three months after the Jan O@esling (vhich wasdone through
undergraduate students over Facebook, blogs eW4. called 20 of our most active users, reachigg
of them. To our surprisgall of them were young men (6)associated with skilled labdd.0), lowSES
(10), mostly lowliterate (7) and living in Delhi (7), West Bengal (3), Mumbai (1) and Jaiptio(ig of
the students who seeded the system were from any of these cities. Their professioncarpenter (1)
, marble polisher(1), tinsmith (1) goldsmith (1), tailor (1), embroider (3), diamonehssorter (1), self
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employed (1) and onenemployedperson. Most of them had heard about Polly from friends (from
other cities in two cases). They used Polly for free voice messaging (5) and fun (7) (without using voice
modifications).They were cost conscious as some kept confirming if Polly is indeed free. IntereStingly,
out of 20 interviewees initially denied ever using the service claiming that their
friend/brother/someone else might have used Rollowing thisidisclaimeé they nevertheless showed
intimate familiarity with Polly and its various usekheformal denial suggested to us a fear of being
asked to pay for the service.

Most commonsuggestions included: Not toorphthe voice as the modified voice is uncledifficult to
recognize and it confuses users into thinking that the service is not working prpfeihcrease the
messageecording intervahndto make Polly available in local languages especially Bangla.

We conducted another set of 250 survey calls in-Mialy 2014. Only 71 calls were answered as we tried
calling several user types (supspreaders, spreaders, neapreaders etc.) including several who had not
shown any interest in using Polly. We found that the best time to get a response from users in on
weekerd evenings and nights.

Category # Responses | Outcome
Literacy 28 12+ Years: 16
Under 10 Years: 10
None: 2
Age 35 Under 20: 5
20-30: 26
30+: 3
80:1
Locations 12 Delhi: 7, Calcutta: 2, West Bengal: 1, Mumbai: 1, Jaipur: 1
What do you| 31 Messages: 23
use it for? Messages. Fun. Jobs: 6
Messages and Jobs: 3

Table 10-1: User Demographics of Survey Calls

A major reason for the lack of interest cited by r&preaders is the language barrier. Polly currently
supports Hindi prompts while the majority of our users come from West Bengal and Calcutta and
understand little to no Hindi. More motivated users get instructions from Hindi speaking friends and
then operate Polly accordingly.

Users complained about call dio quality (22%); requested the ability to send unmodified messages
(55%); increased recording interval and better message sending abilities (32%); improved job ads service
(32%) and availability of Polly in Bangla (19%host all users were usirRpllyonly to send and receive

voice messages. Very few reported using Polly to access jobs, and around 40% had no idea that the job
service even exist

Table 10-1 summarizes the demographics of surveyed users. Among the contactad uge also
encountered several school/college students and three blind men. Most of the blind men belonged to a
blind institute in Calcutta and were all prolific users. They claimed that a lot of their blind friends are
also using Polly. Some very longnteusers reported having used Polly for several months.
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User Feedback

Table 10-2 summarizes automated user feedback collected through Polly. Users who provided the
feedback were mostly Bangtpeaking men who could also speak some Hindi. Even the recordings
marked as Hindi often contain several Bangla words.

Of the 1,029 recorde feedback files:
- 773 were empty, noise, messages by confused users.

Feedback and Suggestions

There were 256 files with real feedback.
Of those:
- 174 simply contained praise for Polly and its features
- 82 contained suggestions and requests. Of those @Hewing are not mutually exclusive):
9 Audio quality is bad: 21%
1 Keypresses are not recognized correctly sometimes: 10%
1 Allow sending unmodified voice messages: 22%
1 Increase message recording interval: 18%
9 Make Polly available in Bangla: 16%
91 Demanded/Suggeed new voice modifications: 9%
1 Job service related feedback: 6%
9 Demanded other features, mostly making Polly more suitable for voice messaging: 21%

Gender

Of 419 recordings successfully annotated for gender:
1 Female: 13%
1 Male: 87%

Language

Of 376 recodings annotated for Language:
9 Bengali: 38%
1 Hindi: 47%
9 English: 7%
9 Mixture of Hindi, Bengali, English: 8%

Table 10-2: User Feedback

Most users like Polly a lot. Several {8ES blind users said that it was a much needed service for them
as they cannot use regular SMS. They use it to stay connected with their friends. Bad audichgsality
been the most common complaint. When testing Polly from India we observed that indeed, in contrast
with the main deployment in Pakistan, audio quality is often poor which critically degrades the
entertainment effect. The reasons are not clear to ug, e suspect the international call (over IP), bad
signal reception, and a noisy environment. Some users also reported problems with key press (DTMF)
recognition, a problem mentioned anecdotally by other researchers working with IVR in India.

The improverents suggested by users all attempt to tweak Polly into a better voice messaging service
6ASOSNIt dzaSNB S@PSy NBFSNNBR G2 AlG a a@2A0S avate
the recording interval; allowing unmodified messages; making adified voice the default option;

providing a way for users to directly talk to their friends through Polly (like a conference call) etc. Bangla
aLSEF{SNAR O2YLX FAYSR GKIG GKS&@ R2 y20 dzyRSNRAGFYR |
most people around them cannot use Polly because of the language barrier. Some users complained

that the job ads are not suitable for their location; are not available in Bangla and are not updated
frequently enough.

97



Summary and Discussion

7EU AEAT 8 O-ofbimnetiately @ Anfiidas it did in Pakistan?
Below are some of our hypothesized explanations

Ineffective Seeding Attemp® A ®Sd y20G NBFOKAY 3 GKS | LILINBLINRALI § ¢
transmission).

Ourinitial seedsof July O3were active uses of the jobs service a service for which they used to pay
before finding out they can access it for free through Polly. Many of them called periodically and only
listened to job ads. We suspect they were job brokers, who therefore hardly ever atteriptaglore

the voice modifications or to spread Polly to friends.

We believe several factors to be responsible for the failure of caldseedingattempts. Indian
cellphone users are faced with a large number of daily spam calls and text messages pErpetrated
OKNRdzZZK Y20AfS aSNWDAOSa KI@gS Ffaz2z RSGUSNA2NI GSR
YA&UNHAG SEKAOAUGSR dcéldcalsc SutonmBed rcall iyl arunkhoivn phant f & Q &
number.

d

Deployment in Pakistan employedghiintensive seeding tactics: exciting demos were given to a
KFEyRTdzAZ 2F d4SSRa o0& WASSRSNEQ>X K2 gSNB YSYOSNE 2
free service, and the seeders remained available for a few days to help the seeds withuibsions

and technical difficulties. In addition, the seeds felt obliged to spread the service to their friends out of

their respect and relationship with the seeders, whom they personally knew and trusted. Regretfully, we

were not able to use these tacs in India, and had to rely on less intensive, less personal introductions.

Inappropriate voice prompts:t 2f f @ Qa @2A0S LINRYLIia 6SNB y23G adzaidl
users.

In India, Polly was initially seeded in Bangalore, Karnataka whereHa is the official state language.

However, Bangalore is a metropolitan city with people from diverse linguistic backgrounds and Kannada

is only appropriate for a modest subset of them. Additionally, we later found through user feedback that

our Kannadaystem prompts were too formaounding and literary, and were therefore unsuitable for

lowf AGSNF GS YIFIYyYyFrRIF ALISF{SNR® hdzNJ OK2AO0S 27F I y3dz
Karnataka until we changed it to Hindi.

7EU AEAT 8 OfizDddBspid adk & AalAy and (exponential) growth?

During the sputtering phase, Polly was occasionally called by users of the job service (presumably
professional job brokers) who wanted free access to the job ads. A handful of interested users were
responsible for generating the rest of the fluctuating call traffic.

During the viralknonexponential phase, activity was mostly due to lotgrm users(as shown in
Figure 10-9) who had discovered some utility in the service, most likely free voice messaging.
Surprisingly, a fraction of such utiligriented userskept introducing new users for many months post
their first introduction to Polly.

Why did Polly eventually at tain exponentially spread?
Because we modified ib match usea 6eeds.
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Contrary to our expectations, Polly users in India were not as interested in the entertainment aspect of
Polly (voice modifications) as were their Pakistani counterparts. This bauld been the result of the

poor call audio quality in India. Or it might have been due to some intrinsic difference between the
LIS2LX S NBIFOKSR oeé t2ffte Ay (GKS G¢g2 O2dzyiNASa®
messaging platform. User febdck kept reflecting that demand and as soon as we tweaked Polly
accordingly by introducing a way to send unmodified messages and increasing the recording interval,
Polly immediately achieved exponential spread.

Our take home message is therefore thaperential spread of speech based information services can
be achieved in many countries and cultures, but must be accompanied by careful attention to the
unique logistic and cultural aspects of each country, and that early attention to user feedback has a
critical role to play in this process.

Lessons Learned

1 Voice prompts should be recorded using a close speaking microphone. Telepased prompt
recordingdoes not produce desirable quality as it passes through the noisy channel twice.

1 Voice prompts shodl be translated in a simple to understand, friendly and informal way. If the

prompts are too formal otoo-educatedsoundingthen our target audience loses interest

Outgoing caller id could be faked by sending the caller id as +Country Code.

User feedbaclkand surveys should be carefully translated and attended to regularly.

The silent voice prompbug suggestghat on-ground team members should call the service every

few days to ascertain buigee operation.

On ground presence and understanding the laxalure, norms, language etis.a must.

Peoplepreviously exposed to voice spam and telephone based seaenaverse tgressing keys in

automated calls

1 Polly can penetrate back to low SES strata even if seeded with literate and high SES people.

=A =4 =4

=a =
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11. Altern ative Dissemination Models: A
Collaboration with JMV

Chapter Abstract

¢CKA& OKIFLIISNI NBLR2NIa t2ffeQa NBY2GS RSLX 28¥YSyid WK
radic-over-phone platform,JharkhandMobile Vaani (JMV)PollyJharkhandwas launbed based on a
GONRA®BE Ay3dé RAAASYAYIF(GA2Y Y2RSt 6KSNB t 2fdséd I ROSN.
servicewhich is not inherently viralour goal was to popularizetitrought 2 f f @ Q&4 SELR Y Sy G Al f
users once it seeds Polby advertising toits current usetbase.Polly remained active for 54 days in

which itreceived 19,042 callsom 4,428 users. Analysis of traffic reveals viral spread patterns but no
exponential growth. Polly was shut down due to high international callogiscand is now being

deployed locally in Jharkhand.

System Description

We used the remote deployment model described in AppeidiXhe calback requests via missed calls

are received on a local number in Jharkhand; phenenumber is transferred to Pblé Q& O2 RS RS LJ
2y (N2 L2 Qa Of 2 dad Paly@&lidNtheluseSoack iyitérsatiaifadyi

Dissemination model

JMV allows its users to browse a shuffled playlist of items (recorded radio programs, ads, user
ISYSNI GdSR 02 mitueldng gromo firclidigits phone number) was initially put up (on
May 02, 2014) in this playlist where it used to be played to a subset of users. Following the psenso
were prompted to press a button to place a eak-back request to Polly. If usechoose this option,

then JMV disconnects the call and Polly calls them back withiB015econds depending on the
availability of free phone lineOn May 28, 2014 the playlist promo was replaced Bpharter (28 sec)
promc’ that was played to all IMV ¢els at the beginning of each interaction

In Polly, an option to get a call back from JMV was added to the-main. If users choose this option,
then Polly disconnects the call and JMV calls them back soon.

(A girlés voice): Hey Deepak, h aes)eNopedave fioa got athewaphrmtas a peti(sbumds of ladigbtera ? (A

in the back ground). Girl: No! This is actually a friababoutsttesr vi ce st &
service? Girl: Using that service, whatever yauys t o Mi t hoo Tot a, it owi |l modi fy it in a fun
What és up!o (plays in her original voice). Now | i st erhipmonv Mi t hoo
voice). Boy: Wow! This is such eool service. Girl: Not only that, you can even send your modified voice to friends and family. Boy: Wow!

But you didnoét tell me what do | need to do to acceys®doMiTthéroo Tot a.
first method is to go from JMV to Mithoo Tota by pressing 9 while this item is playing. As soon as you press 9, your call would be

di sconnected and Mithoo Tota wil!l i mmedi ately call vyo thodTatz k . Boy:
directly by dialing xxxxyyyyzz. As soon as you dial, your call would be disconnected and you will get a call back. BoyoQaquilehse

repeat the number for me? Girl: Here is Mithoo Tota?a?@ey:lamafftoer agai n:
call Mithoo Tota and to record all sorts of fun messages! Girl: He is gone! Why are you still here? Press 9 now! You wilgnotet i t ! That ¢
my personal guarantee! é Hey! You st il 9oryoawoaltrégretitplram kavieghowdGveYo u hav e

a missed call to: xxxxyyyyzz. Thanks!

2Now use Mithoo Tota (Pollghe parrot) to modify your voice in fun ways and send it to friends. Press 9 while this item is playing or dial
XXXXYYYYZZ.
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Figure11-1: Pol lyés Call and User Volume. Bright Red Vertical Li

SystemUpdates. Beyond Jun 2, 2014, the service was only intermittently accessible.

Results and Analysis

Polly Became Self-Sustaining without Taking -off exponentially

As shown irFigure11-1,t 2f t & gt a I dzyOKSR 2y al @& nWHX wnmn o0& |
a result this promo was played occasionally to its users. On May 28, 2@44 replaced by a shorter,

alwayson promo that was pinned to the start of JMV calls. On Jun 18, 2014, the promo was completely
disabled hence stopping all further advertisement and seeding of Polly in Jharkhand. Finally, Polly was

shut down on Jun 25,014 to analyze the data and prepare for a local deployment in Jharkha8df f € Qa
suffered a lot of down times in Jharkhand due to system failures (depictdatiblyt red linesin the

figure). Mostly this happened when either the local 4@tk number wasgffline or the promo was not
F0O0S&aaArotsS Ay (GKS LIXleftAadod LY FRRAGAZ2YZI RdzS (2
missed call number) remained mostly inaccessible beyloma 12, 2014.

On May 18, 2014, an explicit option to send unmodifi#2 A OS YSaal 3Sa 61 & | RRSR
menu. On Jun 13, 2014 the message recording interval was increased from 10 to 25 seconds.

In Figurel1-1 we see an initial increase in the volume which fluctuated a lot. Lengthy, system failures
and downtime also contributed to the fluctuation. Polly continued to get a steady stream of users
throughout the 54 days that increased after the shorter, glg@n promo was introduced. Strong
activity continued after the promo was turned off. It is clear that Polly succeeded in becoming self
sustaining in terms of users and calls but it did not take off exponentially.

A small fraction of daily calls were requ ested through JMV Promo

Figure11-2 shows the distribution of daily calls by type. Users could request for -daehl from Polly

either through JMV by pressing 9 during the promo, or directly by givingam@setl t (12 t 2f f @ Qa

Rest of the traffic resulted from the messageK&Rdzf SR o6& t 2ff&Qad dzaSNAR F2NJ

calko  O1 NBljdzSaia GKNRdJdzZZAK Wa+xQa LINRY2 2yfte I 002dzyiS
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volume comprised calls requested via missed calls and delivery calls. As a result weel® axof major
loss of volume after the promo was disabled on Jun 18.

[ Callback Requests Via IMV M Callback Requests Via Missed Calls [ Voice Message Deliveries
800

E

g

2

g

Number of Daily Calls
=3
8

Date

Figure 11-2: Daily Distribution of Calls by Type

I Of Al1 MEOAAOQEIT T &£ 0111U80 OOAOO AEIT OA OEA
Figurel11-3 shows that around 109%5% of daily callers of Polly choose the menu option to getla cal
back from JMV. A handful of users do so in multiple calls.
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Figure 11-4: Choice of Voice Modifications in Sent Messages
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Figure 11-5: Prevalence of Man Menu Choices

Prevalence of Main -Menu Choices

The maimmenu choices preferred by users BbllyJharkhandreveal very interesting patterns. Users
seem a lot more interested in exploring the system, as they usd\tha Effecioption a lot to explore

the voice modifications, but they seem less enthusiastic about forwarding messages. This could be the
result of the fact that most of them have already been users of JMV, which does not fedtumegaad

to friends,option. So they are not used to the concegftpeer to peer forwarding. They use gét a
callback from JMdption is also used a lot. This may suggest that they already knew about the service
or were attracted by it because it is advertised as something local to Jharkhand (from where most of the
users belonged). Theend unmodified voiception, although introduced halfway through the 54 days,
was still used very often.

104



If we look at the comparison of the phases Pblly-Jharkhand(Figure 11-6), before and after the
introduction of explicit mentoption to send unmodified messages, we see an increase in the use of
unmodified voice for sending messages. This is very similar to increase we saw in the Bangalore
deployment.Looking at the preaience of mairgmenu options, we see a higher uptake of this option in
Jharkhand than in Bangalore. Interestingly it also corresponded with a decrease in the aaibatk

from JMV optionpresumably indicating an increasing interest of usets 2 fs dwé fGnctionality.
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M I-have-to-run-to-the-bathroom B Unmodified Voice = Whisper
Background Music

8

2]
(=]

~
o
|

3

8

w
(=]
|

N
o
I

Percentage of forwarded messages
o
o

=
o
|

o
I

BLR-Viral before unmodified BLR-Viral after unmodified  Jharkhand before unmodified Jharkhand after unmodified
voice menu option voice menu option voice menu option voice menu option

Figure 11-6: Comparing the choice of voice mods before and after the explicit menu option to send unmodified messages
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Figure 11-7: Comparing the prevalenceof key presses before ahafter the explicit menu option to send unmodified
messages

Spread and Virality
As shown irFigurel1-8 the R calculation for Polly Jharkhand is not reliable as it operated under a very
different dissemination model of continus seeding. While it is true that Polly clearly did not become
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exponential in Jharkhand, the calculation is influenced by the large number of new users who get
introduced to Polly through JMV and get counted towards the denominator,dfuR the not the
numerator. The chain length distribution shows clear signs of virality where it is comparable with the
viral periods in Pakistan.

B length=0 MlLength=1 W2<=Length<=3 W4 <=Length<=7 M8 <=Length<=15 M 16 <=Llength<=31
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India-Sputter India-Viral India-Exp PK-Exp-1 PK-Exp-2 PK-Viral-1 PK-Viral-2 Jharkhand-All

Period 6mo & 6d |5 mo &4d |7 days 7 days 15 days 1mo&ll d |17 days 1mo&24d

RO 0.2 0.7 1.2 1.3 0.8 0.7 0.7 0.5
Avg Chain 0.9 9.3 5 8.1 3 3.7 2.5 2.9
Max Chain 7 26 15 21 19 23 19 13

Figure 11-8: Distribution of transmission-to-new-user chain lengths and B

User Retention and Fecundity

Figurell9a K2g¢a GKIFG (GKS dzZASNI NBOSyidAzy Aa I|fflowKl asSa
Ly FIFOG (GKS NBGSYydndARE YRNAKBISEGKIAaRypREAT AIKIE &
LK &S Ay . Fy3rf2NBd ¢KS MREESyLIKA 23S RAdANAI/MNES-2 HKSSNI Gli2KO
LK &S 5 dzNENEIY 2{E K SLIKA y&a2S = m gefentidn KvBich sl cenipafatde to the viral

phases in Pakistan and India (Bangalore deployment). As expsetestalusers who give Polly a call

out of curiosity after hearing the promo on JMV, do not get very excited about it and do not keep calling

badk for several days.

Figure 11-10 shows user fecundity (tendency to introduce new users to Polly) as a function of
SELISNASYOS dzaAay3 t2fféd LLNPAYER éA yLOKS NESSA GiAKYI 0 GNEB Gyt 2A(yS
other Jnat KI YR LIKIF 4Sa O2NNBaALRYRa gAGK-2KS LINEIVY2( KF &0d
KAIKSad roARNBIYZ &I EREfA AYy 0SGsSSyo ! L)X | dzZaAofS S
5dzZNAyYy 3 (KS-2¢2 0 QI maBga Hafmdiuie promo expined the voice modification

and forwarding clearlyising an example and as a result several users understood how Polly works and
gKIFEG (2 SELSOHWE: LYKHEKSS abtKS - BMRY2 61 & YIRS YdzOK &
not feature an example. 10 K S -LdN2r2 ¢ LIKI aS3 t2ffe& g1 a &aLINBFRAYy3I
word-of-mouth) and there was no example, instructions or demo regarding its capabilities.
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Figure 11-9: User Retention
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Figure 11-10: User Fecundity
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Message-passing branch -out

As shown irFigurel11-11 the user branckout distribution is lower than other viral phases. This is also
influenced by the users whast interacted with Polly out of curiosity and were either not impressed by
its functionality or did not understand how to use it. Despite all that we still see that anaglhgible
number of users did interact with several friends.

M BLR-Sputtering M BLR-Viral W BLR-Exp W PK-Exp-1
W PK-EXP-2 M PK-Viral-1 PK-Viral-2 Jharkhand-Occasionally-On-Promo
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Figure 11-11: Messagepassingbranch-out Distribution

Distribution of Users by Polly Age

Figure11-12 compares the distribution users &ollyJharkhand by Polly Age with other versions of
Polly. Jharkhahis similar to the viral phases however the numbeneilv userds clearly higheand it
accounts for more than half of the daily usePsesumablythis is the effect of the dissemination model.
We also see old users (more than a month old) calling Padlyhe Jharkhand pilot only lasted 54 days,
there could be no users belonging to the categories of Polly age greater than 3 months.
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Figure 11-12: Distribution of Users by Polly Age (Days post first encounter with Polly)

Geographical Distribution

Polly was mostly used by people local to Jharkhand, Bihar and Giigtae4-1). This augknce probably
corresponds to the users of JMV and it was to be expected that the initial spread of Polly would be
among them.
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Location Percentage of Userg

Bihar & Jharkhand 76.10%
Unknown 8.90%
Gujarat 7.20%
Madhya Pradesh & Chhattisgarh 1.20%
Delhi 1.10%

Andhra Pradesh, Uttar Pradesh (East), West Bengal, Maharashtra, My 4.60%
Kolkata, Orissa, Rajasthan, Uttar Pradesh, Tamil Nadu, Kerala, Punjab, Ka
Assam, Haryana, North East India, Himachal Pradesh, Chennai, Jammu & H

Table 11-1: Geographical Distribution of Users

Summary and Discussion

t2tfteQa fldzyOK Ay WKINJKFEYR akKz2ga GKIG aSSRAy3 t
potential to work. Polly became viral in Jharkhandwétsmall but nomegligible set of longerm users.

The traffic also sustained itself even after the promo on JMV was turned off. During the last few days the
missed call number remained down intermittently and we cannot ascertain the potential volune tha
t2tfte O2dd R KI @S | OljdZANBR® | aSNAQ (GSyRSyoOe G2 Ay
promos shows that the content, mood and tone of the promo pdayital role in influencing us@a
understanding of the service and its capabilities.
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12. Future Plans: Impact and Long-Term
Sustainability

1. Spreading Awareness about Ebola in West Africa

The recent outbreak of Ebola in several West African countries threatens to engulf an even larger
population if effective measures are not taken to prevestspread. Ebola spreads primarily through
blood and bodily fluids of the infected person. Its rapid spread is largely being attributed to careless
local practices that bring people in contact with Ebola patients and the deceased; lack of reliable
information being conveyed to the public; corruption and mismanagement on part of the governments
and a sheer absence of trust. In this situation an information dissemination service like Polly may prove
effective.

We hope to lend a hand in quickly spreading tdéapublic health messages to the target audience. We

are making efforts to quickly deploy Polly in Liberia, Sierra Leone and Guinea. Our plan is to use Polly to
spread awareness messages pertaining to practices like washing hands and observing proper
precautions in handling the sick and deceased. These messages would be generated by healthcare
organizations that are intervening on ground and will be recorded by influential public figures like
religious leaders, celebrities et©ur technology for peeto-peer spreading will supplement the existing

and commonly used method of radio broadcasting. We believe it will have the advantage of carrying
more trust because it is send from people known to the recipient.

Advantages of Polly over a Robocall service

AnothSNJ LI2aaAoAftAde 2F aLINBFIRAYy3I GKS YvYSaal3asS G2 |
randomly place cold calls to phone numbers. However, followsirggsome of the advantages of Polly
over a robecall service for Information Dissemination

t2ftfex

w Can know the language of the recipient via message sender

w Earrspeer2peer trust that leads to stickiness of the message

w Enhances social communication networks

w Allows followup questions and feedback

w Enables recruitment into the network

w Spreadstirough backchannel/wor@f-mouth communication

w Can control better timing of delivery

w Gives the feeling of ownership of the message to the sender

w Makes people get attached to it in a personal and emotional way
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2. Skill -training and Job Opportunities in Pakistan

t2tfteQa ALINBIR Ay tF{1Aadly €tSR G2 | t20 2F YSRAL
and funding opportunities. One such opportunity that promises sustainable impact is a collaborative
project to mprove access to skillaining and employment opportunities for marginalized people using
automated voice interaction systesnin Punjab, Pakistan. Being funded by Gl#s project is
collaboration between lformation Technology University and our team comprigingf. Roni Rosédeld

(my advisor) and myself.

Polly will act as a platform for connecting marginalized (especially handicapped) people in Pakistan with
employment and skifiraining opportunities. Pollyvill act as an information dissemination and survey
tool where it reaches the target audience through selective seeding and referrals; interviews people to
gather their qualifications and interests; allows organizations to post job andrakiling openings with

a special focus on jobs and training opportunities for ttiisabled; and connects people with
opportunities appropriately.

Project Objectives

The Primary objective of the project is to develop an automated voice interaction system that would
offer:

1. accaess toemploymentopportunities,
2. access teskill training opportunities,
3. andaccess tdinancingopportunities ¢(hrough timebarred training voucher scheme)

for the socially, economically or geographically marginalized segments of the qudtbtgpecial focus
on the handicappedyho predominantly uséeatured / dumb phone.

The project will also bring together various key stakeholders of vocational training entities, industrial
bodies, technology agencies aanhall businesse® create synergy between them in order to improve
the efficacy of skill traininggnd employment creation by creating linkages and providing data for
effective policydevelopment and implementatiorOur concrete objective is to benefit, within the initial

18 month period, over 50,000 poor people from uneerved populations (women, marities, low
literate and/or remote), by registering and connecting them to skills training and employment
opportunities; and to further benefit a subset of 3300 of them, who will additionally receive financial
incentives in the form of vouchers for apgate skill training programs.

Beneficiaries and Location of Project

The primary beneficiaries would be seitfiterate or illiterate, socially, economically or geographically
marginalizedphysically disabledjnskilled and unemployed people who haveesxto at least a dumb

/ featured phone. The direct beneficiaries of the project will be the people who gain employment
through the use of our system and those who will have access to training opportunities and skill
development in their vicinity. The priny focus in on the province of Punjab and the pilot will be
launched in Lahore. But later the project can be scaled up to cater for the entire Pakistan with relatively
low investment, but that is beyond the scope of current proposal.

In Pakistan, like nui of the developing countries, there has been a rapid increase in the popularity and
usage of mobile phones and significant growth in the number of phone owners and thus the phone
dzZASNE® a¢KS LIK2YyS dzaSNB KI @S 0SSyut ewlifghthéBskRlves & WLIS
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of GSM providers, and reduction of connection costs and mobile phone costs in Pakistan.

Pakistan has approximately 5.8 million lalinie telephones and over 125 million cellular connections
which are amongst the highest in this region. This kind of coverage through technology provides an
unprecedented opportunity to innovate new solutions to cater to those people who were traditjonall
inaccessible for such initiativeé significant fraction of the user base represents people who are
geographically, economically or socially marginalized. Given such an increase in the use of mobile
phones, a service based upon using Interactive Voaspdhse (IVR) for the illiterate, sefiterate or
illiterate, socially, economically or geographically marginalized people is a step in the right direction to
empower the people. Since using this service would not require them to own personal computees, o
able to read or write text. Usage of this system will enfranchise even those who were not accessible
through traditional routesThese beneficiaries would be identified through the poverty score card or
other yardstick defined on the basis of suchriitites. The initial focus of the project is Punjab and the
districts with higher manufacturing and industrial concentration. Thereafter, in the next phase, the
system will be deployed natiewide.

Direct Beneficiaries

Direct beneficiaries would be the dar-served populations who were engaged by our system,
expressed interest in jobs or job skill training, and provided basic geographic and demographic
information, including location, education, skills, and financial stdtusur past experience with Ry|

some 30% of Polly users engaged with the job opportunithés.conservatively assume that only 5% of

the total will choose to register with our system and be connected with employment and skill training
opportunities.. F a SR 2y (KS LiNBRKsGOspread (sée settion 5 below), #hi@ translated
into 50,000 people. It is important to note that all users of Polly (even those who never choose to
register) will benefit from it, as they will enjoy free spedidsed access to job opportunitiegoational

skill training opportunities and subsidized skill training opportunities over telephones and mobile
phones. They can audlrowse these opportunities and opt to register with our system. Our pervious
project in Pakistan cost us an average of $0g&r user. Under our current airtime budget these
numbers are expected to reach up to 1 million users and are only bounded by our systems telephone
capacity and airtime charges. For these users our database will maintain a record of their phone
numbers aul geographical locations (as provided by our partner Telco).

Direct Financial Beneficiaries

Direct financial beneficiaries would be a subset of the registered users, who will be tghiring
vouchers towards specific skill training appropriate for tHegation, circumstances and expected job
prospects.They will be chosen from among the most underved portions of the population (females,
minorities, illiterate, rural), with exact criteristill to be worked out.The vouchers will be time limited:
unused vouchers will expire, allowing us to offer new ones to other eligible applicEmsefore, even
though our budget supports only 3,300 vouchers, we expect to be able to offer them tot51@0000
eligible underserved users.

Other Beneficiaries
Otherbeneficiaries of this proposal would be:

1 Pakistani companies and SMEsnall and Medium Enterprisea$ they will have better access
to relevance skilled manpower;

1 Pakistani government as they will have better information about employment anetrsliiing
needs and opportunities; and
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1 Pakistani technology base via transfer of the underlying technology from the US

Employment Opportunities for Beneficiaries

Unemployed and economically, socially or geographically marginalized people would be matched with
job opportunities. At the same time, these same beneficiaries will also be connected with opportunities
for training courses that would enhance their subsequent employment opportunities. A qualifying
subset belonging to most underserved portions of the pagiah will receive free training through the
training voucher scheme. Registered users would be able to find out about job opportunities on a
regular basis through their dumb / featured phone, increase their employment prospacsnutshell,

this proje¢ will improve access to training and employment opportunities for disenfranchised
Pakistanis.

Currently, for the people with formal education and access to the internet there are mambassal
online job portals as well as newspapers and other resou@eagarch for employment opportunities.

But no formal system exists for those who do not have that access to internet or newspapers, and
resources are extremely limited for them. Our system is trying to fill that gap by using an automated
voice system fordelivery and dissemination of such information to those who do not already have
access to itlt will be accessible to anyone with a simple telephone anywhere in Pakistan.

Sustainability Strategy

Once the system development, testing and deployment ampeted, the most significant expense to
remain in steadystate operation is cellular airtime charges for our fofle numbers.We anticipate
steadystate traffic averaging 5,000 calls/day, at 3 minutes each, for a total of some 5,475,000 airtime
minutes/ear. These would be covered by a combination of the following sources:

1 Revenue sharing by the cellular carriers (30% is the customary rate fprdiitr enterprises that
generate such high traffilNon-profits may garner more, perhaps 40%).

9 Cost sharingby the partner organizations, since they will receive significant marketing and
communication services from the system.

1 Some ongoing subsidy from nationalddor provincial depts. of labo

1 Anticipated global drop in cellular communication costs.

As a falbback strategy, we can offer some of the services on standard (nefrael lines, effectively
letting the callers bear the airtime charge8ur experience with Polly shows that this reduces activity
significantly, so we will only do this if necessakgother strategy we have used successfully is to put a
guota on the number of tolfree calls available to each caller, and adjust the quota based on our
budget.

In the longer run, we can also establish strategies to make this sustainable, by charginglrieesna
from the employers once the system has gathered enough mass to create a significant value. A
mechanism can be developed to offset the costs by using targeted advertisement and charging the
advertisers to maintain the free accessibility of the system

3. Closing the Loops

Information Generation -Dissemination Loop

The content shared over Polly's payload services has been hitherto populated by us (i.e. the job ads,
although were published in newspapers by the general public and organizations, werertednto

audio format by our team members). This does not have to be so and a Crdiksliseb 2.0 model
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where people completely generate and consume the content can be adopted for a wide variety of
services. An essential component of such offeringgoistent moderation. One issue with active
moderation is that it limits the scale of the spread as a small team of moderators can only handle and
screen a limited amount of data. An alternate approach could be to partially or completely rely on the
usersfor content moderation as wejl75]. How reliable is usdvased content moderation for developing
world, speecktelephonebased services where users' financial gains, health, development etc. may be
at stake is an open research problem.

Direction of Information F low

Until now our focus with Polly has been to disseminate information. We do gather data from the users
but that has never been our main goal. Example of such data include recorded speech and phone calls,
usage data and unstructured surveys done via fisedback and comments about Polly in the form of
unconstrained speech. There is a lot of untapped potential in using Polly to:

1 Conduct structured surveys to get a pulse of the population's needs and sentiment. This could
result in a reatime platform forperforming demand assessment.

9 Assess skills and literacy through speéesed quizzes and games. This can be used to do
prequalify users for certain offerings (appropriate job ads, courses, welfare schemes etc.) as well
as to track the improvement in usérknowledge and proficiency of skills as they progress
through classes and tutorials.
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Appendix A: Real-Time Monitoring &
Analysis

The realtime monitoring and analysis system consists of a set of PHP scripts that support an online
dashboard designed to pvide various types of information that is required on the go while Polly is in
2LISNI GA2y o LG faz KSfLA Y2yAlG2NIt2ffeéeQa RKyz220K 2
critical for understanding where virality is hamperdehw people chose to usehe systemand to take

a pulse of the running system.

Some of the key pieces of information provided by the monitoring system are as follows:

1 Realtime operational statistics to get the pulse of the system e.g. lengths of scheduler queues;
avalable memory and telephone capacity; system responsivenesshaatl and delivery
latency.

T ¢SYLRNIf o60& RIFIGS YR GAYS 2F RIFI&0 FyR 3S23NI
activity.

9 Analysis and tracking of spread e.g. message delivery grapbs of wheintroducedwhom to
Polly (to link seeding to spread); user retention.

1 Flow analysis of the dialog tree to find out the fraction of users who reach particular points in
the tree. This helps in tracking user preferences and detecting intehfaicties.

1 Analysis of user feedback, scheduled voice messages and access to complete call recordings.

In addition the monitoring & diagnostics system also:

I Raises redime SMS and emalilased alerts about operational problems and bugs,

1 Automatically archies, backs up, summarizes and emails various types of data on regular basis,
1 Auto-detects and recovers from certain problems by restarting the telephony and web servers,
1 Helps is manual diagnostics of errors and allows diixakg several known problems.

Following are some examples of the way this system can be used:
The Monitor Report

This provides a summary of the overall statisticgh# current dayand also the updated statistics for
the current dayln addition it gives alerts about remaining hahdve space etc.
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G0 to Polly's wehsite,
Polly-BabaJobs Real-Time Monitoring Report
Automatically generated on Tue 2014-08-26 03:03:11 IST (UTC+5:30)
(419 days since launch)
Free space left on hard drive: 63.46 GB

Call Statistics To-Date

Overall Today (Another Date?)

Calls | Users Calls Users
Call-me-back requests to the system 15,167 | 2,071 0 o
System’s callbacks answered by users 14,029 | 2,049 0 0

Message delivery requests to the system
(Craw Introduction Tree {who introduced whom to 10,532 | 3,688 0 0
Polly), & more efficient version (beta))

Successful message deliveries

(Draw Successful Message Delivery Graph) 8:370)2,710 0 0
Calls from P_()Ilv answered by users 22,683 | 3,784 0 0
(message delivery, call-me-backs)

All successful Calls

(inbound and outbound) 22,742 3,801 0 Q
Calls from Polly that remained unanswered 22,641 (2,101 1] 0
Calls w/ airtime paid by user 59 18 0 0

Overall call volume
(message delivery, job ad delivery, call-me-backs, 89,691 | 4,773 0 0
unanswered calls, retries, call-me-back requests)

Last successful callback was to £373, 153.43 howurs ago
Last successful delivery was to 6099, 1604.05 hours ago
0 new users were added to Polly teday

Request Statistics To-Date

Overall Today

Overall requests

(Call-me-back, message delivery, Job ad delivery, 5MS) 31,749 °
Fulfilled call requests 22,571 0
Failed call Requests 3,096 ]
Fulfilled 8M8 Requests 5,749 0
uUnfulfilled call requests (still to be retried) 0 0
Pending call requests 14 0
Pending SMS requests 0 0
Job Statistics To-Date

overall Today
No. Users | No. | Users
Number of times job ads were listened to 2,444 31 0 0
Distinct job ads accessed 1,076 31 0 0
Job ad delivery requests to the system 4 4 0 0
User Feedback Statistics To-Date
overall Today
No. Users No. Users

Total feedback collected 1,940 958 0 0
User initiated 175 116 0 ]
System prompted 1,765 842 0 0

This report also provides access to various analysis scripts.
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Note: The links below issue real-time DB queries, and may take up to 30 seconds to display.

Activity Level

By Date By Time of Day

Overall Call Volume (table) Overall call volume (table)

All Successful Subsidized Calls (Types) (table) Missed Calls (table)

All Unsuccessful Subsidized Calls (Types) (table) Call-me-backs: requested (table), fulfiled (table)
“Call-Me-Back" type Requests and Calls (table) Deliveries: requested (table), fulfilled (table)
Message deliveries (table)

Job ad deliveries (table)
Unsubsidized calls (table)

Caller-Paid deliveries (table)

All successful subsidized calls (table)

Users Active Users
Daily (table) Daily (table)
Cumulative (table) Cumulative (table)

System Responsiveness

By Date By Time of Day
Following a CMB Request |Time to 1st attempt (table) Time to 1st attempt
#attempts (table) (table)

Time to success (table)
Time to 1st attempt (truncated at 20 minutes)

(table)
Following a Delivery Time to 1st attempt (table) Time to 1st attempt
Request #attempts (table) (table)

Time to success (table)
Time to 1st attempt (truncated at 20 minutes)
(table)

Miscellaneous Scripts

Breakdown of Daily Call Volume by Call-type & Call-status (table)
Frequency of Calls per User for any given date

How many users sent messages to a particular user?

User's active Polly age vs. the use of job audio-browser
Geographic Distribution of Users

Airtime Calculator

User Retention

Branch-out Distribution of message passing.

Chain-length Distribution of New User Introduction.

User fecundity (the tendency to introduce new users) as a function of time.
Choice of Voice Mods by Date

Flow Summary

Further details about any particular date can be obtained by clickiranother date

Go to Polly's website

<< Previous Date ~Please enter the date (YYYY-MM-DD): 201406-19 Submit | Next Date>>
Polly-BabaJobs Monitoring Report
Automatically generated for 2014-06-19 IST (UTC+5:30)
(351 days after launch)
Call Statistics on 2014-06-19:

Calls | Users

Call-me-back requests to the system 1,817| 370
system’s callbacks answered by users 1,788| 367
Message delivery requests to the system 1,635| 735
Successful message deliveries 1,357| 551
Job ad delivery requests to the system V] o]

Calls from Polly answered by users

(message delivery, call-me-backs) 3146|700
All Successful Calls

{inbound and outbound) 3/146| 700
Calls from Polly that remained unanswered 2,195| 354
Calls w/ airtime paid by user V] o]

Overall call volume
(message delivery, job ad delivery, call-me-backs, unanswered calls, retries, call- | 7,919| 882
me-back requests)

506 new users were added to Polly on this date

The main page also gives access to an interface for accessing and transcridbagKddes.
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New User Introduction Trees
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Automatically generated on Tue 2014-08-26 00:37:15 IST (UTC+5:30)

Gie 1o Polly's website,

User Feedback

Feedback Files

Date

Transeription

2014-06-18 22:18:01
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> o 43 ) e—

2014-08-18 19:23:26
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277
2030

1236
4345

4023
2

2014-06-18 19:02:48
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e: P_Intro

[First Polly Date: 2014-06-1

[First Polly Date: 2013-11-24 12:17:38

Type: P_Introd

11-digit phone mumber
|All successful calls: 2 (CMBs: 0, DLVs: 2)
[Location: West Bengal Telecom Circle (includes

[Andaman & Nicobar,Silddm exclndes Calcutta

Telecom District)
|Ads listened: 0
Distinct Ads: 0

Click node for more details.
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MessageDelivery Graphs
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