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Abstract  
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, disease etc. could be helped through ICT based solutions. 
ICT4D 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 masses using available means with minimum 
resource expenditures. However, traditional means of communication prove ineffective in reaching low-
literate, non-affluent masses. One viable option is speech over simple phones that are gaining an 
increasingly high penetration in most developing regions. Past research reveals another challenge that 
low-literate people have trouble using even simple telephone-based dialog systems and typically need 
explicit training. As a result such services are restricted to a moderate number of beneficiaries due to 
the non-scalability of user training. 

The goal of my research is to enable dissemination of speech-based, development-related information 
and communication services to low-literate telephone users throughout the developing world; without 
the benefit of explicit user training. My work shows that speech-based simple entertainment services 
can be used as powerful motivators to induce self-training and viral spread among low-literate masses. 
Such services can further be used as vehicles for delivering core development services and as 
experimental test-beds 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 helped through ICT based solutions if not 
completely alleviated. ICT4D 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 problem is 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 masses using available means with 
minimum resource expenditures. 

Our Vision  
The ultimate goal of our research is to be able to disseminate speech-based, development-related 
information and communication services to low-literate telephone users throughout the developing 
world. Such services may include:  

¶ Facilitating an efficient marketplace (speech-based Craig's List)  

¶ Finding and communicating with others who share a common interest and facilitating social and 
political activism (speech-based message boards and blogs) 

¶ Expressing opinions and making them broadly accessible to others (speech-based blogging and 
tweeting)  

¶ Sending/receiving group messages (speech-based mailing lists)  

¶ Broadcasting and receiving announcements in emergencies  

¶ Citizen journalism  

¶ Access to all kinds of information that can aid socio-economic development of the poor and 
marginalized e.g. education/training/employment opportunities, health, agriculture etc.  

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

All of these services are already available to the affluent people via the web, and some of them are also 
available to non-affluent but literate people via SMS. Very few such services are currently available to 
the low-literate.  

Challenges 
The conditions specific to low-literate, non-affluent users make them hard-to-reach using traditional 
means of communication. Television and radio are non-interactive; print-media 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, stable electricity and internet connectivity could not be 
relied upon. Hence, mobile phones may be our only remaining option that fortunately has a high 
penetration in most of the developing countries. Even in case of mobile phones, we still cannot rely on 
the availability of smart phones (or the technical know-how of users to use them); SMS-based 
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interactions also require some literacy; hence we are left with speech over simple phones as a viable 
option. This option demands no more than the capability to make and receive a voice call from a user. 

Most ICTD projects already use innovative techniques like speech-based or graphical interactions over 
mobile phones to reach the low-literate and tech-shy and try to come up with design interfaces suitable 
for such users. Despite all that, such projects still typically require explicit user training (e.g. Health Line 
([68], [69]), Avaaj Otalo [57]) and as a result are restricted to a moderate number of users. To be able to 
provide a speech service to low-literate users they must first be taught how to use speech interfaces. 
And to reach the masses there should be a way to advertise and promote the intended services. Above 
all, this needs to be done without the benefit of explicit user training and traditional advertisement 
mechanisms.  

One Possible Solution: Viral Entertainment  
In 2010, Smyth et al. [70] described the remarkable ingenuity exhibited by low-literate users when they 
ŀǊŜ ƳƻǘƛǾŀǘŜŘ ōȅ ǘƘŜ ŘŜǎƛǊŜ ǘƻ ōŜ ŜƴǘŜǊǘŀƛƴŜŘΣ ŀƴŘ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǎǳŎƘ ǇƻǿŜǊŦǳƭ ƳƻǘƛǾŀǘƛƻƴ άǘǳǊƴǎ ¦L 
(user interface) ōŀǊǊƛŜǊǎ ƛƴǘƻ ƳŜǊŜ ǎǇŜŜŘ ōǳƳǇǎέ όƛōƛŘύΦ LƴǎǇƛǊŜŘ ōȅ this powerful demonstration, we set 
out to systematically develop practices for entertainment-driven mass familiarization and training of 
low-literate users in the use of telephone-based services. We aim to introduce and popularize speech 
interfaces among low-literate users to serve as a delivery vehicle for core development services. We 
envision speech-based viral (defined as long, sustained chains of transmission to new users) 
entertainment as an ongoing component of a telephone-based offering, drawing people into the service, 
where they can periodically be introduced to the more core-development oriented services listed above. 
In addition, a speech-based entertainment service can have its own intrinsic development value by 
directly addressing the universal human 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 following research questions have been driving our research: 

1. Viral Entertainment: Are there simple-to-understand, non-controversial, quick-to-engage-and-
spread forms of entertainment that are suitable for low-literate telephone users formerly 
inexperienced with automated dialog systems? 
 

2. Introduction and popularization of speech interfaces using viral entertainment: Is it possible to 
virally spread awareness of speech-based services in a largely low-literate population, using 
entertainment as a motivation? Can people be educated to appreciate the need for such services in 
their lives and motivated to train themselves? 
 

3. Entertainment as a άƘƻƻƪέ ƻǊ ŘŜƭƛǾŜǊȅ ǾŜƘƛŎƭŜ ŦƻǊ ŎƻǊŜ ŘŜǾŜƭƻǇƳŜƴǘ ǎŜǊǾƛŎŜǎ: Is it possible to use 
entertainment as a viral conduit to disseminate core development related services to low-literate 
masses? 
 

4. An Experimental test-bed: Can a virally spreading entertainment service be used as an experimental 
test-bed for performing randomized controlled trials and demographic studies? 
 

5. Reproducibility: Can our setup and results be reproduced in the same or (geographically, culturally 
and linguistically) different locations? 
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Summary  

Viral Entertainment to Introduce and Popularize Speech  Services  
To answer the first two research questions we started by developing a system called SongLine (describe 
in chapter: Cultural Appropriateness). Songline was a telephone-based, voice-based 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 part of our exploratory study in Pakistan and adapted it in response 
to user feedback. Soon, however, we learned through focus groups and informal discussions that a song 
and music based system was being considered controversial and its broadcast nature, a breach of 
privacy, by a large fraction of our target audience.  

Our next step (as described in [63] and the chapter: Pilot) was to develop a simple telephone-based, 
voice-based entertainment service, called Polly, that 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 modifications of a voice recording is 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 available to any caller. 

In 2011, we introduced Polly among a handful of low-skilled office workers in Lahore, Pakistan. In 3 
weeks Polly spread to 2,032 users and logged 10,629 interactions before we shut it down due to 
insufficient telephone capacity and unsustainable cellular airtime cost. From analyzing the traffic and its 
content, it was evident that Polly had been used extensively for entertainment and social contact, but it 
had also been put to an unintended use as a voicemail and group messaging facility. This demonstrated 
the potential for speech based services, and the pent-up demand for entertainment, among our target 
population. !ƭǎƻ ƻŦ ƴƻǘŜΣ tƻƭƭȅΩǎ ǾƛǊŀƭ ǎǇǊŜŀŘ ŎǊƻǎǎŜŘ ƎŜƴŘŜǊ ŀƴŘ ŀƎŜ ōƻǳƴŘŀǊƛŜǎ ŀƴŘ ŜǾŜƴ ŜǎǘŀōƭƛǎƘŜŘ 
itself in a female population. However, 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 other development related services. We set 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 and support a large user base, 
for an extended period of time, while at the same time becoming cost efficient.  

2. Attempt to add a development-ŦƻŎǳǎŜŘ ǎŜǊǾƛŎŜ όΨǇŀȅƭƻŀŘΩύ ǘƻ tƻƭƭȅΩǎ ƻŦŦŜǊƛƴƎΦ 
3. Use Polly as an experimental test bed to answer the following questions: 

a. How do usage patterns change with respect to gender, age, socio-economic 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 chapter: Large Scale Deployment) we report the first large-scale sustained deployment 
of Polly. Re-launched 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 this re-launch was a voice based job search service for 
low-skilled workers. In its first five months, the job service 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 year (see details in chapter: Large Scale Deployment) 
that allowed us enough time to conduct several experiments and randomized controlled trials regarding 
cost and spread. We also analyzed the traffic, demographics, geographical spread and message 
contents. The speech data gathered was used to study some of the demographics of the target users like 
gender and language. Follow-up surveys (manual) were conducted to gather information about the 
socio-economic status, age and educational background of selected users. We found that Polly was used 
mostly by uneducated young men (as well as some mid- and high-SES users). For most, interest declines 
within ~4 days however there are a non-negligible number of long-term users. We found most of the 
users to be very sensitive to airtime cost. 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 reproducibility in a different environment and to track employment 
outcomes, we teamed up with Babajob.com in India to launch Polly from Bangalore. This version of 
Polly, deployed in July 2013, supports voice prompts in Hindi and Kannada. To our surprise, the system 
did not take off immediately as it did in Pakistan. Instead, it entered a six-ƳƻƴǘƘ ƭƻƴƎ άǎǇǳǘǘŜǊƛƴƎέ phase 
of fluctuating, intermittent activity. A different form of seeding initiative transitioned it into a viral 
phase, with sustained transmission over five months but without (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. Analysis 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 mechanisms (how new users are 
introduced to Polly) and active response to user 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 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. 

An Alternate Dissemination Model  
We explored several possibilities when Polly did not take off immediately 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 India. We started exploring alternate seeding models. One such model was to use 
an existing voice-based, telephone service and to introduce some of its users to Polly. This may allow 
overcoming the trust and language barriers faced in remote seeding. 

To test this model, we deployed Polly remotely in Jharkhand, India in collaboration with a popular local 
citizen-radio-over-phone platform, Jharkhand Mobile Vaani (JMV). Polly was launched in Jharkhand 
ōŀǎŜŘ ƻƴ ŀ άŎǊƻǎǎ-ǎŜƭƭƛƴƎέ ŘƛǎǎŜƳƛƴŀǘƛƻƴ ƳƻŘŜƭ ǿƘŜǊŜ tƻƭƭȅ ŀŘǾŜǊǘƛǎŜŘ Wa± ŀƴŘ ǾƛŎŜ ǾŜǊǎŀΦ !ǎ Wa± ƛǎ ŀ 
utility-based service which is not inherently viral, ouǊ Ǝƻŀƭ ǿŀǎ ǘƻ ǇƻǇǳƭŀǊƛȊŜ ƛǘ ǘƘǊƻǳƎƘ tƻƭƭȅΩǎ 
exponentially growing users once it seeds Polly by advertising to its current user-base. 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 costs and we 
are now deploying it locally in Jharkhand. 

tƻƭƭȅΩǎ ƭŀǳƴŎƘ ƛƴ WƘŀǊƪƘŀƴŘ ǎƘƻǿǎ ǘƘŀǘ ǎŜŜŘƛƴƎ via promos and advertisements has the potential to 
induce viral spread. The volume sustained itself even after the promo on JMV was turned off. 
Unfortunately, during the last few days our call-back request number remained down intermittently and 
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we cannot ascertain the potential volume that Polly could have acquired. UsersΩ ǘŜƴŘŜƴŎȅ ǘƻ ƛƴǘǊƻŘǳŎŜ 
new people to Polly in response to different types of promos shows that the content, mood and tone of 
the promo plays ŀ Ǿƛǘŀƭ ǊƻƭŜ ƛƴ ƛƴŦƭǳŜƴŎƛƴƎ ǳǎŜǊΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǎŜǊǾƛŎŜ ŀƴŘ ƛǘǎ ŎŀǇŀōƛƭƛǘƛŜǎ, and in 
turn effects user behavior. 

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 chapter: Behavior Analysis of tƻƭƭȅΩǎ Users) and with the 
help of our research collaborators (see chapter: Network Analysis of Polly (Collaborative Work)). In 
addition, we have a huge (anonymized) database of recorded calls and voice messages in various 
languages and dialects from all over Pakistan that can be usefully studied. 

Real-time Monitoring and Analysis  (see  Appendix A ) 
Various types of information are required on the go while Polly is in operation, to monitor its smooth 
operation and to analyze its spread and distribution. Some of the key pieces of information provided by 
the monitoring system are as follows: 

¶ Real-time operational statistics to get the pulse of the system e.g. lengths of scheduler queues; 
available memory and telephone capacity; system responsiveness; call-back and delivery 
latency.  

¶ Temporal (by date and time of day) and geographic ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ tƻƭƭȅΩǎ ǘǊŀŦŦƛŎ and system 
activity. 

¶ Analysis and tracking of spread e.g. message delivery graphs; trees of who-introduced-whom to 
Polly (to link seeding to spread); user retention. 

¶ 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 interface hurdles. 

¶ Analysis of user feedback, scheduled voice messages and access to complete call recordings. 

In addition the monitoring & diagnostics system also: 

¶ Raises real-time SMS and email-based alerts about operational problems and bugs, 

¶ Automatically archives, backs up, summarizes and emails various types of data on regular basis, 

¶ Auto-detects and recovers from certain problems by restarting the telephony and web servers, 

¶ Helps is manual diagnostics of errors and allows quick-fixing several known problems. 

Quick Launch in Developing Regions  (see  Appendix E) 
tƻƭƭȅΩǎ ƛƴƛǘƛŀƭ tƛƭƻǘ ǿŀǎ ƭŀǳƴŎƘŜŘ ƛƴ tŀƪƛǎǘŀƴ ǊŜƳƻǘŜƭȅ ŦǊƻƳ ǘƘŜ ¦{Φ {ƛƴŎŜ ǘƘŜƴ ǿŜ ƘŀǾŜ ōŜŜƴ ǳǎƛƴƎ ǘƘƛǎ 
technique as a quick way to do proof-of-concept in remote locations. As Polly is originally based on 
±ƻȄŜƻΩǎ ¢ǊƻǇƻ ǇƭŀǘŦƻǊƳΣ ƛǘ Ŏŀƴ ōŜ ƘƻǎǘŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ ǘǊƻǇƻΩǎ ǎŜǊǾŜǊǎ ƛƴ ¦{Φ Lƴ ǘƘƛǎ ŎŀǎŜΣ tƻƭƭȅ ǊŜŎŜƛǾŜǎ 
the call-me-ōŀŎƪ ǊŜǉǳŜǎǘǎ όǾƛŀ άƳƛǎǎŜŘ Ŏŀƭƭǎέύ ŦǊƻƳ ǘƘŜ ǳǎŜǊǎ ǘƘǊƻǳƎƘ ŀ ƭƻŎŀƭ ǇƘƻƴŜ ƴǳƳōŜǊ ƛƴ ǘƘŜ ǘŀǊƎŜǘ 
country. These phone numbers are forwarded to Polly via http requests. Polly then calls the 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 call-me-back requests is needed on ground while 
everything else can be done remotely. The main disadvantage 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 launch Polly in a new region (using a new language) is: 
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1. Translate and record around 70 voice prompts 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 platform. As tropo is not open-
source and involves commercial licenses for telephony ports, we have also made Polly available over 
FreeSwitch, which is a popular open source telephony platform. This is enabled through a PHP-LUA 
(Freeswitch) translation library. Both versions of Polly share the same code-base. 

Sustainability and Larger Impact   
(See chapter  12. Future Plans: Impact and Long-Term Sustainability)  

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 
employment and skill-training opportunities. Polly is required to 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 and skill-training 
openings with a special focus on jobs and training opportunities for the disabled; and connects people 
with opportunities appropriately. 

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 prevent its spread. 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 
useful. 

We hope to lend a hand in quickly spreading reliable public 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 the ground and will be recorded by influential public figures like 
religious leaders, celebrities etc.  

 



19 

 

2.  Related Work  

Viral Spread & Technolog ical  Solutions for Development  
Several attempts to design user interfaces for low-literate users have been reported in the literature. 
Plauché et al [59] deployed information kiosks in community centers across six rural sites in Tamil Nadu, 
India to disseminate agricultural information to farmers. The kiosks allowed multimodal 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 sessions. Low-
literate users exhibited a mixed preference towards speech vs. touch screen input. The speech data 
gathered during spoken interactions was used to semi-automatically train acoustic models for each 
village for the ASR used in these kiosks [60]. 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 SMS. Medhi et al [46] compare textual and non-textual 
interfaces for applications like digital maps and job search systems for low-literate users. The study was 
conducted in three slums of Bangalore, and highlighted the importance of consistent help options in the 
interface. It also confirmed that abstracted non-textual and voice based systems are preferred by low-
literate users over textual one. 

Most of the work done to date in providing speech-based communication services to low-literate users 
relied on explicit user training. In Project HealthLine ([68], [69]) the target audience was low-literate 
community health workers in rural Sindh province, Pakistan. The goal was to provide telephone-based 
access to reliable spoken health information, and the speech interface performed well once the health 
workers were trained to use it via human-guided tutorials. This project also highlighted the challenges in 
eliciting informative feedback from low-literate users. 

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

Patel et al. [55] recently identified three major factors enabling peer-to-peer services in the context of 
developing countries: access cost, subject matter or type of exchange and the influence 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 study, Patel et al. [58] compared the influence of peer-generated vs. 
institutional authority-generated content on farmers. In a two week trial, seven agricultural tips were 
disseminated to 305 farmers in Gujarat, India. Each 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 voice of their peers; 
even though in interviews they maintained their more socially acceptable inclination towards scientists. 

Voice-based media has also been shown to promote social inclusion among underserved communities. 
Mudliar et al. [50] examined participation via citizen journalism by rural communities in India using 
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CGNet Swara, an interactive voice forum. It enabled users to record and listen to messages of local 
interest and became popular among the target audience. Koradia et al. [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 developing world. 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 [78], 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 physical 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 spread. To achieve virality, Baker [4] suggests (albeit in the context of 
literate users and web-based services) maximizing the product of (1) Install Rate (Percentage of invited 
users who install the applications); (2) Invite Sending Rate (percentage of users who invite at least one 
friend); and (3) Average Invites (average number of invites sent per user). A successful example of 
cellphone based (though not speech-based) viral spread is SMS-all [7], a group text-messaging service in 
Pakistan. Users can also create new access-controlled 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 service to share 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 HealthLine ([67], [68] and [69]) found that speech input 
performed better than DTMF in terms of task completion, for both literate and low literate users. 
However, it provided no clear answer in terms of subjective user preference. In fact, [68] found that low 
literate users preferred DTMF input over speech input, although they performed better on average with 
the latter. User studies conducted in Botswana by Sharma et al [66] with HIV health information systems 
for the semi and low literate populations also suggest user preference towards touchtone over speech 
while both systems perform comparably. In contrast, [57] 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 et al [56] also report the problem of 
transitioning between 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 adoption, especially 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 speech recognizer. 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 
vocabulary, the Salaam method [61] can be used, as it provides high recognition accuracy in any 
language for up to several dozen words. 

Affordable smart phones are rapidly gaining popularity in the developing world. Several researchers are 
exploring the use of text-free graphical interfaces [48] and multimodal (spoken and graphical) interfaces 
[23] for the low-literateΣ ƘƻǿŜǾŜǊΣ ǳǎŜǊΩǎ ƭiteracy and experience using smart phones plays an important 
role in the usability of these interfaces.  Chaudry et al. [22] report that chronically ill patients of varying 
literacies are able to use text-free graphical interfaces and prefer the ones with more prominent 
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buttons. A comparison of textual and text-free interfaces by Medhi et al. [47] shows that textual 
interfaces are problematic for novice low-literacy users; a live-operator is ten times more accurate than 
textual interfaces; task completion is the highest with graphical interfaces while spoken dialog improves 
ǳǎŜǊΩǎ ŜŦŦƛŎƛŜƴŎȅΣ ǎǇŜŜŘ ŀƴŘ ŎƻƳŦƻǊǘ ǿƘŜƴ ǎȅǎǘŜƳΩǎ ƭŀƴƎǳŀƎŜ ŀƴŘ ŘƛŀƭŜŎǘ ƛǎ ǳƴŘŜǊǎǘŀƴŘŀōƭŜΦ Lƴ Video 
Kheti, Cuendet et al. [23] explored graphical interfaces used in conjunction with speech and touch-tone 
to allow low-literate farmers in rural India to find and watch agricultural videos in their own language 
and dialect. Their field study based on 20 farmers shows that although Video Kheti is usable and farmers 
are enthusiastic about it yet task success largely depends upon ǳǎŜǊΩǎ education level. 

User Behavior Analysis  
User behavior in IVR systems in the developing world was studied in Project Gurgaon Idol [37], a 
telephone-based singing competition. In this project, over 80 participants were trained to use the IVR 
system to record singing by four methods: training 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 in-person handholding, which costs more, significantly 
improved task completion rate. [51] studied the time-of-day periods when 51 users call a self-reporting 
system of tobacco and alcohol consumption. In project Avaaj Otalo [57], 51 small-scale 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 
been an area of research with applications such as behavioral targeting ([54], [47], [15]), and detecting 
social spammers [38]. Jeon et, al [30] performed cellphone user segmentation by analyzing smart 
phone logs. Three types of users were proposed: communicative-use type, entertainment-use type and 
restricted-use type. Ozer [54] proposed fuzzy clustering method to classify users with different goals in 
an online music service. 
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3.  Cultural Appropriateness  

Chapter Abstract  
This chapter describes our initial efforts to find a simple-to-understand, non-controversial, quick-to-
engage-and-spread form of entertainment that is suitable for low-literate telephone users formerly 
inexperienced with automated dialog systems. The goal was to use such an entertainment form to 
virally spread awareness of speech-based services in a largely low-literate population and to find out if it 
is possible to educate people to appreciate the need for such services in their lives and motivate them to 
get themselves trained. When we developed our first entertainment application called 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 psychology and human 
behavior in a Pakistani university, we developed Polly, a voice manipulation and forwarding system. 
Polly was appreciated by our target group. 

Songline: A Song Recording and Forwarding Application  
Songline is a telephone-based, voice-based application 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 implemented it using the Tropo speech and telephony platform [5] due to its reliability, 
ease of development and free online hosting service. Songline employs spoken prompts (in Urdu and 
English) for output and DTMF (push button) for input. 

To promote Songline to low-literate, low-ƛƴŎƻƳŜ ǇŜƻǇƭŜΣ ǿŜ ƪŜǇǘ ƛǘ ŦǊŜŜ ǘƻ ǘƘŜ ǳǎŜǊ Ǿƛŀ ŀ άƳƛǎǎŜŘ Ŏŀƭƭέ 
mechanism: a user calls Songline, hears a busy tone, and hangs up. The system then immediately calls 
the user back (incoming calls are fǊŜŜ ƛƴ tŀƪƛǎǘŀƴύΦ ¢ƘŜ άƳƛǎǎŜŘ Ŏŀƭƭέ ƳŜŎƘŀƴƛǎƳ ƛǎ ŀƭǊŜŀŘȅ ŦŀƳƛƭƛŀǊ ǘƻ 
telephone users in Pakistan and most other developing countries. 

User Interface  
²ƘŜƴ {ƻƴƎƭƛƴŜ ǊŜǘǳǊƴǎ ŀ ǳǎŜǊΩǎ ƳƛǎǎŜŘ ŎŀƭƭΣ ƛǘ ƻŦŦŜǊǎ ǘƘŜƳ ǘƻ ŜƛǘƘŜǊ ǊŜŎƻǊŘ ŀ ƴŜǿ ǎƻƴƎ ƻǊ ƭƛǎǘŜƴ ǘƻ 
already recorded ones. Songs can be browsed by most-popular or most-recent, 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 phone number(s) of explicit recipients -- friends 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 
ǎŜƴŘŜǊΩǎ ƛƴǘroduction followed by their recorded song. The recipient may choose to reply with a song, 
record their own song, or browse all the songs in the system. 

All actions in Songline require explicit user confirmation. 

User Feedback and Lessons Learned 
We conducted 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 be used for, then were observed interacting with 
Songline. We made sure that the uses were not intimidated by a lab or an interview like setting and 
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observed them non-intrusively in a friendly conversational setting. Participants were also encouraged to 
continue using Songline on their own after the focus group and their activity was logged.  

 
Mansoor and Samia (in the background) non-intrusively observe the 

real-time logs ƻŦ ŀ ǳǎŜǊΩǎ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ {ƻƴƎƭƛƴŜ while Ali 
observes his responses. 

 
Mansoor conducting focus groups in a village near Lahore 

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

User Feedback on Songline as an Application 
¶ It was not clear to some of the users how such an application would be beneficial to them 

¶ Songs and music of certain types are considered culturally immoral in Pakistan and hence the 
very theme seemed controversial to eight participants 

¶ All ten participants were concerned about the fact that anyone can listen to their recording, 
considering it a breach of privacy. They also seemed shy to sing in front of our team or even 
their fellow workers 

Feedback on the Interface 
¶ Entering phone numbers of friends (rather than selecting from a built-in phone directory or call 

history) was reported to be a big hurdle by three 

¶ Bǳǎȅ ǘƻƴŜ ŎƻƴŦǳǎŜŘ ƻƴŜ ǳǎŜǊ ǿƘƻ ǘƘƻǳƎƘǘ ǘƘŀǘ ǘƘŜ ƴǳƳōŜǊ ƛǎ ŀŎǘǳŀƭƭȅ άōǳǎȅέ 

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

¶ Prompts were unclear due to low audio volume as was reported by five participants 

¶ At least two participants had difficulty entering international style phone numbers with country 
ŎƻŘŜ ŀƴŘ άҌέ 

This was enough to convince us that drastic changes in theme and interface were required to make an 
application acceptable and compelling to our target population. This led to the development of Polly, as 
described below. 

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

Lƴ ¦ǊŘǳΣ tƻƭƭȅ ƛǎ ŎŀƭƭŜŘ άaƛȅŀƴ aƛǘƘǳέΣ ǿƘƛŎƘ Ƙŀǎ ŀ ǎƛƳƛƭŀǊ ƳŜŀƴƛƴƎ ǘƻ άtƻƭƭȅ ǘƘŜ tŀǊǊƻǘέΦ ¢ƘŜ ǘƘŜƳŜ ƻŦ 
light entertainment using funny modifications of a voice recording is non-controversial 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. 

PollyΩǎ Ǉƛƭƻǘ was also based on the Tropo platform and employed pre-recorded prompts for output. 
Standard system prompts played in Urdu or English depending on whether the call was made from 
tŀƪƛǎǘŀƴ ƻǊ ǘƘŜ ¦{Φ 5¢aC όǇǳǎƘ ōǳǘǘƻƴύ ƛǎ ǳǎŜŘ ŦƻǊ ƛƴǇǳǘΦ ¢ƘŜ άƳƛǎǎŜŘ Ŏŀƭƭέ ƳŜŎƘŀƴƛǎƳ was used to keep 
the service free to the user. 

User Interface  
CƻƭƭƻǿƛƴƎ ŦŜŜŘōŀŎƪ ŦǊƻƳ {ƻƴƎƭƛƴŜΣ ǿŜ ŘŜǎƛƎƴŜŘ tƻƭƭȅΩǎ ƛƴǘŜǊŦŀŎŜ ǘƻ ōŜ ǇŀǊǘƛŎǳƭŀǊƭȅ ǎƛƳǇƭŜΣ ǎƛƎƴƛŦƛŎŀƴǘƭȅ 
reducing the depth and breadth of the call tree. When a user calls the Polly local number, instead of 
busy tone they heŀǊ ŀ άŎŀƭƭŜǊ ǘǳƴŜέ ƛƴŦƻǊƳƛƴƎ ǘƘŜƳ ƛƴ ŀ ǇŀǊǊƻǘ-like voice that Polly will call them back 
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 short phrase. The recording terminates if the 
user remains silent for more than 4 seconds or when 15 seconds have elapsed. Immediately afterwards, 
ŀ Ŧǳƴƴȅ ƳƻŘƛŦƛŜŘ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ǳǎŜǊΩǎ ǾƻƛŎŜ ƛǎ ǇƭŀȅŜŘ ōŀŎƪΦ ¢Ƙƛǎ ƛǎ ŘƻƴŜ ǘƻ ŜƴƎŀƎŜ ǘƘŜ ǳǎŜǊ ŜŀǊƭȅ ƻƴΣ 
before they encounter 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 with a standard audio processing utility: 

1. An I-have-to-run-to-the-bathroom effect, achieved by a gradual increase of the pitch, 
2. A drunk chipmunk effect, achieved with pitch and pace modification,  
3. Converting the voice to a whisper, achieved by replacing the excitaǘƛƻƴ ǎƻǳǊŎŜ ƻŦ ǳǎŜǊΩǎ ǾƻƛŎŜ 

with noise  
4. Adding background music. 
5. The original, unmodified voice of the user 

Sample voice modifications and a detailed video demonstrating user interface are available online at [6]. 

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 press any keys to terminate recordings 
of names, which are terminated by silence detection and/or time-out after 4 seconds. The user is 
allowed to forward his voice to multiple recipients with the same or different modifications applied. 

Polly calls the intendŜŘ ǊŜŎƛǇƛŜƴǘǎ ǘƻ ŘŜƭƛǾŜǊ ǘƘŜ ǊŜŎƻǊŘŜŘ ǾƻƛŎŜ ŀƴŘ ǘƘŜ ǎŜƴŘŜǊΩǎ ǇƘƻƴŜ ƴǳƳōŜǊ ƛǎ ǎŜƴǘ 
ŀǎ ǘƘŜ ŎŀƭƭŜǊ L5Φ ¢ƘŜ ǎŜƴŘŜǊΩǎ ƴŀƳŜ όƛƴ Ƙƛǎ ƻǿƴ ǳƴƳƻŘƛŦƛŜŘ ǾƻƛŎŜύ ƛǎ ƛƳƳŜŘƛŀǘŜƭȅ ǇƭŀȅŜŘ ǘƻ ǘƘŜ ƭƛǎǘŜƴŜǊ ǘƻ 
prevent any confusion regarding the identity of the caller. A recipient can choose to send a reply, 
forward the recording to others or create their own recordings.  

!ǎ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ƳŜŎƘŀƴƛǎƳ ŦƻǊ ǾƛǊŀƭ ǎǇǊŜŀŘΣ ǘŜȄǘ ƳŜǎǎŀƎŜǎ ŎƻƴǘŀƛƴƛƴƎ tƻƭƭȅΩǎ ŎƻƴǘŀŎǘ ƛƴŦƻǊƳŀǘƛƻƴ ŀǊŜ 
ǎŜƴǘ ǘƻ ŀƭƭ ƻŦ tƻƭƭȅΩǎ ǊŜŎƛǇƛŜƴǘǎ ƻƴ ǘƘŜƛǊ ŦƛǊǎǘ ǘǿƻ ƛƴǘeractions with the system. 

We also elicit User Feedback, 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: 

System Prompted Feedback ς Every user is prompted for feedback on their fifth interaction with Polly, 
and on every 20th interaction thereafter. 
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User Initiated Feedback ς CƻƭƭƻǿƛƴƎ ǘƘŜ ǳǎŜǊΩǎ ŦƛŦǘƘ ƛƴǘŜǊŀŎǘƛƻƴΣ the menu is augmented with an explicit 
option to give feedback. 

Trial  Launch 
In a trial launch of Polly wŜ ƎŀǾŜ tƻƭƭȅΩǎ ǇƘƻƴŜ ƴǳƳōŜǊ ǘƻ ǘǿƻ ƻŦŦƛŎŜ ǿƻǊƪŜǊǎ ŀǘ [ŀƘƻǊŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 
Management Sciences (LUMS) and asked them to call it, without explaining the details 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 as we prepared for the pilot launch. 
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4.  Pilot  launch of Polly in Pakistan  

Chapter Abstract  
The goal of this pilot was to find a proof-of-concept that simple speech based entertainment services for 
mobile phones have the capability of becoming viral among low-literate telephone users in Pakistan. We 
also wanted to find out whether tƻƭƭȅΩǎ interface is simple enough for the target users and if they can be 
motivated to overcome the remaining interface hurdles by themselves. The pilot was seeded once by 32 
low-skilled office workers in a Pakistani university. Within 3 weeks Polly amassed 2,032 users and logged 
10,629 telephonic interactions. From analyzing the traffic and its content, it was evident that Polly had 
been used extensively for entertainment and social contact, but it had also been put to an unintended 
use as a voicemail and group messaging facility. This demonstrated the potential for speech based 
services, and the pent-up demand for entertainment, among our target population. !ƭǎƻ ƻŦ ƴƻǘŜΣ tƻƭƭȅΩǎ 
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 used a distributed system setup for Polly. User initiated calls were received on a mobile phone in 
Pakistan which was attached to a PC, which in turn rejected the call and forwarded the caller ID to the 
Polly application running on Tropo servers in US. The return call was made directly from US to Pakistan 
as an international Tropo call charged to the research project. Voice modification and file storage were 
done in the US, where a logging database was 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 users. Figure  4-2 shows the growth in system usage over the 22 days it was active. In 
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ǿƘŀǘ ŦƻƭƭƻǿǎΣ ǿŜ ŘŜŦƛƴŜ άtƻƭƭȅ 5ŀȅέ ŀǎ ŀ нп ƘƻǳǊ ǇŜǊƛƻŘ ŜƴŘƛƴƎ ŀǘ пŀƳ tŀƪƛǎǘŀƴ ǘƛƳŜΦ άtƻƭƭȅ 5ŀȅ мέ 
ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŦƛǊǎǘ Řŀȅ ƻŦ tƻƭƭȅΩǎ ƭŀǳƴŎƘΣ ǿƘƛŎƘ ǿŀǎ ǎƘƻǊǘŜǊ ǘƘŀƴ ǘƘŜ ƻǘƘŜǊ tƻƭƭȅ 5ays since it started in 
midday. 

 

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 
administrative reasons. Major system failures occurred on Polly Days 9, 10, 13, 16 and 20, and repeated 
ƛƴǘŜǊƳƛǘǘŜƴǘ ǇǊƻōƭŜƳǎ ǿŜǊŜ ŜȄǇŜǊƛŜƴŎŜŘ ƻƴ tƻƭƭȅ 5ŀȅǎ мс ҍнмΦ 

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

1. During the peak evening hours (see Figure  4-6 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). We also 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 significant financial 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 within-country. 

We shut Polly down gradually and gracefully, for the next 10 days, 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 any additional suggestions and comments. This Post shutdown feedback will be discussed later 
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ƻƴΦ !ŦǘŜǊ ǘƘŀǘ ǇŜǊƛƻŘΣ ǿŜ ǊŜǇƭŀŎŜŘ tƻƭƭȅΩǎ ŎŀƭƭŜǊ ǘǳƴŜ ǿƛǘƘ ŀ ōǊƛŜŦ ƳŜǎǎŀƎŜ ǎǘŀǘƛƴƎ ǘƘŀǘ tƻƭƭȅ ƛǎ 
temporarily offline and will return as soon as we are done improving it on 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 $4,000. 

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 
by a siƴƎƭŜ ŀƴƴƻǘŀǘƻǊΦ 9ŀŎƘ ǊŜŎƻǊŘƛƴƎ ǿŀǎ ŦƛǊǎǘ ŀƴƴƻǘŀǘŜŘ ŀǎ ǘƻ ǘƘŜ ǎǇŜŀƪŜǊΩǎ ƎŜƴŘŜǊΣ ŜǎǘƛƳŀǘŜŘ ŀƎŜΤ ǘƘŜ 
language used, and net recording duration. Recordings were next categorized by their content (humor, 
information, romance, introduction, informational, profane, 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, suggestions 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 any interesting subjective 
observations, such as the functions for which Polly appears to be used. 

For the purpose of annotation, recordings were sorted by the phone number used (which often, but not 
always, corresponded to a single user), and then by increasing date 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 
allowŜŘ ǘƘŜ ŀƴƴƻǘŀǘƻǊǎ ǘƻ ƻōǎŜǊǾŜ ŎƘŀƴƎŜǎ ƻǾŜǊ ǘƛƳŜ ƛƴ ŀ ǳǎŜǊΩǎ ƛƴǘŜǊŀŎǘƛƻƴ ǎǘȅƭŜ ŀƴŘ ǳǎŀƎŜ ǇŀǘǘŜǊƴǎΦ 

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 user (albeit via the missed call mechanism) 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 (see Table  4-1). We consider an Active Interaction any 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 Active often involved 
significant user engagement: voice recording, listening to various modifications, and sharing with others 
nearby (203 such non-active interactions were made). Note further that many users who received 
deliveries chose to hang up and then place a separate user-initiated 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 

Table  4-1: Breakdown of Pollyôs 10,629 interactions 

The dual entertainment and viral-spread properties of Polly are also demonstrated in the growth of its 
user base. Table  4-2 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 and 17% of 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 

Table  4-2: Breakdown of Pollyôs 2,145 Users by Interaction Type (not mutually exclusive) 

Word -of-mouth spread  
hŦ tƻƭƭȅΩǎ смо /ŀƭƭ LƴƛǘƛŀǘƻǊǎΣ Ŧǳƭƭȅ нфм όптΦр҈ύ ǇƭŀŎŜŘ ǘƘŜƛǊ ŦƛǊǎǘ Ŏŀƭƭ ōŜŦƻǊŜ ǊŜŎŜƛǾƛƴƎ ŀƴȅ Ŏŀƭƭǎ ŦǊƻƳ tƻƭƭȅΦ 
We conclude that a significant component of growth and adoption of a service like Polly can come from 
word of mouth or physical observation and emulation. 

We define Active User as any user who participated in an Active Interaction 

Rate of Adoption  
Another important measure of the viability of a service like Polly in the developing-world is its rate of 
adoption. Namely, how quickly did users adopt Polly once they learned about it?  Of the 322 users who 
became Call Initiators when called by Polly 

¶ 25 immediately placed delivery requests during the first call that they received from Polly 
(Instant Conversion) 

¶ Out of the remaining 297, 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 these 297 users before 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 the pent up demand for, value added voice-based services in the developing world.  

Usage growth pattern  
Figure  4-3 ǎƘƻǿǎ ǘƘŜ Řŀƛƭȅ ƎǊƻǿǘƘ ƛƴ tƻƭƭȅΩǎ ǳǎŀƎŜΦ 9ǾŜƴ ǘƘƻǳƎƘ ǾƛǊŀƭ ƎǊƻǿǘƘ ƛǎ ŜǾƛŘŜƴǘΣ ǘƘŜ ŘŀƳǇŜƴƛƴƎ 
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 also the 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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c. 

Figure  4-3 Pollyôs daily growth in terms of (a) interactions, (b) users, and (c) gender 

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. Figure  4-4 depicts 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 cohort who 
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 long-term usage. Figure  4-5 shows the percentage of active users 
who continue to use the system k days after their first interaction.  



32 

 

 

Figure  4-4: Number of Active Users each 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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Figure  4-5: User retention in Polly 

Activity by Time of Day  
Figure  4-6 ōǊŜŀƪǎ Řƻǿƴ tƻƭƭȅΩǎ ƛƴǘŜǊŀŎǘƛƻƴǎ ōȅ ǘƛƳŜ ƻŦ ŘŀȅΦ !ƭǘƘƻǳƎƘ ǇŜŀƪ ŀŎǘƛǾƛǘȅ ƻŎŎǳǊǊŜŘ ƛƴ ǘƘŜ 
evening hours, there was significant activity throughout the day, dropping down to a trickle only late at 
night. 

 

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 period made 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 potential of, and 
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 recordings 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 system-prompted 
feedback recordings were provided by 169 users. 34 users recorded in both feedback categories. Out 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 turn-around time of message delivery; 
poor call/sound quality; busy network; too short message recording time; increase/rearrange sound 
effects etc. 

49 

General appreciation including mentioned reasons such as: a way to connect to friends; a means of 
having fun; free service etc. 

47 

#ÏÎÆÕÓÅÄ ÕÓÅÒÓ ɉÐÒÅÓÓÉÎÇ ËÅÙÓ ÏÒ ÓÁÙÉÎÇ ȰÈÅÌÌÏȱɊ 7 
Irrelevant feedback including: songs; messages for friends; irrelevant messages for Polly etc. 5 

 

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

¶ 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. 

¶ A application similar to Polly just for ladies 

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

¶ Suggestions to improve the wording of the prompts 

Additional suggestions included: 

¶ An accessibility software for the blind that could be used on less expensive mobile phones 

¶ A software that could identify and filter out foul language in a message 

Post Shutdown Feedback 
As mentioned earlier, we continued to elicit feedback after shutdown. 565 post shut down recordings 
from the initial 11 post shutdown days were analyzed. 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 
ǇƻǎǎƛōƭŜΦ у҈ ǿŜǊŜ ŀƴƴƻȅŜŘ κ ŀƴƎǊȅ ōŜŎŀǳǎŜ ƻŦ tƻƭƭȅΩǎ ǎƘǳǘŘƻǿƴ ŀƴŘ у҈ ŜȄǇƭƛŎƛǘƭȅ ŜȄǇǊŜǎǎŜŘ ǘƘŀǘ ǘhis 
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 the shutdown and were pressing keys or asking questions. 
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User Demographics and Usage Analysis 

Gender 
!ƳƻƴƎ tƻƭƭȅΩǎ тто !ŎǘƛǾŜ ¦ǎŜǊǎΣ тп҈ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ŀƴƴƻǘŀǘƻǊǎ ǘƻ ōŜ ƳŀƭŜΣ мп҈ ǘƻ ōŜ ŦŜƳŀƭŜΣ 
with the remaining 12% undetermined (young children, old people, too much background noise, etc.). 
As shown in Figure 2(c), sustained usage by female users coincided with an explosion in use by male 
users.  

 

Figure  4-7: Gender distribution  

Age 
Figure  4-8 ƎƛǾŜǎ ǘƘŜ ŀǇǇǊƻȄƛƳŀǘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ !ŎǘƛǾŜ ¦ǎŜǊǎΩ ŀƎŜΣ ŀǎ Ǝuesstimated by the 
annotators. It is clear that most users are young men. This may partially reflect our seed population. 
Nonetheless, we were encouraged to observe participation by other demographic groups, especially 
women. 

 

Figure  4-8: Age Distribution 

Language of recordings  
SomŜ пс҈ ƻŦ ǘƘŜ ǳǎŜǊ ǊŜŎƻǊŘƛƴƎǎ ǿŜǊŜ ƛƴ ¦ǊŘǳΣ ǿƘƛŎƘ ƛǎ tŀƪƛǎǘŀƴΩǎ ƴŀǘƛƻƴŀƭ ƭŀƴƎǳŀƎŜ ŀƴŘ ǘƘŜ Ƴƻǎǘ 
ǿƛŘŜƭȅ ǎǇƻƪŜƴ ŀƴŘ ǳƴŘŜǊǎǘƻƻŘ ƭŀƴƎǳŀƎŜ ƛƴ tŀƪƛǎǘŀƴΦ ¢Ƙƛǎ ƛǎ ŀƭǎƻ ǘƘŜ ƭŀƴƎǳŀƎŜ ǿŜ ǳǎŜŘ ŦƻǊ tƻƭƭȅΩǎ 
prompts, effectively priming for the use of this language, and exŎƭǳŘƛƴƎ ǘƘƻǎŜ ǿƘƻ ŘƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ ƛǘΦ 
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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. Interestingly, 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 Lahore. Analysis of the traffic showed us that it received phone 
calls from several cities throughout Pakistan. Figure  4-9 shows the rough geographical spread of Polly. 

 

Figure  4-9: Geographic Spread 

Socio-economic level and educational background  
!ƭǘƘƻǳƎƘ ǿŜ ƘŀǾŜ ƴƻǘ ǊƛƎƻǊƻǳǎƭȅ ǾŜǊƛŦƛŜŘ ǘƘƛǎΣ ǘƘŜ ǘǊŀƴǎŎǊƛōŜǊǎΩ ōŜǎǘ ŜǎǘƛƳates of the socio-economic and 
educational level of the callers suggest that the vast majority come from a socio-economic class similar 
to that of the originally-seeded low-skilled office workers, and with an educational level that does not 
exceed theirs (approximately 5th 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] that low-literate 
users are able to learn potentially complicated user interfaces 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 types 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 messages. 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 profanity-laced recordings, and four times more song 
recordings by women than men.  

Additional Findings  
!ǎ ŘƛǎŎǳǎǎŜŘ ŜŀǊƭƛŜǊΣ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŦǊŀŎǘƛƻƴ ƻŦ tƻƭƭȅΩǎ ǳǎŜǊǎ ǎǘŀǊǘŜŘ ǳǎƛƴƎ ƛǘ ǿƛǘƘƻǳǘ ŜǾŜǊ ǊŜŎŜƛǾƛƴƎ ŀ Ŏŀƭƭ 
from it, presumably having been introduced to it by word of mouth or by observing others. In addition, a 
large portion of user recordings (including feedback files) contained interactions where one user is 
training another to use the system. All this points to 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 messages and complaints 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 someone who can solve their issues or raise their voice. 

Conclusion 
The pilot launch proved that entertainment and free voice messaging are both powerful motivators that 
attracted 2,032 users to Polly in a span of 22 days, compelling them to learn the interface and enabling 
them to find creative uses for Polly in their daily lives. 

Although Polly was not designed to fan-out as much as SMS-all [7] (which was based on group 
messaging), it nonetheless became viral practically instantly. That this happened in spite of significant 
system failures and intermittent down times underscores the potential for speech-based services, as 
well as the pent up demand for entertainment, among our target audience. 

hŦ ǇŀǊǘƛŎǳƭŀǊ ƴƻǘŜΣ tƻƭƭȅΩǎ ǾƛǊŀƭ ǎǇǊead crossed gender and age boundaries and even established itself in 
a female population. However, it appears to have not crossed socioeconomic boundaries. This could be 
due to the more insular nature of socioeconomic classes, or due to our service not being attractive 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 distributed and international setup we used. We next started working to set up Polly 
locally in Lahore, using robust multiline infrastructure. That would allow us to reliably support 
significantly larger call volume at the fraction of the cost.  
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Airtime charges  
Even with our new setup, local airtime costs (about $0.02/minute) will still be incurred. Although we 
could try shifting most of this cost to the users by eliminating the missed-call mechanism, we were 
reluctant to do so at such an early stage because this may discourage the poorest users, who are the 
ones we are most interesting in reaching. One option we considered was to offer two versions of Polly: a 
free bare-bone 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 used. We considered incorporating an intelligent help facility in the future versions. Less 
frequently used features could be introduced after a user has had some success with the basic system 
όǘƘŜ ŎŀƭƭŜǊL5 ƳŜŎƘŀƴƛǎƳ ŀƭƭƻǿǎ ǳǎ ǘƻ ŜŦŦŜŎǘƛǾŜƭȅ ǊŜǘǊƛŜǾŜ ŀǘ ǊǳƴǘƛƳŜ ǘƘŜ ǳǎŜǊΩǎ ŜƴǘƛǊŜ ƛƴteraction history).  

Speed dial 
A frustrating bottleneck in requesting a forward was to have ǘƻ Ƴŀƴǳŀƭƭȅ ŜƴǘŜǊ ǘƘŜ ŦǊƛŜƴŘΩǎ ǇƘƻƴŜ 
number. Since Polly is designed to work with any cellphone, it only uses the voice communication 
channel, and thus has no acceǎǎ ǘƻ ǘƘŜ ǇƘƻƴŜΩǎ ƛƴǘŜǊƴŀƭ ŘƛǊŜŎǘƻǊȅ ƻǊ ŘƛŀƭƛƴƎ ƘƛǎǘƻǊȅΦ Our pilot system 
ŀƭǊŜŀŘȅ ŜƭƛŎƛǘǎ ŦǊƛŜƴŘǎΩ ƴŀƳŜǎ ŦǊƻƳ ƻǳǊ ǳǎŜǊǎ ŘǳǊƛƴƎ tƻƭƭȅ ƛƴǘŜǊŀŎǘƛƻƴǎΦ In our latest version, recipients 
could be specified by choosing from a short menu of names they previously recorded. 
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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 could scale to cater a larger 
audience and also spread other development related services. We decided on the following 
experimental goals to attempt to answer these research 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 the same time becoming cost efficient.  

2. Attempt to add a development-ŦƻŎǳǎŜŘ ǎŜǊǾƛŎŜ όΨǇŀȅƭƻŀŘΩύ ǘƻ tƻƭƭȅΩǎ ƻŦŦŜǊƛƴƎΦ(details in chapter: 
Development-related Service: Job Opportunities) 

3. Use Polly as an experimental test bed to answer the following questions (details in chapter: Polly as 
an Experimental Test-bed): 

a. How do usage patterns change with respect to gender, age, socio-economic 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 24/7 operation in Pakistan from May 9, 2012, as of mid-September Polly spread to 85,000 users, 
engaging them in 495,000 interactions, and was continuing to spread to 1,000 new people daily. It had 
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 friends. Starting mid-September, we applied strict quota limits on 
the number of subsidized calls per user per day. We did this both to control our airtime expenses as well 
as to continue our series of randomized controlled trials (started as early as July 2012, discussed in 
chapter: Polly as an Experimental Test-bed) aimed towards answering the question of finding the 
optimal balance between cost and spread. Under the quota restrictions Polly continued to bring in 
significant number of new users every day, though the growth of its 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 were forwarded 34,000 times by 19,000 users to their friends. Polly was shut down 
again on May 07, 2013 because we had concluded our set of experiments and the airtime cost was 
becoming a burden again. 

System Description  
The system that we used in the large scale deployment represents a substantial extension of the pilot 
that we deployed in 2011. The most important changes are: 

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

¶ Three different teleǇƘƻƴŜ ƴǳƳōŜǊǎ ǿŜǊŜ ŀǎǎƛƎƴŜŘ ǘƻ ŀ ΨƘǳƴǘ ƎǊƻǳǇΩ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ǘƘŜǎŜ ол 
channels, to support flexible, dynamic allocation for multiple application types. 

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

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

¶ Extensive logging, real-time monitoring, automated error detection and recovery features were 
added. 

¶ The most important addition in the current system is the introduction of a development-related 
ŀǇǇƭƛŎŀǘƛƻƴ όǿƘŀǘ ǿŜ Ŏŀƭƭ ΨǘƘŜ ǇŀȅƭƻŀŘΩύ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŘƛŀƭƻƎ ƳŜƴǳΥ ŀƴ ŀǳŘƛƻ-browsing of 
advertisements, collated from Pakistani newspapers, for jobs that are appropriate for low-
skilled, low-literate workers. 

User Interface  
tƻƭƭȅΩǎ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜ for the large-scale deployment was an extension of the one described in [63]. For 
convenience and completion, we provide a full description here. For video and audio demonstrations, 
see [6]. 

Informed Consent: Before 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 to this prompt 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 ads (explained in chapter: Development-related Service: Job 
Opportunities). We offer the following voice modifications effects, in the following order, all achieved 
with a standard audio processing utility: 

1. A Male to female voice conversion, achieved by raising the pitch and increasing the pace, 
2. A Female to male voice conversion, achieved by lowering the pitch and decreasing the pace,  
3. A drunk chipmunk effect, achieved with pitch and pace modification,  
4. An I-have-to-run-to-the-bathroom effect, achieved by a gradual pitch increase, 
5. The original, unmodified voice of the user, 
6. /ƻƴǾŜǊǘƛƴƎ ǘƘŜ ǾƻƛŎŜ ǘƻ ŀ ǿƘƛǎǇŜǊΣ ŀŎƘƛŜǾŜŘ ōȅ ǊŜǇƭŀŎƛƴƎ ǘƘŜ ŜȄŎƛǘŀǘƛƻƴ ǎƻǳǊŎŜ ƻŦ ǳǎŜǊΩǎ ǾƻƛŎŜ 

with white noise,  
7. Adding background music. 

If the user chooses 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 detection and a 4 second hard time-out. 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 becomes available. When Polly calls the intended recipient to deliver the recorded 
ƳŜǎǎŀƎŜΣ ǘƘŜ ǎŜƴŘŜǊΩǎ ƴŀƳŜ όƛƴ ǘƘŜƛǊ ƻǿƴ ǳƴƳƻŘƛŦƛŜŘ ǾƻƛŎŜύ ƛǎ ƛƳƳŜŘƛŀǘŜƭȅ ǇƭŀȅŜŘ ǘƻ ǘƘŜ ƭƛǎǘŜƴŜǊ ǘƻ 
prevent confusion regarding the identity of the caller, and the recipient can also 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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As an additional mechanƛǎƳ ŦƻǊ ǾƛǊŀƭ ǎǇǊŜŀŘΣ ǘŜȄǘ όǎƳǎύ ƳŜǎǎŀƎŜǎ ŎƻƴǘŀƛƴƛƴƎ tƻƭƭȅΩǎ ŎƻƴǘŀŎǘ ƛƴŦƻǊƳŀǘƛƻƴ 
ŀǊŜ ǎŜƴǘ ǘƻ ŀƭƭ ƻŦ tƻƭƭȅΩǎ ǊŜŎƛǇƛŜƴǘǎ ƻƴ ǘƘŜƛǊ ŦƛǊǎǘ ǘǿƻ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ǘƘŜ ǎȅǎǘŜƳΦ tƻƭƭȅΩǎ ǇƘƻƴŜ ƴǳƳōŜǊ 
is also played during the phone call itself. 

We also elicit User Feedback, 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: 

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

User Initiated Feedback ς CƻƭƭƻǿƛƴƎ ǘƘŜ ǳǎŜǊΩǎ ŦƛŦǘƘ ƛƴǘŜǊŀŎǘƛƻƴΣ ǘƘŜ ƳŜƴǳ ƛǎ ŀǳƎƳŜƴǘŜŘ ǿƛǘƘ ŀƴ ŜȄǇƭƛŎƛǘ 
option to give feedback. 

The Job audio browser component of Polly is explained in detail in the next chapter: Development-
related Service: Job Opportunities. 

Software Setup 
tƻƭƭȅΩǎ L±w ŎƻŘŜ Ŏƻƴǎƛǎǘǎ ƻŦ tIt ǎŎǊƛǇǘǎ ǘƘŀǘ Ǌǳƴ ƻƴ ±ƻȄŜƻΩǎ twL{a ǇƭŀǘŦƻǊƳ [8] ǳǎƛƴƎ ±ƻȄŜƻΩǎ ¢ǊƻǇƻ [5] 
as the interpreting engine. Speech prompts and audio files are hosted on an Apache server. The 
application server also maintains detailed 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 Wateen [9], a local 
internet and telephone service provider. The first of our three phone numbers is used for toll-free calls 
ǘƻ tƻƭƭȅ ōȅ ƳŜŀƴǎ ƻŦ ŀ άƳƛǎǎŜŘ Ŏŀƭƭǎέ ƳŜŎƘŀƴƛǎƳΥ ŀ Ŏŀƭƭ ǘƻ ǘƘŀǘ ƴǳƳōŜǊ ƛǎ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ŀ άŎŀƭƭ-me-bacƪέ 
request. It is rejected and a call-back 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 a caller-paid service which is 
answered immediately (see below). The third phone number 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 a real-time monitoring 
system that provides cumulative, daily, hourly and per minute statistics [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 categories. Hourly and per minute statistics on 
queue lengths of the different request types, channel utilization, inbound and outbound calls and free 
hard disk space allow us to detect problems in real-time and to schedule maintenance. The system also 
sends sms and email alerts 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 
recordings and created detailed annotations based on their subjective assessments. Each selected 
recording was annotated by a single annotator. As in [63], each recording was annotated as to the 
ǎǇŜŀƪŜǊΩǎ ƎŜƴŘŜǊΣ ƭŀƴƎǳŀƎŜόǎύ used, estimated age (child, young, 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 inter-annotator agreement rates were later 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 in our further analyses. Instead, we 
conducted follow up surveys as described in the 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 also encouraged 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, 
ŀƎŜΣ ǊƻǳƎƘ ƭƻŎŀǘƛƻƴ όŎƛǘȅΣ ǎƳŀƭƭ ŎƛǘȅΣ ǾƛƭƭŀƎŜ ŜǘŎΦύΣ ǇǊƛƳŀǊȅ ǳǎŜǎ ƻŦ tƻƭƭȅ ŀƴŘ ǘƘŜƛǊ ŜȄǇŜǊƛŜƴŎŜ ǳǎƛƴƎ tƻƭƭȅΩǎ 
Ƨƻō ǎŜŀǊŎƘ ό{ŜŜ ά5ŜƳƻƎǊŀǇƘƛŎǎ ŀƴŘ tǊƛƳŀǊȅ ¦ǎŜ ŦǊƻƳ Cƻƭƭƻǿ ¦Ǉ {ǳǊǾŜȅέύΦ 

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 
ŦǊŜǉǳŜƴǘ ŎŀƭƭŜǊǎ ŦǊƻƳ tƻƭƭȅΩǎ нлмм ǎǘǳŘȅΦ ¢ƘŜǎŜ Ŏŀƭƭǎ ōǊƛŜŦƭȅ ŀƴƴƻǳƴŎŜŘ ǘƘŀǘ tƻƭƭȅ ƛǎ ōŀŎƪ ƻƴƭine and 
ƭŀǳƴŎƘŜŘ ƛƴǘƻ tƻƭƭȅΩǎ Ƴŀƛƴ ƛƴǘŜǊŀŎǘƛƻƴΦ bƻ ŀǘǘŜƳǇǘ ǘƻ ŦǳǊǘƘŜǊ ǇǊƻƳƻǘŜ ǘƘŜ ǎȅǎǘŜƳ ǿŀǎ ŜǾŜǊ ƳŀŘŜΦ tƻƭƭȅ 
has been up continuously since then (as of this writing, January 2013), with minimal interruptions (see 
Table  5-1). 

May 9 
-Jun 27 

4ÅÌÃÏÍ ÂÕÇ ÒÅÄÕÃÅÄ 0ÏÌÌÙȭÓ ÅÆÆÅÃÔÉÖÅ ÃÁÐÁÃÉÔÙ ÔÏ ρπ ÃÈÁÎÎÅÌÓ ÁÎÄ ÄÅÇÒÁÄÅÄ ÖÏÉÃÅ ÑÕÁÌÉÔÙ ÄÕÒÉÎÇ ÐÅÁË ÈÏÕÒÓȢ 

May 25-26 SF1: Disk space crunch reduced system responsiveness / availability 
June 21  SF2: Application server remained down 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 disk space 
Aug 29 SF6: Licensing problems reduced channel capacity to 2 
Aug 28-30  3&φȡ 3-3 ÐÒÏÖÉÄÅÒȭÓ ÇÌÉÔÃÈ ÓÔÏÐÐÅÄ ÁÌÌ ÏÕÔÇÏÉÎÇ ÓÍÓ 
Sep 11-12 3&χȡ 3-3 ÐÒÏÖÉÄÅÒȭÓ ÇÌÉÔÃÈ ÓÔÏÐÐÅÄ ÁÌÌ ÏÕÔÇÏÉÎÇ ÓÍÓ 

Table  5-1: Major System Failures 

System Activity Level  
In Figure  5-1Σ ά!ƭƭ Ŏŀƭƭ ǘȅǇŜǎέ ǎƘƻǿǎ ǘƘŜ ƻǾŜǊŀƭƭ ǾƻƭǳƳŜ ƻŦ ǎǳŎŎŜǎǎŦǳƭ ŎŀƭƭǎΤ ƻǳǘ ƻŦ ǘƘŜǎŜΥ άaŜǎǎŀƎŜ 
5ŜƭƛǾŜǊƛŜǎέ ŀƴŘ άWƻō !Ř 5ŜƭƛǾŜǊƛŜǎέ ŘŜǇƛŎǘ ǘƘŜ ƴǳƳōŜǊ ǘƘŜ ǎǳŎŎŜǎǎŦǳƭ Ŏŀƭƭǎ ƳŀŘŜ ōȅ tƻƭƭȅ ǘƻ ŘŜƭƛǾŜǊ 
ƳŜǎǎŀƎŜǎ ŀƴŘ ŀŘǎ ŦƻǊǿŀǊŘŜŘ ōȅ ǳǎŜǊǎ ǘƻ ǘƘŜƛǊ ŦǊƛŜƴŘǎΦ ά!ƭƭ ¦ǎŜǊǎέ ǎƘƻǿǎ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ǳƴƛǉǳŜ 
ǳǎŜǊǎ ƻŦ tƻƭƭȅ όƛƴŎƭǳŘƛƴƎ ǘƘƻǎŜ ǿƘƻ Ƨǳǎǘ ǊŜŎŜƛǾŜŘ ƳŜǎǎŀƎŜǎ ǿƛǘƘƻǳǘ ŜǾŜǊ ŎŀƭƭƛƴƎ tƻƭƭȅύΦ ά!ŎǘƛǾŜ ¦ǎŜǊǎέ ŀǊŜ 
the users who called Polly or used it to schedule deliveries. 
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Figure  5-1: Pollyôs Activity Levels. ñSFò: system failures (Table  5-1). ñQò: onset of quota experiments. For term 

definitions, see ñSeedingò. 

tƻƭƭȅΩǎ ŀŎǘƛǾƛǘȅ ƭŜǾŜƭ όFigure  5-1ύ ǊƻǎŜ ŜȄǇƻƴŜƴǘƛŀƭƭȅ ŀƴŘ ǎŀǘǳǊŀǘŜŘ ƻǳǊ ǎȅǎǘŜƳΩǎ ŎŀǇŀŎƛǘȅ ǿƛǘƘƛƴ т ŘŀȅǎΦ 
On June 27, a telecom system bug was discovered that had been keeping our effective capacity at 10 
channels and degrading voice quality during peak 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 (see Table  5-1) usually 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 mid-September, 2012 Polly has had more than 495,000 telephone 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) was used 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.), quiz-ƭƛƪŜ ǉǳŜǎǘƛƻƴǎ όάǿƘŀǘ ƛǎ Ȅ ŎŀƭƭŜŘ ƛƴ 9ƴƎƭƛǎƘΚέύΣ ŀ Ǝǳȅ ǿƘƛstling a tune. 

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 delivery 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): male-to female conversion 72%; female-to-
male 9%; drunk-chipmunk 6%; I-have-to-run-to-the-bathroom 3.5%; unmodified 5.3%; whisper 0.7%; 
and background music 3.5%. 
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User Activity Profile  
Figure  5-2 depicts user-initiated 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% on the fourth, 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 
around 1.5 calls. 

 

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 a total 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 back. No keys were pressed in 36% of the 
interactions. Of the remaining interactions, 91% completed without any invalid key presses. A more 
detailed analysis of user behavior is presented in chapter: Behavior Analysis of tƻƭƭȅΩǎ Users. 

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 Polly. Polly spread quickly via 
message forwarding and word-of-mouth. Within the first four months of its operation it has received 
calls from, and delivered messages to, all four provinces of Pakistan, as well as to Belgium (19), UAE (11), 
Saudi Arabia (4), Spain (4), Oman (3), India (1) and Luxembourg (1). Figure1 shows some snapshots of 
the domestic geographical spread of Polly. 
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Figure  5-3: Geographical spread of Polly (only Pakistan shown) 

Landline vs. Mobile phone usage  
In Pakistan, telephone numbers readily reveal whether they belong to a landline or to a mobile phone. 
tƻƭƭȅΩǎ ǎŜǊǾƛŎŜ ƛǎ ǇǊƻǾƛŘŜŘ Ǿƛŀ ŀ ƭŀƴŘƭƛƴŜΣ ƳŀƪƛƴƎ ƛǘ ŎƘŜŀǇŜǊ ǘƻ Ŏŀƭƭ ƛǘ ŦǊƻƳ ŀ ƭŀƴŘƭƛƴŜ ǘƘŀƴ ŦǊƻƳ ŀ ƳƻōƛƭŜ 
phone. 

Only 0.32% of the more than 400,000 toll-free calls were made from landlines. In contrast, landlines 
accounted for almost 4% of the caller-paid calls. This demonstrates some cost sensitivity on the part of 
users when they need to pay for the call. But this is only a lower bound because, unfortunately, we do 
not know how many of the users who made called-paid calls had access to a landline. 

User Feedback 
Table  5-2 lists the main findings from our feedback annotation process. Several users gave suggestions 
to improve the user 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 to be able to 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). 

 

Day 2 Week 8 

Week 17 Month 8 

 



46 

 

Period of feedback recordings listened to: Aug 4ïSep 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:   

 System-initiated  183 (67%) 

 User-initiated  89 (33%) 

 Complaints about:  189 (70%) 

 Delay in call-back 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 

AnecdƻǘŀƭƭȅΣ ŀƳƻƴƎ ǘƘŜ ǇƻǎƛǘƛǾŜ ŦŜŜŘōŀŎƪǎΣ ƻƴŜ ǇŜǊǎƻƴ ǎŀƛŘ όƭƻƻǎŜƭȅ ǘǊŀƴǎƭŀǘŜŘύ άŀŦǘŜǊ ŀƭƭ ǘƘŀǘ ƛǎ ƎƻƛƴƎ 
ǿǊƻƴƎ ǿƛǘƘ ǘƘŜ ŎƻǳƴǘǊȅ Χ ǿŜƭƭΣ ŀǘ ƭŜŀǎǘ ǿŜ ƘŀǾŜ tƻƭƭȅ Χ DƻŘ ōƭŜǎǎ tƻƭƭȅ ŀƴŘ Ƴŀȅ ǘƘŜ ǎŜǊǾƛŎŜ ŎƻƴǘƛƴǳŜ 
ŦƻǊŜǾŜǊέΦ 

Summary and Discussion  
Our first goal was to determine 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 speak for themselves. The long 
queues for call-me-back and delivery requests, and the quick rebounding of traffic to a fixed level after 
each disruption, suggest that activity level is resource-bound and that the potential demand for these 
services is much higher than our current 30-channel capacity. 

On the question of cost efficiency, we believe that the jury is still out. We have treaded lightly on 
limiting the toll-free service because we did not want to scare off poor users, and because we wanted to 
use the large volume to answer many other questions, some of which we are just now beginning to 
analyze. However, we clamped down more strongly starting mid-September, and have partially 
discussed the impact in [62]. As we mention above, cost efficiency can be achieved not only by getting 
the users to pay for airtime, but also by the use of ads, carrier revenue-sharing, and/or content sponsors 
(e.g. governments or NGOs). We are planning to explore all these options. 

Our second goal was to add our first development-ŦƻŎǳǎŜŘ ǎŜǊǾƛŎŜ όΨǇŀȅƭƻŀŘΩύ ǘƻ tƻƭƭȅΩǎ ƻŦŦŜǊƛƴƎΦ ²Ŝ 
found that users took to the new offering in large numbers, and that many of them started calling Polly 
specifically for the job information ς exactly the result we had hoped for. This is discussed in detail in 
chapter: Development-related Service: Job Opportunities. 

Our third goal was to use Polly as an experimental test bed to answer questions about demographics 
and about spread vs. cost. This discussed in detail in chapter: Polly as an Experimental Test-bed 

Additional benefits: We collected detailed interaction data, which we believe have great potential value 
as a test bed for analyzing social 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 second experimental goal of this deployment, of 
attempting to add a development-ŦƻŎǳǎŜŘ ǎŜǊǾƛŎŜ όΨǇŀȅƭƻŀŘΩύ ǘƻ tƻƭƭȅΩǎ ƻŦŦŜǊƛƴƎ (as discussed in chapter: 
Large Scale Deployment). Between May 9, 2012 and mid-September the job browser was used by 
27,000, 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 period starting mid-September, we find that between May 09, 2012 
and May 07, 2013, 34,000 people 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 browser is available to the users of Polly right from their very first interaction with Polly 
and they could access it through the first (main) menu in all call-ǘȅǇŜǎ όŘŜƭƛǾŜǊȅ Ŏŀƭƭǎ ŀƴŘ άŎŀƭƭ-me-ōŀŎƪέ 
calls), by pressing 5. Once inside the job-browser the ads are played latest-first. Each ad is recorded split 
in three portions: 1. Date and newspaper information, 2. Actual content of the ad (the vacancy being 
advertised, prerequisites, salary expectations etc.) and 3. Contact information (addresses, phone 
numbers etc.). Following each ad, users are given the options to repeat the complete ad or just the 
contact details; play the next or previous ad; or to forward the ad to a friend. If the user does not press 
any key, the next ad starts playing 5 seconds after the options menu stops playing. 

If the user chooses to forward an ad to a friend, he is 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 detection and a 4 second hard time-out. The user is also 
allowed to forward the ad to multiple recipients. The ad forwarding request is then added to the system 
queue, and will be executed as soon as a channel becomes available. When Polly calls the intended 
recipient to deliver the adΣ ǘƘŜ ǎŜƴŘŜǊΩǎ ƴŀƳŜ όƛƴ ǘƘŜƛǊ ƻǿƴ ǳƴƳƻŘƛŦƛŜŘ ǾƻƛŎŜύ ƛǎ ƛƳƳŜŘƛŀǘŜƭȅ ǇƭŀȅŜŘ ǘƻ 
the listener to prevent confusion regarding the identity of the caller, and the recipient can also choose 
to hear the phone number of the sender. After hearing the forwarded ad recipients can also choose to 
browse the job ad list. Even during quota limitations on number of free Polly-paid deliveries per day, 
users could still send as many job ad deliveries as they desired. 

As an additional mechanism for viral spreaŘΣ ǘŜȄǘ όǎƳǎύ ƳŜǎǎŀƎŜǎ ŎƻƴǘŀƛƴƛƴƎ tƻƭƭȅΩǎ ŎƻƴǘŀŎǘ ƛƴŦƻǊƳŀǘƛƻƴ 
ŀǊŜ ǎŜƴǘ ǘƻ ŀƭƭ ƻŦ tƻƭƭȅΩǎ job-ad ǊŜŎƛǇƛŜƴǘǎ ƻƴ ǘƘŜƛǊ ŦƛǊǎǘ ǘǿƻ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ǘƘŜ ǎȅǎǘŜƳΦ tƻƭƭȅΩǎ ǇƘƻƴŜ 
number is also played during the phone call itself, between 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 low-skilled, low-literate workers. An example of such an ad is in Figure  6-1. 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 for audio-ōǊƻǿǎƛƴƎ ŀǎ ǇŀǊǘ ƻŦ tƻƭƭȅΩǎ ƳŜƴǳΦ 
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Specifically, we record each ad in 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.  

 

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 our large-scale deployment was the addition of a 
development-related service to our menu ς the job ad browser. Since audio-browsing 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 the initial 130 days of Polly operations analyzed here (May 9 ς 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 averages to over 525 playbacks per ad ς possibly 
more than the number of people who read that ad in the newspaper. Some ads were listened to much 
more than others ς the most popular ad was listened to more than 8,400 times, and 73 ads were 
listened to more than 1,000 times each. 

A further indication of the usefulness of this service was the use of job ad deliveries ς requesting 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, and job 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 that the user called Polly specifically to 
interact with the job ad service. 

Summary  
The second goal of the large-scale deployment in Lahore was to add our first development-focused 
ǎŜǊǾƛŎŜ όΨǇŀȅƭƻŀŘΩύ ǘƻ tƻƭƭȅΩǎ ƻŦŦŜǊƛƴƎΦ ²Ŝ ŦƻǳƴŘ ǘƘŀǘ ǳǎŜǊǎ ǘƻƻƪ ǘƻ ǘƘŜ ƴŜǿ ƻŦŦŜring in large numbers, 
and that many of them started calling Polly specifically for the job information ς exactly 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 them applied. This can be attributed to lack of trust or interest. The former may be 
by co-branding with familiar government organizations or newspapers. More job ad types can be 
explored (e.g. jobs for the handicapped) to serve all interest groups. 
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One limitation 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 not know the degree by which Polly increased 
the number of applicants for these positions. Hence, the impact is not measurable. 

For this reason, we reached out to Babajob in India. Babajob acts as a (primarily) web-based gateway 
between job-opportunities for low-skilled workers and potential applicants in Bangalore, India. The 
details of our collaboration are presented in chapter: Reproducibility: Deployment in . 
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7.  Polly as an Experimental Test -bed 

Chapter Abstract  
In this chapter we discuss the various experiments that we performed using the large scale development 
of Polly in Lahore. We used Polly as an experimental test bed to answer the following main questions: 

a. How do usage patterns change with respect to gender, age, socio-economic 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 mid-September, wŜ ǊŜǇƻǊǘ ǳǎŜǊǎΩ ŀŎǘƛǾƛǘȅ ƻǾŜǊ ǘƛƳŜ ŀƴŘ ŀŎǊƻǎǎ ŘŜƳƻƎǊŀǇƘƛŎǎ, analyze 
user behavior within several randomized controlled trials, and describe lessons learned regarding 
spread, scalability and sustainability of telephone-based speech-based services. 

User Demographics  and Primary Use from Recording Annotation  
To undeǊǎǘŀƴŘ ƻǳǊ ǳǎŜǊǎΩ ŘŜƳƻƎǊŀǇƘƛŎǎ ŀƴŘ ǘƘŜƛǊ ǳǎŜ ƻŦ tƻƭƭȅΩǎ ƳŜǎǎŀƎŜ ŘŜƭƛǾŜǊȅ ŎŀǇŀōƛƭƛǘȅΣ ǿŜ ǎŜƭŜŎǘŜŘ 
a sample of user recordings uniformly across time and annotated them as described in chapter: Large 
Scale Deployment. Results are in Table  7-1. 

 Toll Free Caller Paid 

  Count Count 

Annotated recordings 5388 399 

By gender 

Male 4713(87.3%) 359 (90.0%) 

Female 590(10.9%) 26 (6.5%) 

Unclear 93(1.7%) 14 (3.5%) 

By language 

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 

Our annotators noted that the following interesting examples of the various things that people use Polly 
for. Some of these are clearly unintended (or at least unthought-of) uses: 

1. !ǎ ŀ άǾƻƛŎŜ-{a{έ ǘƻ ǎŜƴŘ ƘŜƭƭƻ-hi messages, greetings of birthday, New Year, Eid etc. to schedule 
Ŏŀǎǳŀƭ ƳŜŜǘƛƴƎǎ ŜΦƎΦ άƳŜŜǘ ƳŜ ƛƴ мл ƳƛƴǳǘŜǎ ƛƴ ŦǊƻƴǘ ƻŦ Ȅ ǎƘƻǇέΣ ŀƴŘ ŦƻǊ ǎŜƴŘƛƴƎ Ŏŀƭƭ-me-back 
ǊŜǉǳŜǎǘǎ ǘƻ ŦǊƛŜƴŘǎ ŜΦƎΦ άǇƭŜŀǎŜ Ŏŀƭƭ ƳŜ ōŀŎƪ ŀǎ L ŀƳ ƭƻǿ ƻƴ cell-phone ŎǊŜŘƛǘέΦ 

2. To wake up others in the morning for prayers, work etc. 
3. To send random and often obscene messages and playing pranks on close friends 
4. To send romantic messages to the opposite gender (though we have mostly seen male users 

sending such messages) 
5. To record songs, movie dialogues etc. from TV, radio and send them to friends with or without voice 

modification. 
6. To record poetry, jokes, songs in their own voice for their friends 
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7. To play quiz-ƭƛƪŜ ƎŀƳŜǎ ƻǾŜǊ tƻƭƭȅ ŜΦƎΦ άǿƘŀǘ ƛǎ Ȅ ŎŀƭƭŜŘ ƛƴ 9ƴƎƭƛǎƘΚέ ŀƴŘ ǘƘŜ ŦǊƛŜƴŘ ǊŜǎǇƻƴŘǎ ǿƛǘƘ ǘƘŜ 
answer. 

8. To play with Polly in group settings. This where people 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 officials and even Polly (as if Polly can 
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 further ƳƻǘƛǾŀǘŜŘ ǘƻ ǉǳƛŎƪƭȅ ŀŘŘ ǘƘŜ ƻǇǘƛƻƴ ƻŦ ƭƛǎǘŜƴƛƴƎ ǘƻ ǘƘŜ ǎŜƴŘŜǊΩǎ 
ǇƘƻƴŜ ƴǳƳōŜǊ ƛƴ ŀƭƭ ƻŦ tƻƭƭȅΩǎ ƳŜǎǎŀƎŜ ŘŜƭƛǾŜǊƛŜǎΦ 

11. During the period when as part of an experiment Polly stopped delivering free voice messages but 
still continued to deliver job ads, a younƎǎǘŜǊ ǎǘŀǊǘŜŘ ǊŜŎƻǊŘƛƴƎ ŀƭƭ Ƙƛǎ ƳŜǎǎŀƎŜǎ ƛƴ ǘƘŜ ǎŜƴŘŜǊΩǎ 
name part of the job ad deliveries (allowed duration 4-5 seconds). This allowed him to keep sending 
free voice messages. 

12. Someone scheduled a message ŘŜƭƛǾŜǊȅ ǘƻ tƻƭƭȅΩǎ ƻǿƴ ƴǳƳōŜǊΦ !ǎ ǿŜ ŘƛŘ ƴƻǘ ƘŀǾŜ a check to 
prevent this at that time and as all calls received by Polly are treated as call-me-back requests; this 
triggered a series of recursive call-backs. We were able to catch and fix it only after nearly 3000 such 
calls. 

13. For making announcements. E.g. A 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 interest and remained its loyal users. They liked Polly 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 
άŀŦǘŜǊ ǊŜŎƻǊŘƛƴƎ ȅƻǳǊ ƳŜǎǎŀƎŜΣ ǇǊŜǎǎ н ŀƴŘ ŜƴǘŜǊ Ƴȅ ƴǳƳōŜǊ ǘƻ ǎŜƴŘ ƛǘ ǘƻ ƳŜΧέΣ άƪŜŜǇ ǇǊŜǎǎƛƴƎ о 
ŀƴŘ ȅƻǳΩƭƭ ƎŜǘ ȅƻǳǊ ŎƭŜŀǊ ǾƻƛŎŜ ǘƻƻΧέΦ 

Entertainment and Utility are not Mutually Exclusive  
Our attempts to classify the messages as entertainment or utility turned out to be a challenging task for 
human annotators (one graduate and one undergraduate student). The annotators were asked to listen 
to 6,000 recordings, ǊŀƴŘƻƳƭȅ ŎƘƻǎŜƴ ƻǾŜǊ ǘƘŜ ǎǇŀƴ ƻŦ ŀ ȅŜŀǊ ƻŦ tƻƭƭȅΩǎ [ŀƘƻǊŜ ŘŜǇƭƻȅƳŜƴǘ, and to tag 
each recording as utility, entertainment or both. In the end, the inter-annotator agreement came out to 
be 51.6% and we decided not use this data for any further analysis.  

Apparently it was difficult in majority of the cases to clearly mark a recording as entertainment or utility. 
Lǘ ƛǎ ǎƛƳƛƭŀǊ ǘƻ ŀǎƪƛƴƎ ǘƘŜ ǉǳŜǎǘƛƻƴΥ άŘƻ ǇŜƻǇƭŜ Ǉƻǎǘ ƳŜǎǎŀƎŜǎ ƻƴ CŀŎŜōƻƻƪ ŦƻǊ ŜƴǘŜǊǘŀƛƴƳŜƴǘ ƻǊ ǳǘƛƭƛǘȅέΦ 
Surely there are cases where the user-intent is beyond doubt e.g. a person announcing a change in his 
phone number to several friends in unmodified voice is clearly looking for a utility, a user sending songs 
or jokes in unmodified voice is mostly doing so out of entertainment. But a back-and-forth conversation 
where a friend is quizzing another; a competition where friends are reciting poetry starting from the last 
letter of the previous persons verse; a romantic ǾƻƛŎŜ ƳƻŘƛŦƛŜŘ ƳŜǎǎŀƎŜ άL ƭƻǾŜ ȅƻǳΗέΣΧ ŀǊŜ ŜȄŀƳǇƭŜǎ ƻŦ 
messages where the intention could be either or both.  

We conclude from this experiment that the primary intent 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  
Table  7-2 ǎǳƳƳŀǊƛȊŜǎ ƻǳǊ ǎǳǊǾŜȅΩǎ ǊŜǎǳƭǘǎΦ Out of the 207 survey calls a 106 resulted in useful 
information of some type. Low to low-mid SES people having up to 10 years of education comprised 77% 
of the interviewed users: mostly shopkeepers, fruit sellers, farmers, laborers, carpenters, and craftsmen. 
Another 14% had 11-12 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 villages or small cities. For heuristic 
mapping of education level to SES, see [29]. 

Total number of survey calls attempted 207 

Number of calls resulting in any information 106 

Number of calls that successfully gathered: 

a. Gender Information 106 

b. Information about primary use 63 

ŎΦ LƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǳǎŜ ƻŦ tƻƭƭȅΩǎ Wƻō .ǊƻǿǎŜǊ 65 

d. Age Information 60 

e. Literacy/SES information 70 

Primary Use 

 Fun Utility  both 

Among the 63 users 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 

 Highest Education Level Attained, SES 

None, low SES 17 30 14 10 

Primary (5 years), low SES 15 

Matric. (10 years), low-mid SES 23 

Intermediate (12 years) , mid SES 9 

University (16 years), high SES 6 3 3 0 

Table  7-2: Results of Survey Calls 

!ƭǘƘƻǳƎƘ ŀǊƻǳƴŘ рт҈ ƻŦ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎ ƘŀŘ ōǊƻǿǎŜŘ tƻƭƭȅΩǎ Wƻō ŀŘǎΣ ƻƴƭȅ ŀ ƘŀƴŘŦǳƭ ǊŜǇƻǊǘŜŘ ŀǇǇƭȅƛng 
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 primary uǎŜ ƻŦ tƻƭƭȅ ŀǎ άŦǳƴέ ƎŀǾŜ ŜȄŀƳǇƭŜǎ ƭƛƪŜ ƳŀƪƛƴƎ ǇǊŀƴƪ Ŏŀƭƭǎ 
to friends, hello-hi/random messages, poetry and even browsing job ads as a pastime. More serious 
users defined Polly as a voice messaging system that they use to send occasion (holiday, birthday) 
greetings, to request a call-ōŀŎƪΣ ǘƻ ƪƴƻǿ ŀ ŦǊƛŜƴŘΩǎ ǿƘŜǊŜŀōƻǳǘǎ ƻǊ ǘƻ ōǊƻǿǎŜ ŀƴŘ ŀǇǇƭȅ ŦƻǊ ƧƻōǎΦ CƻǳǊ 
ōƭƛƴŘ ǳǎŜǊǎ ŘŜŦƛƴŜŘ tƻƭƭȅ ŀǎ ŀƴ άŀƭǘŜǊƴŀǘƛǾŜ ǘƻ ǘŜȄǘ ƳŜǎǎŀƎƛƴƎέ ŀƴŘ ǇǊŀƛǎŜŘ ƛǘ ǇǊƻŦǳǎŜƭȅΦ CŜƳŀƭŜǎ ǿŜǊŜ 
mostly reluctant/shy to talk. 

Cost vs. Spread ɀ RCTs and the Quota Experiments  
With an outgoing call airtime cost of $0.023/min, and with each interaction lasting an average of 3 
minutes, at its peak Polly was costing us some $400/day in airtime alone. A variety of mechanisms can 
eventually be used to offset 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 
ǿŜ Ŏŀƴ ǊŜŘǳŎŜ ƻǳǊ ŀƛǊǘƛƳŜ Ŏƻǎǘǎ ŘƛǊŜŎǘƭȅ ǿƘƛƭŜ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ǎȅǎǘŜƳΩǎ ǾƛǊŀƭ spread. We view our 
ongoing airtime expense as simply the cost of reaching new users, and are interested in strategies that 
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maximize the cost-effectiveness of that investment. We are also interested in understanding how the 
airtime cost structure affects ƻǳǊ ǘŀǊƎŜǘ ǳǎŜǊǎΩ ōŜƘŀǾƛƻǊΦ 

We did not want to eliminate the toll-free 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 low-literate 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 large-volume, dynamically controlled system such as ours is the ability to run 
randomized controlled trials (RCTs). Our first goal was to avoid subsidizing high-volume users, and to 
nudge them towards a caller-paid model. The main research questions asked here were: 

1. How much can we reduce our airtime charges (our main operating expense) while maintaining system 
activity and spread, and how? Sub-question: 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? 

 

Figure  7-1: Daily caller-paid calls 

Lƴ ƻǳǊ ŦƛǊǎǘ w/¢ όάvтέύ ǿŜ ǘŀǊƎŜǘŜŘ ǳǎŜǊǎ ǿƘƻ ŎŀƭƭŜŘ tƻƭƭȅ ƳƻǊŜ ǘƘŀƴ т ǘƛƳŜǎ ŀ ŘŀȅΦ hƴŎŜ ŀ ǳǎŜǊ 
attempted to call Polly for the 8th time on the same day, they were alternately assigned 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 call Polly on the caller-paid line, where their call would be picked up immediately and 
ǘƘŜƛǊ ǎŎƘŜŘǳƭŜŘ ŘŜƭƛǾŜǊƛŜǎ ǿƻǳƭŘ ŀƭǎƻ ǊŜŎŜƛǾŜ ŀōǎƻƭǳǘŜ ǇǊƛƻǊƛǘȅΦ ¢Ƙƛǎ ǿŀǎ ŀ ǎǳōǎǘŀƴǘƛŀƭ άǇŜǊƪέ ōŜŎŀǳǎŜ 
users often complained of delays in receiving call-backs and in delivery of messages, due to long queues, 
especially at the peak evening hours. Subsequent calls by this user on that day to the toll-free number 
were not answered. Users in the control group were not restricted. We ran this experiment from May 21 
through July 30. Results (shown only for the 1,115 high-volume users who were new to Polly during this 
period) are in Figure  7-2. Activity on the caller-paid (namely, unsubsidized airtime) line is shown in 
Figure  7-1. We can see that the quota indeed reduced toll-free usage by the restricted group, and 
caused sporadic activity on the caller-paid line. However, the differences from the control group 
vanished after a week: it appears that most high-volume users reduced their activity substantially within 
a few days even without the quota. 
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Figure  7-2: Experiment with a quota of 7 toll-free calls/day 

Our next experiment was to more severely restrict toll-free 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 
messages mostly 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 
ǉǳƻǘŀ ǿŀǎ ƛƳǇƻǎŜŘ ƛƳƳŜŘƛŀǘŜƭȅ όάvо5лέύΣ ǘƘƻǎŜ ƻƴ ǿƘƻƳ ƛǘ ǿŀǎ ƛƳǇƻǎŜd starting on their second day 
όάvо5мέΣ ƘŀǾƛƴƎ ƻƴŜ Řŀȅ ƻŦ ǳƴǊŜǎǘǊƛŎǘŜŘ ǘƻƭƭ-free use of Polly), and those on whom the quota was 
ƛƳǇƻǎŜŘ ǎǘŀǊǘƛƴƎ ƻƴ ǘƘŜƛǊ ǘƘƛǊŘ Řŀȅ όάvо5нέΣ н ǳƴǊŜǎǘǊƛŎǘŜŘ ŘŀȅǎύΦ ¢Ƙƛǎ ŜȄǇŜǊƛƳŜƴǘ ǿŀǎ Ǌǳƴ ŦǊƻƳ Wǳƭȅ ом 
through August 16. Results (shown only for the 486 users who were new to Polly during this period and 
who attempted to make a 4th daily call) are in Figure  7-3. The quota 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 daily toll-free calls) 
ŜȄǇƛǊŜŘΦ όbƻǘŜΥ άǘƘŜ ƴǳƳōŜǊ ƻŦ Ŏŀƭƭǎ ǇŜǊ Řŀȅέ ŀǇǇŜŀǊ ǘƻ ŜȄŎŜŜŘ ǘƘŜ ǉǳƻǘŀ ōŜŎŀǳǎŜ ƛǘ ŀƭǎƻ ƛƴŎƭǳŘŜǎ ǘƘŜ 
one call during which the quota announcement was played). 

 

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 
όά{Cпέ ƛƴ ¢ŀōƭŜ {мύΦ We therefore cannot measure the short-term 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 limited by our 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 from Figure  5-2 that 40% of calls to Polly took place during a usŜǊΩǎ ŦƛǊǎǘ Řŀȅ ƻŦ 
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 3-arm randomized assignment (Q2D0, Q2D1, Q2D2). Results (shown only for the 1,029 
who were new to Polly during this period and who attempted to make a 3rd daily call) are in Figure  7-4. 
Again, users seem to have quickly adjusted to the new quota regardless of whether it was introduced 
immediately or with delay. Caller-paid calls spiked (Figure  7-1ύΦ ¢ƘŀƴƪŦǳƭƭȅΣ ǘƘŜ ǎȅǎǘŜƳ ŦŀƛƭǳǊŜ όά{Cрέ ƛƴ 
Table  5-1) that coincided with this introduction lasted only a day, and overall activity remained high 
(Figure  6-1). 

 

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

 

 

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

Finally, from September 5 on we have been operating under a 3-arm Q1 experiment (Figure  7-5). This 
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time, overall activity level did go down somewhat, although the number of users and number of new 
users (Figure  7-6) did not, achieving the same spread with lower costs. 
 

 

Figure  7-6: New users added daily 

Cost and Sustainability  ɀ Limiting Free Message Deliveries  
The previous section describes how the number of daily toll-ŦǊŜŜ όάƳƛǎǎŜŘ Ŏŀƭƭέ ōŀǎŜŘύ Ŏŀƭƭǎ ǘƻ tƻƭƭȅ ǿŜre 
gradually restricted for each user. Once users exceeded their daily quota, they were invited to a caller-
paid phone number, which provided a similar (in fact, slightly enhanced) Polly experience. Although 
more than 4,500 users used the caller-paid line to make more than 12,000 calls, the majority of users 
chose to avoid the call charges by waiting until the following day. 

After limiting toll-free calls to one per user per day, we were still paying for 4,000 calls/day, costing 
nearly $300/day in airtime alone. We did not want to eliminate toll-free calls altogether, because we did 
not want to lose the lower-SES users, who are our primary target. Upon further analysis, we found that 
of the 4,000 Polly-paid daily calls, some 60% were interactions initiated by users, and 40% were message 
deliveries ς calls initiated by Polly to deliver previously scheduled messages to their recipients. To 
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 messages sent to them by friends. We 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 caller-paid line to listen to it. The caller-paid line was then modified to add the 
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 user calls, if they have any messages waiting Polly informs them of their 
number and starts playing them one-by-one. After each message it prompts the user to choose 
between continuing to listen to messages and switching to normal interaction with Polly. 

A user is considered experienced if he has interacted with Polly at least three times before. Messages 
that have been skipped are retained for future retrieval. Job-related calls were not affected and were 
always delivered at our expense. 
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We send message notifications using SMS and optionally short voice follow-up calls. We conducted this 
experiment in three phases: 

SMS-only notification  
Under this experiment, an SMS was sent to the intended recipient of a message immediately upon its 
scheduling, briefly informiƴƎ ƘƛƳ ǘƘŀǘ ŀ ƳŜǎǎŀƎŜ Ƙŀǎ ōŜŜƴ ǊŜŎƻǊŘŜŘ ŦƻǊ ƘƛƳΣ ƭƛǎǘƛƴƎ ǘƘŜ ǎŜƴŘŜǊΩǎ ǇƘƻƴŜ 
ƴǳƳōŜǊ ŀƴŘ tƻƭƭȅΩǎ ŎŀƭƭŜǊ-paid number for retrieval. A total of 7,893 such SMSs were sent during this 
stage of the experiment, which resulted in 514 (merely 6.5%) caller-paid 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 notifications that did not 
result in retrievals within 24 hours, half were randomly chosen for sending voice-call reminders. Polly 
called each of these intended recipients and briefly announced that a message is waiting for them, 
ǇƭŀȅƛƴƎ ǘƘŜ ǎŜƴŘŜǊΩǎ ƴŀƳŜ ƛƴ ǘƘŜƛr own recorded voice, and explaining that, to listen to the messages, 
the receiver needs to call back the number from which they were just called (which was the caller-paid 
line). The main motivation for voice call reminders was to help recipients who may not have understood 
the SMS, perhaps due to lack of literacy. Also, with voice alerts the user was not required to type any 
numbers to access their messages, but could simply call back using their mobile phoneΩǎ ƘƛǎǘƻǊȅΦ 
During the period of this trial, 4.7% 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 attempted voice 
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 of 4.2%-0.96% = 
3.24%, a relative increase of 57% in the retrieval rate. 

Of note, among those who responded to the voice calls by retrieving their message, new users were 
somewhat over-represented (40% vs. their 32% share of all recipients), suggesting that unfamiliarity and 
lack of reading/comprehension skills are 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 the period of 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 
messages, 868 were randomly assigned to the SMS-only (control) arm, out of which 21 (2.4%) were 
subsequently retrieved. We attempted voice reminders for the other 880 messages, resulting in 61 
retrievals. The message pickup rate of the treatment group was therefore 6.9% vs. 2.4% for the control 
group, with an estimated effect size of 6.9% - 2.4% = 4.5%, a relative increase of 63% in the retrieval 
rate. 

Cost of Spread and Development Outcomes 
In Pakistan we paid for Polly by 15 second pulses. Table  7-3 summarizes the airtime distribution of 
tƻƭƭȅΩǎ ǳǎŜ ƛƴ ǘŜǊƳǎ ƻŦ ǾŀǊƛƻǳǎ ōƛƭƭƛƴƎ ƳŜǘƘƻŘǎ. It is clear that most of the airtime is spent in Call-me-back 
and Delivery type calls.  
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CallTypes Sum of Seconds Sum of 15SecPulses Sum of 30SecPulses Sum of 1MinPulses 

Call-me-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 

Table  7-4 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 once 33,832 

Number of times Job ads were listened to 386,199 

Job ads were listened during 77,944 calls 

Number of job ads that were forwarded 584 

Job ads were forwarded 33,597 times 

Job ads were forwarded by 8,715 users  

Job ads were forwarded to 18,541 users 

Each Job ad was listened on average 530.49 times 

Each user of Job Ads service listened on average to 11.42 job ads 

Number of Active Users 101,984 

Number of Users 166,428 

Table  7-4: Outcomes 

On the basis of Table  7-3 and Table  7-4, Table  7-5 shows the cost in terms of airtime as well as PKR and 
(estimated) US dollars to achieve some of these outcomes. Table  7-5 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 achieved simultaneously.  

  15SecPul
ses 

30SecPul
ses 

1MinPul
ses 

@2PKR/Min
ute 

@100PKR = 
1USD 

Cost per user 37.35 19.53 10.7 PKR 21.4 $0.214 

Cost per active (trained and interested) user of Polly 60.95 31.87 17.45 PKR 34.9 $0.349 

Cost per user of job ad service (anyone who listens 
to at least one ad) 

183.73 96.08 52.62 PKR 105.24 $1.0524 

Cost of playing one ad to a user 16.09 8.42 4.61 PKR 9.22 $0.0922 

Table  7-5: Cost of Various Outcomes 

Summary and Discussion  
Our third experimental goal of the large scale deployment in Lahore was to use Polly as an experimental 
test bed to answer questions about demographics and about spread vs. cost. Regarding demographics, 
we find that Polly is used predominantly but not entirely by men, who are predominantly young or 
middle-ŀƎŜŘΦ ¢Ƙƛǎ ǿŀǎ ŀƭǎƻ ƻōǎŜǊǾŜŘ ƛƴ tƻƭƭȅΩǎ нлмм ǘŜǎǘ ŘŜǇƭƻȅƳŜƴǘΣ ŀƴŘ ƛǎ ǿƘŀǘ ƭŜŘ ǳǎ ǘƻ ǎŜƭŜŎǘ Ƨƻō 
advertisements as our first development-focused service. Unlike in 2011, we find that Polly has spread 
significantly into the mid-SES and even high-SES populations.  
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Usage over time is marked by rapidly declining interest among most users. This was expected given the 
unchanging nature 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 target population is 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 long-term use eventually activity will indeed 
decline. In the short 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 system and train the users in 
speech-based services, not as a steady-state standalone service in its own right. Additionally, when a 
new service is added, Polly can call some of its past users and introduce them to it, re-starting a viral 
spread. 

The large volume of users allowed us to use randomized controlled trials to answer some questions 
ǊŜƎŀǊŘƛƴƎ ǳǎŜǊǎΩ Ŏƻǎǘ-sensitivity. A high daily quota on toll-free calls did not reduce expenses much. 
When faced with a lower quota, most users chose not to use their own money to make calls that they 
would otherwise have made. This can be demonstrated by comparing the average call volume (user-paid 
and toll-free) of people in the quota-restricted arm to that of people in the control arm. Nonetheless, 
the total volume of user-paid calls is evidence that at least some people were willing to pay some of the 
time. During the last week of our reporting period, toll-free calls averaged 2,200/day, whereas caller-
paid calls averaged a mere 160/day. It is possible that, once a service is introduced as toll-free, people 
would always be reluctant to pay for it. We are planning to test this hypothesis by deploying a pure 
caller-paid system in a new geographic location. We also found that restricting high-volume users does 
not stymie spread, as measured by the number of new users added (Figure  7-6). 

Anecdotally, quite a few of the user-paid recordings contain strongly worded complaints and even 
curses regarding the quota. Apparently, people are willing to pay for the service 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  Analysis of 0ÏÌÌÙȭÓ Users  

Chapter Abstract  
This chapter describes a follow up study done with the help of Haohan Wang and Yibin Lin [77]. The 
interaction data gathered from the 165,000 users of Polly, who interacted with the system by telephone 
over 636,000 times, was studied to find behavior patterns. We discovered that, with experience, users 
respond faster to menus (using more barge-in) and make fewer mistakes and abortive attempts. We 
also ǎǘǳŘƛŜŘ Ƙƻǿ ǳǎŜǊǎΩ ŎƘƻƛŎŜ ƻŦ ŀŎǘƛǾƛǘȅ ŜǾƻƭǾŜŘ ƻǾŜǊ ǘƛƳŜΣ ŀƴŘ ŦƻǳƴŘ ǘhat with experience users show 
ŀƴ ƛƴŎǊŜŀǎƛƴƎ ƛƴǘŜǊŜǎǘ ƛƴ ƳŜǎǎŀƎŜ ǎŜƴŘƛƴƎΣ ōŜŎƻƳŜ ƳƻǊŜ ŜȄǇƭƻǊŀǘƛǾŜ ƻŦ ǘƘŜ ǎȅǎǘŜƳΩǎ ŎŀǇŀōƛƭƛǘƛŜǎΣ ŀƴŘ 
better adapt themselves to its constraints. Many new users seem to arrive with some preexisting 
ƪƴƻǿƭŜŘƎŜ ƻŦ tƻƭƭȅΩǎ ŦǳƴŎǘƛƻnality, presumably through some back-channel information from their 
friends. Long-term 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 two major features. It is a voice messaging service as well as a job market.  

¢ƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ǿŀȅ ǘƻ ŎƻƴǘŀŎǘ tƻƭƭȅ ƛǎ Ǿƛŀ ŀ άƳƛǎǎŜŘ-Ŏŀƭƭέ ƳŜŎƘŀƴƛǎƳ ǿƘƛŎƘ ǎƘƛŦǘǎ ǘƘŜ ŀƛǊǘƛƳŜ Ŏƻǎǘ ǘƻ 
ǘƘŜ ǎȅǎǘŜƳΦ ! ǳǎŜǊ Ŏŀƭƭǎ tƻƭƭȅΩǎ ǇƘƻƴŜ ƴǳƳōŜǊ όŀ ά/ŀƭƭ-Me-.ŀŎƪέ ǊŜǉǳŜǎǘύΣ ŀƴŘ Polly immediately hangs 
up the call. Shortly afterwards, Polly calls the user to start the interaction.  

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 recordings before that by pressing the # button. Polly then 
applies its first voice modification to the recorded message (raising its pitch, thereby creating a male-to-
female effect) and plays it back to the user. At this point the user arrives at the Main Menu, which gives 
him the following choices: 

1. ά¢ƻ ǊŜ-ǊŜŎƻǊŘΣ ǇǊŜǎǎ лέ όǊŜ-record a voice message, and return to main menu). This option is 
removed from the main-menu after the user chooses to forward the recorded voice to a friend. 

2. ά¢ƻ ǊŜǇŜŀǘΣ ǇǊŜǎǎ мέ όǊŜǇƭŀȅ ǘƘŜ Ƴanipulated voice message, and return to main menu) 
3. ά¢ƻ ŦƻǊǿŀǊŘ όǘƘŜ ƳŀƴƛǇǳƭŀǘŜŘ ǊŜŎƻǊŘƛƴƎύ ǘƻ ŦǊƛŜƴŘǎΣ ǇǊŜǎǎ нέ όƴŀǾƛƎŀǘŜ ǘƻ ǘƘŜ ŦƻǊǿŀǊŘƛƴƎ ƳŜƴǳύ 
4. ά¢ƻ ǘǊȅ ŀƴƻǘƘŜǊ ŜŦŦŜŎǘΣ ǇǊŜǎǎ оέ όǇƭŀȅ ŀƴƻǘƘŜǊ ǾƻƛŎŜ ƳƻŘƛŦƛŎŀǘƛƻƴ ŜŦŦŜŎǘΣ ŀƴŘ ǊŜǘǳǊƴ ǘƻ Ƴŀƛƴ 

menu) 
5. ά¢ƻ ƭƛǎǘŜƴ ǘƻ Ƨƻō ŀŘǎ ŦƻǊ ŦǊŜŜΣ ǇǊŜǎǎ рέ όƴŀǾƛƎŀǘŜ ǘƻ ǘƘŜ Ƨƻō ōǊƻǿǎƛƴƎ ƳŜƴǳΣ ŦǊƻƳ ǿƘƛŎƘ ǘƘŜ Ƴŀƛƴ 

menu is no longer reachable) 
6. ά¢ƻ ǇǊƻǾƛŘŜ ŦŜŜŘōŀŎƪ ōȅ ǊŜŎƻǊŘƛƴƎ ŎƻƳƳŜƴǘǎ ŀƴŘ ǎǳƎƎŜǎǘƛƻƴǎ ŀōƻǳǘ ǘƘŜ ǎȅǎǘŜƳΣ ǇǊŜǎǎ уέ όƻƴƭȅ 
ŀǾŀƛƭŀōƭŜ ŦǊƻƳ ǘƘŜ ǳǎŜǊΩǎ рth call onwards) 

Note in 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 the entertainment 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 name and their 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 
ƳǳƭǘƛǇƭŜ ŦǊƛŜƴŘǎΦ ¢ƘŜ άǊŜ-ǊŜŎƻǊŘέ ƻǇǘion goes away when the user navigates back to main menu after 
the forwarding menu. 

In the Job Ads menu, users can browse, listen to and forward job information to their friends. However, 
they cannot return to the Main Menu. 

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

Barge-in (pressing a button before the menu finished being played out) is allowed in all Polly menus. 

 
(a) 

 
(b) 
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(c) 

Figure  8-1: Prevalence of barge-in 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. 

Imp rovement iÎ 5ÓÅÒÓȭ )ÎÔÅÒÁÃÔÉÏÎ 3ËÉÌÌ 
{ƛƴŎŜ Ƴƻǎǘ ƻŦ tƻƭƭȅΩǎ ǳǎŜǊǎ ǿŜǊŜ ƭƻǿ ƭƛǘŜǊŀǘŜΣ Ƴŀƴȅ ƻŦ ǘƘŜƳ Ƴŀȅ ƴƻǘ ƘŀǾŜ ōŜŜƴ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǎǇŜŜŎƘ 
ƛƴǘŜǊŦŀŎŜǎ ǇǊƛƻǊ ǘƻ ǘƘŜƛǊ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ tƻƭƭȅΦ Lƴ ǘƘƛǎ ǎŜŎǘƛƻƴΣ ǿŜ ƛƴǾŜǎǘƛƎŀǘŜ ƛŦ ǳǎŜǊǎΩ ǎƪƛƭƭ ŀǘ ƛƴǘŜǊŀŎǘƛƴƎ 
with our system improves as they gain experience with the dialog interface. 

²Ŝ ŦƻŎǳǎŜŘ ƻƴ ǳǎŜǊǎΩ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ǘƘŜ ŦƛǊǎǘ όƳŀƛƴύ ƳŜƴǳ ƻŦ tƻƭƭȅΦ ! ǳǎŜǊΩǎ ƳŜƴǳ-interaction is the 
process from hearing the menu options to pressing any button, hanging up, or a timeout (which 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 main-menu interactions from 292,951 calls during 
which there was at least one main-menu interaction. These calls were made by a total of 50,414 users, 
ŀǎǎǳƳƛƴƎ ǘƘŀǘ ŜŀŎƘ ǇƘƻƴŜ ƴǳƳōŜǊ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ŀ ǎƛƴƎƭŜΣ ŘƛǎǘƛƴŎǘ ǳǎŜǊΦ ²Ŝ ƛƴǾŜǎǘƛƎŀǘŜŘ ǳǎŜǊǎΩ 
interaction skill by tracking the prevalence of three phenomena: barge-in, invalid button presses, and 
unsuccessful forwarding attempts.  

Barge-in Behavior  
Barge-in, 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 and 
needs fewer or no reminders.  

We analyzed the changes in barge-in behavior as one indication of learning by the users. We tracked the 
prevalence of barge-ƛƴ ŀǎ ǳǎŜǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƭŜǾŜƭ ƛƴŎǊŜŀǎŜǎΦ Figure  8-1 shows the fraction of barge-in as a 
ŦǳƴŎǘƛƻƴ ƻŦ ǳǎŜǊ ŜȄǇŜǊƛŜƴŎŜ ƭŜǾŜƭΣ ǎŜǇŀǊŀǘŜƭȅ ŦƻǊ ōǳǘǘƻƴ о όάƴŜȄǘ ǾƻƛŎŜ ŜŦŦŜŎǘέύΣ ōǳǘǘƻƴ р όάƎƻ ǘƻ Ƨƻō ŀŘǎ 
ƳŜƴǳέύ ŀƴŘ ŦƻǊ ŀƴȅ ōǳǘǘƻƴΦ IŜǊŜΣ ǳǎŜǊ ŜȄǇŜǊƛŜƴŎŜ ƭŜǾŜƭ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘƛƳŜǎ ǘƘŀǘ ǳǎŜǊ 
encountered 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). This tended to happen only at the higher 
experience levels. 
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We observe that barge-in prevalence increases with experience in all three categories, with a roughly 
logarithmic growth rate in the range studied. Fitting a logarithmic regression line results in y = 0.075 
logx+0.58 for (a); y = 0.074 logx+0.19 for (b); and y = 0.10 logx+0.11 ƻǊ όŎύΦ ¢Ƙǳǎ ǘƘŜ άƭŜŀǊƴƛƴƎ ŎǳǊǾŜέ 
appears to be steeper for pressing button 3 (next voice effect, which is often repeated multiple times in 
order to reach the desired voice effect) than 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). 

 

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

values. 

 

Figure  8-3: Prevalence of unsuccessful forwarding attempts 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). We studied how the frequency of these invalid selections 
ŎƘŀƴƎŜŘ ŀǎ ǳǎŜǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ ǘƘŜ ǎȅǎǘŜƳ ƛƴŎǊŜŀǎŜŘΦ ²Ŝ ŎƻƴǘƛƴǳŜŘ ǘƻ ŦƻŎǳǎ ƻƴ ǘƘŜ Ƴŀƛƴ ƳŜƴǳ ƻŦ 
Polly. Figure  8-2 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 (negative) logarithmic regression line suggests a very mild 
improvement rate, contrary to our expectations. 

Complex Functions  
tŜǊƘŀǇǎ ǘƘŜ Ƴƻǎǘ ŎƻƳǇƭŜȄ ŦǳƴŎǘƛƻƴ ŀǾŀƛƭŀōƭŜ ŦǊƻƳ ǘƘŜ Ƴŀƛƴ ƳŜƴǳ ƛǎ άŦƻǊǿŀǊŘ ȅƻǳǊ ǊŜŎƻǊŘƛƴƎ ǘƻ ŦǊƛŜƴŘǎέ 
(button 2). Forwarding requires a user to key ƛƴ ŀ ǊŜŎŜƛǾŜǊΩǎ ǇƘƻƴŜ ƴǳƳōŜǊΣ ǘƻ ƭƛǎǘŜƴ ǘƻ ǘƘŜ ƴǳƳōŜǊ 
being read back and press a button to confirm it (or else re-key the phone number), to record the 
ǎŜƴŘŜǊ ƴŀƳŜ όŦƻǊ ŦƛǊǎǘ ǊŜŎƛǇƛŜƴǘ ƻƴƭȅύΣ ǘƻ ǊŜŎƻǊŘ ǘƘŜ ǊŜŎŜƛǾŜǊΩǎ ƴŀƳŜΣ ŀƴŘ ǘƘŜƴ ǘƻ ǊŜǇŜŀǘ ǘƘŜ ǇǊƻŎŜǎǎ Ŧor 
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 the interactions in which forwarding was requested. We binned the data as before 
to achieve a minimum of 1000 forward attempts per bin. Figure  8-3 shows how the fraction of 
unsuccessful forwarding attempts changes as user experience increases. The (negative) logarithmic 
regression line (Y = -0.014logx+0.12) shows good agreement with the data. There is significant 
improvement even after more than 20 successful interactions. 

Caveat ɀ Confounded User Types 
The last three analyses were based on a very large number of interactions, which was made possible by 
combining the interaction data of many users, most of whom were short-term users, but many of whom 
were long-term users. Because of that, the analysis confounded true learning by any one user with 
differences between the different user types (short-term vs. long- term). It is reasonable to suspect that 
long-term users may tend to be more adept at using IVR system to start with. To isolate this effect we 
study the experience-dependent behavior of specific, controlled user groups in all the remaining 
analyses presented in this chapter.  

)ÍÐÒÏÖÅÍÅÎÔ )Î 5ÓÅÒÓȭ )ÎÔÅÒÁÃÔÉÏÎ 3ËÉÌÌ among Specific User Types 
The next three subsections repeat the above analyses for three user groups:  

Short-term Users: We define our short-term set as the users who stopped using Polly after exactly 5 or 6 
calls (we chose 5-6 because we were hoping this is a large enough number to observe trends). The 
behavior of this set is analyzed till the 5th call. We lumped the two experience levels together to arrive at 
a large enough sample. 

Intermediate-term Users: We define the intermediate-term set as the users who stops using Polly after 
exactly 10, 11 or 12 calls.  

Long-term Users: Finally, we define the long-term set as the users who continued using Polly for 30 calls 
ƻǊ ƳƻǊŜ όǿŜ ŀƭǎƻ ǎǘǳŘƛŜŘ ǎŜǇŀǊŀǘŜƭȅ ǘƘŜ άǾŜǊȅ ƭƻƴƎ-ǘŜǊƳ ǳǎŜǊǎέ ǿƛǘƘ рл Ŏŀƭƭǎ ƻǊ ƳƻǊŜ όƴƻǘ ǎƘƻǿƴύΣ ōǳǘ 
did not find any significant changes in their behavior past the experience level of 30). 

Improvement in Barge-in Behavior  
Here we analyze two different types of barge-in behavior: 
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1. Barge-in: The user presses a key before the end of the voice prompt 
2. Barge-in w/o Instruction: The user presses a key before the voice menu even instructs him about 

that option 

For the barge-in we simply compare the interval between start of main menu and the key press with the 
ǘƻǘŀƭ ƭŜƴƎǘƘ ƻŦ Ƴŀƛƴ ƳŜƴǳ ǇǊƻƳǇǘΦ !ǎ tƻƭƭȅΩǎ ƳŜƴǳǎ ŀǊŜ ŀŘŀǇǘƛǾŜ ŀƴŘ Ǝet changed based on several 
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 enough with the menu to make the desired choice before listening to all available 
options. It also shows that he has learnt to expect the system to understand his response even when he 
interrupts its instructions. Polly never explicitly announces the barge-in facility. 

For the barge-in w/o instruction we 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 choice. We 
believe that a choice barge-in captures users experience and knowledge of the system even better than 
simple barge-in (of which it is a subset). A barge-in w/o instruction reflects that the user was already 
familiar with the main menu options and also that the voice prompts can be interrupted reliably. 

Further, we have separately analyzed the barge-ins in the following ways: 

1. First main menu interaction: For this we just look at the first main-menu interaction for each user in 
each call (experience level). 

2. All main menu interactions: For this we look at all main menu interactions in all the calls and then 
find out the average barge-ins per users at each experience level. 

Figure  8-4 compares the prevalence of the two types of barge-in behavior as depicted by various user 
types. Perhaps the most notable thing is the use of barge-in by all user types right from their very first 
encounter with Polly (barge-in was utilized nearly 80% of times and 15% of time users barged-in without 
even hearing about the selected option). We 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 barge-in w/o 
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 
tƻƭƭȅΩǎ ƭŀǊƎŜ ǎŎŀƭŜ ŘŜǇƭƻȅƳŜƴǘ ƛƴ [ŀƘƻǊŜΣ ŀƴŘ 

b. A new user who was introduced to Polly by a friend either face-to-face through a demo or 
through a regular phone call (aka back-channel 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 barge-in increases with experience for all user types. 
This is especially notable for the barge-in w/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 
barge-ins the trend eventually tapers after an initial increase. It can also be concluded that users need 
little training (if any) do a simple barge-in after they hear the option of interest and even naïve, short-
term, users expect the system to recognize their pressed 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. 



66 

 

 
a. First Main Menu Interaction in each Call 

 
b. All Main Menu Interactions 

Figure  8-4: Prevalence of barge-in and barge-in w/o instruction with user experience based on 1,530 long-term, 2,585 

Intermediate-term and 4,755 long-term users 

Invalid Selections  
These are analyzed in the next section along with prevalence of various key presses. 

 



67 

 

Complex Functions  
!ǎ ŘƛǎŎǳǎǎŜŘ ōŜŦƻǊŜΣ ƻƴŜ ǿŀȅ ǘƻ ƎŀǳƎŜ ŀ ǳǎŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ƳŀƴŀƎŜ ŎƻƳǇƭŜȄ ŦǳƴŎǘƛƻƴǎ ƛǎ Ǿƛŀ ƛƳǇǊƻǾŜƳŜƴǘ 
in his message forwarding skills. If a user presses 2 in the 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 attempt. Figure  8-5 shows (1) the percentage of unsuccessful forwarding 
attempt (out of all forwarding attempts at that experience level) and (2) the average per-user failed 
forwarding attempts at each experience level. These are analyzed for the same three user categories 
having 4,066 short-term users, 2,011 intermediate-term users and 1,111 long-term users. 

 
Average per-user failed forwarding attempts 

 
Percentage of failed forwarding attempts 
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Figure  8-5: (1) Percentage of unsuccessful forwarding attempts (out of all forwarding attempts) and (2) Average per-user 

failed forwarding attempts, as functions of user experience. Based on 1,111 long-term, 2,011 Intermediate-term and 4,066 

long-term users. 

¢ƘŜ ŦƛƎǳǊŜǎ ǎƘƻǿ ŀ ŎƭŜŀǊ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ǳǎŜǊǎΩ ŦƻǊǿŀǊŘƛƴƎ ŀōƛƭƛǘƛŜǎΦ .ȅ ŎƻƳǇŀǊƛƴƎ ǘƘŜ ǇŜǊ-user failed 
attempts of all user types it is clear that all users are nearly equally matched in terms of forwarding 
abilities in the beginning but they keep 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 attempts are not very high to start 
with. 

Usage Change with 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 main menu 
interactions only. We define an interaction with 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 define user experience as the number of Polly 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 based on 45,690 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. 

Figure  8-6 depicts user responses when 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, some 35%-50% of 
ǘƘŜ ǘƛƳŜΣ ǳǎŜǊǎΩ ǾŜǊȅ ŦƛǊǎǘ ŎƘƻǎŜƴ ŀŎǘƛƻƴ ƛƴ ŀ Ŏŀƭƭ ƛǎ ǘƻ ŦƻǊǿŀǊŘ ǘƘŜƛǊ ǊŜŎƻǊŘed message (by pressing 2). 
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 
ƪƴƻǿƭŜŘƎŜ ƻŦ tƻƭƭȅΩǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀƳƻƴƎ ƴŜǿ ǳǎŜǊǎ ǘƘǊƻǳƎƘ ŀ άōŀŎƪ ŎƘŀƴƴŜƭέΦ ¢Ƙƛǎ ƻŎŎǳǊǎ ǿƘŜƴ ŀ ƴŜǿ 
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 recorded messages that some of 
tƻƭƭȅΩǎ ǳǎŜǊǎ ƛƴŦƻǊƳ ǘƘŜƛǊ ŦǊƛŜƴŘǎ ŀōƻǳǘ tƻƭƭȅ ŀƴŘ ŜǾŜƴ ƎƛǾŜ ǘƘŜƳ ōŀǎƛŎ ǳǎŀƎŜ ǘƛǇǎ ōŜŦƻǊŜ ǎŜƴŘƛƴƎ ǘƘŜƳ ŀ 
tƻƭƭȅ ƳŜǎǎŀƎŜ ƻǊ ƎƛǾƛƴƎ ǘƘŜƳ tƻƭƭȅΩǎ ǇƘƻƴŜ ƴǳƳōŜǊΦ An early jump to delivery even by new users also 
suggests that Polly has a reputation as a "voice messaging system". 

 



69 

 

Figure  8-6: User response when encountered with the main menu for the first time in a call, among 1,523 long-term users 

An increase in the use of forwarding indicates ǳǎŜǊǎΩ ƎǊƻǿƛƴƎ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘƛǎ ŦŜŀǘǳǊŜΦ ¢Ƙƛǎ ƛƴŎǊŜŀǎŜ ƛǎ 
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 to find two main 
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 and listening 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 
ǾƻƛŎŜ ƳƻŘƛŦƛŎŀǘƛƻƴύ ǎǳǇǇƻǊǘǎ ǘƘŜ ƭŀǘǘŜǊ ƘȅǇƻǘƘŜǎƛǎ ŀƴŘ ŀƭǎƻ ƛƴŘƛŎŀǘŜǎ ǳǎŜǊǎΩ ƛƴŎǊŜŀǎƛƴƎ ƛƴǘŜǊŜǎǘ ƛƴ 
ŜȄǇƭƻǊƛƴƎ tƻƭƭȅΩǎ ŦŜŀǘǳǊŜǎΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ Ŏŀƴ ōŜ ŀ ǎŜŎƻƴŘ ǊŜŀǎƻƴ ōŜƘƛƴŘ ǘƘƛǎΥ ǎƻƳŜ ǳǎŜǊǎ ǇǊŜŦŜǊ ǘƻ 
send their voice using a particular voice modification, or even completely unmodified. As the 
unmodified voice is offered in the fourth place among other modifications, 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 by long-ǘŜǊƳ ǳǎŜǊǎ ǇǊƛƳŀǊƛƭȅ ŀǎ ŀ άƳŜǎǎŀƎŜ 
ǎŜƴŘƛƴƎέ ƻǊ άƧƻō ŀŘ ōǊƻǿǎƛƴƎέ ǎȅǎǘŜƳΦ 

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 our short-term set as 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 trends). In this set, users 
encountered the main menu on average 3.09 times per call. Figure  8-7-a shows, at each experience 
level, the average per-user 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 decreasing slightly from the second call while the number of 
έƴŜȄǘ ŜŦŦŜŎǘέ ŎƘƻƛŎŜǎ ŘŜŎǊŜŀǎŜǎ ŀŦǘŜǊ ǘƘŜ ŦƻǳǊǘƘ ŎŀƭƭΣ ōŜŦƻǊŜ ŀƭƭ ǘƘŜǎŜ ǳǎŜǊǎ ǎǘƻǇǇŜŘ ǳǎƛƴƎ ǘƘŜ ǎȅǎǘŜƳ 
ŀƭǘƻƎŜǘƘŜǊ ŀŦǘŜǊ р ŎŀƭƭǎΦ ¦ǎŜ ƻŦ άǊŜǊŜŎƻǊŘέ ŀƴŘ άǊŜǇŜŀǘέ ŀƭǎƻ ǎƘƻǿ ŀ ŘŜŎǊŜŀǎƛƴƎ ǘǊŜƴŘΦ ¢ƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ 
άǎǿƛǘŎƘ ǘƻ Ƨƻō ŀŘǎέ ƻǇǘƛƻƴ ƛǎ ƭƻǿ ŀƴŘ ƎŜƴǘƭȅ ŘŜŎǊŜŀǎƛƴƎ Φ bƻǘŜ ǘƘŀǘ ƻƴŎŜ ŀ ǳǎŜǊ ŎƘƻǎŜ ǘƻ ǎǿƛǘŎƘ ǘƻ ǘƘŜ Ƨƻō 
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 corresponds to the fraction of calls that end up in the jobs 
menu. 

Intermediate -term users 
We define the intermediate-term 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 arrive at a large enough sample, comparable 
to the short-term 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. Figure  8-7-b shows, at each experience level, the average per-user 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 compared to the short-term users over the same range of 5 initial calls, activity not only 
ōŜƎƛƴǎ ŀǘ ŀ ƘƛƎƘŜǊ ƭŜǾŜƭ ōǳǘ ŀƭǎƻ ŎƭƛƳōǎ ƘƛƎƘŜǊΦ ²ƘƛƭŜ ǘƘŜ ŀǾŜǊŀƎŜ ƴǳƳōŜǊ ƻŦ ΩƴŜȄǘ ŜŦŦŜŎǘΩ ŎƘƻƛŎŜǎ 
continues to climb until the experience level of 7 calls, the number of forwards 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 short-term users during the initial five calls. The option to switch to 
job ads declines gradually as in the short-term case, but here we can see the trend persisting through 
ǘƘŜ ǳǎŜǊǎΩ млǘƘ όŀƴŘ ƭŀǎǘύ ŎŀƭƭΦ 

 

(a) Short-term users (2,701 users who stopped interacting with Polly after exactly 5 calls) 
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(b) Intermediate-term users (1,862 users who stopped interacting with Polly after exactly 10 or 11 calls) 

 

(c) Long-term users (1,523 users who continued interacting with Polly for 30 calls or more) 

Figure  8-7: Average per-user number of responses of each response type in main menu, as function of user experience. 

Long-term users 
Finally, we define the long-term set as those 1,523 users who continued using Polly for 30 calls or more 
όǿŜ ŀƭǎƻ ǎǘǳŘƛŜŘ ǎŜǇŀǊŀǘŜƭȅ ǘƘŜ рлу άǾŜǊȅ ƭƻƴƎ-ǘŜǊƳ ǳǎŜǊǎέ ǿƛǘƘ рл Ŏŀƭƭǎ ƻǊ ƳƻǊŜ όƴƻǘ ǎƘƻǿƴύΣ ōǳǘ ŘƛŘ 
not find any significant changes in their behavior past the experience level of 30). Users in the long-term 
set, during their first 30 calls, encountered the main menu on average 3.4 times per call. This is the same 
set of users that was studied in section 6.1. Figure  8-7-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 the intermediate-term users over the same range of 10 
initial callsΦ ¢ƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ άƴŜȄǘ ŜŦŦŜŎǘέ ŎƭƛƳōǎ ǳǇ ƳƻǊŜ ǎǘŜŜǇƭȅ ŘǳǊƛƴƎ ǘƘŜ ŦƛǊǎǘ мл ŎŀƭƭǎΣ ŀƴŘ ǘƘŜƴ 
continues to climb till the end. It should be noted that not all users of this group stopped using Polly 
ŀŦǘŜǊ ол ŎŀƭƭǎΤ ǘƘŜǊŜŦƻǊŜ ǿŜ ŘƻƴΩǘ ǎŜŜ ǘƘŜ ǳǎǳŀƭ ǘŀǇŜǊƛƴƎ ƻŦŦ ƻŦ ǘƘŜ ƴǳƳōŜǊ ƻŦ άƴŜȄǘ ŜŦŦŜŎǘέ ŎƘƻƛŎŜǎ 
towards the end. 

¢ƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǳǎŜ ƻŦ άƴŜȄǘ ŜŦŦŜŎǘέ ǿƛǘƘ ŜȄǇŜǊƛŜƴŎŜ Ƴŀȅ ŘǳŜ ǘƻ ǳǎŜǊǎ ǿƘƻ όмύ ŀǊŜ ŜȄǇƭƻǊƛƴƎ ŘƛŦŦŜǊŜƴǘ 
voice modifications; and/or (2) 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 by the time they cycle through 
all effects to reach the unmodified voice (fourth) the call sometimes disconnects, so they had to be 
content with the first modification (male-to-female). Also, a common feedback request was to bring the 
unmodified voice to the first position. 

¢ƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ŦƻǊǿŀǊŘƛƴƎ ƛǎ ƳƻǊŜ ƻǊ ƭŜǎǎ ǎǘŀōƭŜ ŀŦǘŜǊ ǘƘŜ ƛƴƛǘƛŀƭ мл ŎŀƭƭǎΦ ¦ǎŜ ƻŦ άǊŜǊŜŎƻǊŘέ ŀƴŘ 
άǊŜǇŜŀǘέ ǎƘƻǿǎ ƴƻ ƳŀƧƻǊ ŘƛŦŦŜǊŜƴŎŜǎ ŦǊƻƳ ƛƴǘŜǊƳŜŘƛŀǘŜ-term users during the first 10 calls, and 
continues its gradual decline afterwards. The prevalence 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 short-term (N=2,701), intermediate-term (N=1,862) 

and long-term users (N=1,523). 

Overall, we find that the most frequently used keys are 2 (forward) and 3 (next effect), and that long 
term users not only start out using these options more times, but also continue to increase their use of 
άƴŜȄǘ ŜŦŦŜŎǘέ ƻǾŜǊ ǘƛƳŜΦ Lƴ ŀƭƭ ŎŀǎŜǎ άǊŜǊŜŎƻǊŘέ ŀƴŘ άǊŜǇŜŀǘέ ŀǊŜ ǳǎŜŘ ƳƻǊŜ ƛƴ ǘƘŜ ōŜƎƛƴƴƛƴƎ όǇǊŜǎǳƳŀōƭȅ 
to calibrate to the 15 second 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 graphs of Figure  8-7, we can compare the overall call 
complexity (number of menu interactions) of the different user sets at similar levels of experience 
(Figure  8-8). 

We observe that short-term users tend to make the shortest, simplest calls (with fewest main menu 
ƛƴǘŜǊŀŎǘƛƻƴǎύ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜƛǊ ŜƴǘƛǊŜ άƭƛŦŜ ǎǇŀƴέ όŦƛǊǎǘ ŦƛǾŜ ŎŀƭƭǎύΦ Similarly, intermediate-term users make 
significantly simpler calls than long-ǘŜǊƳ ǳǎŜǊǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜƛǊ ƻǿƴ άƭƛŦŜ ǎǇŀƴέ όŦƛǊǎǘ 10 calls). Put 
another way, users who make simpler calls are more likely to stop using the system sooner. Thus call 
complexity can be useful in predicting user dropout, which can then be acted upon in a variety of ways. 

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

Team of collaborators and c o-authors:  
Yibin Lin, Jay-Yoon Lee, Danai Koutra and Christos Faloutsos (School of Computer Science, Carnegie 
Mellon University, Pittsburgh, PA USA). {yibinl,lee.jayyoon,danai,christos}@cs.cmu.edu. The material in 
this chapter has been extracted from [44]. 

Chapter Abstract  
When a free, catchy application like Polly shows up, how quickly will people notify their friends about it? 
Will the enthusiasm drop exponentially with time, or oscillate? What other patterns emerge? 

This chapter presents these questions using the ƭŀǊƎŜ ƛƴƅǳŜƴŎŜ ƴŜǘǿƻǊƪ ƻŦ тнΣллл ǇŜƻǇƭŜ from Polly, 
with about 173,000 interactions, spanning 500MB of log data and 200 GB of audio data. The most 
striking findings are: (a) the FIZZLE pattern, i.e., excitement about Polly shows a power-law decay over 
time with exponent of -1.2; (b) the RENDEZVOUS pattern, that obeys a power law (we explain 
w9b59½±h¦{ ƛƴ ǘƘŜ ǘŜȄǘύΤ όŎύ ǘƘŜ 5L{t9w{Lhb ǇŀǘǘŜǊƴΣ ǿŜ ŬƴŘ ǘƘŀǘ ǘƘŜ ƳƻǊŜ ŀ ǇŜǊǎƻƴ ǳǎŜǎ tƻƭƭȅΣ ǘƘŜ 
fewer friends he will use it with, but in a reciprocal fashion. FinalƭȅΣ ŀ ƎŜƴŜǊŀǘƻǊ ƻŦ ƛƴƅǳŜƴŎŜ ƴŜǘǿƻǊƪǎ is 
proposed, which generates networks 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 with time? Information cascades, like the above one, appear in numerous 
ǎŜǘǘƛƴƎǎΣ ƭƛƪŜ ōƭƻƎǎΣ ǘǊŜƴŘƛƴƎ ǘƻǇƛŎǎ ƛƴ ǎƻŎƛŀƭ ƴŜǘǿƻǊƪǎΣ ƳŜƳŜǎΣ ǘƻ ƴŀƳŜ ŀ ŦŜǿΦ {ƻŎƛŀƭ ƛƴƅǳŜƴŎŜ Ƙŀǎ ōŜŜƴ 
a topic of interest in the research community [73, 52, 28, 39, 34, 20, 14, 19, 24, 43] because of the rise 
of various on-line social media and social networks. In this work, by sociŀƭ ƛƴƅǳŜƴŎŜ ǿŜ ǊŜŦŜǊ ǘƻ ǘƘŜ ŦŀŎǘ 
ǘƘŀǘ άƛƴŘƛǾƛŘǳŀƭǎ ŀŘƻǇǘ ŀ ƴŜǿ ŀŎǘƛƻƴ ōŜŎŀǳǎŜ ƻŦ ƻǘƘŜǊǎέΦ hǳǊ ŎǳǊǊŜƴǘ ǿƻǊƪ ǘǊƛŜǎ ǘƻ ŀƴǎǿŜǊ ŀƭƭ ǘƘŜǎŜ 
ǉǳŜǎǘƛƻƴǎ ƛƴ ŀ ƭŀǊƎŜ ŘŀǘŀǎŜǘ ƻŦ ƘǳƴŘǊŜŘǎ ƻŦ ǘƘƻǳǎŀƴŘǎ ƻŦ ƛƴǘŜǊŀŎǘƛƻƴǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ tƻƭƭȅΩǎ ƭŀǊƎŜ ǎŎŀƭŜ 
deployment in Lahore between May 2012 and May 2013. We focus on two main problems, described 
informally as follows: 

Informal Problem 1 (Pattern Discovery) Consider a real-ǿƻǊƭŘ ƛƴƅǳŜƴŎŜ ƴŜǘǿƻǊƪΥ DƛǾŜƴ ǿƘƻ ƛƴƅǳŜƴŎŜǎ 
whom, and when, Ŭnd ƎŜƴŜǊŀƭ ƛƴƅǳŜƴŎŜ ǇŀǘǘŜǊƴǎ ǘƘƛǎ ƴŜǘǿƻǊƪ ƻbeys. 

Informal Problem 2 (Generator) /ǊŜŀǘŜ ŀ ǊŜŀƭƛǎǘƛŎ ƛƴƅǳŜƴŎŜ-network-generator:  

ς Given a friendship social network (who-likes-whom)  

ς Design a simple, local propagation mechanism  

ς so that we can generate realistic-ƭƻƻƪƛƴƎ ƛƴƅǳŜƴŎŜ ƴŜǘǿƻǊƪǎΦ .ȅ άǊŜŀƭƛǎǘƛŎέ ǿŜ ƳŜŀƴ ǘƘŀǘ ǘƘŜ ǊŜǎǳƭǘƛƴƎ 
ƛƴƅǳŜƴŎŜ ƴŜǘǿƻǊƪǎ ƳŀǘŎƘ ƻǳǊ ŘƛǎŎƻǾŜǊŜŘ ǇŀǘǘŜǊƴǎΦ 

Figure  9-1 gives examples of a social network (who is friends with whom, in gray, directed edges), and a 
ǇƻǎǎƛōƭŜ ƛƴƅǳŜƴŎŜ ƴŜǘǿƻǊƪ όǿƘƻ ǎŜƴŘǎ ƳŜssages to whom - in red; directed, time-stamped, multi-
edges). For simplicity, only edges between 1 and 2 are shown with time-stamp and multi-edge structure. 
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Figure  9-1: Illustration of a óbase networkô (in gray) and a possible óinþuence networkô (= cascades; in red). Here, the 

initial nodes (ôseedsô) are nodes 1 and 3. 

The contributions of this work are the following: 

ς Discovery of three new patterns (laws): the FIZZLE, RENDEZVOUS, and DISPERSION pattern; 

ς Generator and Analysis: ²Ŝ ǇǊƻǇƻǎŜ ŀ ƭƻŎŀƭΣ ŜŦŬŎƛŜƴǘ ǇǊƻǇŀƎŀǘƛƻƴ ƳŜŎƘŀƴƛǎƳ ǘƘŀǘ ǎƛƳǳƭŀǘŜǎ ŀƴ 
ƛƴƅǳŜƴŎŜ ƎǊŀǇƘ ƻƴ ǘƻǇ ƻŦ ŜȄisting social network datasets [12, 13] or synthetic social network datasets 
[11]. Figure  9-1 ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ǎƛƳǳƭŀǘƛƴƎ ƛƴƅǳŜƴŎŜ ƴŜǘǿƻǊƪΦ ²Ŝ ŀƭǎƻ ŘƛŘ ŀƴŀƭȅǎƛǎ ƻƴ ǘƘŜ 
DISPERSION pattern.  

The importance of the former contribution is that patterns can help marketers and sociologists 
ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ƛƴƅǳŜƴŎŜ ǇǊƻǇŀƎŀǘŜǎ ƛƴ ŀ ǎƻŎƛŀƭ ƴŜǘǿƻǊƪΤ ǘƘŜȅ Ŏŀƴ ŀƭǎƻ ƘŜƭǇ ǎǇƻǘ ŀƴƻƳŀƭƛŜǎΣ ƭƛƪŜ 
spammers, or faulty equipment. The importance of our second contribution is that a realistic generator 
is valuable for what-if scenarios, and reproducibility: publicly-ŀǾŀƛƭŀōƭŜ ƛƴƅǳŜƴŎŜ ƴŜǘǿƻǊƪ ŘŀǘŀǎŜǘǎ ŀǊŜ 
ƴƻǘƻǊƛƻǳǎƭȅ ŘƛŦŬŎǳƭǘ ǘƻ ƻōǘŀƛƴΣ ŘǳŜ ǘƻ ǇǊƛǾŀŎȅ ŀƴŘ ŎƻǊǇƻǊŀǘŜ ǊŜƎǳƭŀǘƛƻƴǎΤ ŀ ƎƻƻŘ ƎŜƴŜǊŀǘƻǊ Ŏŀƴ ǎŜǊǾŜ ŀǎ 
proxy. 

Reproducibility  
For privacy reasons, the Polly dataset is not public. Thus, for reproducibility, we present experiments on 
public data (such the Enron Email net-work [35, 12], and Facebook [13]) which exhibit similar behavior 
like our dataset. We also make our code open-source at: 
https://github.com/yibinlin/inflood_generator/. 

Dataset Used 
The dataset comes ŦǊƻƳ ǘƘŜ ŬǊǎǘ ƭŀǊƎŜ-scale deployment of Polly in Lahore, Pakistan. We use data from 
72,341 users. It comprises 173,710 recorded interactions, spanning 500 MB of real-world message 
delivery logs and 200 GB of audio data. However, this analysis focuses only on the forwarding of user 
recorded messages. In what follows, we denote a user with a node and a forwarded message with a 
ŘƛǊŜŎǘŜŘ ŀƴŘ ŘŀǘŜŘ ŜŘƎŜΦ IŜƴŎŜ ǿŜ ǾƛŜǿ ƻǳǊ ŘŀǘŀǎŜǘ ŀǎ ŀƴ ƛƴƅǳŜƴŎŜ ƴŜǘǿƻǊƪΦ 

Discovered Pattern (P1): FIZZLE  
Users may have been introduced to Polly by receiving a forwarded message from one of their friends, or 
ǎƛƳǇƭȅ ōȅ άǿƻǊŘ ƻŦ ƳƻǳǘƘέΦ aŀƴȅ ǎǳŎƘ ǳǎŜǊǎ Ƴŀȅ ƛƴ ǘǳǊƴ Ŏŀƭƭ ǘƘŜ ǎȅǎǘŜƳΣ ŜȄǇŜǊƛƳŜƴǘ ǿƛǘƘ ƛǘΣ ŀƴŘ 
possibly send messages to their own friends. Most such users cease interacting with the system within a 
ŦŜǿ ŘŀȅǎΦ {ǘƛƭƭΣ ŀ ǎƛƎƴƛŬŎŀƴǘ ƴǳƳōŜǊ ƻŦ ǳǎŜǊǎ ǎǘŀȅ ǿƛǘƘ ǘƘŜ ǎȅǎǘŜƳ ŦƻǊ ŀ ƭƻƴƎ ǘƛƳŜΦ Iƻǿ ŘƻŜǎ ǘƘŜǎŜ ǳǎŜǊǎΩ 
activity change over time? 
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Lƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀƴŀƭȅǎƛǎΣ ǿŜ ŘŜŬƴŜ ŀ ǳǎŜǊΩǎ άǎȅǎǘŜƳ ŀƎŜέ ŀǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ Řŀȅǎ ŜƭŀǇǎŜŘ ŀŦǘŜǊ ǘƘŜ ǳǎŜǊ 
ǎǳŎŎŜǎǎŦǳƭƭȅ ǎŜƴŘǎ ƻǳǘ ŬǊǎǘ ƳŜǎǎŀƎŜΦ aƻǊŜƻǾŜǊΣ ǘƘŜ ŀŎǘƛǾŜ ǎŜƴŘŜǊǎ ŀŦǘŜǊ ƴ Řŀȅǎ ŀǊŜ ŘŜŬƴŜŘ ŀǎ ǘƘŜ ǳǎŜǊǎ 
who actively send out messages on the n-ǘƘ Řŀȅ ŀŦǘŜǊ ǘƘŜȅ ǎŜƴǘ ǘƘŜƛǊ ŬǊǎǘ ƳŜǎǎŀƎŜΦ Figure  9-2 depicts 
the FIZZLE pattern: the number 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. 

 

Figure  9-2: (Activity (number of messages (red), remaining users (blue)) vs system age) The FIZZLE pattern (P1) - 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 a power law with exponent å -1.2. The horizon effect is explained in the text. 

 

Both follow power-law distribution with exponents of -1.2 and -1.26, respectively. This observation 
agrees with earlier results of the behavior of elapsed time in communication patterns (see [52]): there, 
Oliveira et al reported shows similar power-law patterns in mail and e-mail correspondences, but with 
slightly different exponents (1:5 and 1). 

Observation 1 (P1) The number of active senders c(t) at system age t follows 

attc ´)(     (1) 

where h  Ғ - 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. In this paper, 
ƳŜǎǎŀƎŜǎ ŘŜƭƛǾŜǊŜŘ ǿƛǘƘƛƴ ǘƘŜ ŬǊǎǘ мпл Řŀȅǎ ŀǊŜ ŀƴŀƭȅȊŜŘΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ŀƭƭ ǘƘŜ ǳǎŜǊǎ ǎƘƻǿƴ ƛƴ 
Figure  9-2 ƘŀǾŜ ǇŀǎǎŜŘ άǎȅǎǘŜƳ ŀƎŜέ ƻŦ ол όƴƻ ƳŀǘǘŜǊ ǿƘŜǘƘŜǊ ǘƘŜȅ ŀǊŜ ǎǘƛƭƭ ŀŎǘƛǾŜ ƻǊ ƴƻǘύ ōŜŎŀǳǎŜ ǘƘŜȅ 
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were introduced to the system at least 30 days before the end of our analysis scope. This is exactly the 
reason for the deviation from power-ƭŀǿΣ ŀǎ άǎȅǎǘŜƳ ŀƎŜǎέ ƻŦ ол ŀƴŘ ŀōƻǾŜ ŀǊŜ ǳƴŦŀƛǊƭȅ ƘŀƴŘƛŎŀǇǇŜŘΦ 

The detailed power-law linear regression results for the FIZZLE pattern, as well as all our upcoming 
patterns, are listed in Table  9-1Φ bƻǘƛŎŜ ǘƘŀǘ ǘƘŜȅ ŀƭƭ ƘŀǾŜ ŜȄǘǊŜƳŜƭȅ ƘƛƎƘ ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŬŎƛŜƴǘ 
(absolute value җ 0:95). 

 

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

Discovered Pattern (P2): RENDEZVOUS 
In a directed network, 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 (with no intermediate 
connections between them) before they re-converge ς an event which we here call RENDEZVOUS. This 
event type corresponds to diffusion into different social circles (e.g. a-friend-of-a-friend... of-my-friend, 
whom I am unlikely to know), followed by convergence. The prevalence of such re-convergences can 
shed light on the effective population 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 the most recent 
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 with k parents gives rise to k . (k - 1) = 2 different 
RENDEZVOUS. Taking into account the edge from the common child to its parents, we have the 
ŦƻƭƭƻǿƛƴƎ ŘŜŬƴƛǘƛƻƴΥ 

5ŜŬƴƛǘƛƻƴ м όn-RENDEZVOUS:) An n-w9b59½±h¦{ ƛǎ ŘŜŬƴŜŘ ŀǎ ŀ w9b59½±h¦{ ǿƘŜǊŜ ǘƘŜ ǎƘƻǊǘŜǊ ǇŀǘƘ 
from the two parents to their most recent ancestor is of length n - 1. 

For example, Figure  9-3 όŀύ ǎƘƻǿǎ ŀ w9b59½±h¦{ ƻŦ ƭŜƴƎǘƘ нΥ ǘƘŜ ǎƘƻǊǘŜǎǘ ƭŜƎ ŦǊƻƳ ǘƘŜ Ŭƴŀƭ ƴƻŘŜ ʍ to 
the starting node A, is n=2 hops long. 
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(a) A 2-RENDEZVOUS. (b) Distribution of RENDEZVOUS lengths 

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

exponent -4.88. 

CƛƎǳǊŜ оόōύ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ ƭŜƴƎǘƘ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ w9b59½±h¦{Ω ƛƴ ƻǳǊ ŘŀǘŀǎŜǘ Ŧƻƭƭƻǿǎ ŀ ǇƻǿŜǊ-law. Most 
of RENDEZVOUS have a length of 1, meaning that one of the parents is the most recent common 
ancestor, because it has a direct link to the other parent. 

Observation 2 (P2) ¢ƘŜ ƴǳƳōŜǊ ƻŦ w9b59½±h¦{Ω n(l) at RENDEZVOUS length l follows 

blln ´)(     (2) 

where ̡  Ғ -4:88. 

Discovered Pattern (P3): DISPERSION 
[Ŝǘ ǘƘŜ άǊŜŎƛǇǊƻŎŀƭ ŀŎǘƛǾƛǘȅέ ōŜǘǿŜŜƴ ǘǿƻ ǳǎŜǊǎ ōŜ ǘƘŜ ǎƳŀƭƭŜǊ ƻŦ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƳŜǎǎŀƎŜǎ ǎŜƴǘ ōŜǘǿŜŜƴ 
ǘƘŜƳ ƛƴ ŜƛǘƘŜǊ ŘƛǊŜŎǘƛƻƴΦ [Ŝǘ ǘƘŜ άŀŎǘƛǾƛǘȅ ǇǊƻŬƭŜέ ƻŦ ŀ ǳǎŜǊ ōŜ άȟά ȟά ȟȣȟά  (ά ά ά
Ễ ά π), where ά  is the reciprocal activity between a user and one of his recipients. 

5ŜŬƴƛǘƛƻƴ н ό5L{t9w{Lhbύ ¢ƘŜ 5L{t9w{Lhb 5 ƻŦ ŀ ǳǎŜǊ ǿƛǘƘ ŀŎǘƛǾƛǘȅ ǇǊƻŬƭŜ άȟά ȟά ȟȣȟά  is 
ŘŜŬƴŜŘ ŀǎ ǘƘŜ ŜƴǘǊƻǇȅ I ƻŦ ǘƘŜ ƴƻǊƳŀƭized count distribution: 

Ὀάȟά ȟά ȟȣȟά ὖ ὰzὲ ὖ  

where ὖ
В

 

Therefore, if a user has a high DISPERSION, she sends messages her friends more evenly than other 
users with the same number of friends, but lower DISPERSION. 



78 

 

Figure 4(a) shows that the real DISPERSION (entǊƻǇȅύ ƛǎ ǎƳŀƭƭŜǊ ǘƘŀƴ ǘƘŜ άƳŀȄƛƳǳƳ ŘƛǎǇŜǊǎƛƻƴέ ǿƘŜǊŜ ŀ 
user sends messages each of her friends evenly. This means that long-term Polly users on average 
exhibit the DISPERSION pattern when they send messages to their friends. 

  
(a) DISPERSION pattern in our dataset (b) DISPERSION pattern in Experiment E1 (Enron) 

Figure  9-4: (a) DISPERSION pattern found in the inþuence network. (b) DISPERSION pattern found in simulated 

inþuence network in Experiment E1, see next section. 

We can explain the DISPERSION behavior using a closed-form formula, under the assumption that 
ǇŜƻǇƭŜ ǎŜƴŘ ƳŜǎǎŀƎŜǎ ǘƻ ǘƘŜƛǊ ŦǊƛŜƴŘǎ ŦƻƭƭƻǿƛƴƎ ŀ ½ƛǇŦΩǎ ŘƛǎǘǊƛōǳǘƛƻƴΣ which implies ὖᶿρȾὶ, to be 

ǎǇŜŎƛŬŎΣ ὖ
Ȣ

 [65]. Based on this, we can derive that if we use integral as an approximation of 

the sum part of the entropy calculation: 

Lemma 1. ¢ƘŜ ŜƴǘǊƻǇȅ I ƻŦ ŀ ½ƛǇŦ Ωǎ ŘƛǎǘǊƛōǳǘƛƻƴ ƛǎ ƎƛǾŜƴ ōȅΥ 

Ὄ ὅ ὰὲὊ ὑ ὰὲὊὰὲὰὲρȢχψὊ ȟύὬὩὶὩ Ὂ ρȢ   (3) 

The proof is omitted for brevity. 

Observation 3 (P3) 5ƛǎǇŜǊǎƛƻƴ ǇŀǘǘŜǊƴ Ŏŀƴ ōŜ ƳƻŘŜƭƭŜŘ ǿŜƭƭ ōȅ ½ƛǇŦ Ωǎ ƭŀǿ ƛƴ ƻǳǊ ŘŀǘŀǎŜǘΦ 

¢ƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ŀƴŀƭȅǎƛǎ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ άŦǊƛŜƴŘ ŎƻƴǘŀŎǘέ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ŀ ǳǎŜǊ ǿƛǘƘ F reciprocal friends 
will follow an expected entropy value proportional to the square of logarithm of F (ln2(F)) other than 
(ln(F)) when we assume the distribution follows uniform distribution. The predicted entropy of Eq (3) 
matches reality much better than the uniformity assumption. As shown in Figure  9-4 (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 black-dotted line. 

Inflood Generator : Algorithm and Evaluation  
CƛǊǎǘΣ ǿŜ ŦƻǊƳŀƭƭȅ ŘŜŬƴŜ ǘƘŜ base and ƛƴƅǳŜnce network: 
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5ŜŬƴƛǘƛƻƴ о ό.ŀǎŜ bŜǘǿƻǊƪύ A Base Network (Vbase, Ebase) is the underlying social network of all people 
who are related to social information cascades. Vbase is a set of individuals. Ebase is a set of directed, 
weighted edges. The weights represent the strength of connections. 

5ŜŬƴƛǘƛƻƴ п όLƴƅǳŜƴŎŜ bŜǘǿƻǊƪύ !ƴ LƴƅǳŜƴŎŜ bŜǘǿƻǊƪ ό±infl, Einfl) shows which node sent a system 
message to which node, and when. Vinfl is a set of individuals. Einfl is a set of directed, time-stamped edges 
of which the weight shows the number of ǘƛƳŜǎ ŀ ƴƻŘŜ Ƙŀǎ ōŜŜƴ ƴƻǘƛŬŜŘ ƻŦ ǘƘŜ ƛƴƅǳŜƴŎŜ ōȅ ŀƴƻǘƘŜǊ 
node. 

In our model, Vinfl Ṗ Vbase, Einfl Ṗ EbaseΣ ƛΦŜΦΣ ƛƴŘƛǾƛŘǳŀƭǎ Ŏŀƴ ƻƴƭȅ ōŜ ƛƴƅǳŜƴŎŜŘ by others they know. 

We model all patterns by using INFLOOD GENERATOR. As mentioned above, Polly can be viewed as an 
ƛƴƅǳŜƴŎŜ ƴŜǘǿƻǊƪ ǿƘŜǊŜ ǇŜƻǇƭŜ ŀǊŜ ƴƻǘƛŬŜŘ ƻŦ ƛǘ ŦǊƻƳ ǘƘŜƛǊ ōŀǎŜ-ƴŜǘǿƻǊƪ ŦǊƛŜƴŘǎΦ !ŦǘŜǊ ǘƘŜ ƴƻǘƛŬŎŀǘƛƻƴΣ 
people may start forwarding messages. 

Why we need a generator: The best way to verify all our three patterns (FIZZLE, RENDEZVOUS and 
5L{t9w{Lhbύ ƛǎ ǘƻ ǎǘǳŘȅ ƻǘƘŜǊ ƛƴƅǳŜƴŎŜ ƴŜǘǿƻǊƪ ŘŀǘŀǎŜǘǎΦ IƻǿŜǾŜǊΣ ǘƘŜȅ ŀǊŜ ŘƛŦŬŎǳƭǘ ǘƻ ƻōǘŀƛƴΣ ŀƴŘ 
some of them lack time stamp information. 

Details ƻŦ LbC[hh5 D9b9w!¢hwΥ ¢ƘŜ ǇǎŜǳŘƻ ŎƻŘŜ ƻŦ ƻǳǊ ƛƴƅǳŜƴŎŜ-network generator is given in 
Figure  9-5 (Algorithm 1). In more details, on day 0, s0 seed nodes (s0 = 5) in the social network G1 (e.g., 
CŀŎŜōƻƻƪ ƻǊ 9ƴǊƻƴύ ŀǊŜ ƴƻǘƛŬŜŘ ƻŦ tƻƭƭȅΦ ¢ƘŜƴΣ ŜŀŎƘ ŦƻƭƭƻǿƛƴƎ Řŀȅ t, every person u who has been 
ƴƻǘƛŬŜŘ ƻŦ tƻƭƭȅ Ƙŀǎ ŀ ǇǊƻōŀōƛƭity, Pu,t, of calling some of her friends via Polly. The friends are sampled 
from the outgoing edges from G1 independent of ƴƻ ƳŀǘǘŜǊ ǿƘŜǘƘŜǊ ǘƘŜȅ ƘŀǾŜ ōŜŜƴ ŀƭǊŜŀŘȅ ƴƻǘƛŬŜŘΦ 

 

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

The probability of a user u telling other people about Polly is given by: 

ὖȟ ὖȟ Ὠὥώὸ Ȣ ȟὨ ὸ    (4) 
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,where h  parameter affects the exponent of the power-law that governs the decay of infection activities, 
and Pu,0 ƛǎ ŘŜŬƴŜŘ ǘƘŜ Ŭrst-day infection probability. 

Estimating Pu,0: Pu,0 depends on the total weight (number of communication messages) a user (node) has 
in base network G1. In fact, Pu,0 is set so that, in expectation, the number of edges user u makes on the 
Ŭrst day msgu,0 ƛǎ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ ǘƘŜ ǳǎŜǊΩǎ ǘƻǘŀƭ ǿŜƛƎƘǘ ƻŦ ƻǳǘ-going connection strength in base 
network G1, i.e. 

άίὫȟ ὧ В ὡȟᶰ     (5) 

Note that in Algorithm 1, the process of sending messages is a geometric distribution. Hence we can get 
msgu,0 = 1/ (1 Pu,0) in expectation. 

Hence, we set the Pu,0 to be: 

ὖȟ ρ
В ȟᶰ  

     (6) 

This ensures that a high weight node has more simulated edges. It is also more realistic, because more 
social people may spread messages more easily. In our setting, c = 1/4 , i.e. a user will contact a quarter 
of her G1 out-ŘŜƎǊŜŜǎ ƛƴ ŜȄǇŜŎǘŀǘƛƻƴ ƻƴ ǘƘŜ ŬǊǎǘ day. This formula is based on experimental 
observations. 

Evaluation of INFLOOD GENERATOR 

We tested INFLOOD GENERATOR in a number of networks. Here we use communication networks, such 
ŀǎ CŀŎŜōƻƻƪΣ ǘƻ ōŜ ŀǇǇǊƻȄƛƳŀǘƛƻƴǎ ƻŦ άǊŜŀƭέ ōŀǎŜ ƴŜǘǿƻǊƪΦ ¢ƘŜ ǊŜǎǳƭǘǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ Table  9-2. 

 

Table  9-2: Results of INFLOOD Simulations 

In all experiments, h = 1.17, and the number of simulated days is T = 140.  

Lƴ ŀƭƭ ŎŀǎŜǎΣ ǘƘŜ ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŬŎƛŜƴǘǎ | r|  were high (| r|  > 0:93). The FIZZLE slopes k1 are calculated 
ōŀǎŜŘ ƻƴƭȅ ƻƴ ǘƘŜ ŬǊǎǘ 30 days of interactions of each user, exactly as we did for the real, Polly dataset. 
Recall that k1 is the slope of the FIZZLE pattern, that is, the slope of the number of remaining active 
users, over time, in log-log scales. For the RENDEZVOUS pattern, the k2 slope varies between 
experiments. This may be due to the small count of data points; see Figure  9-3 (b).We also tested the 
INFLOOD GENERATOR on synthetic datasets, such as Erdös-Rényi graphs of various parameter settings. 
Notice that the RENDEZVOUS pattern is violated: the Erdös-Rényi graphs do not follow a power-law in 
their RENDEZVOUS plots. 

Because the INFLOOD GENERATOR graph is big, we observe the DISPERSION pattern in Experiment E1. 
Figure  9-4 (b) shows that the entropy footprint grows well with ǘƘŜ ½ƛǇŦΩǎ ŘƛǎǘǊƛōǳǘƛƻƴ ŎǳǊǾŜ ŦƻǊ ǳǎŜǊǎ 
who have less than 50 friends. When the number of friends goes beyond 50, the entropy footprints 
seem less regular as the number of samples decreases. 
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Related Work  

Static graph patterns  
¢ƘŜǎŜ ƛƴŎƭǳŘŜ ǘƘŜ ƭŜƎŜƴŘŀǊȅ ΩǎƛȄ-ŘŜƎǊŜŜǎ ƻŦ ǎŜǇŀǊŀǘƛƻƴΩ [49]; the skewed degree distribution [25], 
especially for telephone graphs [16]; the power law tails in connected components distributions; the 
power law PageRank distributions and bimodal radius plots [33]; the super-linearity rules [45], triangle 
patterns [74, 32]. This list is by no means exhaustive; see [21] for more patterns. Algorithms for 
detecting these patterns have been proposed by multiple research teams, such as [31]. 

4ÅÍÐÏÒÁÌ ÁÎÄ ÉÎǨÕÅÎÃÅ ÐÁÔÔÅÒÎÓ 
Work on this topic encompasses the shrinking diŀƳŜǘŜǊ ŀƴŘ ŘŜƴǎƛŬŎŀǘƛƻƴ [41]; the power law for the 
mail response times of Einstein and Darwin, [52]; analysis of blog dynamics [28, 42], and discovery of 
core-periphery patterns in blogs and news articles [27]; viral marketing [39, 34]; meme tracking [40]; 
reciprocity analysis [26, 17]; analysis of the role of weak and strong ties in information diffusion in 
mobile networks [53]Τ ƛŘŜƴǘƛŬŎŀǘƛƻƴ ƻŦ ƛƳǇƻǊǘŀƴǘ ƛƴƅǳŜƴŎŜǊǎ [71]; prediction of service adoption in 
mobile communication networks [72]; information or cascade diffusion in social networks [20, 14, 19, 
73]; linguistic change in online forums, and ǇǊŜŘƛŎǘƛƴƎ ǘƘŜ ǳǎŜǊΩǎ ƭƛŦŜǎǇŀƴ ōŀǎŜŘ ƻƴ ƘŜǊ ƭƛƴƎǳƛǎǘƛŎ ǇŀǘǘŜǊƴǎ 
[24]; peer and authority pressure in information propagation [18]. 

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

Chapter  Summary  
²Ŝ ǎǘǳŘȅ ŀ ƭŀǊƎŜΣ ǊŜŀƭ ƛƴƅǳŜƴŎŜ ƴŜǘǿƻǊƪ ƛƴŘǳŎŜŘ ōȅ ǘƘŜ tƻƭƭȅ ǎȅǎǘŜƳΣ ǿƛǘƘ ƻǾŜǊ тлΣллл users (nodes), 
170,000 interactions (edges), distilled from500MB of log data and 200GB of audio data. Polly is a free, 
telephone-based, voice message application that has been employed and used in the real world. Our 
contributions are as follows: 

Discovery of new patterns in Polly:  
ς tмΥ ǘƘŜ ΨŜƴǘƘǳǎƛŀǎƳΩ ŘǊƻǇǎ ŀǎ ŀ ǇƻǿŜǊ ƭŀǿ ǿƛǘƘ ǘƛƳŜΦ 

ς P2: The RENDEZVOUS pattern shows a power-law distribution. 

ς P3: The DISPERSION pattern of users behaves like a Zipf distribution; 

Generator and Analysis:  
ς We propose the INFLOOD GENERATOR algorithm, which matches the observed patterns (P1, P2 and 
P3) in various communication networks. The code is open-sourced at: 

https://github.com/yibinlin/inflood_generator/. 

ς We give the derivation for the observed DISPERSION pattern 

With respect to future work, a fascinating research direction is to estimate the underlying population 
size of our dataset, from the statistics of the RENDEZVOUS pattern. 
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10.  Reproducibility: Deployment in a 
Second Country 

Chapter Abstract  
¢Ƙƛǎ ŎƘŀǇǘŜǊ ŘŜǘŀƛƭǎ tƻƭƭȅΩǎ ŦƛǊǎǘ ƭŀǳƴŎƘ ƛƴ LƴŘƛŀ ƛƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛth Babajob.com - a large informal and 
entry level job portal in India. The collaboration was built around the idea of using Polly to advertise 
BabajobΩǎ ƭƻǿ-skill job opportunities among low-literate and unemployed users in Bangalore. To our 
surprise, Polly did not take off immediately as it did in Pakistan. Instead, it entered a six-month long 
άǎǇǳǘǘŜǊƛƴƎέ ǇƘŀǎŜ ƻŦ ŦƭǳŎǘǳŀǘƛƴƎΣ ƛƴǘŜǊƳƛǘǘŜƴǘ ŀŎǘƛǾƛǘȅΦ ! ŘƛŦŦŜǊŜƴǘ ŦƻǊƳ ƻŦ ǎŜŜŘƛƴƎ ƛƴƛǘƛŀǘƛǾŜ ǘǊŀƴǎƛǘƛƻƴŜŘ 
it into a viral phase, with sustained transmission over five months but without (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. Over the year Polly accumulated 22,742 calls by 3,801 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 mechanisms and active response to user feedback 
towards the uptake of the service. 

Introduction  
¢Ƙƛǎ ŎƘŀǇǘŜǊ ǊŜǇƻǊǘǎ tƻƭƭȅΩǎ ŦƛǊǎǘ ƭŀǳƴŎƘ ƛƴ LƴŘƛŀ ƛƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ ŀ ŎƻƳƳŜǊŎƛŀƭ Ƨƻō ǇƻǊǘŀƭ ǘƘŀǘ 
maintains an active listing of thousands of informal and entry level jobs. As explained in chapter: 
Development-related 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 who 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 follow-up surveys did give us 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 job-browser was not measurable. 

For this reason, we reached out to Babajob [1] ƛƴ LƴŘƛŀΦ .ŀōŀƧƻōΦŎƻƳ ƛǎ ƻƴŜ ƻŦ LƴŘƛŀΩǎ ƭŀǊƎŜǎǘ ƛƴŦƻǊƳŀƭ 
and entry level job portal. The portal connects registered job seekers and employers using their website 
(primarily), voice services as well as SMS-texting [10]. Our collaboration was built around the idea of 
using Polly to advertise Babajob among low-literate people in Bangalore (and possibly other places in 
LƴŘƛŀύΣ ŀƴŘ ǘƻ ŀƭƭƻǿ ǇŜƻǇƭŜ ǘƻ ŀŎŎŜǎǎ .ŀōŀƧƻōΩǎ IVR system through Polly. Babajob already has a 
mechanism to track employment outcomes of its registered users, hence giving us the opportunity to 
measure impact. 

.ŀǎŜŘ ƻƴ ǘƘŜ ƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘ ŘǳǊƛƴƎ tƻƭƭȅΩǎ ȅŜŀǊ-long deployment in India, and in comparison with its 
deployment in Pakistan, we derive necessary conditions for achieving virality (defined as long, sustained 
chains of transmission to new users) and exponential spread of telephone-based speech services among 
low-SES people. 

To our surprise, unlike in Pakistan [64], our initial attempts at seeding Polly in India did not lead to viral 
ǎǇǊŜŀŘΣ ŀƴŘ ŀŎǘƛǾƛǘȅ ŘǿƛƴŘƭŜŘ ǿƛǘƘƛƴ ŀ ŦŜǿ ǿŜŜƪǎ ǘƻ ŀ ƳŜǊŜ ƘŀƴŘŦǳƭ ƻŦ Řŀƛƭȅ Ŏŀƭƭǎ όŀ άǎǇǳǘǘŜǊƛƴƎέ ǇƘŀǎŜύ 
that persisted for nearly six 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. This viral-non-exponential phase 
continued for another five months. Finally, adjusting the user interface in 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 reproducibility: can Polly become viral in a second country? In 
addition, we were interested in measuring the impact of the development related back-end service. 
However, as Polly did not immediately take off in India as it did in Pakistan, we became interested in the 
following questions: 

ω Why did Polly instantly take-off in Pakistan but not in India? 

ω During the non-exponential phase, how was a daily stream of new users sustained yet without 
achieving exponential growth? 

ω 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 without extensively modifying its entertainment type. For this purpose we ported 
the latest version of Polly (that had been ǳǎŜŘ ƛƴ [ŀƘƻǊŜύ ōŀŎƪ ǘƻ ǘǊƻǇƻΩǎ ŎƭƻǳŘ-based platform and setup 
ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƳŜŎƘŀƴƛǎƳ ŦƻǊ tƻƭƭȅΩǎ ƻǇŜǊŀǘƛƻƴΥ 

¶ A local phone number was setup in Bangalore to receive the missed calls (call-me-back requests) 
from users. The system (hosted through Exotel.com) does not support ring-back-tunes, so the caller 
just hears the phone ringing a couple of times and then the call gets rejected without charging the 
caller anything for the airtime. ¢ƘŜ ǇƘƻƴŜ ƴǳƳōŜǊ ƛǎ ǘƘŜƴ ŦƻǊǿŀǊŘŜŘ ǘƻ tƻƭƭȅΩǎ ŘŀǘŀōŀǎŜ όŘŜǇƭƻȅŜŘ 
on our servers ŀǘ /a¦ύΦ tƻƭƭȅΩǎ ǎŎƘŜŘǳƭƛƴƎ ǎŎǊƛǇǘǎ όŀƭǎƻ ǊǳƴƴƛƴƎ ƻƴ ƻǳǊ ǎŜǊǾŜǊǎ ŀǘ /a¦ύ launch Polly 
όǊǳƴƴƛƴƎ ƻƴ ǘǊƻǇƻΩǎ ŎƭƻǳŘύ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ Ŏŀƭƭ ǊŜǉǳŜǎǘ ŀƴŘ ǘƘŜ caller is called back from US 
(bearing international tropo call charges of approximately 8 cents per minute). 

¶ Polly sends the local Bangalore number as its caller ID so that the receiver can call back later from 
the phone history. 

¶ Our incoming (missed) call capacity is a single phone line but outgoing call capacity is around 512 
simultaneous calls. 

¶ tƻƭƭȅΩǎ ǾƻƛŎŜ ǇǊƻƳǇǘǎ ǿŜǊŜ ǘǊŀƴǎƭŀǘŜŘ and recorded in Kannada and Hindi (both female voices). 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 months after the initial launch. 

¶ A voice-based phone directory feature was added:  
o After phone number entry, Polly prompts its users to (optionally) save the newly entered 

phone number. If users choose to do so, they are prompted to record ǘƘŜƛǊ ŦǊƛŜƴŘΩǎ ƴŀƳŜΦ 
o When users 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 
ŜΦƎΦ ǘƻ ŜƴǘŜǊ ŀ ƴŜǿ ƴǳƳōŜǊΣ ǇǊŜǎǎ лΤ ǘƻ ǎŜƴŘ ǘƻ άwƻƴƛέΣ ǇǊŜǎǎ мΤ ǘƻ ǎŜƴŘ ǘƻ ά!ƭƛέΣ ǇǊŜǎǎ нΣΧ  

¶ Call transfer to Babajob IVR system was added. Users could transfer to Babajob from the main menu 
by pressing 5. 

¶ .ŀōŀƧƻōΩǎ L±w ǎȅǎǘŜƳ ƛǎ ōŀǎŜŘ ƻƴ voice prompts that get concatenated in real-time and hence do 
not lead to a nice user experiencŜΦ ²Ŝ ŘŜŎƛŘŜŘ ǘƻ ƛƎƴƻǊŜ ǘƘŀǘ ƛƴƛǘƛŀƭƭȅ ǘƛƭƭ ǿŜ ƎŜǘ ŜǾƛŘŜƴŎŜ ƻŦ tƻƭƭȅΩǎ 
virality in India. 
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¶ .ŀōŀƧƻōΩǎ L±w ŀƭƭƻǿǎ ŀ ƴŜǿ ǳǎŜǊ ǘƻ ǊŜƎƛǎǘŜǊ ōȅ ŜƴǘŜǊƛƴƎ ǘƘŜ ƭƻŎŀǘƛƻƴ όŎƛǘȅΣ ǎǘŀǘŜύ ŀƴŘ ŘŜƳŀƴŘǎ όƧƻō 
categories, salary expectations). Afterwards jobs openings are played back to him every time he calls 
in. He can also record messages for the job advertisers. 

¶ .ŀōŀƧƻōΩǎ L±w ǎȅǎǘŜƳ Ƙŀǎ ŀƴ ƛƴǘŜǊƴŀƭ ƳŜŎƘŀƴƛǎƳ ǘƘŀǘ ŀƭƭƻǿǎ ǳǎŜǊǎ ǘƻ ŦƻǊǿŀǊŘ Ƨƻō ŀŘǎ ǘƻ ǘƘŜƛǊ ŦǊƛŜƴŘǎ 
via SMS. Whenever a user listens to a particular job ad or requests its forwarding to a friend, that 
information is passed on to Polly to allow tracking. 

¶ 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 we were allowed to send SMS. We decided 
on an English text based on the suggestions of our partners to maximally cover the target audience. 

¶ tƻƭƭȅΩǎ 5. ǿŀǎ ƳƻŘƛŦƛŜŘ ǘƻ ŀŘŘ ƳƻǊŜ ǳǎŜǊ-centric information and tracking. 

¶ The monitoring system was significantly enhanced (detailed in the Appendix on pg-120). 

¶ In Kannada tƻƭƭȅ ǿŀǎ ǊŜƴŀƳŜŘ ŦǊƻƳ άaƛŀƴ aƛǘƘǳέ όaǊΦ tƻƭƭȅ ƻǊ tƻƭƭȅ ς ¢ƘŜ tŀǊǊƻǘύ ǘƻ άDƛƴƛ aŀŀǘƘǳέ 
(A cute little parrot). The Hindi version retained the same name. 

User Interface  
tƻƭƭȅΩǎ ǳǎŜǊ ƛƴterface is described in detail in [64]. Here is a summary for the benefit of new readers: 

Each call starts by prompting the user to make a short recording of their voice (10 seconds, or shorter if 
the user presses # or remains silent for 4 seconds). Immediately 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 feedback to Polly or to get 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. Polly offers the following voice modifications, in the following 
order, all achieved with a standard audio processing utility: 

1. A Male to female voice conversion, achieved by raising the pitch and increasing the pace. 

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

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

4. An I-have-to-run-to-the-bathroom effect, achieved by a gradual pitch increase, 

5. The original, unmodified voice of the user 

6. Converting the voice to a whisper, achieved by replacing the excitatiƻƴ ǎƻǳǊŎŜ ƻŦ ǳǎŜǊΩǎ ǾƻƛŎŜ ǿƛǘƘ 
white noise  

7. Adding background music. 

When the user chooses 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. Name recordings are terminated by silence detection and a 4 second hard time-out. We also 
added an optional audio speed-dial feature as surveys revealed that users find it difficult to enter long 
phone numbers repeatedly. The speed-dial remembers the last nine phone numbers entered and allows 
ǘƘŜ ǳǎŜǊ ǘƻ ŎƘƻƻǎŜ ŀ ƴǳƳōŜǊ ōȅ ǇǊŜǎǎƛƴƎ ŀ ƪŜȅ όŜΦƎΦ ŦƻǊ WƻƘƴΣ ǇǊŜǎǎ мΣ ŦƻǊ ¢ƻƳΣ ǇǊŜǎǎ нΧύΦ ¢ƘŜ ǳǎŜǊ ƛǎ 
allowed to forward their voice to multiple recipients with the same or different modifications applied.  

²ƘŜƴ tƻƭƭȅ Ŏŀƭƭǎ ǘƘŜ ƛƴǘŜƴŘŜŘ ǊŜŎƛǇƛŜƴǘ ǘƻ ŘŜƭƛǾŜǊ ǘƘŜ ǊŜŎƻǊŘŜŘ ƳŜǎǎŀƎŜΣ ƛǘ Ǉƭŀȅǎ ǘƘŜ ǎŜƴŘŜǊΩǎ ƴŀƳŜ όƛƴ 
their own unmodified voice) immediately to the listener to prevent confusion regarding the identity of 
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the caller and establish trust. The recipient can also choose to hear the phone number of the sender; 
this effectively inhibits prank calls. After hearing the message, the recipient can choose to replay the 
message, record a reply, forward the recording to others, create their own recordings, or get transferred 
to the job service. 

tƻƭƭȅΩǎ ŎƻƴǘŀŎǘ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ǎŜƴǘ ǘƻ ŀƭƭ ƻŦ tƻƭƭȅΩǎ ǊŜŎƛǇƛŜƴǘǎ Ǿƛŀ ǘŜȄǘ ƳŜǎǎŀƎŜǎ ǊƛƎƘǘ ŀŦǘŜǊ ǘƘŜƛǊ ŦƛǊǎǘ ǘǿƻ 
interactions aǎ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ƳŜŎƘŀƴƛǎƳ ŦƻǊ ǾƛǊŀƭ ǎǇǊŜŀŘΦ tƻƭƭȅΩǎ ǇƘƻƴŜ ƴǳƳōŜǊ ƛǎ ŀƭǎƻ ǇƭŀȅŜŘ Řuring the 
phone call itself. !ŘŘƛǘƛƻƴŀƭƭȅΣ Ŏŀƭƭ ǊŜŎƛǇƛŜƴǘǎ Ŏŀƴ ǎƛƳǇƭȅ Ŏŀƭƭ tƻƭƭȅΩǎ ƴǳƳōŜǊ ŦǊƻƳ ǘƘŜƛǊ Ŏŀƭƭ ƘƛǎǘƻǊȅ όŀ 
feature commonly used by low-literate mobile phone users). 

Polly elicits User Feedback, in the form of an unconstrained recording (up to 60 seconds, 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 
category, 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 prompts to 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 our remote pilot setup. To be able to do quick launch in new countries 
we use a distributed setup (similar to [63]). In this setup, Polly receives the call-back requests from the 
users (via missed calls) on a local phone set up in the target country and then calls the user back directly 
from the US. Hence, the only on-ground hardware support that this setup needs is a phone capable of 
ǊŜƧŜŎǘƛƴƎ ƛƴŎƻƳƛƴƎ Ŏŀƭƭǎ ŀƴŘ ŦƻǊǿŀǊŘƛƴƎ ǘƘŜ ŎŀƭƭŜǊΩǎ ǇƘƻƴŜ ƴǳƳōŜǊ ǘƻ tƻƭƭȅΩǎ ǎŜǊǾŜǊǎ ƛƴ ǘƘŜ ¦{ Ǿƛŀ ǘƘŜ 
internet. This allows us to test Polly before going for a large-scale local deployment (as described in 
[64]). 

Annotations of recordings and feedback  
The feedback files have been annotated by several members of CMU, MSRI and Babajob teams. Being in 
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 face-to-face user surveys at various points to gather user 
ŦŜŜŘōŀŎƪΣ ŘŜƳƻƎǊŀǇƘƛŎǎ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘ ǎȅǎǘŜƳΩǎ ŘȅƴŀƳƛŎǎΦ ¢ƘŜǎŜ ƘŀǾŜ ōŜŜƴ ŘƻƴŜ ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ƻǳǊ 
partners and also team members. 

Results and Analysis  

Seeding Attempts  
As shown in Figure  10-1, Polly was launched in Bangalore, India on July 03, 2013. Desirable methods of 
seeding in India have been one of our major challenges. Unlike Pakistan, where I was present on-ground, 
we had to rely heavily on our partners to do the seeding for us. As a result we have not been able to 
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ǊŜǇƭƛŎŀǘŜ ǘƘŜ ŦƻǊƳ ƻŦ ǎŜŜŘƛƴƎ ǘƘŀǘ ǿŜ ƛƴƛǘƛŀƭƭȅ ŘƛŘ ƛƴ tŀƪƛǎǘŀƴ όάƳŀƴǳŀƭ-ŦŀƳƛƭƛŀǊέ ǎŜŜŘƛƴƎ1). Also, unlike 
our experience in Lahore, Polly did not immediately become viral after initial seeding attempts so we 
had to reseed frequently and using various techniques. Here are the details of our seeding attempts: 

 

Figure  10-1: Pollyôs Activity Levels in India (Blue vertical lines: Seeding attempts; Dark red line: Major interface 

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.  

¢ƘŜ ǘŜȄǘ ƳŜǎǎŀƎŜ ǎƛƳǇƭȅ ǎǘŀǘŜŘΥ άIŜƭƭƻ ŦǊƻƳ Dƛƴƛ aŀathu. Give missed call to 0806-xxxxxx and play a fun 
ǾƻƛŎŜ ƎŀƳŜ ŦƻǊ ŦǊŜŜΗ /ŀƭƭ ƴƻǿΗέ  

!ƴŘ ǘƘŜ ŀǳǘƻƳŀǘŜŘ ǾƻƛŎŜ Ŏŀƭƭ ǎŀƛŘΥ άIŜƭƭƻ ŦǊƻƳ Dƛƴƛ aŀŀǘƘǳΦ DƛǾŜ ŀ ƳƛǎǎŜŘ Ŏŀƭƭ ǘƻ лулс-xxxxxx and play a 
fun voice game for free! Just call 0806-ȄȄȄȄȄȄέ όƛƴ YŀƴƴŀŘŀύ 

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 call-me-back type calls, 24 users but the 75 job 
ads had been listened to 133 times! The users did not show any interest in the voice modifications or 
the message sending features of Polly (only 10 deliveries were scheduled during the first three days). 

                                                           
1 ñManual-Familiarò Seeding: Provide as much handholding as needed to make the seeds understand 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 them as a free and funny voice messaging 

service, without any hint of the development-related service (the jobs option). The seeder should explain Polly, and our goals, 

in any way that may motivate the seeds. Give a brief (pre-tested) demo: Record something in front of the 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 have them practice placing 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 whatôs happening the phones should be placed on speakerphone. Finally the seeder gives Polly's number to 

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 jobs and that they received the seed messages from the familiar 
.ŀōŀƧƻōΩǎ ǇƘƻƴŜ ƴǳƳōŜǊΦ  

Later we learnt that many professional job-ōǊƻƪŜǊǎ ŀƭǎƻ ŦǊŜǉǳŜƴǘƭȅ ǳǎŜ .ŀōŀƧƻōΩǎ ǎŜǊǾƛŎŜǎΤ ǎƻ Ƴŀƴȅ ƻŦ 
ƻǳǊ ǎŜŜŘǎ όŀŎǘƛǾŜ ǳǎŜǊǎ ƻŦ .ŀōŀƧƻōΩǎ ǎŜǊǾƛŎŜǎύ ƳƛƎƘǘ ƘŀǾŜ ōŜŜƴ Ƨƻō ōǊƻƪŜrs. Hitherto they had to pay for 
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 with users 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 through some staff members of Babajob.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 29-31, 2013: Cold Calling Old Users who experienced Major System Bugs: Due 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 CMB calls and 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 quality from the 
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, or half-heartedly. As a result we 
changed the arrangement of the voice mods hence forth and moved male-to-female mod to the 
beginning. 

Cold Seeding 
As is clear from the Figure  10-1, our initial seeding did not lead to sustained activity. We then tried άcold 
callingέ random numbers in the Hindi speaking areas (avoiding do-not-disturb subscribers). These cold-
seeding attempts were made between Oct 23 and Nov 26 (blue lines in Figure  10-1). Another such 
attempt was made on Jun 03, 2014. We tracked the activity of all seeds and found that none of these 
cold-seeding attempts generated any noticeable activity. 

Oct 23 ς Nov 26, 2013 ς Cold-Seeding in the Hindi 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 exclude user 
who had opted for the do-not-ŘƛǎǘǳǊō ǊŜƎƛǎǘǊȅΦ !ƭƭ ƴǳƳōŜǊǎ ǿŜǊŜ ŦǳǊǘƘŜǊ ŦƛƭǘŜǊŜŘ ǘƻ ōŜ άƴƻƴ-ŜƭŜƎŀƴǘέ 
όŦŜǿŜǊ ǊŜǇŜǘƛǘƛƻƴǎ ŀƴŘ ƴƻǘ ōŜƛƴƎ ǾŜǊȅ άǎŜǊƛŜǎ-ƭƛƪŜέ, for details see Error! Reference source not 
found.Error! Reference source not found.) so as to exclude premium and vanity numbers that are 
mostly used by the well-off and numbers reserved for government offices. All in all 600 were called over 
seven separate days. Calling day-time was varied between 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 the 600 numbers answered the seeding calls. It led to 39 call-me-back 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 either ignored 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. 

  

Selected Areas: Bihar, Uttar Pradesh, Madhya Pradesh, Haryana, Rajasthan, Himachal Pradesh, 
Uttarakhand, Chhattisgarh, Jharkhand, Madhya Pradesh 
Corresponding Telecom Circles: BR: Bihar & Jharkhand, DL: Delhi, MP: Madhya Pradesh & Chhattisgarh, 
UE: Uttar Pradesh(East), UW: Uttar Pradesh(West) & Uttaranchal, HR: Haryana, RJ: Rajasthan, HP: 
Himachal Pradesh 

Figure  10-2: Indian Telecom Circles [3] (left), Hindi Belt  [2] (in red, right)  

Jun 03, 2014 - Cold-seeding in Punjab Telecom Circle: A small set (100) of randomly generated numbers 
who were non-subscribers of Do-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 similar to our previous cold-seeding 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 MSRI: On Jan 09, 2014 we tried a modified 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 viral-non-exponential phase. 

Jan 26, 2014 - Second Seeding through MSRI: This was done with low-literate security guards mostly 
based out of Bangalore. Their education background was around 5-8 years. 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 
send ŦǊŜŜ ǾƻƛŎŜ ƳŜǎǎŀƎŜǎ ǘƘŜ ǇǊƛƳŀǊȅ ǎŜŜŘ ŘƛŘƴΩǘ ǎƘƻǿ ƳǳŎƘ ƛƴǘŜǊŜǎǘΦ IŜ ǎŀƛŘ ǘƘŀǘ ƻǘƘŜǊ ǎŜŜŘǎ ŀƭǎƻ ŘƛŘ 
ƛǘ ōŜŎŀǳǎŜ ƘŜ ŀǎƪŜŘ ǘƘŜƳ ǘƻ ōǳǘ ǘƘŜȅ ŘƛŘƴΩǘ ǎƘƻǿ ƳǳŎƘ ƛƴǘŜǊŜǎǘ ŜƛǘƘŜǊΦ Figure  10-3 shows the delivery 
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graph and user introduction tree 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. 

 

 

 

Figure  10-3: Response to Jan 26 Manual Seeding 

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

¶ July 08, 2013: tƻƭƭȅΩǎ ƻǳǘƎƻƛƴƎ ŎŀƭƭŜǊ L5 ǿŀǎ ŎƘŀƴƎŜŘ ŦǊƻƳ ǘƘŜ ¦{ ƴǳƳōŜǊ ǘƻ ǘƘŜ ƭƻŎŀƭ .[w ǇƘƻƴŜ 
number. 

¶ July 30, 2013: The onset of job-ŀŘǎΩ option was delayed to the 6th user-initiated 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 calling in were mostly 
jumping directly to the job ads option and were not forwarding any messages. However, this 
ǎƻŦǘǿŀǊŜ ǳǇƎǊŀŘŜ ƛƴǘǊƻŘǳŎŜŘ ŀ ōǳƎ ǿƘƛŎƘ ƳŀŘŜ tƻƭƭȅΩǎ Ƴŀƛƴ ƳŜƴǳ ǎƛƭŜƴǘΦ ¢Ƙƛǎ ōǳƎ ǿŀǎ ŘƛǎŎƻǾŜǊŜŘ 
and fixed on Aug 26, 2013. New users who called during this period were called back in bulk to allow 
them to experience the corrected interface. 

¶ Sep 17, 2013: ²Ŝ ŀƭǎƻ ƭŜŀǊƴǘ ǘƘŀǘ ƻǳǊ YŀƴƴŀŘŀ ǇǊƻƳǇǘǎ ŀǊŜ ǘƻƻ ŦƻǊƳŀƭ ŀƴŘ ǳǎŜ ŀƴ άŜŘǳŎŀǘŜŘέ 
language making them unsuitable for a low-literate audience. As we did not have 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 Raj (Professors in Language Technologies Institute at CMU) and 
ǊŜŎƻǊŘŜŘ ǘƘŜƳ ƛƴ wƛǘŀΩǎ ǾƻƛŎŜΦ The language of system prompts was changed 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 call-me-back requests from the same phone 
number to be ignored if previous requests are still to be tried. 

¶ 12 Jan, 2014: Voice mod order was changed to be the same as was in Lahore. Intentional call-back 
delay (following CMB requests) was reduced from 45 seconds to 15 seconds. 

¶ 14 Jan, 2014: Polly remained down for eight hours due to a power failure. 

¶ 16-17 Jan, 2014: Added confirmation of message forwarding following each scheduled delivery. We 
updated the scheduler to silently ignore multiple message 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 



90 

 

single excited user started placing many calls in which he just scheduled numerous deliveries of 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, 2014: Onset 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, 2014: In response to user feedback, increased recording 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. 

Interface Changes to Induce Spread 
In addition to seeding attempts we also experimented with modifying several interface features: 
language and gender of the system prompts; cold seeding at varying times-of-day and days-of-week; 
cold-seeding with and without initial introduction of the service; an audio speed-dial feature; adding the 
job service only after a user gains some experience with Polly; changing the order of voice modifications; 
servicing the call-back requests more quickly. Some of these attempts resulted in minor fluctuations of 
call and user traffic but none 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:  

мΦ hƴ aŀȅ мфΣ нлмп ǿŜ ŀŘŘŜŘ ŀ ƴŜǿ ƻǇǘƛƻƴ ƛƴ tƻƭƭȅΩǎ ƳŜƴǳ ǘƘŀǘ explicitly offered forwarding a message 
in an unmodified voice. This option was always implicitly available to the users via cycling to the fifth 
ƻǇǘƛƻƴ ŀƳƻƴƎ ǘƘŜ ǾƻƛŎŜ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ōǳǘ tƻƭƭȅΩǎ ƳŜƴǳ ƻǊ ƛƴǎǘǊǳŎǘƛƻƴǎ ŘƛŘ ƴƻǘ ŀƴƴƻǳƴŎŜ ƛǘΦ Lǘ ƛǎ ŀƭǎƻ ƻŦ 
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. On Jun 13, 2014 we increased the recording duration from 10 seconds to 25 ǎŜŎƻƴŘǎ ŀƴŘ tƻƭƭȅΩǎ Ŏŀƭƭ 
and user volume abruptly started growing exponentially that very day.  On June 19 we terminated the 
service after exhausting our telecommunication budget. 

Comparison with Phases from Polly -Pakistan  
In what follows we compare the tƘǊŜŜ ǇƘŀǎŜǎ ƻŦ tƻƭƭȅ ƛƴ LƴŘƛŀ ǿƛǘƘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇƘŀǎŜǎ ƻŦ tƻƭƭȅΩǎ 
Pakistan deployment (see [64] for figures and details): PK-Exp is the first exponential growth phase in 
Pakistan that started from the initial seeding on May 09, 2012 and continued till May 15, 2012. PK-Exp2 
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 viral-non-exponential phase PK-Viral is 
defined as May 16, 2012 to Jun 26, 2012 [64]. We also define a steady-state phase from Pakistan that 
represents a six month period when we stopped subsidizing message deliveries and imposed a quota of 
one subsidized call per day for each user (publication pending). 

Virality and Exponential Spread  
Polly spreads mostly through forwarded voice messages that accounted for 72% of its new (Polly-
Introduced) users in India. Another 6% were introduced through our seeding attempts. The remaining 
22% were introduced by word of mouth, that is, informed about Polly by friends or family face-to-face or 
through a regular phone call or text message. Sometimes the introduction was also accompanied by a 
demo. We assigned 8% of these users to their putative introducers by tracing their message passing 
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activity. If a Word-of-Mouth (WoM) introduced user Y sends or receives a Polly message from a user X 
who started using Polly before Y; we assign X as the word-of-mouth introducer of Y. 

Viral spread is characterized by long, sustained chains of transmission to new users. The Basic 
Reproductive Rate of spread, R0, is defined as the expected number of new users introduced by a 
current user over its lifetime, in a fully susceptible population. Exponential spread occurs when R0 > 1 
while activity dies out quickly if R0 < 1. We estimate R0 for a given cohort of users by summing up 
ƛƴǘǊƻŘǳŎǘƛƻƴǎ ƻǾŜǊ ŀ ǳǎŜǊΩǎ ŦƛǊǎǘ т Řŀȅǎ ƻŦ ŀŎǘƛǾƛǘȅΦ ¢Ƙƛǎ ŜǎǘŀōƭƛǎƘŜǎ ŀ ƭƻǿŜǊ ōƻǳƴŘ ƻƴ w0 because: (1) a 
small subǎŜǘ ƻŦ tƻƭƭȅΩǎ ǳǎŜǊǎ ŎƻƴǘƛƴǳŜǎ ǘƻ ƛƴǘǊƻŘǳŎŜ ƴŜǿ ǳǎŜǊǎ ŦƻǊ ǎŜǾŜǊŀƭ ǿŜŜƪǎ ŀƴŘ ōŜȅƻƴŘΤ ŀƴŘ όнύ 
there remains a large group of unassigned, and therefore unaccounted for, Word-of-Mouth users. 

Figure  10-4 shows R0 estimates and chain lengths of new user introductions during the various phases. 
Only PK-Exp and India-Exp qualify as truly exponential as R0 > 1. PK-Exp-2 appears exponential based on 
call and user traffic but is more close to the viral-non-exponential phases because it was induced by an 
increase in traffic due to increased capacity and not because of true growth. All but the India-Sputtering 
phase are characterized by long chains of transmission and are clearly viral. 

 

Figure  10-4: R0 and Chain Lengths 

User Retention and Fecundity  
Figure  10-5 compares user retention across phases, based on users who initiate call-back requests to 
Polly. During India-Exp and PK-Exp phases 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 viral-non-exponential phases are also similar and are characterized by lesser retention 
as compared to exponential phases. Sputtering phase exhibits very little retention. All but the sputtering 
phase have a non-negligible fraction of long-term users (not shown).  
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Figure  10-5: User Retention 

Figure  10-6 shows user fecundity - the tendency of a user to introduce new users, as a function of days 
post first encounter with Polly. The cohort of potentially fecund users is composed of all users who take 
part in at least one successful call with Polly. We see that even on their first day, only 18%-20% of users 
spread Polly to new people during the exponential phases, and around 16% do so during the viral-non-
exponential phŀǎŜǎΦ ¢ƘŜǎŜ ŦǊŀŎǘƛƻƴǎ ŘǊƻǇ ǉǳƛŎƪƭȅ ŀǎ ǘƘŜ ǳǎŜǊǎ ΨŀƎŜΩΣ ōǳǘ ŀ ǎƳŀƭƭ ŦǊŀŎǘƛƻƴ ƻŦ ǳǎŜǊǎ 
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 day, but even this phase has a small fraction 
of long-term fecund users.  

 

Figure  10-6: User Fecundity 
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Choice of Voice Modifications  
Figure  10-7 shows the percentage of voice modifications chosen by users in their forwarded messages in 
the various phases. Here we have further divided the viral phase into two sub-phases: Viral before 
unmodified voice menu option and Viral after unmodified voice menu option. The first option (male-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) frequent users prefer 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 messages increases 
threefold, indicating a clear user preference.  

 

Figure  10-7: Choice of Voice Modifications 

Choice of Menu Options 
Figure  10-8 shows the prevalence of main menu selections during the various phases. The transfer to job 
service option is used a lot during the 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 option. Another reason we 
discovered is that our initial seeding in Bangalore brought in some job-brokers who 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 forwarding messages 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 is evident from Figure  10-8). 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 seconds and users no 
longer needed several attempts to fit their message in the recording interval. 
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Figure  10-8: Choice of Menu Options 

Distribution of Users by Experience  
Figure  10-9 shows representative samples of distribution of users by their Polly-Age from each of the 
described phases. Here Polly-Age is defined as days post first encounter of a user with Polly. The height 
of each bar shows the number of users who used Polly on that date while the colors represent their 
Polly-ages. 

During the exponential phases, user-traffic is almost exclusively composed of users who are new to Polly 
or have very recently started using it. During the viral-non-exponential phase in India we find nearly half 
of the daily users to be more than a week old with a significant number of 2weeks-, 1month-, and even 
more than 3month old users. The viral-non-exponential phases in Pakistan are not very Different, 
though there we find around 30% of the users to be more than a week old. 

 

Figure  10-9: Distribution of Users by Polly Age (Days post first encounter with Polly) 

The most interesting phases are India-sputter and PK-Steady State, where user traffic is dominated by 
long-term users. In India-sputtering phase, the few users who called back every day are mostly very old 
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users. In PK-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 of low-activity, the service is kept alive mostly 
by very long-term, loyal users. 

 

Figure  10-10: Message Passing Branch-out Distribution  

Message-passing Brach-out Distribution  
Figure  10-10 shows that the viral and exponential phases ƘŀǾŜ ŀ ƭƻǿŜǊ ŦǊŀŎǘƛƻƴ ƻŦ άƴƻƴ-ǎǇǊŜŀŘŜǊǎέ (as 
opposed tƻ ƻƴƭȅ ƘŀǾƛƴƎ ŀ ƘŀƴŘŦǳƭ ƻŦ άǎǳǇŜǊ-ǎǇǊŜŀŘŜǊǎέύΦ In addition to that the two exponential phases 
are clearly much higher in terms of super-spreaders (11+) too (close to 5%). For all viral periods the 
fractions of users who forwarded to 2-9 friends are very similar to each other. Apparently the two major 
differences (in terms of branch-outs) between a viral non-exponential Polly and a viral-exponential Polly 
are the fractions of non-spreaders and super-spreaders. 

The non-spreaders could be the people who: 

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

We found in the survey calls to terminals that several did not continue the use because they could not 
understand any Hindi. 

User Surveys 
During the viral 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 the first survey three months after the Jan 09 seeding (which was done through 
undergraduate students over Facebook, blogs etc.). We called 20 of our most active users, reaching 16 
of them. To our surprise, all of them were young men (6), associated with skilled labor (10), low-SES 
(10), mostly low-literate (7) and living in Delhi (7), West Bengal (3), Mumbai (1) and Jaipur (1). None of 
the students who seeded the system were from any of these cities. Their professions were: carpenter (1) 
, marble polisher (1), tinsmith (1), goldsmith (1), tailor (1), embroider (3), diamond-assorter (1), self-
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employed (1) and one unemployed person. 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, 9 
out of 20 interviewees initially denied ever using the service, claiming that their 
friend/brother/someone else might have used it. Following this άdisclaimerέΣ they nevertheless showed 
intimate familiarity with Polly and its various uses. The formal denial suggested to us a fear of being 
asked to pay for the service. 

Most common suggestions included: Not to morph the voice as the modified voice is unclear, difficult to 
recognize and it confuses users into thinking that the service is not working properly; to increase the 
message recording interval and to make Polly available in local languages especially Bangla. 

We conducted another set of 250 survey calls in mid-May 2014. Only 71 calls were answered as we tried 
calling several user types (super-spreaders, spreaders, non-spreaders 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 
weekend 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 
use it for? 

31 Messages: 23 
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 non-spreaders 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 audio 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%). Almost all users were using Polly only 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 exists. 

Table  10-1 summarizes the demographics of surveyed users. Among the contacted users we 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 long term users 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 Bangla-speaking men who could also speak some Hindi. Even the recordings 
marked as Hindi often contain several Bangla words. 

Of the 1,029 recorded 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 (the following are not mutually exclusive): 

¶ Audio quality is bad: 21% 

¶ Key-presses are not recognized correctly sometimes: 10% 

¶ Allow sending unmodified voice messages: 22% 

¶ Increase message recording interval: 18% 

¶ Make Polly available in Bangla: 16% 

¶ Demanded/Suggested new voice modifications: 9% 

¶ Job service related feedback: 6% 

¶ Demanded other features, mostly making Polly more suitable for voice messaging: 21% 

Gender 

Of 419 recordings successfully annotated for gender: 

¶ Female: 13% 

¶ Male: 87% 

Language 

Of 376 recordings annotated for Language: 

¶ Bengali: 38% 

¶ Hindi: 47% 

¶ English: 7% 

¶ Mixture of Hindi, Bengali, English: 8% 

Table  10-2: User Feedback 

Most users like Polly a lot. Several low-SES 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 audio quality has 
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 us, but we 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 improvements suggested by users all attempt to tweak Polly into a better voice messaging service 
όǎŜǾŜǊŀƭ ǳǎŜǊǎ ŜǾŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ƛǘ ŀǎ άǾƻƛŎŜ ǎƳǎέύΦ !ƳƻƴƎ ǘƘŜ Ƴƻǎǘ ǇƻǇǳƭŀǊ ǎǳƎƎŜǎǘƛƻƴǎ ǿŜǊŜ ƛƴŎǊŜŀǎƛƴƎ 
the recording interval; allowing unmodified messages; making unmodified voice the default option; 
providing a way for users to directly talk to their friends through Polly (like a conference call) etc. Bangla 
ǎǇŜŀƪŜǊǎ ŎƻƳǇƭŀƛƴŜŘ ǘƘŀǘ ǘƘŜȅ Řƻ ƴƻǘ ǳƴŘŜǊǎǘŀƴŘ IƛƴŘƛΤ ǘƘŜ ǎŜǊǾƛŎŜ ŘƻŜǎ ƴƻǘ ǘŀƭƪ ƭƛƪŜ άƻƴŜ ƻŦ ǘƘŜƳέ ŀƴŘ 
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. 
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Summary and Discussion  

7ÈÙ ÄÉÄÎȭÔ 0ÏÌÌÙ ÔÁËÅ-off immediately in India as it did in Pakistan?  
Below are some of our hypothesized explanations. 

Ineffective Seeding AttemptsΣ ƛΦŜΦ ƴƻǘ ǊŜŀŎƘƛƴƎ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ΨǎŜŜŘǎΩ όǇŜƻǇƭŜ ǘƻ ƛƴƛǘƛŀǘŜ ǾƛǊŀƭ 
transmission).   

Our initial seeds of July 03 were active users of the jobs service ς 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 attempted to explore 
the voice modifications or to spread Polly to friends.  

We believe several factors to be responsible for the failure of our cold-seeding attempts. Indian 
cellphone users are faced with a large number of daily spam calls and text messages. Frauds perpetrated 
ǘƘǊƻǳƎƘ ƳƻōƛƭŜ ǎŜǊǾƛŎŜǎ ƘŀǾŜ ŀƭǎƻ ŘŜǘŜǊƛƻǊŀǘŜŘ ǳǎŜǊǎΩ ǘǊǳǎǘΦ ¢Ƙƛǎ ŜȄǇƭŀƛƴǎ ǘƘŜ ƭŀŎƪ ƻŦ ƛƴǘŜǊŜǎǘ ŀƴŘ 
ƳƛǎǘǊǳǎǘ ŜȄƘƛōƛǘŜŘ ōȅ ǘƘŜ ǊŜŎƛǇƛŜƴǘǎ ƻŦ tƻƭƭȅΩǎ cold-calls ς automated calls from an unknown phone 
number.  

Deployment in Pakistan employed high-intensive seeding tactics:  exciting demos were given to a 
ƘŀƴŘŦǳƭ ƻŦ ǎŜŜŘǎ ōȅ ΨǎŜŜŘŜǊǎΩΣ ǿƘƻ ǿŜǊŜ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ǘŜŀƳΤ tƻƭƭȅ ǿŀǎ ƛƴǘǊƻŘǳŎŜŘ ŀǎ ŀ ŦǳƴΣ 
free service, and the seeders remained available for a few days to help the seeds with their questions 
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 tactics in India, and had to rely on less intensive, less personal introductions. 

Inappropriate voice prompts: tƻƭƭȅΩǎ ǾƻƛŎŜ ǇǊƻƳǇǘǎ ǿŜǊŜ ƴƻǘ ǎǳƛǘŀōƭŜ ŦƻǊ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ƛǘǎ ǇƻǘŜƴǘƛŀƭ 
users. 

In India, Polly was initially seeded in Bangalore, Karnataka where Kannada 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 Kannada system prompts were too formal-sounding and literary, and were therefore unsuitable for 
low-ƭƛǘŜǊŀǘŜ YŀƴƴŀŘŀ ǎǇŜŀƪŜǊǎΦ hǳǊ ŎƘƻƛŎŜ ƻŦ ƭŀƴƎǳŀƎŜ ŀƭǎƻ ǇǊŜǾŜƴǘŜŘ tƻƭƭȅΩǎ ǎǇǊŜŀŘ ōŜȅƻƴŘ ǘƘŜ ǎǘŀǘŜ ƻŦ 
Karnataka until we changed it to Hindi. 

7ÈÙ ÄÉÄÎȭÔ ÔÈÅ ÔÒÁÆÆÉÃ fizzle despite lack of virality 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 viral-non-exponential phase, activity was mostly due to long-term 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 utility-oriented users kept introducing new users for many months post 
their first introduction to Polly. 

Why did Polly eventually at tain exponentially spread?  
Because we modified it to match userǎΩ needs.  
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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 could have been the result of the 
poor call audio quality in India. Or it might have been due to some intrinsic difference between the 
ǇŜƻǇƭŜ ǊŜŀŎƘŜŘ ōȅ tƻƭƭȅ ƛƴ ǘƘŜ ǘǿƻ ŎƻǳƴǘǊƛŜǎΦ /ƭŜŀǊƭȅΣ tƻƭƭȅΩǎ ǳǎŜǊǎ ƛƴ LƴŘƛŀ ǿŀƴǘŜŘ ŀ ƎƻƻŘ ǾƻƛŎŜ 
messaging platform. User feedback 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 that exponential 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 
¶ Voice prompts should be recorded using a close speaking microphone. Telephone based prompt 

recording does not produce desirable quality as it passes through the noisy channel twice. 

¶ Voice prompts should be translated in a simple to understand, friendly and informal way. If the 
prompts are too formal or too-educated-sounding then our target audience loses interest. 

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

¶ User feedback and surveys should be carefully translated and attended to regularly. 

¶ The silent voice prompt bug suggests that on-ground team members should call the service every 
few days to ascertain bug-free operation.  

¶ On ground presence and understanding the local culture, norms, language etc. is a must. 

¶ People previously exposed to voice spam and telephone based scams are averse to pressing keys in 
automated calls. 

¶ Polly can penetrate back to low SES strata even if seeded with literate and high SES people. 
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11.  Altern ative Dissemination Models:  A 
Collaboration with JMV  

Chapter Abstract  
¢Ƙƛǎ ŎƘŀǇǘŜǊ ǊŜǇƻǊǘǎ tƻƭƭȅΩǎ ǊŜƳƻǘŜ ŘŜǇƭƻȅƳŜƴǘ WƘŀǊƪƘŀƴŘ ƛƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ ŀ ǇƻǇǳƭŀǊ ƭƻŎŀƭ ŎƛǘƛȊŜƴ-
radio-over-phone platform, Jharkhand Mobile Vaani (JMV). Polly-Jharkhand was launched based on a 
άŎǊƻǎǎ-ǎŜƭƭƛƴƎέ ŘƛǎǎŜƳƛƴŀǘƛƻƴ ƳƻŘŜƭ ǿƘŜǊŜ tƻƭƭȅ ŀŘǾŜǊǘƛǎŜŘ Wa± ŀƴŘ ǾƛŎŜ ǾŜǊǎŀΦ !ǎ Wa± ƛǎ ŀ ǳǘƛƭƛǘȅ-based 
service which is not inherently viral, our goal was to popularize it through tƻƭƭȅΩǎ ŜȄǇƻƴŜƴǘƛŀƭƭȅ ƎǊƻǿƛƴƎ 
users once it seeds Polly by advertising to its current user-base. Polly remained active for 54 days in 
which it received 19,042 calls from 4,428 users. Analysis of traffic reveals viral spread patterns but no 
exponential growth. Polly was shut down due to high international calling costs and is now being 
deployed locally in Jharkhand. 

System Description  
We used the remote deployment model described in Appendix-E. The call-back requests via missed calls 
are received on a local number in Jharkhand; the phone number is transferred to PolƭȅΩǎ ŎƻŘŜ ŘŜǇƭƻȅŜŘ 
ƻƴ ǘǊƻǇƻΩǎ ŎƭƻǳŘ ƻǾŜǊ ǘƘŜ ƛƴǘŜǊƴŜǘ and Polly calls the user back internationally.  

Dissemination model  
JMV allows its users to browse a shuffled playlist of items (recorded radio programs, ads, user-
ƎŜƴŜǊŀǘŜŘ ŎƻƴǘŜƴǘύΦ tƻƭƭȅΩǎ 2.5 minute long promo1 (including its 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 promo, users 
were prompted to press a button to place a call-me-back request to Polly. If users choose this option, 
then JMV disconnects the call and Polly calls them back within 15-30 seconds depending on the 
availability of free phone lines. On May 28, 2014 the playlist promo was replaced by a shorter (28 sec) 
promo2 that was played to all JMV callers at the beginning of each interaction. 

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

 

                                                           
1 (A girlôs voice): Hey Deepak, have you heard about Mithoo Tota? (A boy replies): Nope. Have you got a new parrot as a pet (sounds of laughter 

in the back ground). Girl: No! This is actually a free service started by Jhakhand Mobile Vaani. Boy: Okay. So whatôs so special about this 

service? Girl: Using that service, whatever you say to Mithoo Tota, it will modify it in a fun way. Listen, here is my message: ñHi Deepak! 
Whatôs up!ò (plays in her original voice). Now listen how Mithoo Tota says it back: ñHi Deepak! Whatôs up!ò (plays in drunk-chipmunk 

voice). Boy: Wow! This is such a cool service. Girl: Not only that, you can even send your modified voice to friends and family. Boy: Wow! 

But you didnôt tell me what do I need to do to access Mithoo Tota. Girl: It is very easy to use Mithoo Tota. There are two ways to do it. The 
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 

disconnected and Mithoo Tota will immediately call you back. Boy: And the other methodé? Girl: The second method is to call Mithoo Tota 

directly by dialing xxxxyyyyzz. As soon as you dial, your call would be disconnected and you will get a call back. Boy: Could you please 
repeat the number for me? Girl: Here is Mithoo Totaôs number again: xxxxyyyyzz. Hey, hey Deepak! Where are you off to??? Boy: I am off to 

call Mithoo Tota and to record all sorts of fun messages! Girl: He is gone! Why are you still here? Press 9 now! You will not regret it! Thatôs 

my personal guarantee! é Hey! You still havenôt pressed 9? You have last 3 secondsé Press 9 or you would regret it. I am leaving now. Give 
a missed call to: xxxxyyyyzz. Thanks! 

2 Now use Mithoo Tota (Polly-the 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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Figure  11-1: Pollyôs Call and User Volume. Bright Red Vertical Lines are System Failures. Dark Red Lines are Major 

System Updates. Beyond Jun 12, 2014, the service was only intermittently accessible. 

Results and Analysis  

Polly Became Self-Sustaining without Taking -off exponentially  
As shown in Figure  11-1, tƻƭƭȅ ǿŀǎ ƭŀǳƴŎƘŜŘ ƻƴ aŀȅ лнΣ нлмп ōȅ ŀŘŘƛƴƎ ǘƘŜ ǇǊƻƳƻ ǘƻ Wa±Ωǎ ǇƭŀȅƭƛǎǘΦ !ǎ 
a result this promo was played occasionally to its users. On May 28, 2014 it was replaced by a shorter, 
always-on 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, 2014 to analyze the data and prepare for a local deployment in Jharkhand. tƻƭƭȅΩǎ 
suffered a lot of down times in Jharkhand due to system failures (depicted by bright red lines in the 
figure). Mostly this happened when either the local call-back number was offline or the promo was not 
ŀŎŎŜǎǎƛōƭŜ ƛƴ ǘƘŜ ǇƭŀȅƭƛǎǘΦ Lƴ ŀŘŘƛǘƛƻƴΣ ŘǳŜ ǘƻ ǎƻƳŜ ǳƴŜȄǇŜŎǘŜŘ Ŏŀƭƭ ƭƻŀŘΣ Wa±Ωǎ ǎȅǎǘŜƳ όƛƴŎƭǳŘƛƴƎ ǘƘŜ 
missed call number) remained mostly inaccessible beyond June 12, 2014. 

On May 18, 2014, an explicit option to send unmodified-ǾƻƛŎŜ ƳŜǎǎŀƎŜǎ ǿŀǎ ŀŘŘŜŘ ǘƻ tƻƭƭȅΩǎ Ƴŀƛƴ 
menu. On Jun 13, 2014 the message recording interval was increased from 10 to 25 seconds. 

In Figure  11-1 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, always-on 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  
Figure  11-2 shows the distribution of daily calls by type. Users could request for a call-back from Polly 
either through JMV by pressing 9 during the promo, or directly by giving a missed-Ŏŀƭƭ ǘƻ tƻƭƭȅΩǎ ƴǳƳōŜǊΦ 
Rest of the traffic resulted from the messages scƘŜŘǳƭŜŘ ōȅ tƻƭƭȅΩǎ ǳǎŜǊǎ ŦƻǊ ǘƘŜƛǊ ŦǊƛŜƴŘǎΦ Lǘ ƛǎ ŎƭŜŀǊ ǘƘŀǘ 
call-ōŀŎƪ ǊŜǉǳŜǎǘǎ ǘƘǊƻǳƎƘ Wa±Ωǎ ǇǊƻƳƻ ƻƴƭȅ ŀŎŎƻǳƴǘŜŘ ŦǊƻƳ ŀ ǎƳŀƭƭ ŦǊŀŎǘƛƻƴ ƻŦ Řŀƛƭȅ ŎŀƭƭǎΦ aƻǎǘ ƻŦ ǘƘŜ 
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volume comprised calls requested via missed calls and delivery calls. As a result we do not see any major 
loss of volume after the promo was disabled on Jun 18. 

 

Figure  11-2: Daily Distribution of Calls by Type 

! ÓÍÁÌÌ ÆÒÁÃÔÉÏÎ ÏÆ 0ÏÌÌÙȭÓ ÕÓÅÒÓ ÃÈÏÏÓÅ ÔÈÅ *-6 ÏÐÔÉÏÎ 
Figure  11-3 shows that around 10%-15% of daily callers of Polly choose the menu option to get a call 
back from JMV. A handful of users do so in multiple calls. 



103 

 

 

Figure  11-3:

 

Figure  11-3: Prevalence of JMV option in Pollyôs menu 

Choice of Voice Modifications  
Comparing Polly-Jharkhand ǿƛǘƘ Řŀǘŀ ŦǊƻƳ ƻǘƘŜǊ ǾŜǊǎƛƻƴǎ ƻŦ tƻƭƭȅΣ ǿŜ ŦƛƴŘ ƛǘ ǾŜǊȅ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ά±ƛǊŀƭ 
ŀŦǘŜǊ ǳƴƳƻŘƛŦƛŜŘ ƻǇǘƛƻƴέ ǇŜǊƛƻŘ ƛƴ ǘƘŜ .ŀƴƎŀƭƻǊŜ ŘŜǇƭƻȅƳŜƴǘ όsee Reproducibility: Deployment in a 
Second Country). Both of these phases are characterized by an increasing user interest in sending 
unmodified recordings as messages. The first modification is, as usual, used a lot. Users did not show a 
lot of interest in using other voice modificatiƻƴǎ ƛƴ ǘƘŜƛǊ ǎŎƘŜŘǳƭŜŘ ƳŜǎǎŀƎŜǎ ǘƘƻǳƎƘ ǘƘŜ ά5Ǌǳƴƪ 
ChiǇƳǳƴƪέ ƛǎ ǎƭƛƎƘǘƭȅ ǇǊŜŦŜǊǊŜŘ ƻǾŜǊ άŦŜƳŀƭŜ-to-ƳŀƭŜέ ƳƻŘƛŦƛŎŀǘƛƻƴΦ 
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Figure  11-4: Choice of Voice Modifications in Sent Messages 

 

Figure  11-5: Prevalence of Main Menu Choices 

Prevalence of Main -Menu Choices 
The main-menu choices preferred by users of Polly-Jharkhand reveal very interesting patterns. Users 
seem a lot more interested in exploring the system, as they use the Next Effect option 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 feature a forward 
to friends, option. So they are not used to the concept of peer to peer forwarding. They use of get a 
callback from JMV option 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). The send unmodified voice option, although introduced halfway through the 54 days, 
was still used very often. 
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If we look at the comparison of the phases of Polly-Jharkhand (Figure  11-6), before and after the 
introduction of explicit menu-option 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 prevalence of main ςmenu options, we see a higher uptake of this option in 
Jharkhand than in Bangalore. Interestingly it also corresponded with a decrease in the use of callback 
from JMV option, presumably indicating an increasing interest of users in tƻƭƭȅΩs own functionality. 

 

 

Figure  11-6: Comparing the choice of voice mods before and after the explicit menu option to send unmodified messages 

 

Figure  11-7: Comparing the prevalence of key presses before and after the explicit menu option to send unmodified 

messages 

Spread and Virality  
As shown in Figure  11-8 the R0 calculation for Polly Jharkhand is not reliable as it operated under a very 
different dissemination model of continuous 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 of R0 but the not the 
numerator. The chain length distribution shows clear signs of virality where it is comparable with the 
viral periods in Pakistan. 

 

Figure  11-8: Distribution of transmission-to-new-user chain lengths and R0 

User Retention  and Fecundity  
Figure  11-9 ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ ǳǎŜǊ ǊŜǘŜƴǘƛƻƴ ƛǎ ŀƭƭ ǇƘŀǎŜǎ ƻŦ tƻƭƭȅΩǎ ŘŜǇƭƻȅƳŜƴǘ ƛƴ WƘŀǊƪƘŀƴŘ ǊŜƳŀƛƴŜŘ low. 
Lƴ ŦŀŎǘ ǘƘŜ ǊŜǘŜƴǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ άŀƭǿŀȅǎ-on-ǇǊƻƳƻέ ǇƘŀǎŜ ƛǎ ƻƴƭȅ ǎƭƛƎƘǘƭȅ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ǎǇǳǘǘŜǊƛƴƎ 
ǇƘŀǎŜ ƛƴ .ŀƴƎŀƭƻǊŜΦ ¢ƘŜ ǊŜǘŜƴǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ άƻŎŎŀǎƛƻƴŀƭƭȅ-ƻƴέ ǇƘŀǎŜ ƛǎ ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘŜ άŀƭǿŀȅǎ-ƻƴέ 
ǇƘŀǎŜΦ 5ǳǊƛƴƎ ǘƘŜ άƴƻ-ǇǊƻƳƻέ ǇƘŀǎŜΣ ǿŜ ǘƘŜ ƳŀȄƛƳǳm retention which is comparable to the viral 
phases in Pakistan and India (Bangalore deployment). As expected, several users 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 
back for several days. 

Figure  11-10 shows user fecundity (tendency to introduce new users to Polly) as a function of 
ŜȄǇŜǊƛŜƴŎŜ ǳǎƛƴƎ tƻƭƭȅΦ Lǘ ƛǎ ƛƴǘŜǊŜǎǘƛƴƎ ǘƻ ƴƻǘŜ ǘƘŀǘ ǘƘŜ άƴƻ-ǇǊƻƳƻέ ǇƘŀǎŜ ǘƘŀǘ ǊŜǘŀƛƴǎ ƳƻǊŜ ǳǎŜǊǎ ǘƘŀƴ 
other JharƪƘŀƴŘ ǇƘŀǎŜǎ ŎƻǊǊŜǎǇƻƴŘǎ ǿƛǘƘ ǘƘŜ ƭŜŀǎǘ ŦŜŎǳƴŘƛǘȅΦ ¢ƘŜ άƻŎŎŀǎƛƻƴŀƭƭȅ-ƻƴέ ǇǊƻƳƻ Ƙŀǎ ǘƘŜ 
ƘƛƎƘŜǎǘ ŀƴŘ άŀƭǿŀȅǎ-on-ǇǊƻƳƻέ Ŧŀƭƭǎ ƛƴ ōŜǘǿŜŜƴΦ ! ǇƭŀǳǎƛōƭŜ ŜȄǇƭŀƴŀǘƛƻƴ ŎƻǳƭŘ ōŜ ǘƘŜ ǇǊƻƳƻ ƛǘǎŜƭŦΦ 
5ǳǊƛƴƎ ǘƘŜ άƻŎŎŀǎƛƻƴŀƭƭȅ-ƻƴέ ǇƘŀǎŜΣ ŀ ǘǿƻ and a half minute promo explained the voice modification 
and forwarding clearly using an example and as a result several users understood how Polly works and 
ǿƘŀǘ ǘƻ ŜȄǇŜŎǘΦ Lƴ ǘƘŜ άŀƭǿŀȅǎ-ƻƴέ ǇƘŀǎŜΣ ǘƘŜ ǇǊƻƳƻ ǿŀǎ ƳŀŘŜ ƳǳŎƘ ǎƘƻǊǘŜǊ όǘƘƛǊǘȅ ǎŜŎƻƴŘǎύ ŀƴŘ ŘƛŘ 
not feature an example. In ǘƘŜ άƴƻ-ǇǊƻƳƻέ ǇƘŀǎŜΣ tƻƭƭȅ ǿŀǎ ǎǇǊŜŀŘƛƴƎ ōȅ ǳǎǳŀƭ ƳŜŀƴǎ όŦƻǊǿŀǊŘƛƴƎ ŀƴŘ 
word-of-mouth) and there was no example, instructions or demo regarding its capabilities.  
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Figure  11-9: User Retention 

 

 

Figure  11-10: User Fecundity 
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Message-passing branch -out  
As shown in Figure  11-11 the user branch-out distribution is lower than other viral phases. This is also 
influenced by the users who just 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 a non-negligible 
number of users did interact with several friends. 

 

Figure  11-11: Message-passing-branch-out Distribution  

Distribution of Users by Polly Age  
Figure  11-12 compares the distribution users of Polly-Jharkhand by Polly Age with other versions of 
Polly. Jharkhand is similar to the viral phases however the number of new users is clearly higher and it 
accounts for more than half of the daily users. Presumably this is the effect of the dissemination model. 
We also see old users (more than a month old) calling Polly. As the Jharkhand pilot only lasted 54 days, 
there could be no users belonging to the categories of Polly age greater than 3 months. 

 

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 Gujrat (Table  4-1). This audience 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 Users 

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, Mumbai, 
Kolkata, Orissa, Rajasthan, Uttar Pradesh, Tamil Nadu, Kerala, Punjab, Karnataka, 
Assam, Haryana, North East India, Himachal Pradesh, Chennai, Jammu & Kashmir 

4.60% 

Table  11-1: Geographical Distribution of Users 

Summary and Discussion  
tƻƭƭȅΩǎ ƭŀǳƴŎƘ ƛƴ WƘŀǊƪƘŀƴŘ ǎƘƻǿǎ ǘƘŀǘ ǎŜŜŘƛƴƎ tƻƭƭȅ ǘƘǊƻǳƎƘ ǇǊƻƳƻǎ ŀƴŘ ŀŘǾŜǊǘƛǎŜƳŜƴǘǎ Ƙŀǎ ǘƘŜ 
potential to work. Polly became viral in Jharkhand with a small but non-negligible set of long-term 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 volume that 
tƻƭƭȅ ŎƻǳƭŘ ƘŀǾŜ ŀŎǉǳƛǊŜŘΦ ¦ǎŜǊǎΩ ǘŜƴŘŜƴŎȅ ǘƻ ƛƴǘǊƻŘǳŎŜ ƴŜǿ ǇŜƻǇƭŜ ǘƻ tƻƭƭȅ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŘƛŦŦŜǊŜƴǘ 
promos shows that the content, mood and tone of the promo play a vital role in influencing userΩǎ 
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 prevent its spread. 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 reliable public 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 etc. Our technology for peer-to-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  
AnothŜǊ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ǎǇǊŜŀŘƛƴƎ ǘƘŜ ƳŜǎǎŀƎŜ ǘƻ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǇŜƻǇƭŜ ƛǎ ǘƻ ǳǎŜ άǊƻōƻŎŀƭƭƛƴƎέ ς 
randomly place cold calls to phone numbers. However, following are some of the advantages of Polly 
over a robo-call service for Information Dissemination 

tƻƭƭȅΧ 

ω Can know the language of the recipient via message sender 

ω Earns peer2peer trust that leads to stickiness of the message 

ω Enhances social communication networks 

ω Allows follow-up questions and feedback 

ω Enables recruitment into the network 

ω Spreads through backchannel/word-of-mouth communication 

ω Can control better timing of delivery 

ω Gives the feeling of ownership of the message to the sender 

ω Makes people get attached to it in a personal and emotional way 
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2. Skill -training and Job Opportunities in Pakistan  
tƻƭƭȅΩǎ ǎǇǊŜŀŘ ƛƴ tŀƪƛǎǘŀƴ ƭŜŘ ǘƻ ŀ ƭƻǘ ƻŦ ƳŜŘƛŀ ŀǘǘŜƴǘƛƻƴ ǘƘŀǘ ǊŜǎǳƭǘŜŘ ƛƴ ǎƻƳŜ ƛƴǘŜǊŜǎǘƛƴƎ ŎƻƭƭŀōƻǊŀǘƛƻƴ 
and funding opportunities. One such opportunity that promises sustainable impact is a collaborative 
project to improve access to skill training and employment opportunities for marginalized people using 
automated voice interaction systems in Punjab, Pakistan. Being funded by GIZ, this project is 
collaboration between Information Technology University and our team comprising Prof. Roni Rosenfeld 
(my advisor) and myself.  

Polly will act as a platform for connecting marginalized (especially handicapped) people in Pakistan with 
employment and skill-training opportunities. Polly will 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 and skill-training openings with 
a special focus on jobs and training opportunities for the disabled; 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. access to employment opportunities,  

2. access to skill training opportunities,  

3. and access to financing opportunities (through time-barred training voucher scheme) 

for the socially, economically or geographically marginalized segments of the society (with special focus 
on the handicapped) who predominantly use featured / dumb phone. 

The project will also bring together various key stakeholders of vocational training entities, industrial 
bodies, technology agencies and small businesses to create synergy between them in order to improve 
the efficacy of skill training and employment creation by creating linkages and providing data for 
effective policy development and implementation. Our concrete objective is to benefit, within the initial 
18 month period, over 50,000 poor people from under-served populations (women, minorities, 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 appropriate skill training programs. 

Beneficiaries and Location of Project  
The primary beneficiaries would be semi-illiterate or illiterate, socially, economically or geographically 
marginalized, physically disabled, unskilled and unemployed people who have access to 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 primary 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 most 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 
ǳǎŜǊǎΦ ά¢ƘŜ ǇƘƻƴŜ ǳǎŜǊǎ ƘŀǾŜ ōŜŜƴ ŘŜŦƛƴŜŘ ŀǎ ΨǇŜƻǇƭŜ ǿƘƻ ǳǎŜ ŀ ǇƘƻƴŜΣ ǿƛǘƘƻut owning themselves 
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ό¢ƻƳƛǘǎŎƘύΦέ ¢ƘŜ ǊŜŀǎƻƴ ŦƻǊ ǘƘƛǎ ƛƴŎǊŜŀǎŜ Ŏŀƴ ōŜ ŀŎŎƻǳƴǘŜŘ ŦƻǊΣ ōȅ ƻōǎŜǊǾƛƴƎ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ƴǳƳōŜǊ 
of GSM providers, and reduction of connection costs and mobile phone costs in Pakistan. 

Pakistan has approximately 5.8 million land line 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 traditionally 
inaccessible for such initiatives. A 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 Voice Response (IVR) for the illiterate, semi-literate 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 computers, or be 
able to read or write text. Usage of this system will enfranchise even those who were not accessible 
through traditional routes. These beneficiaries would be identified through the poverty score card or 
other yardstick defined on the basis of such attributes. 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 nation-wide.  

Direct Beneficiaries  
Direct beneficiaries would be the under-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 status. In our past experience with Polly, 
some 30% of Polly users engaged with the job opportunities. We conservatively assume that only 5% of 
the total will choose to register with our system and be connected with employment and skill training 
opportunities. .ŀǎŜŘ ƻƴ ǘƘŜ ǇǊƻƧŜŎǘƛƻƴǎ ƻŦ tƻƭƭȅΩs Pakistan spread (see section 5 below), this 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 speech-based access to job opportunities, vocational 
skill training opportunities and subsidized skill training opportunities over telephones and mobile 
phones. They can audio-browse these opportunities and opt to register with our system. Our pervious 
project in Pakistan cost us an average of $0.25 per 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 and 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 given training 
vouchers towards specific skill training appropriate for their location, circumstances and expected job 
prospects. They will be chosen from among the most under-served portions of the population (females, 
minorities, illiterate, rural), with exact criteria still to be worked out. The vouchers will be time limited: 
unused vouchers will expire, allowing us to offer new ones to other eligible applicants. Therefore, even 
though our budget supports only 3,300 vouchers, we expect to be able to offer them to 5,000τ10,000 
eligible under-served users. 

Other Beneficiaries  
Other beneficiaries of this proposal would be:  

¶ Pakistani companies and SMEs (Small and Medium Enterprises) as they will have better access 
to relevance skilled manpower; 

¶ Pakistani government as they will have better information about employment and skill-training 
needs and opportunities; and 
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¶ 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 population 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 prospects. In a nutshell, 
this project 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 many web-based 
online job portals as well as newspapers and other resources to search 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 for delivery and dissemination of such information to those who do not already have 
access to it. It will be accessible to anyone with a simple telephone anywhere in Pakistan.  

Sustainability Strategy  
Once the system development, testing and deployment are completed, the most significant expense to 
remain in steady-state operation is cellular airtime charges for our toll-free numbers. We anticipate 
steady-state traffic averaging 5,000 calls/day, at 3 minutes each, for a total of some 5,475,000 airtime 
minutes/year. These would be covered by a combination of the following sources: 

¶ Revenue sharing by the cellular carriers (30% is the customary rate for for-profit enterprises that 
generate such high traffic. Non-profits may garner more, perhaps 40%). 

¶ Cost sharing by the partner organizations, since they will receive significant marketing and 
communication services from the system. 

¶ Some ongoing subsidy from national and/or provincial depts. of labor. 

¶ Anticipated global drop in cellular communication costs. 

As a fallback strategy, we can offer some of the services on standard (not toll-free) lines, effectively 
letting the callers bear the airtime charges. Our experience with Polly shows that this reduces activity 
significantly, so we will only do this if necessary. Another strategy we have used successfully is to put a 
quota on the number of toll-free 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 charging nominal fees 
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, were converted to 
audio format by our team members). This does not have to be so and a Craigslist-like web 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 offerings is content 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 
users for content moderation as well [75]. How reliable is user-based content moderation for developing 
world, speech-telephone-based 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 user feedback and comments about Polly in the form of 
unconstrained speech. There is a lot of untapped potential in using Polly to: 

¶ Conduct structured surveys to get a pulse of the population's needs and sentiment. This could 
result in a real-time platform for performing demand assessment. 

¶ Assess skills and literacy through speech-based 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 users' knowledge and proficiency of skills as they progress 
through classes and tutorials. 
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: Real-Time Monitoring & Appendix A
Analysis  

The real-time monitoring and analysis system consists of a set of PHP scripts that support an online 
dashboard designed to provide various types of information that is required on the go while Polly is in 
ƻǇŜǊŀǘƛƻƴΦ Lǘ ŀƭǎƻ ƘŜƭǇǎ ƳƻƴƛǘƻǊ tƻƭƭȅΩǎ ǎƳƻƻǘƘ ƻǇŜǊŀǘƛƻƴ ŀƴŘ ǘƻ ŀƴŀƭȅȊŜ ƛǘǎ ǎǇǊŜŀŘ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴΦ It is 
critical for understanding where virality is hampered, how people choose to use the system, and to take 
a pulse of the running system. 

Some of the key pieces of information provided by the monitoring system are as follows: 

¶ Real-time operational statistics to get the pulse of the system e.g. lengths of scheduler queues; 
available memory and telephone capacity; system responsiveness; call-back and delivery 
latency.  

¶ ¢ŜƳǇƻǊŀƭ όōȅ ŘŀǘŜ ŀƴŘ ǘƛƳŜ ƻŦ Řŀȅύ ŀƴŘ ƎŜƻƎǊŀǇƘƛŎ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ tƻƭƭȅΩǎ ǘǊŀŦŦƛŎ ŀƴŘ ǎȅǎǘŜƳ 
activity. 

¶ Analysis and tracking of spread e.g. message delivery graphs; trees of who-introduced-whom to 
Polly (to link seeding to spread); user retention. 

¶ 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 interface hurdles. 

¶ Analysis of user feedback, scheduled voice messages and access to complete call recordings. 

In addition the monitoring & diagnostics system also: 

¶ Raises real-time SMS and email-based alerts about operational problems and bugs, 

¶ Automatically archives, backs up, summarizes and emails various types of data on regular basis, 

¶ Auto-detects and recovers from certain problems by restarting the telephony and web servers, 

¶ Helps is manual diagnostics of errors and allows quick-fixing 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 statistics till the current day and also the updated statistics for 
the current day. In addition it gives alerts about remaining hard drive space etc. 
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This report also provides access to various analysis scripts. 
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Further details about any particular date can be obtained by clicking on another date. 

 

The main page also gives access to an interface for accessing and transcribing feedback files. 
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New User Introduction Trees 

 



124 

 

 

 



125 

 

 

 

  



126 

 

Message Delivery Graphs 

 

 
























































