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Abstract

Flocksourcing, or guided crowdsourcing, is an experimental data collection technique where users
become the sensors to generate a large amount of information that improves a public service like
public transport. In an ideal world, users would self-organize to collect data that would improve
their own experience—but in a place like Dhaka, the megacapital of Bangladesh, the technology
that enables users to become sensors is not (yet) widely available.

In this thesis, we attempt to test the viability of flocksourcing by co-developing and seeding those
technologies with a local resident-led flock who targeted a segment of the largely owner-operated
bus system in Dhaka. The results from a flock of eight’s weeklong data collection efforts
demonstrated that flocksourcing can be a viable data collection technique for generating big
amounts of data even in some of the most challenging urban environments. While the
demonstration helps lay the groundwork showing that the technique can be used, questions still

remain on whether and how it will be used in a truly sustainable way.

Thesis Advisor Christopher Zegras
Associate Professor of Transportation Planning
Department of Urban Studies & Planning, MIT

Thesis Reader Eran Ben-Joseph
Professor of Landscape Architecture
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Foreword

The future of cities is no longer held in one big plan but in a thousand
little, measured strokes.

The following thesis was written with the intention of advancing the idea
of low-cost smart cities for everyone. New technological breakthroughs
that have enabled relatively cheap and precise measurement may be
actuating a more performance-based, more responsive, and more
iterative approach for managing cities. This possibility could not have
come at a better time with increased pressure on our shared urban
resources—roadspace, energy, water, and happiness—especially in places
that have trouble keeping the city lights on.

Most research on smart cities focuses on innovations that further
improve the capacity of already fairly smart cities like Singapore and
Stockholm. Often times, those innovations do not transfer well to places
like Dhaka and Jakarta, where institutional capacities and the ability to
invest in new infostructures make them difficult to implement.

We do believe that while many of these recent technologies were
developed for more advanced contexts, they can be appropriately
adapted for low-cost cities with the collaboration and shared intention of
local stakeholders. In some ways, data and information powered by the
mobile device, which can be retrofit on top of even the worst physical
infrastructures, may offer hope for a rapidly improving future for these

cities, and for our collective future on this shared planet.

The first step is to bring science and visibility to the idea that these
adaptations—like flocksourcing big bus data in Dhaka—can be
technologically viable and socially sustainable. The next step is to inspire
a generation of city mayors, innovators, planners, technologists,

designers, and citizens to push forward these possibilities.

Albert Ching, Stephen Kennedy & Muntasir Mamun
Co-founders of the Urban Launchpad
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Figure 1.1 | Evening traffic in Dhaka featuring dedicated rickshaw lane on the right (Source: Unknown)

What do we predict will happen to Dhaka if nothing is done?

9 million people
9 million motorbikes
3 millioncars

2100% vehicles per 100 ppl

Figure 1.2 | 4 pm traffic in Jakarta with Transjakarta dedicated BRT bus lane on the left
(Source: Author's fieldwork, August 2011)



Motorization and the Iron Law

Today, there are 800 million cars on the road. By 2050, there is expected to be 2-4
billion additional cars, most of them in Asia, particularly India and China (Ford 2011). In
Delhi, projections indicate a 500% increase in vehicles by 2030 compared to 1990 levels
(Hickman and Bannister 2011). Motorization in Beijing has been growing rapidly,
increasing from 3 million to 4 million cars in 31 months between 2008 and 2010,
compared to the 12 years it took Tokyo to do the same (CPPCC 2010).

The laundry list of problems associated with motorization, aside from the highly visible
congestion, are well-known, from health to equity to climate change. On a local level, air
pollution (ADB 2003) and road fatalities have increased to dangerous levels over the last
few decades in Asian cities. These consequences disproportionately impact the urban
poor, who also experience declining levels of service in alternative modes like buses as
more consumers shift to private modes. Globally, the issue may be more alarming as the
transport sector already accounts for approximately 20% of global greenhouse gas
emissions and by most forecasts, will be the most rapidly growing anthropogenic, or
human-made, source of emissions in the future (e.g., Timilsina and Shrestha, 2009).

Figure 1.3 | Iron Law: Motorization vs. Income Growth (Source: Motorization and income data from
World Bank, population from the UN population division)
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As Figure 1.3 illustrates, the reason motorization in Asia seems inevitable is based upon a
historically strong correlation between motorization and income growth (Galkenheimer
1999; Dargay 2001), referred to as an “Iron Law” by Zhao (2012). As income grows so
does the number of cars and two-wheelers per capita.

Figure 1.4 | Iron Law, Motorization, and “Lock-In" (Source: Motorization and income data from
World Bank, population from the UN population division; Sandra and Archaya (2007); Barter
(2004))
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Of note in this relationship are a couple of important inflection points, one where car
ownership takes off, and another where a city becomes “locked-into” cars, a state that has
proven difficult to unwind in the West. Archaya & Morichi (2007) suggest that car
ownership takes off at an income level of $5,000 per capita and Paul Barter (2004)
estimates that “lock-in” may occur around 10-20 cars per 100 people.



Figure 1.5 | Iron Law, Motorization, “Lock-In”, and Developing Asia (Source: Motorization and
income data from World Bank, population from the UN population division; Sandra and Archaya
(2007); Barter (2004))
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Based on the latest statistics available, most developing countries in Asia—China, India,
Indonesia, Bangladesh—seem to reside below those points as Figure 1.5 illustrates.
However, visit any of the major urban areas in those same countries—Beijing, Bangalore,
and Jakarta—and it is difficult to find one that is not “traffic saturated” (Barter 2004), if
not on the path to be “locked-in” to cars. Due to high densities, traffic saturated cities
may encourage the proliferation of motorcycles and two-wheelers (not shown on the
preceding charts) which play a significant role for users trying to avoid congestion in
cities like Jakarta and Hanoi, where the percentage of trips taken by motorcycle
(including bicycles) is as high as 93% (JICA 1997).

Bangladesh and Dhaka, the context for this thesis, are early enough on their development

path where the motorization inflection point and auto lock-in have not been hit.
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Part of the reason why the impending motorization seems inevitable is rational, given the
health effects of taking alternative modes where air pollution and traffic accidents are
constant concerns. Private cars are a much better user experience—more convenient,
relatively faster, and more reliable—than the often hot, sweaty and crowded alternatives.
The other reason, which is perhaps more important, is aspirational.

Figure 1.6 | Car Ownership Aspiration Index (Source: Nielson 2005)
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The aspiration index measures the relationship between current ownership levels and
future intentions to purchase a vehicle, highlighting countries of high future demand. From
the survey, three groupings emerged:
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As Figure 1.6 depicts, car ownership aspirations are high in key countries in developing
Asia ahead of their ability to afford owning a car. Cars have symbolic value in many of
these countries associated with the transition to a “modern middle class” (Vasconcellos
1997). Wu et al (1999) explains that car ownership has both a utilitarian and symbolic
utility, with the latter being particularly important in the early stages of motorization,
where most of these countries in developing Asia find themselves. That symbolic utility
has been, in part, cultivated by auto manufacturers, who spent $23 billion in 2011 to fuel
the ownership aspiration (Borrell Associates 2011).
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Figure 1.7 | Strategies for Managing Motorization (Source: Compiled by author from primary and
secondary research and GIZ guides on sustainable transport)
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IMPROVE AUTO—SUBSTITUTES

Cities in developing Asia, already plagued with increasing congestion, have tried an
assorted menu of strategies for managing this motorization. Those strategies fall into two
categories: efforts to curtail motorization itself (restraints on private motor vehicle
ownership) and those to curtail private motorized traffic (restraints on private motor
vehicle use). Naturally, the latter might act indirectly on the former, reducing the
utilitarian convenience of private motor vehicle use but maintain the symbolic value of
ownership, which has more to do with peer and culturally driven consumer and social

desires.

Singapore, well-known for its long-time use of road pricing measures and vehicle taxation
and ownership quota schemes (e.g., Willoughby 2000), likely represents the extreme on
the end of restricting car use. Barter (2004) suggests that Singapore, many Japanese
cities, Hong Kong, and even Seoul until the 1980s, intervened at early stage motorization
to slow their motorization trajectories via a range of taxation and other policy schemes
(not necessarily for the same public policy purposes), which have enabled those places to
maintain a strong public transport role with a legacy of transit-oriented urban structures

and well-functioning public transport services.

Arguably on the other end of the extreme rests much of the rest of rapidly urbanizing
Asia, epitomized according to Barter (2004) by places like Bangkok, Kuala Lumpur and
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Taipei, where un-curtailed motorization reached relatively high levels before efforts to
implement “modern” public transport were realized. While a few rapidly developing
cities, most notably Shanghai and more recently Beijing, have adopted policies — vehicle
ownership auctions and quotas, respectively — to reduce the rate of growth of the private

car fleet, such approaches have been more the exception in almost all of developing Asia.

A common policy reaction to motorization is to increase the supply of roadways, which
may decrease congestion in the short term. At the same time, however, these moves tend
to encourage longer-term motorization patterns through several inter-related
mechanisms. Most basically, expanding roadway capacity improves driving conditions
thereby inducing traffic in the short-term (trips from other modes, times of day, routes,
etc.) and shifting demand in the longer run, as the city and its transportation system
become more automobile oriented. Simultaneously, improving private motor vehicle
flow via expanded capacity tends to create short and long-term effects that make other
modes less desirable. In the short term, for example, because they may take up space
previously used for non-motorized modes while increasing non-motorized modes’
exposure to safety and pollution hazards; in the longer-term, the automobile-oriented
built environment (wide roads, long blocks, longer distances, etc.) further disadvantages
alternatives to the private motorized modes. Borrowing Barter’s (2004) terminology, the
automobile-oriented response to traffic saturation (road investments and auto-oriented
suburbanization) leads to automobile-dependent cities; restraining vehicle ownership
and use and investing heavily in transit-oriented alternatives can create an alternative.
Most large and rapidly developing Asian cities have yet to become “locked in” to
automobile dependence, yet are quickly approaching the point where their response to
traffic saturation may put them firmly on the auto-dependent path. As Barter (2004)
suggests, avoiding auto-dependent entrenchment now is likely easier than attempting to

reverse it later.

Nonetheless, restricting car ownership and use nearly anywhere remains a difficult
proposition on a political and institutional capacity level. Few Asian cities have been
willing or able to replicate Singapore’s approach, for example. Despite an apparent basic
political logic favoring non-automotive solutions (since automobile ownership and use
remain a privilege of the minority in most places), policies and investments tend to
heavily favor automobile infrastructure (for a good description of reasons for this in the
developing city context, see Vasconcellos, 2001) — influenced, not trivially, by images of
“modernization,” large industrial and financial players (national and international), trade
and economic policies, etc. The automobile represents a development paradox — on the
one hand it symbolizes “freedom” and, in theory, offers individual comfort, convenient,
privacy, speed, etc. On the other hand, and in aggregate, it poses a challenge with respect
to a host of well-documented urban ills — contributing to traffic safety problems, local air
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pollution problems, and equity concerns (e.g. Pucher etal 2006; Bose and Sperling, 2003;
Vasconcellos, 2001).

At the global scale, motorization also presents a development dilemma. Increased
income growth and the subsequent rise in private vehicle ownership in the developing
world is certainly an important force leading to the transportation sector being the
highest forecast source of greenhouse gas emissions (e.g., Timilsina and Shrestha, 2009);
however, the developing world lags well behind the industrial world in “responsibility” for
the higher concentrations in greenhouse gases in the atmosphere since dawn of the
industrial age. Expecting aspiring Asian urbanites to sacrifice the car in the name of
climate change risk — even if Asian cities such as Dhaka may be among the most adversely
affected by global climate change — will no doubt inspire skepticism. To restrict car use is
to restrict freedom, something that may be the antithesis of development and difficult to
sell to the auto-aspiring class of voters. More important, however, may be a government’s
capacity to implement complex measures such as congestion pricing, deterrent parking
fees, and controlled land use—especially when even basic maintenance of existing

transport services is difficult.

The more politically attractive option to restricting car ownership and use, then, is to
attempt to improve automobile substitutes. Again, “hardware”-focused solutions tend to
predominate here as well — from the large urban rail investments in places like Kuala
Lumpur and Bangkok, to the more recent bus rapid transit (BRT) “revolution,” with large
systems developed early this century in places like Jakarta and Kunming. While
improved public transportation is helpful, likely fundamental, to rapidly developing Asian
cities, hardware alone will simply not suffice. As Hickman et al (2011) suggest, “urban
transport in Asia is in crisis.” No single silver bullet will resolve this crisis. Solutions must
effectively aim at managing mobility, improving conditions for the still vastly non-
motorized residents of developing Asia by embracing an integrated approach, focusing on
both the hardware of new infrastructures, but also the “software” of system management.
Towards this end, many rapidly growing Asian cities are arriving at the critical historical
juncture where they can choose, or not, a path of automobile dependency, with a new tool
at hand: the mobile phone.

14



The mobile-driven mobility intelligence opportunity

Can owning a cell phone replace the desire to own a car?

Figure 1.8 | Mobile-empowered rickshaw wallah in India with Airtel, a leading mobile phone
service provider’s billboard in the background (Source: Reuters 2009)

Figure 1.9 | Mobile penetration and motorization rates across Asia (Source: Motorization data from
World Bank, mobile penetration data from various sources compiled by Wikipedia)
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The last two decades have witnessed a boom in what today is known as Intelligent
Transportation Systems (ITS). ITS has tended to focus on applying new information
technologies to “traditional” transportation functions, such as traffic light
synchronization, toll road and public transportation operations, and commercial fleet
tracking. The increasing sophistication and ubiquity of a range of different consumer-
oriented mobile devices, however, may fundamentally change ITS as they introduce new
information sources and communication paradigms into transportation planning and
operations, including distributed mobile sensor networks, direct citizen engagement, and
means for broadly and quickly distributing close-to-real-time information (e.g. on city

events).

The mobile phone epitomizes these developments. What was originally “only” a
untethered telephone today is a computer, sensor, camera, GPS device, personal planner
and more. At one end are the most basic phones which are still equipped with voice and
text capabilities that can potentially tap into a network of knowledge from market prices
for fish to emergency alerts for natural disasters. On the other end are what are
commonly referred to as smartphones which add not just data and Internet connectivity
but also a host of applications and sensors from GPS to high resolution cameras. Perhaps
as powerful as low-end computers if not more useful, smartphones and their larger
screened cousins, the tablet, may replace laptops and PCs for large portions of the
developing world population, especially in countries where penetration of personal

computers is not high.

In more affluent, highly-connected places like Hong Kong and Singapore, mobile phones
outnumber people (see Figure 1.9) and in Singapore, 62% of the population already owns
a smartphone (Our Mobile Planet 2011). In less motorized countries like Bangladesh,
Pakistan and India, mobile phones have grown to become an astounding 60x more
ubiquitous than motorized vehicles in just a few years.

In the context of sustainable transport, mobile phones may play a significant functional
role. Mobile phones are conduits for both receiving and creating valuable urban
information. With some adaptation and innovation, that layer of information can be
retrofitted on top of any infrastructure, hard or soft, in good condition or bad, from roads
to social networks. Recent observations suggest that that intelligence layer, sometimes
referred to as an infostructure, can potentially help make the other urban infrastructures
more efficient (Operators more effectively managing fleets of shared vehicles) and more
responsive (Regulators more quickly adjusting policy based on changing conditions),
while also making users happier (Users with more access to transport infrastructures
around them). Instead of owning a car, a mobile phone can enable a user to better access
shared transport from booking a taxi to finding bus routes.
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Like the automobile, the mobile phone has both utilitarian and symbolic utility. The
symbolic utility of mobile phones in developing countries does not yet seem to be
rigorously researched but indications are that the symbolic value of the mobile phone
may be as significant as its functional role, especially in places bound by rigid social and
knowledge hierarchies.

Saachin Pilot, the youthful minister of information and technology in India, observed at
the 2011 mBillionth South Asian mobile empowerment awards held in Delhi:

India is an ancient society. For many years, only few people had knowledge. It was blood by
chance. The mobile phone is a godsend . . . [and] information can break the stranglehold of the
ovarian lottery sealed in India’s old hierarchies and shackles.

Figure 1.10 | Mobile phones and its uses for sustainable transport
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The mobile phone’s dual functional and symbolic value may enable it to play four key
roles in support of sustainable transport:

(1) Marketing sustainable transport as a more convenient, environmentally-
friendly, modern, and simply better alternative to cars and two-wheelers,

(2) Providing users with real-time, or almost real-time information that can
improve accessibility to and potentially comfort and safety of shared vehicles,

(3) Providing operators with real-time, or almost real-time information that can
improve efficiency and potentially profitability of shared fleets

(4) Enable city governments to better monitor and evaluate ongoing and future
initiatives in a more precise and timely manner than before

17



Landscape of mobiles + mobility mash-ups in developing Asia

While the hardware is available, are mobile + mobility mash-ups
(combinations) happening on their own within developing Asia? On what
modes? Are current experiments sustainable and scalable?

Guided by these questions, I spent three months traveling to 11 cities in South and
Southeast Asia in the summer of 2011. Those cities included the more developed, transit-
oriented cities such as Singapore, Hong Kong, and Mumbai, what Barter (2004) calls the
traffic-saturated but perhaps not yet automobile “locked-in” cities of Bangkok, Kuala
Lumpur, Jakarta, and Bengalaru, and unmotorized cities, such as Dhaka, the cycle
rickshaw capital of the world, and Fazilka, a car-free town in northern Punjab, India.
Most of the visits were arranged to meet entrepreneurs that had combined the mobile
phone with mobility in a creative way (Fazilka, Jakarta, Bengalaru) which I found online
and through the Sustrans mailing list, an email forum for sustainable transport
enthusiasts in Asia. For other locations (Dhaka, Bangkok), I did not have a mash-up
identified before my visit.

The innovations I found were creative, resourceful and often humorous especially for the

Western observer. Some of the more notables ones are depicted in Figures 1.11-1.14

Marketing

Figure 1.11 | QR-coded rickshaws in Patiala (Author’s fieldwork, July 2011)
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Ravee Aahluwalia, the coordinator for Patiala’s implementation of the Dial-a-Rickshaw
service in Punjab, India, placed QR-codes, or three-dimensional barcodes that can be
read by most smartphones, on rickshaws to help identify their owner, and transform an
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old transit mode into one that was modern. The mayor could not stop scanning the
codes.

(Real-time) user services

Figure 1.12 | Dial-a-rickshaw in Fazilka (Author's fieldwork, July 2011)

(Real-Time)
User Services

Navdeep Asija launched Fazilka Eco-cabs, the world’s first dial-a-rickshaw service, to
provide a safe and reliable way for his mother to get to the market. Instead of hailing a
cycle rickshaw on the street, users can call a call center usually manned by the chai wallah
who sends the next available rickshaw to the user’s location. In addition to the dial-up-
service, the Fazilka start-up has pioneered other innovations from fixed fares and lighter

rickshaws to health insurance for the rickshaw drivers.

Figure 1.13 | On-demand ojeks, or motorcycle taxis in Jakarta (Author’s fieldwork, August 2011)

(Real-Time)
User Services
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Nadiem Makarim started Go-Jek, an on-demand motorcycle taxi service that can

help users more quickly and reliably navigate the traffic-clogged streets of Jakarta than
by taking a regular taxi. An ojek, or motorcycle taxi, can be booked by calling or sending
an SMS. In return, an SMS confirmation is sent with a detailed description of fare,
expected wait time and driver name. In addition, the service has produced economics of
scope. A popular and unexpected use of the service is for commercial deliveries especially

wedding invitations, which are traditionally hand-delivered rather than mailed.

(Real-time) operator services

Figure 1.14 | Fleet management systems from (left) analog taxi paper logs in Kuala Lumpur to
(right) digital vehicle tracking in Dhaka (Author’s fieldwork, July/August 2011)

Anthony Tan and Hooi Ling Tan created MyTeksi, an on-demand platform for taxi
operators in Kuala Lumpur to reduce the unsafe conditions for women in taxis. To do so,
they built a smartphone-based platform for tracking a taxi fleet, replacing the largely
paper-based system that is in use today. These fleet management technologies have been
also pioneered in Dhaka by Arup Chakti and his team at NITS, who designed custom
hardware to track delivery trucks which were often stolen for their prized cargo.
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Figure 1.15 | Mobile-driven innovations by transport modes in select cities in developing Asia
(Compiled from author’s fieldwork, July/August 2011)
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Together, the efforts of these entrepreneurs and others in the region formed a
constellation of recent innovations (almost all less than two years old) taking place
without government subsidies or support. The regional scan of examples revealed several
apparent patterns. First, most centered around more profitable but less environmentally
friendly modes of cars and auto-taxis. Rarer were efforts focused on improving public
transit, and buses in particular. In addition, since the cost of learning how to set up and
integrate these technologies is non-trivial, there appeared to be more related endeavors in
cities with larger agglomerations of technical expertise, like Bengalaru, a global hub for
technology development. Fewer innovations appeared in less affluent cities, like Dhaka, a
city known more as a hub of global clothing manufacturing than software development.
Deploying the related technologies across contexts (even different cities in the same
country) was not common due to the very localized, customized purpose of the original
technology. Cross-context collaborations of the innovations, even when similar, was not
witnessed. Finally, irrespective of place, the financial sustainability of the various
endeavors remains unclear. Most of these initiatives were somewhat new, and typically

powered by the determination of the founders more than by the motive of profit.
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Rather than focus on the how or why of these innovation ecosystems, I aimed to
understand how implementation of mobile and mobility mashups could be accelerated
and, in particular, focused on the public transport side, especially “traditional” public
transport like buses. Was the most effective strategy to support existing and aspiring
entrepreneurs through financing, through technology, or through marketing their
successes globally? Could an outside research team with some access to technical
expertise seed technology with a local partner in a place that would otherwise take at least
a few years to germinate on its own?

It was based on this preliminary field research that we decided to focus on smartphone-
based technology that could improve Dhaka’s heavily used but highly chaotic bus system,
in hopes that it could both spark innovation on other sustainable modes in Dhaka and on

buses throughout the region.
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Figure 2.1 | Extreme crowding on buses in Dhaka during annual Itiema pilgrimage, the second largest gathering of
Muslims next to the Hajj (Source: Author’s fieldwork, January 2012)
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Figure 2.3 | Inside a mini-bus on the outskirts of Dhaka (Source: Author’s fieldwork, January 2012)
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Buses in Dhaka

Dhaka has one of the largest captive bus riderships in the world but few
promises of improving what is at best a convenient but crowded and
disorienting user experience. Can information help?

Dhaka is the fastest growing city in the world, with a population that has increased four-
fold in the past 25 years from 4 million in 1980 to an estimated 15-18 million today
(United Nations 2003). More pressingly, the population is expected to grow to 22-25
million by 2020 (World Bank 2005, City Mayor Statistics 2012), which would rank Dhaka
as the fourth largest urban area in the world. This somewhat aggressive population
forecast is plausible, due to Dhaka’s role as the economic and political capital of
Bangladesh and consequently, one of the best protected areas to flooding in one of the
most densely-populated, lowest lying countries in the world. One hundred and sixty
million people live in a floodplain the size of Wisconsin, consistently named as one of, if
not the most vulnerable places in the world to climate change.

The combination of high density and limited space for new transport infrastructure has
translated into significant road congestion despite one of the lowest motorization rates in
the world (ADB 2011). Without a mass transit system, Dhaka has one of the more unique
transport mode share splits in the world, with a high reliance on non-motorized means.
Based on the latest available official transport survey in 2004, one in three transport
users’ primary mode of travel is by cycle rickshaw (STP 2005). Despite only 89,000
official licenses, an estimated 500,000 cycle rickshaws — the most in the world — plow
Dhaka’s limited roadways, making them an easy target of the city’s reform efforts at
reducing congestion. 22% of users walk to their destinations (STP 2005), a sharp decline
from 60% just five years prior (DUTP 1998), due in large part to increased pressure on
the pedestrian infrastructure. In a limited study of a proposed Bus Rapid Transit (BRT)
corridor study between the airport and a major bus terminal in Gazipur, only 37% of the
observed roads had footpaths on both sides and more than half had no footpaths at all
(Efroymson 2011). Consequently, Dhaka also has one of the highest pedestrian shares of
traffic fatality rates in the world at 54% (Leather etal 2011). Only 2% of households own
bicycles (Rahman 2008).

With the ban of cycle rickshaws from the main arterial roads starting in 2004 (World
Carfree Network n.d.) and continuing to as recently as April of 2011 (Work for a Better
Bangladesh 2012), buses have increasingly become the lifeline for almost half of residents
in the city, with 44% using buses or mini-buses as their primary mode (STP 2005),
especially for longer trips. The average bus trip length is 8 km vs. 2 km for rickshaws,
and buses are the cheapest available mode of public transport (Rahman 2008).
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Despite a high demand for services, Dhaka has only 6,500 buses (Hasnine 2011) for its
15-18 million person population. By comparison, Colombo, the capital of neighboring Sri
Lanka, has more buses (7,600) for a population less than half of that size (4.6 million)
(Hoque & Hussain 2004). With only 2% of buses operated by the government itself,
oversight is imperative with as many as 750 individual, private owners (Rahman 2008)
operating on 59 licensed routes (Olsson & Thynell 2004). Recent consolidation has
brought the lion share (75%) of buses within the control of 45 bus companies (ADB
Greater Dhaka Sustainable Urban Transport Project 2011).

Due to the importance of buses to the daily operation of the city and the fragmentation of
the industry, there are no less than six government agencies with a major stake in
regulating bus operations in Dhaka. The Dhaka Transport Coordination Board (DTCB) is
the lead agency, tasked to plan and coordinate a long-term sustainable transport strategy
for the city. The Bangladesh Road Transport Corporation (BRTC) operates 2% of the
buses in the city, the Bangladesh Road Transport Authority (BRTA) regulates public
transport vehicles, the Road Transport Committee (RTC) awards route permits, the
Dhaka Metropolitan Police (DMP) is responsible for enforcing regulations, and the Dhaka
City Corporation (DCC), which split into two bodies in late 2011, is responsible for overall
municipal governance and administration. In spite of or largely due to the extensive
regulatory framework, a “range of rent-seeking practices affecting all aspects of bus
operations and regulation” has become pervasive and makes any “new investment [by bus
owners] unprofitable” (World Bank 2009).

A detailed cost analysis of four different types of Dhaka buses found that expected costs
for operations, maintenance and depreciation per kilometer are up to 42% higher than
the fixed government fare, even without including illegal bribes and payments made
(Bhuiyan 2007). Bus owners are suspected to make up for this shortfall by overloading
passengers during peak hours, minimal maintenance, using buses long after their
recommended lifespan, and adding on unauthorized charges based on what commuters

are willing to pay.

In the context of increasing motorization, the result for the millions of captive bus riders
in Dhaka is alarming. Mannan and Karim (1999) estimated that buses were involved in
25% of road accidents in Dhaka. According to Katz and Rahman (2010):

Travelers are forced to hang out the door frames in the most extreme conditions, filling all available
space in the aisles . . . This not only is a comfort issue for many passengers but also affects the safety
level at which the buses operate. For many passengers, the link between crowding and safety is
strong; some feel not only less comfortable but also less safe among their co-passengers during
crowded conditions.
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Crowdedness not only impacts safety but also equity, as the most vulnerable populations
are often effectively denied rides. Rahman (2008), for example, suggests that older
adults, women and children often cannot board buses during rush hour, since these
groups avoid having to fight during peak-period boarding and alighting. Using data from
the 2004 travel survey, Enam and Chowdhury (2011) find that women are less likely to
consider public transport in their travel choices.

Since private operators have little incentive to invest in a better user experience, the
government, with the assistance of outside agencies like the Swedish International
Development Cooperation Agency (SIDA) and the Japan International Cooperation
Agency (JICA) has tried to incentivize the private operators through competition,
launching its own aforementioned bus service in 2001. While it has had a number of
stumbles procuring and maintaining buses in the past, the BRTC has recently launched
several hundred modern, high capacity buses from China and Korea that, though my
interviews of local bus patrons and data that we collected in this study, are rated among
the best in Dhaka. 300 buses featuring electronic ticketing are expected to hit the roads
in June 2012, with another 300 planned in the next year (BRTC 2012).

The efforts of the government, while still perhaps too early to evaluate, seem to be one
step toward improving the conditions for captive riders and preventing the future rapid
erosion of the significant passenger base. Can better information on Dhaka’s buses

complement those efforts?

Current bus data collection methods

Despite the pronouncements that we are now living in a world of limitless data,
information is expensive to collect, especially when attempting to measure thousands of
uncoordinated, moving shared vehicles that serve millions of riders everyday. It explains
why, despite its apparent need, Dhaka does not have an updated map of its bus system.

Before we examine how bus data are being collected today, it is helpful to first outline the
dimensions of measurement and how new tools like the smartphone are redefining the
landscape of not only what can be measured but also how precisely, and how quickly
those measurements can be disseminated.
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Figure 2.5 | Categories of bus data
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Figure 2.6 | Dimensions of measurement
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Most discussions of measurement usually center around the range of metrics that are
measured, from the more objective metrics like speed to the more subjective measures
like happiness. As Figure 2.5 depicts, there are four main categories of metrics that relate
to buses (and which are common to shared vehicles): those that characterize the objective
position and nature of the bus itself, (1) space, (2) time, and (3) physical conditions, and
(4) perception, which references the individual experiences of bus riders. However, as
Figure 2.6 illustrates, there are two additional dimensions of measurement that have
become increasingly important with the proliferation of networked digital tools: (1) the
accuracy and precision of those objective measurements and the (2) speed at which those
measurements can be both made and disseminated. The former speaks to the capabilities
of digital sensors to capture at least objective measures to a level of accuracy and
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precision that human senses cannot i.e. digital clocks measuring time to the thousandths
of a second. The latter speaks to the ‘real-time* nature of data and intelligence today, that
something can be measured and shared almost simultaneously. Whereas earlier digital
technologies like video and voice recorders expanded the scope of what could be
measured, more recent digital networked technologies like smartphones have been the
catalyst for redefining what is actually measured in practice.

Figure 2.7 | Types of bus data collection devices
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Bus data collection in Dhaka

While buses in Dhaka are highly visible on the roads, they have been historically costly to,
and consequently rarely, measured in data. Data collection for buses in Dhaka (and likely
in much of the rest of the developing world) has been analog and ad hoc. By analog, I
mean collected using human observation and, essentially, pen and paper. Since any
analog method that attempts to capture data on moving objects in a relatively chaotic
atmosphere at a mega-city scale will require significant amounts of time and resources, it

will likely be ad hoc, or done much less frequently than necessary to remain up-to-date.
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Figure 2.8 | Current bus data collection snapshot for Dhaka by type of data collected
(Source: Compiled by author from various sources)
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Some efforts to merge analog and digital approaches have taken place in Dhaka. For
example, researchers like Hasnine (2011) and Katz and Rahman (2010) have attempted to
characterize the bus system in Dhaka by supplementing analog tools with digital voice
and video recorders to more precisely measure crowding and bus wait times. While those
studies have provided valuable glimpses into the system itself, they have been rare. The
challenges arise not just from the technologies or the tools themselves, but also from
weak institutional capacity typified by RAJUK, the main planning agency for Dhaka who
reportedly has a total of 10 planners for the 15-18 million inhabitants of the city (Shafi
2010)'. Across all categories of bus data from temporal and spatial to comfort,
demographics, satisfaction and behavior, there is a palpable absence of data. One might
wonder that if the mobile phone can empower hundreds of millions who previously did
not have knowledge, could better information powered by digital tools begin to empower

well-intentioned institutions as well?

1 San Francisco, a progressive but largely developed city of 800,000 has a planning department staff of 152 (SF
Planning Dept n.d.).
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Bus data collection in the industrialized world

In contrast, bus data collection methods in the more industrialized world are increasingly

digital but in some cases, still closed to the public.

Digital tools can augment human senses and capture data more scalably and at a higher
precision than analog tools. Digital time can be captured in fractions of a second. Digital
location, which is today sensed, triangulated and optimized by a combination of cell
towers, GPS and Wi-Fi networks, can be as accurate as 3-5 meters (Google n.d.). This
new level of precision and accuracy of collected data increases the precision and accuracy
of the information that can be relayed to users. Combined with real-time data
transmission and distribution through mobile or Wi-Fi networks, digital tools also
provide the opportunity to make the information more relevant, since it can be tied to a

user’s specific time and place.

While bus data are increasingly easier to collect, resulting in much more data actually
collected, this does not necessarily translate into more information available for the bus
user. Automatic-vehicle-location (AVL) devices that track real-time locations of bus fleets
have become increasingly common in the industrialized world. Today’s AVLs not only
include core location capabilities but also other features like automated onboard stop
announcements, automatic passenger counting and vehicle maintenance status messages
(TCRP 2008).

Institutionally, AVLs are required by the government but implemented by the agency or
operator for the purposes of internal planning and management. Quite often, the AVL
data can, in theory, be useful to the user especially in relatively low-frequency service
settings. The agencies or operators own the information and users are dependent on
goodwill to access that data. In some places like Boston, that goodwill translates to
improved real-time services; in others like Singapore, the data are made available but

only through centralized approaches.

In the United States, the trend has been “open” with data feeds from AVL services
provided to the developer community starting with Portland, who pioneered a common
data standard for this type of data with Google, a leading mapping and local service
provider, called GTFS, or General Transit Feed Specification. Other transit agencies like
Boston have followed suit, which have provided users with improved real-time services
like live bus wait times (Rojas 2012). On the other extreme, places like Singapore where
the private operators and the regulatory and planning agency (e.g. Land Transport
Authority) serve as strong gate-keepers to the data, only centralized dissemination of the
information is allowed. In part, that reluctance to release data may be a result of the high
cost to collect data. AVLs retail in the US for $15,000-$35,000 per bus inclusive of both
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CATEGORIES OF BUS DATA
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capital and operating costs (TCRP 2008). The higher the cost of collecting data, the less
likely the data collector will share the data collected (and the less likely a third party can

generate data on its own).

Figure 2.8 | Current bus data collection methods for the industrialized world by type of data
collected (Source: Compiled by author from various sources)
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Into the realm of transportation data collection and dissemination comes the power of the
smartphone, which may provide an opportunity for many contexts, including developing
cities, to leapfrog traditional approaches, just as has happened with mobile telephony
more generally (James 2009).

For one, smartphones, equipped with the same or even better time and location sensors
as traditional AVL technology, can potentially be utilized as portable AVL sensors at a
fraction of the cost ($150 vs. $15,000). In industrialized contexts, lower-cost,
smartphone-based sensors may enable operators of lower-frequency lines or in smaller
revenue markets to initiate coverage of their lines for the first time. Importantly, and
distinctly from traditional “passive” AVL sensing technologies, smartphones can also be
relatively easily converted into counting and surveying devices, enabling the
simultaneous collection of data on dimensions like crowding and user characteristics like
demographics and satisfaction. Such surveys carry the added benefit of having precise
time and place “stamps.”
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It may in fact be this combination of automated and user-generated information enabled
by smartphones that lay the foundation for truly intelligent cities. As Thomas Erickson
(2010) from IBM Watson Research Center writes:

Besides offering the possibility of increasing the range of problems and quality of solutions, tapping
human intelligence to augment the intelligence of cities and regions offers the prospect that “smart
systems” will be more likely to be accepted and viewed as legitimate. Rather than people as passive
subjects of increasingly ‘smart’ technical systems, the vision is that smarter cities can offer a variety
of ways for humans to act as first class participants, contributing their abilities to sense, analyze
and act.

In many developing contexts, AVL systems tend to only exist for BRTs or otherwise in
well-organized, centrally controlled fleets. For systems characterized by a large number of
individual owner-operators, who do not have the requisite fleet scale, or where operators
and/or government authorities are otherwise technically or financially incapable of
deploying the necessary technologies, few incentives for, or possibilities of, AVL

implementation exist.

The expected increased penetration of smartphones in most developing urban contexts
provides an interesting opportunity to bypass the institutional barriers to AVL
implementation, and effectively reinvent the AVL paradigm. Can users, equipped with
smartphones, become the sensors who collect data that improves their own user
experience and thus obviate the need for operators or the government to step in? Might

crowdsourcing offer the right approach?

The bus crowdsourcing dilemma

Despite its seeming ubiquity, crowdsourcing has only recently become a cost-effective
and creative technique for gathering large amounts of information from a distributed,
largely online crowd. The term itself, was coined only in 2006 by Jeff Howe in Wired
magazine (Howe 2006) and is used to refer to a “participative online activity” where a
“heterogeneous” group of people “voluntarily” undertake a task of “mutual

benefit” (Estellés and Gonzilez 2012).

Crowdsourcing is an appropriate data collection method when the scale of the data
collection effort can match the scale of data required to be useful. The scale of a
crowdsourced data collection effort is dependent on (1) the size of the potential pool of
participants, (2) the ease for participants to make a contribution, and (3) the compelling
nature of the mission. Perhaps the most successful example of crowdsourcing to date is
Wikipedia, which leverages a boundary-less set of volunteers to build a free encyclopedia

on the web at their convenience.
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Figure 2.9 | Evolution of crowd-based data collection tools and techniques
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It may be important to note that crowdsourcing emerged from a time when desktop
computers were the primary data input (and output) devices and the demand for precise
time- and space-information was still nascent. Geocentric crowdsourcing, or
crowdsourcing that centers around a specific location was still in its infancy but did
generate its fair share of successes from generating a map of bicycle lanes (e.g. Cyclopath)
to real-time potholes (e.g. FixMyStreet). With the proliferation of smartphones and other
location-sensing devices, not only was geocentric crowdsourcing potentially much easier
but it could also be done more precisely and in ‘real-time.” A bus route map could not just
be drawn on a desktop from one’s memory but the routes could be geo-traced while
actually riding a bus in person. Travel times could not just be estimated but

communicated to other riders as that data was collected.

While precise, ‘real-time’ geocentric crowdsourcing became possible with smartphones,
was it also something that was likely, especially in providing useful data on buses?

Generating the most useful information on a bus system stretches the limits of the
crowdsourcing model. First, crowdsourcing bus data with smartphones in the field likely
requires more effort from the participant than contributing via the comfort of one’s home
and one’s time. Second, the number of potential volunteers who can collect data is
limited by space and time (imagine a low-frequency bus line), thus increasing the need
for “altruism” among potential members. Thirdly, getting transit riders to be “altruistic”
may be a significant hurdle.

In perhaps the only documented experiment thus far on crowdsourcing bus data,
researchers at Carnegie Mellon (Steinfeld etal 2011) developed and deployed smartphone
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apps on the Pittsburgh (Pennsylvania, USA) bus system to capture real-time bus
locations, fullness (crowding) and service disruptions. While the technology worked, they
found it particularly difficult to motivate transit riders to gather data, especially in the
quantities needed to be relevant to users. They note:

We suspect this difference is based on two factors. First, riders view transit as a “means” rather
than the “end.” In a sense, riders engage with transit service not for the specific experience of the
ride, but in order to efficiently achieve a different goal that requires them to move within a city.
Second, riders of public transit services interact with the service much more like a consumer than
other public services . . . This constant financial transaction may frame riders thinking of the service
as a consumable service as opposed to a public good enabled by taxpaying citizens.

Moreover, with the advent of smartphones and other location-sensing technologies, the
potential applications of precise time- and space-information for users, operators and
regulators has expanded markedly (which is a great development). The challenge from a
crowdsourcing perspective, however is that much of that information requires a lot more
data, especially for users, who benefit tremendously from information that is specific to
their particular place and time.

As Figure 2.11 (top left) illustrates, one can collect data on (1) all the buses, all of the time,
(2) all the buses, some of the time, (3) some buses, all of the time, and (4) some buses,
some of the time. The crowdsourcing “sweet spot” is in that fourth, bottom-right
quadrant when some participants measure the buses that they happen to be riding on a
given day. Tracking all the buses some of the time or even some of the buses all of the
time would require a level of mobilization rarely observed in a typical, volunteer-led

crowdsourcing effort.

For bus riders, who aspire to save time and avoid discomfort today, perhaps the most
valuable information on buses is gathered in those first two quadrants, where all or most
buses are measured. Service alerts, wait and travel times and crowding levels all depend
on a user’s specific place and time. Nextbus, a popular bus arrival prediction service in
the U.S,, targets an error rate of “less than one minute for predictions of five-minutes or
less” (Next Bus n.d.). Whereas a private car is always “on-demand” in one’s garage, this
set of information can collectively make buses and other shared vehicles seem more
accessible (the buses themselves may not actually arrive more frequently). Endowed with
‘real-time’ information on crowding and other physical conditions within the buses, bus
riders may also avoid the peak times that often make shared rides uncomfortable, if not

intolerable.
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Figure 2.11 | Bus data collection matrix and information requirements by stakeholder
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For bus operators, who aspire to optimize their fleet utilization today, information on all
their buses (and preferably on all the buses on the road), at all times is a basic
requirement. Road emergencies, which are too frequent in a place like Dhaka, can be
reported and adapted to in almost ‘real-time.’ Bus timings, which are not fixed on a set

schedule in Dhaka, can be coordinated to avoid bunching and maximize total ridership

(and not just overcrowd buses during slow, peak-period traffic times).
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For well-intentioned bus regulators, whose goal is to maximize social welfare in a longer
time period, any information on performance (e.g. demographics served, routes deployed,
stops fulfilled) over time is helpful. Traditionally, this information has been sampled
from the overall system (some buses some of the time), which suggests that
crowdsourcing could be an appropriate data collection technique, at least in terms of
providing the requisite volume of data. However, as in all applications requiring a
sampled set of data, having a thoughtfully controlled sample (as opposed to one based on
a particular techno-centric crowd’s reach) is critical to avoid bias in the data--and
consequently in the policies. Moreover, the power of these new tools suggest that the
next frontiers in regulation may be in adjusting policies in ‘real-time,’ thus increasing the

requirements for data.

The bus crowdsourcing dilemma, therefore, is not just that motivating sufficient
participants to collect data on buses is difficult; it is also that the most valuable
information on buses requires either a lot more data or a very targeted set of data, both
likely beyond the reach of traditional crowdsourcing efforts.

In a developing country context like Dhaka, there are several additional complications.
First, the initial requirements for data precision may not be as high since the
unpredictability in travel experiences is high. Compared to Singapore where one can, and
often does, schedule a meeting to within a 5 minute interval, in Dhaka, arriving within an
hour window can be an achievement. Second, while there may be large pools of potential
volunteers due to higher bus riderships, the current lack of smartphone penetration
makes even piloting a crowdsourced model difficult. Smartphone penetration is expected
to increase quickly as prices of handsets continue to decline and have already reached 23
and 17 percent for urban areas in India and Indonesia respectively (Our Mobile Planet
2011). However, the bigger challenge may not be the general availability of smartphones
but the rate of smartphone penetration among the transit users, and the ability to develop
useful applications for them. Finally, for a largely analog ridership, what is the right

format for communicating complex, multidimensional layers of information?

Interestingly, in Jeff Howe’s original article in Wired, crowdsourcing arose as a reaction
to outsourcing, which assigns tasks to a specific group of people rather than relying on the
altruism of a distributed set. In the developing world where labor is relatively
inexpensive and smartphone technology is not yet widely available, is there another
model of data collection that combines both the power of a highly motivated and
coordinated group (outsourcing) and a distributed means of contributing information

(crowdsourcing)?
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The alternatives to crowdsourcing with smartphones

As outlined in the previous chapter, bus data may be difficult to crowdsource due to (1)
the high rider demand for accurate and precise time-space data, (2) the limited number of
potential participants and (3) the inherent challenge of motivating transit users. In
developing contexts, (4) the lack of available smartphone hardware and (5) know-how
makes even piloting crowdsourcing as a viable data collection technique difficult. While
crowdsourcing with smartphones is possible, it is unlikely to generate sufficient or
targeted enough information to be useful to riders, operators or regulators. With the goal
of substantially increasing the amount of publicly available information on buses in
Dhaka, what are the alternative data collection methods designed around the smartphone
that can generate the requisite data and leverage the resources available in a developing
context like Dhaka?

Figure 3.1 | Bus data collection options with smartphones
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On one side of crowdsourcing, where just a few of the buses are tracked some of the time
is an approach we are calling fleetsourcing, where all of the buses of interest are tracked
all of the time. In between is a data collection method called flocksourcing, the focus of
this study’s experiment, which attempts to collect just enough data to be useful for its

particular purpose.

40



Introducing Fleetsourcing
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As mentioned previously, smartphones, equipped with precise time- and space-sensors
can be retrofit into low-cost automated-vehicle-location devices, or AVLs. Fleetsourcing
is a data collection approach that simply pairs any fleet of shared vehicles with these
smartphone AVLs. Since the device is not built into the buses themselves, a viable system
will likely require the assistance of the onboard ticket agent, an employee common on
buses in many developing world cities. Whereas traditional AVLs are programmed to
passively collect only objective metrics like time and space, the smartphone AVLs can also
be input devices for the human sensor who has the option of collecting additional
information like ridership and even publicly report crowding, traffic conditions, roadside
or other emergencies.

Figure 3.2 | Working definition of “Fleetsourcing”
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While smartphone AVLs are expected to be significantly cheaper than traditional AVLs,
for bus operators, who as previously discussed, have little incentive to make any
investment in their operations, implementation across Dhaka’s fleet of 6,500 mostly
owned and operated buses will be a challenge. Not only is there a significant capital cost
of procuring and maintaining 6,500 smartphones but also convincing 45+ different bus
companies to buy into the idea and training their 6,500 ticket agents, who likely have not
used a smartphone before, will be a huge undertaking. Nevertheless, there are situations
when having data on all the buses at all times is really useful information for both
operators, who want to effectively manage their fleets and riders, who want to have better
information on their specific bus at their given departure time. While it may always seem
better to have all the data at all times, privacy (private fleet owners unlikely to want to
publicly share data of bad performance) and cost concerns (collecting, storing, mining
huge volumes of data) may favor another more cost-effective and less data-intensive

approach, at least in the interim.
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Introducing Flocksourcing

TARGETED

SAMPLING +

MACHINE

LEARNING

A
FLOCKSOURCING +

- EEER
o R
& £% 8
S 8§ 5
o &

Flocksourcing is an evolution of crowdsourcing and outsourcing that attempts to organize

and motivate a specific group of participants to collect data in a distributed way for a
specific purpose.

Figure 3.3 | Working definition of “Flocksourcing”
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Flocksourcing attempts to address the bus crowdsourcing dilemma in developing city
contexts by (1) relying more on face-to-face contact and less on online altruism to
motivate and organize participants and (2) endowing both the technology and the “know-
how” to the flock members. Whereas traditional crowdsource relies on a pool of largely
anonymous online volunteers, as experienced in our Dhaka experiment, flocksourcing
incorporates social organization to set targets and hold a (usually smaller) group of
individuals accountable. Despite the increasing popularity of online collaboration,
humans are in fact much better at collective action in person due to the power of our
subtle social cues, which have been difficult to mimic online (Erikson and Kellogg 2000).
While endowing the technology is not a requirement for flocksourcing, it is an important
element especially because the places that seemingly need data the most are the places
where the most advanced data collection devices are not readily available.

If completed as advertised, a successful bus flocksourcing should result in a large,
concentrated sample of data. For some purposes like providing a bus route map for
users, that sample itself may be sufficient. For others, where more data is needed like

time-specific average travel times, another technology called machine learning could help
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to magnify a sample or samples of data into information that can describe the entire
system. In Dhaka, travel times vary considerably (how much is unclear due to a lack of
data), not only due to peak morning and evening travel periods but also because different
sections of the city shutdown depending on the day, in order to minimize congestion. The
concept behind machine learning is simple: enter a sample of data with a variety of
characteristics and the machine will attempt to learn patterns in the sample and
extrapolate them to predict a larger set of behavior. As the sample of data increases so
should the accuracy of the predictions. In that way, a flocksourced sample of data can
potentially be used to provide information where much more data would have been

required e.g. time-specific travel times.

Figure 3.4 | Flocksourcing and Flocksourcing with Machine Learning
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The intended product of flocksourcing is not just a large, concentrated sample of data but
perhaps as importantly, a trained and trusted data collection flock.

In a city that is threatened not only by large-scale motorization but also catastrophic
flooding, flocks that are trained to collect data on buses may also be deployed to rapidly
collect data during disasters (provided the mobile networks are operational). One can
perhaps imagine a day when a trusted information flock works in concert during these
moments of crisis with a police force like the elite Rapid Action Battalion (RAB) in Dhaka.

With a significant shortfall in formal institutional capacity, building local capacity
through data collection is not without strong precedents. In Kibera, the world’s largest
informal settlement located in Nairobi, Kenya, 13 young residents trained in digital data
collection in three weeks produced one of the densest maps ever made of the area,
highlighting points of interest once large invisible like restrooms, schools and religious
institutions. Today, armed with data and digitally visible to the world, the organization
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seeks to provide a voice for residents in the informal settlement through a program called
the Voice of Kibera.

While flocksourcing buses to bring visibility to a critical yet complicated system is a
worthy beginning, a natural evolution are flocks that are empowered to collect data on
anything of interest to the public e.g. crowding on buses before, during and after cricket
matches. With this power, of course, comes questions of which groups are endowed with
this technology and which issues are made more visible in data. For the scope of this
study though, we will focus our attention on if the smartphone tools can actually be
applied today in a more challenging urban environment like aboard buses in Dhaka and if
a flocksourced data collection technique may actually lead to meaningful information for

bus riders, operators and regulators.
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Research question

IS FLOCKSOURCING A VIABLE
TECHNIQUE FOR COLLECTING DATA ON
THE DHAKA BUS SYSTEM?

This broader question can be broken down into 3 subquestions:

TECHNICAL FEASIBILITY
(1) Are smartphones technically feasible as data collection devices in

Dhaka today?

How accurate is the location-sensing technology, how fast is the mobile data network, and
are there limitations of locally available hardware?

APPROPRIATE DESIGN

(2) Can a flocksourcing workflow be designed appropriately for collecting

data while riding buses in Dhaka?

How to design a workflow that is affordable, easy to understand and deploy on the buses?

ScALABLE
(3) How much quality data can be collected by an organized flock on

buses in Dhaka?
How much data can a small flock collecting data for one week collect? Can that sample of
data reveal potentially meaningful insights on the largely unmeasured Dhaka bus system?
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Research method

The flocksourcing experiment was the culmination of 9 months of collaborative research,
highlighted by an initial visit to Dhaka in July, a month of iteration with our local
partners in Dhaka in January, and a week of technology deployment in late March.

® QWO

Timeline

JUL NOV/DEC MAR
AN . In Dhaka

Understand the current situation

Previous to my first visit to Dhaka in July 2011, I had no direct connection with anyone in
Dhaka and little understanding of the complex mobility context aside from a brief
literature review. That first trip in the middle of a car-free hartal, or political protest,
confirmed that Dhaka was a city that could still operate without cars due to the high
proportion of users who relied on alternative means like buses, cycle rickshaws and
walking.

Interviews with local academic experts, social entrepreneurs, non-governmental
organizations, private sector companies, a government regulator, and cultural experts
helped to confirm (1) the severity of the traffic congestion despite a relative lack of private
cars, (2) the poor quality of alternative transport means especially for the poor, (3) the
ineffectiveness of previous measures to address these transport challenges and most
worrisome, (4) the absence of an implementable city transport plan for the future.

Find a (great) local partner

Since I was clearly an outsider with limited local language (Bangla) skills, it was
important to find a local partner not only to implement the approach but also to give
constant, honest and open feedback. I was very fortunate to meet Muntasir Mamun, a
social entrepreneur and founder of Kewkradong Bangladesh (www.kewkradong.com), an
adventure-based non-profit that organizes an annual 1,000 person International Coastal
Cleanup of beaches in neighboring Chittagong. The close-knit group of 15-20 volunteers
describes themselves informally as “not an NGO or a club where you can join by paying
membership dues” but as “out-of-box” thinkers who frequently push the boundaries of
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what is possible in their city and beyond. Our partnership was sealed when the group
took this author on a tandem bicycle ride through the bike-unfriendly city.

Endow a small set of smartphones; Install pre-developed apps for
technical and cultural field testing

Since smartphones are still relatively new to the Dhaka market and our local partners did
not have easy access to them, we decided to locally procure a limited set of 25 for our
pilot. A range of mobility-related apps from vehicle counters to trip trackers to paperless
surveys were developed by the author from abroad at MIT. With the help of the team
from Kewkradong, we then deployed these data collection tools in 18 busy intersections
across 6 neighborhoods in Dhaka to understand both the technical possibilities and the
cultural context. We counted pedestrians, cycle rickshaws, cars and buses at each of these
intersections, surveyed street conditions and surveyed citizens on their perception of

different urban transport modes.

Co-develop a mobility data collection app with partner

After a week and a half of field testing, we conducted a charette with local university
students and with our local partner to devise potential mobile and non-mobile related
solutions for the mobility challenge in Dhaka. The team agreed that buses were the
appropriate transport mode to focus on based on their city-wide reach, crowding and
slowness. The app itself (along with the data collection, analysis and visualization back-
end) was then revised about 5 or so times in the field and then another 6-7 times when
the author returned to the US.

Make technology available to local partner, who then organizes and
deploys a flock on targeted bus lines in Dhaka; Help partner monitor and
analyze data collection results

After 15 iterations, the final version of the bus data collection app called Share My Bus
Dhaka was sent via QR code to our partners in Dhaka with some training material on how
to use it. Kewkradong then organized a small flock of 8 to ride buses for a week in March
2012, focusing on two critical bus lines in the city (see Figure 3.7). The routes were
chosen because they were among the most frequently used in the city according to our
local partners and third-party sources (Olsson and Thynell 2004). We devised a cloud-

based back end technology to monitor the data that were collected in real-time.
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Since this pilot was not commissioned by any particular stakeholder, we created a plan to
test the range of possible metrics (see Figure 3.5) that smartphones could collect on buses
in Dhaka today. We developed a single mobile application (see Figure 3.6) that could
collect (1) bus positions (spatial and temporal), (2) bus crowding (conditions), and (3)
user demographics and satisfaction of the bus riding experience (perception). By
collecting all four categories of bus data, we could explore not just the viability of
flocksourcing but also the technical feasibility of fleetsourcing as well.

Figure 3.5 | Metrics collected in Flocksourcing data collection plan

Bus Details Survey*

Bus Number Gender

Bus Destination Age

Bus Company Home Location

No. of Seats Work Location
One-Way Commute

Speed Income

Location Phone Ownership

Time Rider Satisfaction
Biggest Complaint

Crowding Riding Frequency

Passenger Count
Female Passenger Count *Survey data linked to bus data

Figure 3.6 | “Share My Bus Dhaka” mobile data collection application

*Scan me if you have an Android
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Figure 3.7 | Target bus lines in Dhaka
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A Thousand Riders Surveyed in One Week

Flocksourcing workflow
Technical feasibility
Appropriate design

A thousand riders surveyed
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Flocksourcing workflow

Figure 4.1 | Flocksourcing data collection workflow

Flocksourcing Workflow

‘l Human involuntary |!1cer1tw|zed Organized Organized
sensors Tracking Volunteers Flock Vehicles
m gear';ggire Unsmartphones Smartphones Tablets PC
m Platform None Android iPhone Web
E] software / App MIT App

la Connectivity Bluetooth Cell network Mobile data Wi-Fi
3] Datastorage Local Cloud

ﬁ Data monitoring Excel a;:;(s‘l;: Visu::;'zlsation ?;:::.T;

Data visualization &

dissemination

With an increasing number of digital tools at one’s disposal today, there are an increasing
combinations that are possible to complete the same task. The specific sequence of steps
that are taken to complete a task is often referred to as a workflow, a term that originates
from the domain of computer science. Optimizing a workflow is an important practice
when trying to increase efficiency, usability or simply to keep costs low. A key to
flocksourcing’s viability was a data collection workflow that was technically feasible in the
local context, appropriately designed for local users and scalable to data collection
efforts larger than the initial pilot. In the case of Dhaka, that meant a workflow that was
also designed to be both affordable and simple to understand and deploy, non-trivial
goals when none of our partners in Dhaka had ever used a smartphone and where English
is not the primary language. A very complementary workflow on transforming data into
knowledge has been compiled by my partner in this experiment, Stephen Kennedy, in his
2012 MIT master’s thesis, The Big Data-Information-Knowledge Continuum:
Experimental Techniques in the Visualization of Flocksourced Bus Data (Kennedy 2012).
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Technical feasibility

Since the data collection workflow was initially conceived and developed at MIT in a
similar environment in which the technologies were initially developed, it was unclear
whether key technical elements in the workflow (steps 2-6 in Figure 4.1) would meet the
minimum requirements in Dhaka. Specifically, we needed to determine (1) the accuracy
of the location sensing, (2) the speed of the mobile data network, and (3) any
performance limitations of locally-available hardware, specifically the screen size and
resolution since the touch screen is the input mechanism for some metrics. Some of these
requirements were more critical to some metrics more than others, suggesting that

certain metrics could still be measured even if one of the requirements was not met.

Figure 4.2 | Minimum technical requirements by metric collected

Metric Location accuracy Upload speed Local hardware
Geo-coded bus routes HIGH FAST Not important
Bus speed / travel times HIGH FAST Not important
Crowding HIGH FAST USABLE TOUCH

SCREEN
Survey (satisfaction, Not important MEDIUM USABLE TOUCH
demographics) SCREEN

While our technical tests were not extensive, location sensing seemed to be generally
accurate within 25 meters, mobile data upload speeds were acceptable averaging around
3 seconds and the smaller and lower-resolution touch screen of locally available hardware

did not prove to hinder the data input process.

Location accuracy

A large majority of smartphones and certainly newer models are equipped with a variety
of location sensing options including Wi-Fi, GPS, and cell tower triangulation. Wi-Fi is
typically the most precise but usually works best indoors when there are Wi-Fi networks
available. GPS, which triangulates position using satellites circling the earth, is accurate
to within 10 meters and can be accurate to within 1 meter but only under open skies i.e.
those not obstructed by buildings (Enge etal 2001). Cell tower networks are typically the
least accurate but are utilized when Wi-Fi or GPS is unavailable. A smartphone’s location
sensor can be programmed to optimize between the three options, which was fortunately

the default setting on our phones.
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What was unclear was how that location sensor would perform since an option like Wi-Fi
was not as readily available in Dhaka where the country’s official internet penetration rate
was at 4% (Int’l Telecom Union 2011). In Dhaka and in my recent travels cities in India
like Bengalaru (formerly Bangalore), many new users access the internet via mobile data
networks rather than Wi-Fi hot spots, which usually require more hardware and set-up.
In Dhaka, it was relatively easy to retrofit a smartphone which connected to the internet
via the mobile data network as a Wi-Fi hot spot through an option called tethering.

Figure 4.3 | Sensed bus locations vs. roads positions in Dhaka (Source: Author’s field’s study, January 2012)
\ : ¥
3km ’

Mirpur Road (North) . Airport Road

Location accuracy: Within 25 meters Within 200 meters

Although we did not do a comprehensive and detailed analysis on the accuracy of the
location sensing throughout Dhaka, on the two routes we targeted, the accuracy of sensed
bus locations seemed largely to be within 25 meters of the roads (see left panel of Figure
4.3). There were some spots (right panel of Figure 4.3) near the new airport where the
sensed locations were quite far from the roads in which the bus traveled. While not
conclusive, these areas seemed to be out of the reach of not only GPS but also had lower
densities of Wi-Fi networks to tap into. Despite the range, for the purposes of tracing bus
locations on fixed routes, this level of accuracy seemed to be sufficient; however, for more
flexible route services like on-demand cycle or auto-rickshaws, this level of accuracy may
not be sufficient.
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Mobile data upload speeds

Figure 4.4 | Mobile data payment process in Dhaka (Author’s field study, July 2011).

:

Mobile payment vendor Payment log

Since opening up in the mid-1990’s, Bangladesh’s mobile phone industry, which includes
six providers, is one of the most competitive in the world and features a tariff lower than
neighboring India, which has the fastest-growing mobile subscriber base in the world
(Yusuf et al 2010). As in many developing world markets, there are no contracts required
for activating phone service, only SIM cards, or portable memory chips for GSM-enabled
mobile phones, that can be topped up with even the smallest of amounts. GSM, or the
Global System for Mobile Communications, is a mobile phone standard used in almost
every country in the world. To enroll in a mobile data plan in Dhaka requires simply
going to any local shop owner, available on almost every street corner in Dhaka, and
topping up about 300 Taka ($4 USD), needing only to provide a mobile number and
service provider. The local shop owner will log your payment manually in his or her book
and within a few minutes, you will receive a text message you of the payment.

Despite the relatively competitive mobile market in Dhaka, the current mobile data
networks operate on 2 to 2.5 Gs, which is a generation or two of mobile network
standards behind what the most advanced contexts (e.g. Singapore, United States), are
beginning to operate (4G). There has been some delay in upgrading Dhaka’s network to
3G, although reports indicate that 3G spectrum licenses will be available later this year
(Davies 2011). 2.5 G networks can support data upload rates of up to 150 kilobits per
second versus 4G networks which can handle from 30 to more than a 1000 times more
data per second (Wikipedia 2012).

Mobile data upload speeds are a function of the speed of the network and the amount of
data being sent. While 2-2.5G might indicate prohibitively slow data speeds, the data
packets sent in the bus flocksourcing pilot were quite small—just a few lines of text.
While we had no precise way of measuring the average upload speed, based on hundreds
of field observations by the author, each upload seemed to average around 3 seconds with
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speeds varying by location and network provider. The upload speed mattered because
users could not input other data, e.g. counting passengers on the bus, while data was
being sent. While we could not adjust the upload speed, we could adjust how often the
bus location was updated, testing frequencies from every 15 seconds to every 2 minutes.
For our initial pilot, sending location data every 60 seconds, similar to the upload
frequency of the researchers at Carnegie Mellon (Steinfeld et al 2011), seemed to strike
the optimal balance between giving our flocksourcers time to input data and sending
enough bus position data to infer metrics like bus speed.

Locally available hardware

Due to a variety of reasons, from cost to usability to sustainability in terms of enabling
our local partner to scale up the pilot in the future, it was important to develop our
applications on phones that could be purchased locally instead of phones imported from
abroad. At the time of our pilot in January 2011, the best available Android-powered
phone was the Samsung Galaxy Y, a phone designed specifically for the South Asian
market with lower price points (13,000 Taka or $175 USD inclusive of taxes) and a
slightly less advanced feature set. These phones were launched in Dhaka a few weeks
before our arrival in January and available at the main technology market in Agargaon.

240 x 320 px

Samsung Y

320 x 480 px
HTC Nexus One

1280 x 720 px

Samsung Galaxy Nexus

Figure 4.5 | Screen size and resolution of popular Android smartphones
(Author’s fieldwork, July 2011)

The main challenge with the phone itself was the smaller screen, about 25% smaller than
the Nexus One, which was used to develop the original pilot apps. This meant that the
touch interface was 25% smaller, something important to consider given the high-
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intensity environments that users may be surrounded by when entering information.
With a few rounds of launching and iteration, the smaller screen size could be designed
for, especially since the rest of the specs, from location sensing to data upload speed,

worked comparably across phones.

Of note, Internet-enabled, multimedia phones made by a Chinese company called
Symphony were popular in Dhaka at a price point much lower than the cost of
smartphones (as low as $30) (Mobile Phone Bangladesh website n.d.). The phones do
not operate on the standard Android or iPhone platforms but do have links to YouTube,
Google Maps and other web applications. While not fully functional for our purposes,
they do indicate how fast prices for these smartphone-like phones are plummeting,
putting increasing pressure on the rest of the market and increasing adoption rates for

data-enabled phones which may enable users to receive information on Dhaka’s buses.

Appropriate design

For any design to be viable in Dhaka and other non-English speaking, less-advanced

technology cultural contexts requires designing a workflow that is:

(1) affordable
(2) easy to understand, and
(3) easy to deploy for local users

Based on three weeks of rapid iteration in Dhaka with our local partner Kewkradong, we
were able to co-design a workflow that: (1) minimized costs by leveraging free and open
global tools, (2) simplified the user interaction by using icons rather than text, and (3)
streamlined the workflow by minimizing the number of steps required for a user to start

collecting data.

Affordability

In the developing world, which is by definition poorer in terms of income levels than the
developed world, the costs of technology can be a barrier to deployment. Minimizing
costs in the flocksourcing workflow required both leveraging resources that are relatively
cheap in Dhaka—mobile data networks and labor—and open and free tools that are
developed for global audiences. The upshot is a cost structure that requires some upfront
investment for hardware but minimum ongoing investment. For example, in this
workflow, the only real ongoing costs were the cost of mobile data, which currently costs
about $4 for every GB of data sent and the cost of each flockmember, which can be as low
as $10-$15 per day per person in Dhaka. By comparison, the average GDP per capita in
Bangladesh hovers around $2 per day.

56



Figure 4.6 | Pilot cost structure (Author’s field study, January 2012)
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Increasingly, open and free tools are being made available by companies like Google and
research institutions like MIT to develop mobile apps, store data in the clouds and
analyze data in real-time. For this workflow, a combination of tools developed by Google?

was integrated.

MIT App Inventor, which was developed at MIT, sold to Google and then endowed back
to MIT late in 2011, is perhaps the biggest-related breakthrough; it requires no coding so
technical development and maintenance are minimal. In fact, this author learned mobile
phone programming in a few months on the MIT App Inventor service and helped teach
the team from Kewkradong how to develop a basic location-aware application in a few

hours.

Figure 4.7 | MIT App Inventor, user interface design (left) and functionality design (right)

2 Disclaimer: Other open tools like Open Street Map could have been included but this author worked for Google,
including to help launch the initial version of Google Maps, so was more familiar with their products, which were
designed to be compatible with each other
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Easy to understand

One of the biggest challenges for those in the developing world to fully access content on
the Internet is low literacy rates, especially in English, since most content on the web and
applications are developed first in English (Farrell etal 2010). While Bangladesh was for
a time a British colony, only 2 percent of the population speaks English (Crystal 2003)
and Bangla is the primary language. An alternative to text for our purposes is icon-based
design; thanks to open online resources like the Noun Project (thenounproject.com),
designing an interface using icons rather than text has become much simpler. Combined
with John Maeda’s (2006) laws of simplicity (e.g. “Simplicity is about subtracting the
obvious and adding the meaningful”), the result was a user-interface design that, through

many rounds of iteration, required, in our final deployment, minimal training (3 hours)

of local users.

Figure 4.8 | Mobile user interface of Share My Bus Dhaka: bus position input (left), counting
passengers including females (middle), 9-question rider survey (right)

58



Easy to deploy

Perhaps the most difficult part of the workflow was designing the mobile applications to
be usable in the context of riding a bus in Dhaka, which can be quite a chaotic experience.
This includes running to catch the bus, shoving one’s way to the back to find a seat,
paying while aboard, shouting for stops, and then alighting safely from a still-moving
vehicle. The only practical way to know the viability of the app in such a context was to
pilot them and rapidly iterate while in the field.

Figure 4.9 | (Left) Testing application in the Kewkradong office; (Right) Testing application on bus in Dhaka
Author’s field study, January 2012)

In such a high stress context for data collectors, what became apparent was that every

small step that could be eliminated, especially in setting up the flocksourcers to collect
data, meant fewer errors during the data collection process and more data that could be
collected. To do so, we employed techniques like (1) persistent data i.e. storing previously
used information like user login name and bus number and (2) strictly limiting the

onboard survey to nine questions that could be flipped through on one screen.
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A Thousand Riders Surveyed

Figure 4.10 | Locations of where 1,014 riders were surveyed onboard buses in Dhaka

When we first launched this experiment, we had no idea how it would
turn out. The results surpassed even our highest expectations.

Even after my initial visit to Dhaka in July, it was unclear whether the most basic
technical capabilities e.g. location-sensing could function with a similar level of accuracy
and precision as that of more technically advanced contexts like Boston, especially given
the poor state of the physical infrastructure. Once it became clear that the mobile data
infrastructure in Dhaka was quite robust and that smartphones could be appropriately
adapted for use by locals even on the most crowded buses, the potential of a viable data

collection technique for buses in Dhaka using smartphones was revealed.
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Figure 4.11 | 4 of 8 members of pilot flock recruited and organized by Kewkradong, March 2012

Our original goal was modest: identify the deployment scale required to develop an
accurate portrait of the two routes' primary operating characteristics, including speeds,
crowding, adherence to routes and their variation across times and days. In addition, we

wanted to test the viability of using the technology for carrying out on-board surveys. The
plan was to cover the routes for a week, aiming to achieve a minimum of 120 one-way

vehicle rides, in total.

Figure 4.12 | Team data collection results of Kewkradong flocksourcing pilot, March 2012
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The members of the flock ultimately carried out 270 rides, recording over 10,000
passenger counts and bus location points. In addition, they used the devices to survey,
on-board, over 1,000 users. Three flocksourcers rode the bus for over 2,000 minutes in

that period, equivalent to over 33 hours.

As mentioned earlier in this chapter, the sheer volume of data that was collected by this
small pioneering flock surpassed our highest expectations. That our flock collected any
data was in part a small miracle in itself. The flocksourcing pilot was delayed by a week
due to a violent hartal, or political protest, that banned all motorized vehicles, including
for the first time, buses, from the road. The political uncertainty underscored some of the
inherent risks that bus commuters in Dhaka take as well as those of potential
flocksourcers. What will be important to determine for future applications of
flocksourcing is if this pioneering flock was more productive than what can be expected

on average, even with more experience.
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Monitoring data collection in real-time

One of the biggest advantages of mobile-driven, real-time data collection techniques is
that they can be monitored almost instantaneously, from anywhere with an Internet
connection. In our particular application, with the help of a few online dashboards, we
could monitor and analyze the data collection efforts that were happening in Dhaka from
12,500 kilometers away in Boston. Thanks to proactive communication by the team from
Kewkradong, we were able to provide feedback (e.g. “try to ride more during peak rush
hour times”) in the midst of the weeklong data collection effort.

Figure 4.13 | Real-time bus data collection dashboard (Source: Kewkradong’s flocksourcing pilot,
March 2012)
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Data auditing through location tracing

Another benefit of our approach is its accountability. Location data are difficult to falsify
and, with the proper tools, easy to audit. We could easily deduce how the volunteers
were being organized, which bus routes they were riding, and which individual flock
members were performing better than others. The location data, linked to surveys and
passenger counts, add another layer of information that can help verify and validate data
collection and identify anomalies. In our particular week-long application, the data that
came in exhibited few outliers.

Figure 4.14 | A day’s worth of individual location traces (Source: Kewkradong's flocksourcing pilot, March 2012)
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A sample of what a week’s worth of flocksourced bus data may tell us

While the volume of data collected was impressive, could that data from a small
Sflock collecting data for one week reveal potentially meaningful insights on the
largely unmeasured Dhaka bus system?

The following figures 4.15-4.20 provide a first look at some of the early promising
possibilities:

(1) mapping unmapped bus routes for users and regulators (Figure 4.15),

(2) monitoring the average speed of the roads and identifying bottlenecks (Figure 4.16),

(3) understanding travel time patterns by times of the day and days of the week (Figure

4.17),

(4) breaking down bus riders by basic demographics (Figure 4.18),

(5) layering one-way commutes of riders of a particular bus line to the bus route itself
(Figure 4.19), and

(6) identifying the relationship between crowding and user happiness and female

ridership (Figure 4.20)

Note that these figures should not be extrapolated to represent the entire bus system of
Dhaka, or of even the two principal bus lines that were targeted since they were just a
sample of some buses from a week’s worth of time. However, they may give a sense of the
level of precision that this approach may offer and how the data could be used by various
stakeholders in the future.
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Geo-coded bus routes

Figure 4.15 | Bus traces by day and by line (Source: Kewkradong flocksourcing pilot, March 2012)
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As far as this author could tell, there is no reliable existing map for Dhaka’s extensive bus
system (Mydigonto.com, at the time of this thesis, has a crude bus route planner for
Dhaka that is not map-based and seemed to be incorrect for the routes that we traced).
Bus riders in Dhaka normally rely instead on a powerful offline social network (e.g.
people on the street and other riders) for bus information. While this pilot focused on
two main lines (Figure 4.15), No. 36 from Azimpur to Pallabi and No. 27 from Azimpur to
Uttara, one can imagine a more broad effort to flocksource all the lines in Dhaka
including the less well-known routes on the outskirts of the city and the more flexible
routes of mini-buses and even cycle rickshaws. The upshot could be the first digital bus
map of Dhaka that, layered with predicted travel times, themselves flocksourced, could

help users decide the optimum route based on time.
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Bus (and potentially road) speeds

Figure 4.16 | Bus speed map (Data source: Kewkradong flocksourcing pilot, March 2012)
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While congestion may already be at gridlock levels during peak times in Dhaka despite a
low private motorization rate, it has been difficult to monitor precisely how the road
speeds change over the course of a day, and perhaps more importantly, how they are
changing from week to week as the population rapidly rises. Other techniques like traffic
counting can give some general indications but placing smartphone AVLs onto buses may
be one way to provide that level of precision in ‘real-time.” If adopted widely, fleetsourced
buses could provide traffic data for the major roads in the city, since buses are ubiquitous
on those roads. Understanding bus (and potentially road) speeds on a daily basis may
help independent operators better time and even coordinate their deployments
appropriately. Monitoring road speeds on a longer timescale may help regulators target

experiments to improve speeds at key bottlenecks during peak travel times.
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Bus travel times

Figure 4.17 | Estimated one-way travel times for the 12 km route of Bus No. 27 from Azimpur to
Azimpur (Data source: Kewkradong flocksourcing pilot, March 2012)
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For bus riders in Dhaka, it is difficult to understand why some trips take significantly
longer than others. As you can see from Figure 4.17, a 20 km commute from Azimpur to
Uttara ranged in travel time (does not include waiting time) from a low of 43 minutes to a
high of 2 hours and 7 minutes. In Dhaka, travel times are influenced by the time of day,
day of week and route through the city since different parts of the city are closed on
different days of the week to alleviate traffic3. Knowing even the maximum and minimum
travel times may help improve user satisfaction; knowing the expected travel time at a

given moment (time of day, day of week, season of year) may even delight customers.

3 New Market, one of the main textile and goods markets located near Azimpur, is closed on Tuesdays and have half
days on Wednesdays. The markets in Gulshan and Banani, the main commercial districts, are closed on Sundays
and have half days on Monday. The weekend in Dhaka incidentally falls on Friday and Saturday.
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Bus rider demographics

Figure 4.18 | Bus rider demographics based on onboard user survey (Data source: Kewkradong
flocksourcing pilot, March 2012)
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Since buses aim to serve the general public and are often the only mobility option for
commuters in Dhaka to travel longer distances, it is important to understand who they
are currently serving, and by subtraction, who they are not. Based on our limited survey
of 1,014 riders, the routes we targeted seemed to serve a younger, male and mobile-phone
enabled population. Older and female members of the population were either
underrepresented in the survey, a key challenge for flocksourcing survey data, or if they
were simply underserved by the bus system. Since our flocksourcers also counted female
riders, it seems more likely that the buses were underserving females since 1 in 6 riders
both counted and surveyed were female. Bangladesh is a predominantly Muslim country
where the mobility of women is often restricted. Understanding the demographics of
existing bus riders may help operators and regulators market and develop better services
to existing and future bus riders, especially those that are most likely to become car

owners.
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Bus routes and riders’ commutes

Figure 4.19 | Commutes served by the No. 27 Azimpur to Uttara bus line based on riders home
and work locations (Data source: Kewkradong flocksourcing pilot, March 2012)
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Since we both geo-coded bus routes and asked riders for their home and work locations, it
was possible to deduce how many riders were dependent on a particular bus line for a
portion of, or the entirety of their commutes. Riders themselves may have chosen home
and work locations based upon the bus routes themselves. The No. 27 line featured in
Figure 4.19 originates in Azimpur and ends in Uttara with stops at two major hubs in
Dhanmondi, the education center of the city and Banani, the commercial heart of the city.
38% of all riders surveyed on the No. 27 line traveled between 2 of those 4 locations, with
25% working in Banani. Of the riders surveyed, 44% lived on the ends of the lines (26%
from Uttara and 18% from Azimpur) with 7% traveling the entire 20 km journey. The
longest commute measured on this bus line was a 40 km, 2.5 hour one-way journey
between Gazipur, a bus stand north of Dhaka, and Azimpur. This data could potentially
be helpful for regulators to estimate the impact of any changes to the 59 or so bus routes
that are currently in operation and perhaps for entrepreneurs to estimate the commercial
opportunity of providing last-mile services (e.g. mini-buses, taxis, CNGs, cycle rickshaws,

tandem cycles) for riders of this route.
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Bus size, happiness, crowding, and female ridership

Figure 4.20 | Bus size, rider happiness, crowding and female ridership on 2 main bus companies
serving the No. 27 route, BRTC and VIP (Data source: Kewkradong flocksourcing pilot, March
2012)
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With motorization a pressing concern, understanding how to keep current bus riders
happy may be the most valuable use of flocksourced data. One of the strongest
correlations seen in this sample of data was between user happiness and crowding, a
dynamic studied by Katz and Rahman (2010). While user happiness seemed to decline
when crowding was at its highest, a deeper dive into the data revealed that specific
companies like the government-owned BRTC that had launched a fleet of bigger, more
modern buses which had fewer people standing demonstrated significantly higher
happiness levels than their peers e.g. VIP. Moreover, less crowding on the BRTC buses
seemed to be correlated with more female riders, a potentially important development
given the relatively low ridership of females on Dhaka’s buses. With the current focus in
Dhaka on a Bus Rapid Transit (BRT) system, perhaps flocksourced data can begin to
unveil a bigger demand for a Bigger Bus Transit (BBT) system instead. Despite the
slowness of the roads, travel times and happiness did not seem to be as closely correlated
to crowding and happiness.
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CONCLUSION

Dhaka Will (Soon) Have a Bus Map

Flocksourcing as a technique to rapidly collect bus data in a challenging urban
environment like Dhaka can work today. In contrast to existing analog tools that are
usually employed in Dhaka, digital smartphones paired with human sensors can quickly
and scalably collect multidimensional layers of data in precise detail. The volume and
range of data that was collected in this pilot is promising, especially in an environment

where data is largely unavailable.

Despite this potential, it is at the moment unclear who in Dhaka or elsewhere will support
the data collection in the future, especially with low smartphone penetration rates that
would make pure citizen-led efforts expensive. Based on this initial demonstration,
though, there are a few possibilities of how flocksourcing (and its sister technique
fleetsourcing) can be utilized by various stakeholders in Dhaka in the near future.

For users, a modest flocksourcing effort can create the first comprehensive bus map of the
city, outlining the 60 major routes that are operated by the more than 45 different bus
companies. Despite the informality of the system, the map can potentially outline the
major stops and transfer points; With additional rides and the help of machine learning,
the map can also include estimated travel times by time of day and day of week as well as
crowding levels. The key questions are the accuracy of the location sensing and more
importantly, the format of the map for a largely analog rider base e.g. interactive and
web-based or traditional paper-based. Assuming similar levels of productivity as
demonstrated in this study, the estimate to collect data for a baseline bus map of the city
is $1,000 with 5 flockmembers over the course of a week. An enhanced bus map with
travel time and crowding level profiles will require additional resources, up to $15,000,

30 flockmembers and take 4 weeks to complete.

71



For operators, smartphones can be retrofit into onboard automatic vehicle locators
(AVLs) to help operators track their fleets through the often unpredictable road
environment. If there is sufficient adoption and real-time locations are shared between
operators, an operator could time the deployment of their vehicles to avoid bunching,
congestion and adapt quickly to the much too common road emergencies that buses in
Dhaka are often involved in. If there is sufficient adoption and the data is made available
to the public (via a standard application programming interface, also known as an API),
real-time wait and travel could be estimated with some additional effort (e.g. machine
learning). The smartphone AVLs could potentially also be utilized as a Wi-Fi hot spot
(through an option called tethering), an amenity that may be valued by students and
professional with commutes over an hour. As previously mentioned, the cost of
retrofitting a smartphone as an AVL (as low as $150 per bus) is significantly less than the
cost of the built-in AVL employed in developed contexts like New York ($15,000 per bus).
Nonetheless, the cost of retrofitting a significant portion of the 6,500 bus fleet is non-
trivial especially for operators who have little incentive to invest in capital improvements.
The most likely implementation is a retrofit of the government-owned and operated
BRTC fleet which may grow to as many as 1,000 in the next few years. A preliminary
baseline estimate of such a retrofit is $150,000 annually and may be sponsored by
outside organizations like JICA, which is reported to have invested in electronic ticketing
and smartcards for the new BRTC fleet. Adoption by the top 45 bus companies which
own 75% of the bus fleet would cost something closer to $750,000 and require training
for the extensive group of fleetsourcers and a solution to power or recharge the
smartphones on a daily basis.

For regulators, a modest and periodic flocksourcing effort could monitor bus rider
satisfaction and accessibility, leading indicators of how likely the bus ridership base will
switch to private car ownership and how equitably the public transit system serves the
mobility needs of everyone in Dhaka. If deployed on a regular basis, this measurement
effort can be the first effort towards a more iterative Dhaka, providing benchmarks for
bus-related experiments to compare against, especially as they relate to rider happiness
and usage patterns. With both a bus rapid transit and an elevated mass transit system in
the works, this data could help inform the planning of those future routes and also begin
to measure their impact on riders’ perceptions. A key challenge towards a successful
implementation is ensuring against flock bias, or the over- and under-representation of
some groups e.g. women and the elderly in the ridership samples. An onboard survey of a
thousand riders would require 5 flockmembers for a week and is estimated to cost $1,300
for the first survey and $600 for each subsequent survey. A survey of 10,000 riders
would require 30 flockmembers for 4 weeks and cost $9,000 for the first survey and
$6,000 for each subsequent survey.
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With some sustainable technical expertise from abroad (see Appendix A), a committed

flocking partner on the ground, and a little bit of luck, all of these options are possible

with a modest amount of investment. Together, they present a possibility that Dhaka

could be retrofit with one of the more advanced bus information systems in the world and

perhaps inspire a new vision of Dhaka’s urban transport future, a vision that does not

include accelerating motorization.

Figure 5.1 | Summary of potential bus intelligence products in Dhaka

bus Info-product OPTION A OpTioN B OPTION C
Bus ROUTE Map | SMARTPHONE | Bus RIDER
AVL SURVEYS
stakeholder . i
Riders Operators i
Regulators
data collection teéhnique Flocksourcing Fleetsourcing Flocksourcing

(Flock size from 5-30
members)

(Fleet size from
1,000-5,000)

(Flock size from 5-30
members)

data collection frequency
(suggested)

Every 6 months

Everyday

Every 3 months

metrics collected

Geo-coded Routes, Stops
(if any); (Travel times,
Crowding)

Live Bus Locations

Satisfaction, Home and
Work Locations,
Demographics

cost (detailed breakdowns in
appendix)

$1000 for base map;
$15,000 to include travel
times and crowding

$150,000 annualty for
1,000 BRTC buses;
$750,000+ annually for
4,900 buses owned by
Top 45 companies

$1300 for 1,000 survey
sample ($600 for
subsequent surveys);
$9000 for 10,000 survey
sample ($6,000 for
subsequent surveys)

time to collect

1 - 4 weeks

N/A

1 - 4 weeks

add’l benefits

Consumer marketing for
buses

Live wait times, traffic (if
open); Wi-Fi hot spot

Baseline measurements for
experimentation

outstanding questions

Location Accuracy; Analog
or Digital Output

Power + Battery Lite;
Training

Flock Bias

73




Appendix | The business plan for the Urban Launchpad, a start-up co-founded by this author to scale up urban data
collection efforts in places like Dhaka

GENERATING BIG DATA INSIGHTS FOR CITIES WITH LESS DATA

The escalator pitch

Big data is destiny for cities today. With it, a city can manage its limited resources from water to
roadspace to energy. Cities that can afford it like Singapore are spending $100B (Source: Pike Research
2011) over the next 10 years to build robust infostructures to optimize their cities with data, potentially
saving them hundreds of millions of dollars each year.

We, at the Urban Launchpad, are building those same capabilities on resources that exist in
almost every urban area on the planet —smartphones, mobile data networks and organized groups of
people and fleets - to provide those same insights at a fraction of the price - and perhaps more
importantly, a fraction of the hassle.

OUR FIRST PRODUCT O Y

THE GHEAPEST ANDEASEST Chldell
—*BUS INTELLIGENCE SERVICE ! ZH+arioi

HOW IT WORKS

GO TO:

WWW.URBANLAUNCHPAD.ME

CUSTOMERS © &

oy W

TECHNOLOGY TECHNOLOGY
& -
YOUR FLEET OUR FLOCKS
Ongoing data collection One-time data collection
Private bus and mini-bus operators, City government, non-profits,
Paratransit (taxis, auto-rickshaws academic institutions, new mobility
cycle rickshaws) startups, citizen groups
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PRICING === w’

$50* $50*

per seat per month per flock member per day
Bus tracking hardware retails in Retails to less than $3 per
US for $8-$20K per bus survey using pilot results

*50% discount if data is made open to public for mash-up

REVENUE POTENTIAL 59, $180K

10% $360K

$50 6,000 = s

’ 50% $1.8M

per seat per month buses in Dhaka 75% &2.7M

100% $3.6M
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our team

founders Albert Ching is a former Googler who helped Google Maps become #1, Stephen
Kennedy is an award-winning designer, and Muntasir Mamun (Dhaka-based) is an
experienced social entrepreneur who has organized 1,000 persons in an annual coastal
clean-up in Bangladesh.

field partner We launched our first Urban LaunchLab in Dhaka in January with Kewkradong, a team
of 20 out-of-box cycling evangelists, who will help co-develop and field test our tools.

advisor Chris Zegras is a professor of city planning and sustainable transport at MIT
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