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Abstract

Public transport system is an important part of cities, and the quality of public transport
service - passengers’ perceived performance - is a key urban indicator. Customer
satisfaction surveys has been the traditional methods and metrics for monitoring and
evaluating public transport service quality, but they come with a number of weaknesses.
They are administered too infrequently and ask subjects to provide only general ratings.
The infrequency results in potential delay for agencies to receive feedback, and the
abstractness reduces the possibilities of associating satisfaction levels to specific trips and
their attributes, as well as using the data to inform service improvement decisions.

Given these shortcomings with conventional surveying practices, there is great value in
engaging riders as additional sources of information. This reflects the concept of “co-
monitoring” - agencies using public feedback to supplement the official monitoring and
regulation. This is aided by the growing ubiquity of Internet-connected mobile devices,
which enables citizens to generate and submit feedback without time or geographic
constraints. From the data collection perspective, this would make the process more
dynamic, low-cost, and in real-time. Equally importantly, it is poised to enhance public
transport agencies’ relationship with their customers - conveying to customers that their
experience and feedback are valued. The service sector today is increasingly striving to be
more responsive to the customers’ needs and experiences, seeking to strengthen the
relationships with customers. The benefits of co-monitoring may help public transport
agencies adapt to these current service paradigm shifts towards “real-time” and “on-
demand.”

This thesis documents the creation and piloting of a smartphone-based platform for
engaging customers in becoming co-monitors of the local bus service quality. Working with
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a team of academics and software engineers, the author leads the effort to adapt a
smartphone-based travel survey system, Future Mobility Sensing (FMS), to collect real-time
customer feedback as well as objective operational measurements on specific bus trips. The
system (FMS-TQ) uses a combination of GPS, Wi-Fi, Bluetooth, and cellphone accelerometer
data to track transit trips, while soliciting users’ feedback on trip experience with built-in
questionnaires. FMS-TQ has been piloted in partnerships with public authorities in
Singapore and Boston. The pilots have demonstrated the platform’s capability to collect
trip-specific performance data, as well as value for public transport operators and
regulators.

The significance of this effort is three-fold. First, it embodies one of the first successes in
making public transport service quality data associable, attributable, and actionable. One
can associated this information to individual trips, and attribute performance excellence or
shortfalls to specific infrastructure, personnel, or service operations. As a result, the data
may reveal more actionable information for service quality monitoring. Second, the new
kinds of data open up possibilities for new academic inquiries on travel satisfaction. Finally,
the system’s public deployment signal the beginning of a mentality shift in customer-
engagement and relationship-building in the public transport sector. Collectively, the
methodology and institutional innovations aim to contribute towards a better public
transport service for the city and its people.

Thesis Supervisor: P. Christopher Zegras
Title: Associate Professor of Urban Studies and Planning

Thesis Supervisor: Jinhua Zhao
Title: Assistant Professor of Urban Studies and Planning
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Chapter 1

Introduction

1.1 From Snowmaggaddon, an idea was born

The winter of 2015 was an unforgettable one for Boston. Ferocious blizzards
slammed the city, dumping more than 110 inches of snow and shutting down this
northern city that had been so used to the cold. The region paralyzed along with the
transportation system. Travel bans were imposed, buses and subway trains broke
down, and the entire public transport system shut down for a total of four days. Even
after the shutdowns officially ended, the system struggled with rampant delays.
Horror stories of typical 45-minute commutes turning into four-hour journeys
abound. The MBTA (Massachusetts Bay Transportation Authority), the region’s public
transportation operator, became a subject of public criticism and apprehension. The
day after the second shutdown ended, the MBTA’s General Manager resigned.

This episode highlights a conundrum for public transport operators and
regulators. They work hard to keep the bus and trains running, but that scarcely
make riders happy. For major systems that serve millions of rides per day across
hundreds of routes on multiple modes, it takes monumental coordination and
diligence to dispatch and safely run every vehicle and adjust to extenuating
circumstances. When service runs smoothly, there are scarce praises or recognition,
but when hiccups occur, however minor, complaining voices surface loudly. Sure,
there are many possible reasons for this phenomenon - image of public transport as a
public good and a right, unpleasant emotions associated with commuting (i.e., going
to work), economic impact of a bad trip (e.g. arriving late to work or an important
meeting), heuristic biases that render negative experiences more salient than positive

ones, etc.. Though many other service sectors encounter similar imbalance of
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customer feedback between the positive and negative poles, the phenomenon poses
extra issues for public transport operators and planners. First, public transportation
affects so many people’s lives every day, so the relevant agencies need to have a good
understanding of the true state of customer experience in order to bridge any service
quality shortfalls. Second, there is scarcely another service that is featured so
saliently in the public and political spheres. Given that service quality and customer
satisfaction are carefully-tracked metrics used to demonstrate performance and
lobby for financial support, public transport agencies have to be able to obtain
reliable, representative data on the state of the system with little time lag.

As the digital age brings shifts in customer preferences and ushers in new
possible business models for urban mobility, these changes pose further challenges
and opportunities for the public transport sector (Prahalad & Ramaswamy, 2004).
Today’s customers, growingly more accustomed to the on-demand economy and
customer-centric user experience, continue to hold services to ever higher standards.
To remain sensitive to consumers’ needs, service providers need to increasingly focus
on proactively engaging customers to understand their service experience and build
stronger relationships. These evolving new norms in the service sector challenge
traditional methods and metrics for monitoring and evaluating public transport
service quality. Customer satisfaction surveys are administered too infrequently and
ask respondents to provide only general, overall ratings. This abstractness reduces
the possibilities of associating satisfaction levels to specific trips and their attributes.
It also shortchanges the potential to use riders as sources of information, hindering
agencies from obtaining more spatially and temporally precise results.

The research behind this thesis was born out of the desire to help the public
transport sector innovate its tools and organizational paradigm. I aspire to develop
new tools that would collect actionable data to guide improvement efforts, as well as
to showcase a model for empowering customers in co-monitoring the public
transport service quality. The unprecedented richness of data would also enable
researchers to examine interesting questions related to travel behavior, customer

satisfaction, and service performance. With the advance in new sensing and analytics
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technologies, I look to leverage distributed data collection to accomplish these
purposes. These tools, as | hope, will both enable and be supported by positive
institutional changes in how the public transport sector engages and build
relationships with its customers.

The development and deployment of the tools, as described in this thesis, has
been a team effort. Though I initiated the idea and have managed the whole process,
numerous professors, research scientists, engineers, and public transport agency
colleagues have been closely involved in the design, development, and pilot of the
smartphone platform. Hence, from time to time in this thesis, [ will use the pronoun
“we” when talking about endeavors that involving collaborators. This highlights the
enormous efforts that the team has dedicated to this project, and their valuable

contribution that cannot be unacknowledged.

1.2 Research questions
This thesis presents work from the last 17 months in pursuit of following key

research questions:

1. How do public transport agencies currently assess and interpret service
quality and customer satisfaction metrics? What are the strengths and

shortfalls?

2. Can we develop a system that solicits real-time, high-resolution feedback on
public transport services, both objectively and from the customers, down to

the level of a specific trip, while minimizing user burden?

3. Are there any differences between passenger’s real-time satisfaction (reported
during the trip) and recalled satisfaction with service (reported long after the

trip)?
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4. How do passengers’ reported satisfaction relate to objective trip attributes

(e.g. wait time, travel time, smoothness of the ride)?

1.3 Organization

Chapter 2 synthesizes how the public transport sector currently assesses the
quality of their service delivery. It defines the key concepts of quality of service and
customer satisfaction, and highlights the connections and differences between them.
It also synthesizes prior academic efforts in understanding public transport service
quality and customer satisfaction, as well as current practices within the industry.
The chapter ends by discussing the opportunities and challenges for smartphone-
based innovations in service quality assessment.

Chapter 3 examines the theories, challenges, and potential of engaging
customers and citizens in public service delivery. Along with Chapter 2, this chapter
completes the two halves of the theoretical foundation for this thesis. Public service
agencies can think of soliciting customer feedback as three inter-related objectives: to
collect better data, to further institutional learning, and to strengthen relationship
with the customers. I will draw examples from both public and private sectors to
illustrate these objectives, and discuss the particular value and challenges for the
public transport sector.

Chapter 4 describes the technology of the foundational Future Mobility
Sensing (FMS) platform and the principles and processes in designing the Travel
Quality Survey (TQ) extension.

Chapter 5 places Singapore and Boston - sites of the two FMS-TQ pilots - side-
by-side. It compares and contrasts the two regions’ urban and public transportation
contexts, as well as institutional arrangements and priorities. These factors have
significantly shaped the technological and implementation designs of the pilots.

Chapter 6 details the proof-of-concept pilot conducted in Singapore in summer
2015. We put the platform to test for the first time, which proves some of the key

capabilities of interests and exposes a number of areas needing significant re-design.
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The chapter covers the trial design, pilot implementation, findings, and lessons
learned from the pilot.

Chapter 7 presents the Boston pilot conducted in spring 2016. The pilot
assumes a design considerably different from that employed in the Singapore pilot.
The chapter details the pilot’s design, implementation and findings, similar to Chapter
6. It concludes by discussing lessons learned from both pilots.

Chapter 8 reflects on this journey during the last one and a half years -
building consensus among diverse stakeholders, designing for academic inquiry and
for practical user experience, working with two different public transport agencies,
etc. It accentuates the importance of institutional arrangement in determining
success of public-facing projects.

Chapter 9 discusses the implications of this research, identifies area for future

research, and concludes.
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Chapter 2

“So, how are we doing?”

“How satisfied are you with our service?” This question constitutes the timeless
yardstick in the service sector. It is not hard to find words such as “service quality”
and “customer satisfaction” in surveys, reports, and initiatives of private and public
sectors providers alike, though the search for clear definitions or best measuring
practices - particularly for public services - is much more arduous. This chapter first
defines and distinguishes quality of service and customer satisfaction - two concepts
on which this thesis is founded. While the definitions described in this chapter are
rooted in the public transport context, the discussion also takes a bigger-picture look
at these concepts in the service sector in general. It then synthesizes prior academic
undertakings in understanding public transport service quality and customer
satisfaction, and presents current practices of measuring these metrics in the public
transport industry. The chapter concludes by discussing areas in which the industry
should, and could, significantly benefit from new tools, systems, and mentalities in

assessing how well they are serving their customers.

2.1 Definitions

“Quality of service”

Public transport literature commonly defines “quality of service” as “perceived
performance from passengers’ point of view” (Hensher, Stopher, & Bullock, 2003;
Kittelson & Associates, National Research Council (U.S.), Transit Cooperative
Research Program, United States, & Transit Development Corporation, 2013;
Tyrinopoulos & Antoniou, 2008). This customer-oriented emphasis distinguishes
itself from traditional performance measurements that focus on system throughput

and efficiency - annual passenger trips, vehicle miles, etc. Hensher et al. (2003)

16



points out that passengers evaluate services in many ways beyond the quantity of
service consumed, taking into account also qualitative factors and individual
preferences. As the business world often considers customers as the best judges of
service (Berry, Zeithaml, and Parasuraman 1990), the term “service quality” in the
public transport context has essentially come to mean service aspects that directly
influence how passengers perceive their trip and of the provider overall.
Enumerating the defining aspects of service quality is much more difficult, as
there is little consensus among scholars and agencies on the best combination of
attributes. Studies have measured these concepts with as few as six (Kittelson &
Associates et al. 2013) and as many as 31 components (Habib, Kattan, & Islam, 2011);
most fall between 8-22 factors (J. de Ofia, de Ofia, Eboli, & Mazzulla, 2013; Eboli &
Mazzulla, 2007, 2010, 2011; European Committee for Standardization, 2002; Friman
& Fellesson, 2009; Hensher et al., 2003; Tyrinopoulos & Antoniou, 2008). Of course,
this diversity comes partially from the varying levels of specificity and ways to
categorize attributes, so overlaps are common.
The most frequently included attributes are (in alphabetical order):

e Accessibility (distance and ease of access to stops);

e Connectivity (whether route is direct, transfer facilities);

e Driver’s service;

e Fare;

¢ Information availability;

e Onboard comfort;

e Reliability;

e Safety;

e Service frequency;

e Service of non-driver staff;

e Stop and station conditions;

e Travel time;

e Vehicle cleanliness;

e Vehicle crowding level; and

e Wait time
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It should be noted, however, that many literatures blur the line between quality of
service and customer satisfaction, so most of the above attributes are discussed in the
former context in some literature but the latter context in other works. Indeed these
two concepts are tightly connected, and I will further discuss their relationship later
in the chapter.

Of all these service quality elements, which ones are the most fundamental?
Taking a step back to examine the general concept of service quality, one would
discover a wealth of scholarship and debate, stemming largely from the marketing
discipline (Babakus & Boller, 1992; Brown, Churchill, & Peter, 1993; Cronin & Taylor,
1992) The hallmark constructs of service quality is the SERVQUAL model,
conceptualized by Parasuraman, Zeithaml, and Berry (1988). The authors
conceptualize “service quality” as a comparative function between consumer
expectations and actual service performance (the “Gap Model”). Through stated
preference studies of multiple service industries, they identify five pillars of service
quality, under the acronym RATER:

e Tangibles: Physical facilities, equipment, and appearance of personnel;

e Reliability: Ability to perform the promised service dependably and
accurately;

e Assurance: Knowledge and courtesy of employees and their ability to inspire
trust and confidence;

e Responsiveness: Willingness to help customers and provide prompt service;
and

¢ Empathy: Caring, individualized attention the firm provides its customers.

With a few adjustments, this five-dimension framework can be adapted to fit the
public transport context (Elmore-Yalch, 1998; Tripathi, Kumar, & Gunjan, 2012).
Table 2.1 displays my own adaptation of the RATER model. The “Empathy” dimension
is perhaps the trickiest, since mass transit service is, arguably, by nature at odds with
delivering intimate, personalized services to customers. Some scholars hence propose

excluding the “Empathy” category (Barabino, Deiana, & Tilocca, 2012; Too & Earl,
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2009) when assessing public transport quality. I believe, however, that empathy is
still possible through relationship-building: understanding the customers, seeking
feedback on their experiences and input for improvement. While enabling this
capacity for empathy in public transport services resembles a paradigm shift, it is an
increasingly relevant priority. The so-called Transportation Networking Companies
(TNCs) - providers of app-based, on-demand ride services — have been rapidly
gaining mode share, and one of the key reasons for their popularity is the more
amicable interactions between customers and drivers (Li & Zhao, 2016). This thesis is
largely inspired and motivated by the potential to drive this exact paradigm shift in
the public transport sector through technological innovations, which I will discuss

further in the next chapter.

Table 2.1 - Public transport quality attributes under the SERVQUAL model

Service quality aspects

Accessibility to stop/station

Stop/station facilities
Wait time
Tangibles Travel speed/time

Seating & personal space

On-board comfort

Directness of route/ need for transfers

Reliability of wait time
Reliability Reliability of being able to board bus/train
Reliability of travel time

Availability & accuracy of information

Bus driver’s skills
Assurance

Attitude and quality of customer service

Sense of safety & security

Responsiveness Assistance to customers when needed

Empathy Understanding of customer experiences

Personalizing customer relationships
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“Customer satisfaction”

The term “customer satisfaction” has become synonymous with “service
quality” in the public transport sector. Given that service quality is by definition
customer-centric, assessing it typically involves customer satisfaction measurements
(Eboli and Mazzulla 2009). Likewise, results of customer satisfaction surveys have
become the de facto service quality indicators for many public transport agencies - |
will reference multiple agencies’ approaches later in this chapter. Despite its
prevalence, the concept of customer satisfaction has scarcely been defined clearly in
the public transport literature. Most surveys simply ask passengers to rate their
satisfaction with the overall service and individual attributes on a Likert scale
(Elmore-Yalch, 1998), and interpret the numeric value as the level of satisfaction.

[s equating “satisfaction” with “service quality” justified? As with “service
quality,” most of the prior scholarship on customer satisfaction comes from the
market research world. The “Disconfirmation Paradigm,” which highly resembles the
“Gap Model” established by the service quality literature, views satisfaction as an
emotion resulting from confirmation or disconfirmation of expectations (Cronin,
Brady, & Hult, 2000; Cronin & Taylor, 1992; Oliver, 1981; Parasuraman et al., 1988;
Rust & Zahorik, 1993). Namely, a consumer is satisfied when 1) the service
experience is as expected and her expectations are confirmed, or 2) the experience is
better than expected and thus positively disconfirms the expectations. On the flip
side, dissatisfaction arises when service is below expectation (Churchill & Surprenant,
1982).

Given these similarities, numerous researches have sought to disentangle the
relationship between “service quality” and “customer satisfaction.” There is no clear
consensus among the debate. Some theoretical papers distinguish satisfaction and
quality by their timeframe - specific, short-term evaluation vs. more general, long-
term judgements - though even scholars who prescribe to this distinction have
conflicting views on the corresponding timeframe for each concept (Bitner &

Hubbert, 1994; Oliver, 1993; Parasuraman, Zeithaml, & Berry, 1985). Subsequent
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empirical studies find that people do not clearly distinguish the two concepts from
each other - their assessment of service in respect to both “quality” and “satisfaction”
posit a relative judgement of experience versus expectation and result in future
purchase intentions as a consequence (Iacobucci, Amy, & Kent, 1995). Other scholars,
assuming distinction between satisfaction and service quality, have looked at how the
two concepts inter-relate. Among their research, there is a partial consensus that
“customer satisfaction is the result of a customer’s perception of the value received,
where value equals perceived service quality relative to price”(Cronin, Brady, and
Hult 2000). This is to say, in case a customer perceives a service experience mediocre
in quality, she might still be rather satisfied if she feels she has gotten a good “bang
for the buck.”

Synthesizing the above literatures in the public transport context, I have
decided to conform to the industry practice and use customer satisfaction as a
measurable indicator for service quality. There is no strong evidence that these two
terms evoke significantly different connotations, especially for the average rider.
Even if we posit that there are granular differences at a theoretical level, the constant
and low price of a bus or subway ride (between $1 - $3 in the U.S.) would only lessen
the distinction between satisfaction - which has an associated value assessment --
and service quality. So in the public transport context, asking passengers the question
“how satisfied are you with our service?” may in fact well answer the question “how
are we doing in servicing our customers?”

The importance in studying and improving ways to assess service quality and
customer satisfaction are two-fold. First, public transportation, being a service
industry, has an inarguable responsibility to ensure that (most of) those whom it
serves are happy with the service. Second and more practically, service quality and
customer satisfaction have been proven to shape behaviors - this could affect
ridership and the health of the system. Numerous studies find that perceived service
quality is one of -- if not the most - important determinants of customer satisfaction
(Cronin et al., 2000; Eboli & Mazzulla, 2011; Fornell, Johnson, Anderson, Cha, &

Bryant, 1996), and these two indicators are affirmed, by an even larger body of
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literature (Table 2.2), to affect the customers’ intention for future patronage. As many
new urban mobility services have emerged over the recent years, people now have
more choices than ever when making a trip. For public transport to improve its
appeal and maintain its relevance in urban mobility, it would have to accord higher
priority to better understanding and improving users’ experiences. The next section
summarizes the efforts in understanding public transport service quality and

customer satisfaction to date.

Table 2.2 - Literature linking quality, value, and satisfaction to customer behavioral

outcomes
Link(s) to Empirically
Source Relevant Constructs Outcomes Tested?

Parasuraman, Zeithaml, and Berry

(1988) SQ, Bl SQ Yes
Parasuraman, Berry, and Zeithaml

(1991) SO, B o) Yes
Anderson and Sullivan (1993) SQ, SAT, Bl SQ, SAT Yes
Boulding et al. (1993) SQ), Bl SQ Yes
Taylor and Baker (1994) SQ), SAT, BI SQ Yes
Zeithaml, Berry, and Parasuraman

(1996) SQ, Bl SQ Yes
Taylor (1997) SQ), SAT, BI 5Q), SAT Yes
Athanassopoulos (2000) SAC, SQ, SAT, BI SQ Yes
Cronin and Taylor (1992) SQ, SAT, Bl SAT Yes
Anderson and Fornell (1994) SQ), SAT SAT No
Gotlieb, Grewal, and Brown (1994) SQ), SAT, BI SAT Yes
Ostrom and lacobucci (1995) SAC, SQ, SAT, VAL, Bl SAT Yes
Fornell et al. (1996) SQ), SAT, SV, BI SAT Yes
Patterson and Spreng (1997) SAT, SV, Bl SAT Yes
Hallowell (1996) SAT, BI SAT Yes
Andreassen (1998) SQ), SAT, SV, BI SAT Yes
Bolton (1998) SAT, BI SAT Yes
Chenet, Tynan, and Money (1999) SQ, SV, SAT, Bl SAT No
Oliver (1999) SAT, BI SAT No
Garbarino and Johnson (1999) SAT, BI SAT Yes
Bolton and Lemon (1999) SAT, BI SAT Yes
Bernhardt, Donthu, and Kennett

(2000) SAT, BI SAT Yes
Ennew and Binks (1999) SQ, SV, SAT, BI SAT, SV Yes
Zeithaml (1988) SAC, SQ, SV, BI SV No
Bolton and Drew (1991) SQ), SAT, SV, Bl SV No
Cale (1994) SQ, SV, Bl SV No
Chang and Wildt (1994) SAC, SQ, SV, Bl SV Yes
Hartline and Jones (1996) SQ), SV, Bl SV Yes
Wakefield and Barnes (1996) SQ, SV, Bl SV Yes
Cronin et al. (1997) SAC, SQ), VAL, BI SV Yes
Sirohi, McLaughlin, and Wittink

(1998) SAC, SQ, SV, BI SV Yes
Sweeney, Soutar, and Johnson (1999) SAC, SQ, SV, Bl SV Yes

Source: Cronin, Brady and Hult (2000).
SQ = service quality; Bl = behavioral intention, SAT = satisfaction, SAC = sacrifice, SV/VAL = service
value
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2.2 Understanding public transport service quality and customer
satisfaction

Academic research on these topics has overwhelmingly focused on identifying
attributes that most strongly influence riders’ satisfaction of local public transport
services. Most of these efforts aim at testing a particular model and devising a new
service quality indicator ever-so-slightly different from the existent types. The studies
are best differentiated along two dimensions: data collection and analysis method. As
the results are heavily tied to the studies’ context - the status quo of the public
transport system, the local culture, etc. - there is little convergence among the
findings.

One of the most common approaches involves asking respondents to rate the
importance of various service attributes (e.g. wait time, comfort), their level of
satisfaction with those attributes, and their satisfaction with the service overall
(Efthymiou, Kaziales, Antoniou, & Tyrinopoulos, 2014; Tyrinopoulos & Antoniou,
2008). The main advantage of these so-called “stated importance” methods is ease of
interpretation - it is simpler to obtain the attribute’s importance, and results are
more intuitive (Weinstein 2000). But it has also some critical disadvantages. First, it
is susceptible to the so-called “Top Box Problem.” Most customers, when asked about
the importance of an attribute, tend to rate it as either “very important” or
“important” - ticking off one of the top boxes on the answer sheet (Morpace
International et al. 1999). As Weinstein (2000) notes, passengers may rate police
presence on buses as “very important”, but it may have little to do with their overall
satisfaction with the service. This phenomenon mutes differentiation in importance
ratings among the factors of interest, potentially masking truly significant drivers of
satisfaction from being identified. Furthermore, stated importance methods add to
the length of questionnaires - respondents would have to state the importance in
addition to rating the satisfaction level /perceived performance for each service
attribute (Weinstein, 2000).

A related approach - derived importance measures - purports to overcome

the above mentioned disadvantages. It asks respondents to rate only their satisfaction
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with individual service attributes (e.g. wait time, comfort) and the overall service
(Budiono, n.d.; Celik, Aydin, & Gumus, 2014; ]. de Ofia et al,, 2013; Del Castillo &
Benitez, 2012; Eboli & Mazzulla, 2007, 2010; Habib et al,, 2011). Researchers then
determine the importance of each attribute from statistical association between
individual attribute ratings and the overall satisfaction rating (Morpace International
et al. 1999). This method mitigates the “Top Box Problem” and involves shorter
questionnaires, and hence is often preferred by researchers and academics
(Weinstein, 2000). The downside, however, is the analytical complexity involved -
the results are not always intuitive or easy to explain to stakeholders (R. de Oiia,
Eboli, & Mazzulla, 2014; Weinstein, 2000).

The last major approach attempts to quantify importance of attributes through
stated preference experiments. Instead of asking passengers for ratings of individual
attributes, this approach examines passengers’ expressed choices among hypothetical
sets of alternatives with varying service attributes (Cantwell, Caulfield, & O’'Mahony,
2009; Eboli & Mazzulla, 2008, 2010; Prioni & Hensher, 2000). The most seminal work
on public transport quality using this approach is by Hensher et al (2003), which
presents to respondents 27 “bus packages” - service scenarios with varying levels of
performance for 13 attributes. The average number of passengers choosing a given
bus package is used to approximate the overall perceived satisfaction with the service
scenario; the contribution of each attribute to the overall satisfaction can also be
computed through discrete choice models.

The data analysis that ensues is largely divided into two camps. The majority
of studies seek to quantify the relationships between reported satisfactions of service
overall and of individual attributes. For this research question, multiple regression
analysis is the most common analytical technique (Kim & Lee, 2011; Weinstein, 2000)
The overall reported satisfaction level is regressed on satisfaction rating for
individual attributes to tease out their significance. (Kim & Lee, 2011; Weinstein,
2000)Some studies, particularly those that include a large number of service
attributes in their explanatory set, first perform structural equation modelling to

identify potential latent variables, reducing the many service attributes tested into a
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smaller numbers of dimensions that contribute to satisfaction measures (J. de Ofia et
al,, 2013; Eboli & Mazzulla, 2007; Karlaftis, Golias, & Papadimitriou, 2001; Shaaban &
Khalil, 2013; Stuart, Mednick, & Bockman, 2000). Studies that collect data through
stated preference surveys tend to employ discrete choice models in analyzing service
attributes’ importance for customer satisfaction (Eboli & Mazzulla, 2010, 2011;
Hensher et al,, 2003; Prioni & Hensher, 2000). The second, smaller group of studies
attempt to discern potential heterogeneities in customers’ assessment of public
transport services. Wallin and Andreassen (1995) find that high- and low- frequency
public transport users have different preferences; Eboli and Mazzulla (2009) propose
a Heterogeneous Customer Satisfaction Index that improves upon the Customer
Satisfaction Index by taking riders’ heterogeneities in perception into account.

Given the diversity of service attributes examined by various studies, their
findings offer little defining insights altogether. A wide range of service factors has
been found to be important in customer evaluations of public transport service
quality (Stathopoulos & Marcucci, 2014). A partial list includes: reliability (Friman,
Edvardsson, and Garling 2001); frequency, travel time and fare level (Hensher et al.,
2003); comfort and cleanliness (dell’Olio, Ibeas, & Cecin, 2011; Eboli & Mazzulla,
2007); stops and waiting environment (Iseki & Taylor, 2010); safety issues (Friman
and Fellesson 2009); network coverage/distance to bus stops (Tyrinopoulos &
Antoniou, 2008), etc. If an agency were to look to these literatures for insights on
service quality or customer satisfaction, it may be somewhat disappointed. Given the
local nature of the results, one cannot simply generalize and reference the factors
deemed significant in any study as the key characteristics to monitor within a
particular public transport agency. In terms of methodology, since rarely does a study
apply and compare two approaches on the same data set, there is little insights on
which method works best — and under what circumstances. Furthermore, much of the
scholarly attention is placed on experimenting with new modelling and score-
building techniques, rather than exploring new methods to collect customer
satisfaction data in more efficient and meaningful ways. This latter pursuit is arguably

more relevant to public transport agencies.
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2.3 Current industry practices

In terms of measuring perceived service quality and customer satisfaction, the
state of the art within the public transport sector may not be emblematic of the 21st
century. In the U.S., the most prevalent channels are intercept surveys (onboard or at
stops/stations), telephone surveys, and web-based surveys. Many agencies use
multiple, complementary channels to capture a wider respondent pool. Intercept
supplemented with telephone survey has been the most popular method, although an
increasing number of agencies have adopted web-based tools in recent years. In
Singapore, the country’s Land and Transport Authority (which plans, regulates, and
oversees public transport services), conducts intercept surveys of riders at
stops/stations. There is no known case of agencies routinely leveraging newer
technologies, such as smartphones?, to conduct customer satisfaction surveys.
Surveying frequency varies among agencies. In Spitz et al (2006)’s examination of
survey practices among U.S. transit agencies, about 45% conduct customer
satisfaction assessment one or more times a year, 30% less than once a year, and
20% have never done one.

Typically, public transport agencies carry out repeated cross-sectional
sampling of customers. Each cross-section measurement thus resembles the one-time
academic exercises discussed earlier. Akin to in academic studies, these
questionnaires also commonly ask respondents to rate their satisfaction with overall
service and its individual attributes - wait time, reliability comfort, etc. The number
of service attributes presented and the level of detail vary widely. In a TCRP review,
the number of attributes measured by agencies ranges from as few as five and as
many as 48 (Morpace International et al. 1999). Agencies may also solicit passengers’
reported importance of various service attributes. Evaluations are collected
periodically, and ratings are averaged to generate scores for historical comparisons

among cross-sections. This is known as the “scorecard approach.” Agencies may

1 Smartphone: a cellular phone that performs many of the functions of a computer, typically having a
touchscreen interface, Internet access, and an operating system capable of running downloaded
applications. (source: Oxford Dictionaries)
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publish these scores to demonstrate the progress (or regress) made over the recent
periods; some agencies, such as N]JTransit, even call it “The Scorecard” (Figure 2.1).
The idea is that public transport services can be aggregately measured and tracked

from time to time, as, for example, with a student’s academic performance.
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Figure 2.1 — NJ Transit’s Scorecard

The primary limitation of this scorecard approach is the incapability for
ubiquitous, detailed assessment and feedback (Dunlop, Casello, & Doherty, 2015;
Elmore-Yalch, 1998). Considering that public transport customer satisfaction surveys
are often done at an annual (or lower) frequency, questionnaires often ask
respondents for general assessments of the service (Carrel, Mishalani, Sengupta, &
Walker, 2015). This puts regulators and system administrators at a disadvantage in
obtaining high-resolution data - information that can reveal performance variations
by driver, route, and time of day, as well as the precise areas for commendation and

targeted improvement (Elmore-Yalch, 1998). For example, according to N]JTransit’s
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Scorecard, customers’ overall satisfaction decreases from 6.4 in 2014 (first quarter)
to 6.1 a year later, and satisfaction scores have dropped for virtually all service
attributes (N] Transit 2015). But what does this mean for the agency? Are the
differences significant? If so, to which areas should the resource-strapped agency
devote its capital and personnel for improvement? Even if a few attributes - say,
cleanliness, service frequency - have been identified as priority areas, it still reveals
little information as to which routes, vehicles, and/or stops should be improved. Of
course, traditional in-person questionnaires, administered during or after the ride,
can solicit trip-specific assessment, but their scopes are limited without a major
commitment to staffing. Public transport experiences can vary from trip to trip, but it
would not be realistic to deploy survey teams to every bus, stop, and station every
day.

Some agencies have attempted to go beyond the general service assessment by
asking their customers about specific trips in gauging service quality. For example,
the Massachusetts Bay Transportation Authority (MBTA) asks their Customer
Opinion Panel members to choose a particular recent trip to base their reflections on
(Boroyan, 2014). Singapore’s Land Transport Authority (LTA) asks respondents to
reflect on their most recent bus or subway trip in answering the customer satisfaction
surveys (Land Transport Authority, 2016c). However, such recalled assessment may
be inaccurate, as people’s actual and recalled experiences often differ due to
psychological heuristics or unobserved events (Fredrickson & Kahneman, 1993).
Pedersen et al (2011), by recording 62 volunteers’ predicted, experienced, and
remembered satisfaction of bus and subway trips for a month, reveal that recalled
satisfaction is significantly lower than experienced satisfaction. Abou-Zeid et al
(2012) observe a similar bias, noting that subjects report lower satisfaction with
public transport after experiencing a commute by automobile. This phenomenon
implies that, the sooner that a rider is given the chance to report her level of
satisfaction, the more accurate she is able to report the extent of disconfirmation.
Recently, and as detailed further below, some public transport agencies have

partnered with academics to attempt to shorten the lag between the ride and survey
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solicitation with new technological tools. Our project, FMS-TQ, is a further attempt at
capturing more accurate, high-resolution, and actionable customer feedback on
public transport experience.

Another approach uses panel-based instead of cross-sectional surveys. Panel
surveys are advantageous for several reasons. They reduce the chance of confounding
differences in measured satisfaction across years with differences between cross-
sectional samples (Spitz et al., 2006). Since changes in behavior of each individual are
directly observed, the sample sizes required to measure differences in customer
satisfaction can be much lower than the cross-sectional approach. Panel surveys also
allow for the costs of recruiting individuals to complete surveys to be spread out over
multiple survey periods (Chow, 2014). A number of agencies - NJTransit, Metrolink
(Los Angeles), and GO Transit (Greater Toronto and Hamilton, Canada) - tracks
customer satisfaction with panels through the use of web-based surveys (Chow,
2014; Spitz et al., 2006).

The prevalence, merits, and shortcomings of the common customer
satisfaction survey channels -- intercept, telephone, web, and hybrid methods - are
described below. The discussion will reference practices in Singapore by the Land
and Transport Authority (LTA), as well as at the top 10 U.S. transit systems (as
measured by unlinked passenger trips): New York City Transit (NYCT), Chicago
Transit Authority (CTA), Los Angeles County Metropolitan Transportation Authority
(LACMTA), Washington Metropolitan Area Transit Authority (WMATA),
Massachusetts Bay Transportation Authority (MBTA), Southeastern Pennsylvania
Transportation Authority (SEPTA), New Jersey Transit Corporation (N] TRANSIT),
San Francisco Municipal Railway (MUNI), Metropolitan Atlanta Rapid Transit
Authority (MARTA), and MTA Bus Company (MTABUS). Table 2.3 summarizes the
practice, which shows that even among the top agencies, data collection approaches

are divided somewhat equally among intercept, web, and telephone channel.
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Table 2.3 - Service quality/customer satisfaction survey methods used in Singapore and
by top 10 U.S. transit systems
Most recent survey Web-

Agenc . . Intercept Phone Other
gency (publically available) P based

Singapore
LTA 2015 Public Transport Customer X

Satisfaction Survey
United States
NYCT 2014 Customer Satisfaction X

Survey
CTA 2013-2014 RTA Customer

. . . X X

Satisfaction studies

LACMTA Spring 2015: Metro
Focus

Rail/Bus/System-wide Customer X X

Satisfaction Survey groups
WMATA Voice of the Customer survey X Mystery
(1%t Quarter, FY 2013) rider
MBTA Customer Opinion Panel X
SEPTA 2012 Customer Satisfaction X X
Survey
NJTransit | ScoreCard (2" Quarter, FY2016) X
MUNI 2013 MUNI On-board Customer X X
Survey
MARTA 2014 Quality of Service Survey X

MTABUS Unknown

2.3.1 Intercept survey

The most common method for measuring service quality and customer satisfaction
is intercept survey, either onboard or at stops/stations. The LTA has employed this method
annually for Singapore’s public transport services since 2006 (Land Transport Authority,
2016c¢). Of the 27 U.S. transit agencies and Metropolitan Planning Organizations (MPO)
surveyed in 2006, three-quarters report using intercept surveys (Spitz et al., 2006). Under
this approach, questionnaires are distributed to passengers onboard vehicles or
waiting at stops or stations. Questionnaires can be in paper format, which
respondents may complete and return either in-person or mail back later. Onboard
surveys can also be conducted as personal interviews, in which case a surveyor asks

riders a short series of questions and records the answers. With the aid of technology,
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interviewers may also administer surveys on tablets, digitally recording the results
directly (Agrawal, Granger-Bevan, Newmark, & Nixon, 2015; Ching, 2012; Schaller et
al,, 2005). In addition to customer satisfaction, intercept surveys are also used by
agencies to collect information on rider demographics, origin and destination of the
trip, and reasons for taking public transport (Schaller et al., 2005). The exact types
and wording of questionnaire, as well as survey frequency, vary among agencies.
Large agencies typically conduct five or more on-board/intercept surveys annually,
primarily focused on specific routes or geographic areas. Smaller agencies typically
conduct surveys every one to three years, often covering the entire network (Schaller
etal., 2005).

Singapore’s Public Transport Customer Satisfaction Survey (PTCSS),
conducted annually by the LTA, interviews close to 4,000 regular bus and subway
commuters at stops and stations. Respondents are asked to rate their level of
satisfaction with, and importance of, eight service attributes for their recalled last
public transport trip. The satisfaction ratings are weighed by their respective
importance measures to produce an overall satisfaction rating for the bus and

subway services (Land Transport Authority, 2016c).

31



Table 2.4 - Results of the 2015 Singapore PTCSS

PT Service Attributes Satisfaction Ratings Satisfied (%)
2014 2015 2014 2015
Waiting Time 6.3 6.7 69.1 76.8
Reliability 6.9 7.1 79.7 84.0
Service Information 73 7.3 852 86.9
Bus Interchange/ Bus Stop/ 7.5 7.4 89.6 90.2
MRT Station Accessibility
Comfort 7.0 7.1 82.2 84.0
Travel Time 6.9 7.1 82.4 854
Customer Service 7.2 7.3 84.0 86.0
Safety and Security 7.5 7.7 88.9 90.0
Overall Satisfaction 7.1 7.2 91.3 91.8

Source: Land Transport Authority, 2016

Most of the top 10 U.S. transit systems also use intercept survey to gauge
service quality and customer satisfaction, though many of them use it in parallel with
telephone- or web-based questionnaires as well. The Los Angeles County
Metropolitan Transportation Authority (LACMT) stands out as the only Top 10
agency that uses onboard surveys as the primary method for gauging customer
satisfaction. Since 2001, the LACMT has distributed paper surveys once a year on
buses and trains. The questionnaire focuses on service quality indicators such as on-
time performance, operator courtesy, cleanliness, and overall satisfaction with
service. It boasts a high response rate of over 50%, with 15,000 to 20,000 surveys
usually completed every year (LACMT 2016). The onboard survey effort is
supplemented by focus groups, which provide more in-depth qualitative information
about one or two specific topics - ticketing vending machine redesign, using real-time
information, etc. (LACMT 2016). Likewise, the Metropolitan Atlanta Rapid Transit
Authority (MARTA) conducts its Quality of Service Survey on an almost annual basis
by randomly sampling from patrons on rail platforms and on fixed-route buses.
During fiscal year 2014, the agency collected 6,512 responses in total (MARTA, n.d.).

The prevalence of intercept surveys stems largely from their advantages in
gaining direct access to customers and obtaining relatively representative samples.

Surveys can be conducted on particular lines, or at specific locations or times, to
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examine the service quality and customer satisfaction in detail. For instance, the King
County Metro of Seattle, Washington has surveyed only riders in the downtown Ride
Free Area (Schaller et al,, 2005). The Chicago Transit Authority (CTA) has conducted
one survey of riders on all bus and rail routes on the West Side and another on the
Douglas Line segment of the Blue Line (Schaller et al., 2005). The stratified samples,
combined together, can render a highly representative cross-sectional view of the
entire system. In fact, for municipalities where only a small percentage of the
population uses public transport, these advantages make intercept surveys the most
cost-effective way to gather information (Schaller et al., 2005).

On the other hand, conducting intercept surveys for an extensive system can
be resource intensive. Staff is needed to administer and retrieve every individual
survey, and then enter data into a database. Surveying a whole network, or even a
large number of lines, may take several months (Chow, 2014). Given the personnel
involvement required, the frequency of surveying - and hence the comprehensive
and continuity of information collected - may be limited. Public transport
experiences can well vary from trip to trip, but it would not be realistic to deploy
survey teams to every bus, stop, and station every day. Of course, this last
shortcoming is relevant to all conventional public transport survey methods, rather

than being unique to intercept surveys.

2.3.2 Telephone-based survey

Telephone-based methods have been popular among public transport
agencies in collecting customer feedback, and often used as a supplement to intercept
surveys. Respondents are recruited in-person, by telephone, or via other channels
(such as mailing), and once indicating interest in participating, an interviewer contact
the respondents by phone. Since the 1990s this is usually conducted with the use of
computer-assisted telephone interviewing, CATI. The interviewer reads questions

from a computer screen to the respondent, and type the responses into the computer.
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Depending on the logical flow of the questionnaire, CATI can skip parts of the
questionnaire and bring up the intended question based on the response entered.
Since responses are immediately entered and recorded into a computer, CATI
eliminates manual data transfers and reduces transcription errors. Its weaknesses, on
the other hand, lie in the difficulty in recruiting a representative or targeted sample,
especially in municipalities where a small percentage of the general population are
public transport users. Given these weaknesses, some guides discourages smaller
public transport agencies from using CATI for surveying customers (Baltes, 2002).

Of the Top 10 U.S. transit agencies, three use telephone surveys as the main
service quality assessment tool: the New York Metropolitan Transportation Authority
(NYMTA), the Washington Metropolitan Area Transit Authority (WMATA), and the
Southern Pennsylvania Transportation Authority (SEPTA). The 2014 NYMTA
Customer Satisfaction Survey, for instance, interviewed over 1,800 New York City
residents using a random sample of landline and cell phone numbers. In-depth
interviews were conducted with 1,200 customers who took at least one ride in the
past 30 days. The interviews were conducted in English, Spanish, and Chinese, and
lasted on average 27 minutes (New York City Transit 2014). The WMATA Voice of the
Customer survey administers a 17-minute phone survey to approximately 770
customers each quarter. Similar to the NYMTA survey, it randomly samples from
landline and cellphone numbers, and respondents need to have taken the local public
transport service in the past 30 days in order to be eligible. WMATA also conducts a
separate phone survey of its paratransit users on a semi-annual basis (Washington
Metropolitan Area Transit Authority 2014). SEPTA’s Customer Satisfaction Survey
samples households in the service region by phone, and asks respondents about their

public transport experiences in the previous 7 days (SEPTA 2013).

2.3.3 Web-based survey

Web-based method is a late entrant into the public transport survey realm. In

2006, when the Transit Cooperative Research Program (TCRP) published the most
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recent report on this matter in the sector, just 25% of the 36 agencies interviewed
had used web surveys to collect customer satisfaction information (Spitz et al., 2006).
Schaller (2005)’s sampling of 52 U.S. public transport agencies found 44% of
organizations using web surveys for any purpose. However, most of these practices
still relied largely on in-person or telephone recruitment - only 6% of the agencies
surveyed recruited respondents by e-mail or with a web link (Spitz et al., 2006).

The primary advantage of web-based surveys is time and cost efficiency. In
Spitz et al (2006)’s report, 70% of respondents who were using web-based surveys
then cited “fast turn-around” and “cost effectiveness” as their motivations for
employing such tools. Several studies have found that online surveys have the ability
to collect a large sample more quickly at a lower cost compared to traditional surveys
(Chow, 2014). The cost saving stems not only from the reduced need for in-the-street
fieldwork, but also from the faster turn-around and less effort for data entering and
cleaning (Schaller et al., 2005). Web-based method have other valuable advantages,
allowing for presentation of complicated subject matter, question design, and
graphics, and for strict ordering of the questions to be completed (Chow, 2014; Evans
& Mathur, 2005; Schaller et al., 2005). Web-based methods also provide for
convenience in tracking respondents over time for panel studies, as people’s email
addresses tend to change infrequently.

The main concern for using web-based technology for surveys has been biases
against population with no, or limited, access to the Internet. In Schaller’s 2005
report, nearly all agencies that used web-based surveys reported worrying about not
being able to reach a reliable cross-section of their audience (Schaller et al., 2005).
The saliency of this disadvantage has since decreased, as Internet access has much
proliferated over the past decade. Web-based channel has become the dominant or
sole survey method for several of the largest transit agencies in the U.S. Since 2011,
NJTransit has been conducting system-wide online customer satisfaction surveys,
with the most recent 18t tracking period completed in November and December
2015 (N] Transit 2015). The Massachusetts Bay Transportation Authority (MBTA)

gathers ongoing feedback through a web survey, which is sent to a rotating third of
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their customer panel every month (Boroyan, 2014). These initiatives within leading
public transport agencies have shown web-based surveys as a viable method, and we

are likely to see more adoption of this approach in the future.

2.3.4 Other methods

Aside from the techniques above, agencies may combine multiple methods as
complements. For example, when the Regional Transportation Authority last
conducted a customer satisfaction survey for three agencies in the Chicago region, it
leveraged the web via email invites as well as onboard recruitment efforts (RSG
2015). The San Francisco Municipal Railway (MUNI) conducts quarterly online
customer satisfaction surveys, sampling from an opt-in online panel; in addition, it
also conducts a multilingual onboard survey (last completed in 2013) of over 22,000
customers (SFMTA 2014).

Intercept interviews are also often used to gather names, telephone numbers
and/or email addresses for phone or web-based surveys later. For example, for its
Customer Satisfaction Survey, SEPTA intercepts riders at various locations to request
their contacts, but also supplements the pool with a random telephone sampling of
households in the region (SEPTA 2013). Such a combination is quite suitable where
incidence of public transport user is too low for digital dial telephone interviewing,
yet the survey is too long or complex for onboard and intercept interviews. As
Schaller points out, the combination is particularly cost-effective for commuter rail,
for which a large percentage of riders pass through a downtown terminal during
specific time periods (Schaller et al., 2005).

Another once-common method is mailing. Questionnaires are randomly sent
to potential respondents to complete and return by post. With the proliferation of
telephone and Internet access, as well as the emergence of new technologies,
however, there remains essentially no advantage to mail surveying. Turnaround is

longer, and surveyors likely need to send a follow-up mailing to increase the overall
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response rate (Baltes, 2002). As a result, none of the leading public transport agencies
examined in this thesis still use this method to collect customer satisfaction data.

One final approach to assessing service quality is a Passenger Environment
Survey (PES), conducted using the “secret shopper” technique. Developed by the New
York City Transit? in 1983 and since majorly revised, PES is an internal performance
audit of the passenger experience in vehicles and stations. Different from the methods
described earlier, where ordinary riders constitute the source of feedback, secret
shoppers are usually trained personnel who use the service as a normal customer,
and rate the attributes from the perspective of a regular passenger (Eboli and
Mazzulla 2012). The advantage is that these trained “customers” have common
standards against which to rate the service. This is a tradeoff against
representativeness of responses, however, and it technically defies the very

customer-centric nature of service quality surveys.

Rider completes paper/ electronic
questionnaire on the spot

Rider receives questionnaire Rider receives paper questionnaire,
In-person recruitment on the spot to be mailed back when completed
i . . . Rider receives a note with link to
at StOp / stations or Rider provides contact info, online survey, to be completed either
onboard to be contacted later by during the ride of later

phone or email

Follow-up phone interview to
Phone request for complete questionnaire

participating in survey _
Respondent receives

questionnaire in mail, to be
completed and mailed back

Website for online Respondents receive link to
sign-up online survey via email

Questionnaires mailed Respondents receives
questionnaire, and mails

to households back completed survey

Figure 2.2 - Flows of conducting various methods of customer surveys

2 The New York City Transit (NYCT) is one of the six agencies of the New York Metropolitan
Transportation Authority (NYMTA), operating the New York City Subway, Staten Island Railway, and
New York City Bus systems.
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The review of industry practices reveals that service quality and customer
satisfaction assessment remains at an aggregate level. Public transport operators and
regulators largely collect and treat customer satisfaction measurements as a
scorecard, aggregating ratings provided by respondents on the service in general.
This does not fulfill the full value of customer satisfaction inquiry, as much pertinent
information on the day-to-day public transport experience may be lost in the
surveying process. Recognizably, this inefficiency is a result of the limitations of the
tools available to operators. Although intercept, telephone, and web-surveys can
obtain a fairly representative sample and approximate general public sentiments,
none of these methods are cost-effective or practical in obtaining high-resolution

information.

2.4 Role of smartphones in advancing public transport service
quality assessment

In recent years, the attention has turned to smartphones as a potential new
medium for data collection. The comparative advantages of smartphone-based
surveys include information richness, real-time speed, cost efficiency, and ubiquity.
Surveyors can obtain details about the trip experiences from smartphones and their
sensors - precise time and location information (GPS, Wi-Fi, cell tower), vehicle
acceleration profile (accelerometer), and ambient temperature (thermometer) and
noise (microphone). The geospatial and temporal information can help associate the
collected data to specific service runs or stations/stops. As people tend to carry their
phones with them most of the time, information can be collected and transmitted to
the server in real-time. Such surveys may reduce the need for mobilizing field
surveyors, reducing the time and cost of survey administration. They can also be
deployed over extended periods of time and space, enabling intra-day, inter-day and
inter-seasonal assessments for numerous routes, stops, segments, etc. Last but not

least, well-designed smartphone apps can enhance the user-friendliness and
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interactivity, potentially offering a better respondent experience than traditional
surveys.

No public transport agency has yet adopted the smartphone approach in their
routine service quality and customer satisfaction assessment, but several recent
academic studies have explored using the technology to collect more detailed data on
rider experience. In 2012, an MIT research team launched the Flocktracker, a
smartphone app for trained surveyors. The team initially conceptualized the platform
to capture bus riders’ experiences in Dhaka, Bangladesh. Surveyors would board
specific bus routes, use the smartphone app to record bus positions, record crowding
conditions, survey riders about their satisfaction of the ride, and input these answers
into the app (Ching, 2012). Two subsequent MIT studies adapted the Flocktracker to
collect bus riders’ opinions regarding perceived security along routes in Mexico City,
Mexico and St. Louis, Missouri, respectively (Butts, 2014; P. C. Zegras, Butts, Cadena,
& Palencia, 2015). Despite the differences in local settings and survey topics, these
three projects shared one key similarity -- their data carried detailed geolocation and
time stamps, hence allowing researchers to analyze and visualize spatial and
temporal patterns.

As smartphone penetration rate increases, data collection can be
crowdsourced by empowering individual riders as sensors. Tiramisu, by Zimmerman
et al of Carnegie Mellon (2011), uses passenger-generated GPS traces and reports to
make real-time bus arrival predictions. It also solicits intelligence on bus crowding
level from passengers waiting at stops or already travelling onboard. Carrel et al
(2015) devise an Android app (San Francisco Travel Quality Study) to examine the
relationship between objectively measured service quality (e.g. travel and wait times)
and riders’ satisfaction, emotions, and modal choice. During the month-long study,
participants are asked to take public transport on at least five days and fill out the
corresponding daily in-app surveys (for which they received a reminder every day).
The system generates valuable multi-day data for understanding customers’ ride
experiences, even though the resolution of feedback is at the daily level rather than

being trip-specific. For users who take more than one public transport trip on a given
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day, they are allowed to submit only one set of ratings, even though their experience
could vary widely from trip to trip. In contrast, Dunlop et al (2015) use a BlackBerry
0S-based survey app (TOES) to measures riders’ emotional state before, during, and
after each bus trip. The trip stage is determined by users’ specification, manually
inputted into the app. Dunlap et al’s study finds that passengers’ anxiety and
discomfort perception are highest while on a crowded bus, and new bus users are
more sensitive to crowding noises, smells, route/schedule uncertainty, and self-
consciousness than experienced public transport riders who are used to the
environment. Both Carrel et al’s and Dunlop et al’s studies demonstrate the feasibility
of leveraging emerging technologies to yield more granular insights on people’s
public transport experiences.

For smartphones to become a more practical and common tool for customer
surveys, however, there remain several major challenges to overcome. There exists a
flipside for almost every advantage of smartphones mentioned earlier. While the
smartphone can collect rich info on one’s travels through its sensors, it can cause
substantial battery drainage (Love, 2013). Incentivizing and sustaining participation
is also a significant challenge. Though people tend to carry their phones with them
and can generate intelligence ubiquitously, they do not necessarily want to keep
additional apps running on their phone or respond to survey solicitations in the
middle of a game or even Facebook browsing. Carrel et al (2015) found it hard to
sustain participation after the initial weeks, even with an enticing incentive upfront (a
free monthly pass). Another challenge highlighted by both Carrel’s and Dunlop’s
studies, is the trade-off between high information resolution and user burden. If one
wants to sense service quality metrics specific to a trip, Tiramisu and TOES would
require users to manually signal to the app when they are taking public transport.
Lastly, while a smartphone-based system is poised to lessen the staffing required to
conduct surveys, its penetration rate among the general population is still too low to

make it the sole channel. As of mid-2015, 28% of Americans did not own a
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smartphone (Poushter, 2016); nearly half of the smartphone-dependent population3
(19% of Americans) have limited data plans - having had to cancel or suspend their
cellphone service due to the financial constraints, or occasionally maxed out their
phone plan's data limit (Pew Research Center 2015). Hence, in order to collect more
representative samples, agencies that use smartphone tools will need to, at least for
now, supplement it with more conventional survey mechanisms.

But these current shortcomings should not deter researchers and agencies
from improving and leveraging smartphones tools. Smartphones components are
getting gradually more energy efficient (although the gain is partially offset by bigger
screens and the propensity to leave more apps running) (Newman, 2013), so can
apps and algorithms be designed to be less draining for the batteries. One can lessen
user burden by enhancing the platform’s automation and inference capabilities (an
area where FMS-TQ innovates in); participation is likely to be sustained if we
integrate the survey mechanism into a comprehensive app that people are constantly
using to check real-time information and plan and pay for their trips. The issue of
unrepresentativeness will be mitigated by the rapid increase in smartphone adoption
-- projected to grow by another 60 million by 2019 (eMarketer 2015). In fact,
smartphones might soon edge over web-based methods in terms of accessibility.
Recall that nearly one in five Americans relies on their smartphones for staying
connected to the Internet world, and ownership of mobile devices is still rapidly

growing but has plateaued for desktop computers.

3 Smartphone owners who have no or limited alternatives to access the Internet.
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Figure 2.3 - Ownership of desktop vs. mobile computers

Source: comScore (2014)

The comparative advantages of smartphone systems are poised to improve
precisely the weaknesses of existing survey methods. Automatic data solicitation can
increase survey frequency from annually or quarterly to multiple times a day, and the
real-time transmission would enables passengers to provide feedback on individual
trips. This increases both information resolution and accuracy - surveyor may ask
respondents about specific attributes on a specific public transport experience soon
after, or even during, the trip. This capability is reminiscent of the iconic rating
mechanism that is part of the app-based mobility services, which has opened up new
frontiers in soliciting individualized feedback for quality control and cultivating
relationships with riders. Companies such as Uber and Lyft have built meticulous
quality control on the mandatory mutual ratings between drivers and passengers at
the end of every trip (Cook, 2015). As a result, not only do they have detailed service
quality data for analysis and monitoring, these new mobility service providers have

also become much more self-aware and self-regulating of their quality standards, as |
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will elaborate in the next chapter. Although mass transit may not require feedback on
every passenger trip, the ability to examine performance by driver, route, and/or
time of day could be very valuable for quality monitoring and identifying areas for
improvement.

With high-resolution sensing comes great opportunities to collect more
actionable information. One of the biggest inadequacies of existing pubic transport
survey methods, as earlier discussed, is difficulty in interpreting aggregate scores in
terms of further action. A satisfaction score of, say, 6.5 out of 10 for bus stop
conditions does not reveal which of the thousands of stops in the city needs
improvement. With trip-specific surveys, agencies can now ask respondents to report
the condition of their boarding and alighting stops, which can be clearly identified by
either GPS information or self-report.

Though most public transport agencies recognizably face many pressing short-
term funding and operations constraints, it is my hope that these issues will not
prevent them from investigating into the next generation of data gathering platforms.
Strategic leveraging of new technology brings not only new data but also - and more
importantly - new ways to engage customers and govern service. The following
chapter will discuss this new approach to monitoring and managing public services.
In these tumultuous, changing times, technology should not be an end in itself, but

instead a means to enable new organizational mindsets and capabilities.
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Chapter 3

Customer Feedback: Data Collection, Institutional Learning,

and Relationship-Building

“We must use all available technologies and methods to open up the federal government,
creating a new level of transparency to change the way business is conducted in Washington
and giving Americans the chance to participate in government deliberations and decision-
making in ways that were not possible only a few years ago.”

--- Obama-Biden campaign, May 2008

In 2008, when smartphones were only in the technological cradle and Big Data was a few
years away from entering the public lexicon, President Obama exhorted the nation to rise
to a challenge: using new technology to make governance and public services more open,
participatory, and collaborative. In the years since, leaps in digital connectivity and data
management capacity have drastically improved information flow between governments
and the people. Social media channels such as Facebook and Twitter now enable agencies
to efficiently disseminate information and respond to constituency feedback; the Open Data
movement has greatly enriched the public’s knowledge of our world by releasing much
once-inaccessible data.

This new connectivity brings deep implications to the relationship between
governments and constituents in public service provision. In the traditional view, people
are recipients of services provided by the government that they have elected. Given the
new communication channels and ever-increasing amount of information generated by our
digital lives, the public can become more involved in monitoring and providing feedback on
service performance. This prospect has given rise to the concept of “co-monitoring” -
agencies using public feedback to supplement the official monitoring and regulation

(Kaufman, 2014). The promise is that service providers can gather details from the users’



perspective in a more dynamic, low-cost, and real-time manner; providers’ responsiveness
and working partnerships with their customers could also be enhanced. The customers
would consequentially benefit from the improved quality of service and strengthened
sense of citizenship and empowerment.

This transformative process highlights three inter-related and somewhat sequential
aims of engaging customer feedback - data collection, institutional learning, and
relationship-building between consumers and providers. The transit sector can much
benefit from each and all of these objectives, and our FMS-TQ project seeks to strengthen
agencies’ capacities on all three fronts. This chapter details each of the three dimensions of
leveraging customer feedback, drawing examples from public and private service sectors. It
also illustrates particular opportunities, challenges and strategies for transit agencies to

innovate in this sphere.

3.1 Feedback as data collection

At the most basic level, soliciting customer feedback is about intelligence-gathering:
obtaining customer opinion about a business, product, or service. These opinions have
been widely-accepted in modern management theory as important factors to business
success. Feedback sheds light on customer’s perception of the quality of offerings, and this
perception influences customer satisfaction, which in turn exerts powerful impact on a
company’s financial and reputation outcomes (Walter, Steyrer, & Wiesel, 2010). Common
channels for data collection include focus groups, individual interviews, follow-up surveys,
social media, and hotlines. According to a 2014 benchmarking effort involving 218 large
organizations, 100% of them have some form of a “Voice of the Customer” program
(Temkin, 2014). The public sector is also increasingly striving to identify customer needs
and monitor customer perceptions of the services provided. Customer satisfaction surveys,
as detailed in Chapter 2, as well as hotlines for customer suggestions and complaints, are
quite common among government agencies.

Given the widely differing nature among public services, conventional channels of

feedback solicitation work to various degrees of effectiveness. For services that one would

45



only seek occasionally and where the service provider already has customers’ phone
numbers or email addresses, the agency can actively solicit feedback after the transaction
via text or email. Some examples include the Department of Motor Vehicles asking permit
applicants’ about their service experience (California DMV, 2012), or the “I Paid a Bribe”
initiative that spans across 29 countries, asking people by text to report any bribes that
they have paid for their governmental service (I Paid A Bribe, n.d.). This active solicitation
very much mirrors private sector practice, such as hotels contacting guests after their stay
to seek their opinion on service quality.

On the other hand, every-day services, such as water and public transport, tend to
invite customer feedback by publicizing hotline numbers or contact emails. Inevitably,
feedback that comes in through such reactive channels are generally more negative in
nature (Gigler & Bailur, 2014). Due to the effort involved in making a call or writing an
email, people tend to not give feedback unless they have had an unpleasant experience; and
even then, not all of those who are dissatisfied may overcome the burden to call or write to
authorities. Despite this bias, the complaint-based system is actually an effective data
collection tool for sectors that normally maintain good quality but occasionally deviate
from standards. Many water utilities rely on customer complaints on water quality and
pressure to detect changes in source water quality, measure the effectiveness of hydrant
maintenance, and determine where pipe breaks have occurred (Whelton, Dietrich,
Gallagher, & Roberson, 2007). Many disease outbreaks have been preceded by customer
complaints about aesthetic water quality problems (Whelton et al., 2007). But this
orientation towards negative feedback would not be nearly as effective for public transit
agencies. Transit service performance can vary considerably by time, route, and operator;
passengers also have heterogeneous judgement standards. This gives rise to the issue
mentioned in this thesis’ opening - performance shortfalls are disproportionally
represented in the projected voice of the customer. For this reason, large-scale surveys
remain the cornerstone of customer feedback solicitation in the transit sector, which, as
discussed in Chapter 2, have the benefit of sample representativeness but disadvantages of
low-resolution and high costs.

In recent years, the proliferation of mobile Internet connectivity and social media

has opened up a new realm of customer feedback in both private and public sectors. Mobile
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connectivity gives people the ability to send information on the go, potentially providing
more accurate pictures of on-the-ground realities (Gigler & Bailur, 2014). Websites that
aggregate service providers onto common platforms further reduce the burden of initiating
feedback, and incentivize customers through virtual or in-kind rewards. The website Yelp
tellingly illustrates this unprecedented amount of crowdsourced data. Whereas one might
previously not bother to call or write to individual businesses to give feedback, she can
now easily give her review on the establishment’s page on Yelp. In fact, it’s so easy to
review anything on Yelp that one can find reviews for some unusual listings on the
platform - the City of Boston (yes, the entire city)4, local prisons (“Only 3 basic cable
channels and no nets for the basketball hoops are the least of the problems here. But the
staff is decent...")>, or the C Train of the New York City subway (2 out of 5 stars)®. While the
ease of giving feedback does not entirely eliminate the negativity bias inherent in
unsolicited reviews systems, Yelp’s self-posit as a transparent review platform (as opposed
to a complaint hotline) has brought in quite a lot of diversity in the spectrum of reviews.
Out of a Yelp-released dataset of 42,153 businesses, the reviews for many of the top 30
categories of businesses actually assume a bell-curved shape (minimaxir, 2014), meaning
that most of the ratings hover around 3 stars, and the extremely positive and negative
reviews are somewhat balanced.

Twitter and Facebook also join the ranks for ground-up data gathering channels.
According to an analysis of four European countries” by IBM’s Social Sentiment Index, 67%
of commuters talk about their commute on social media (IBM, n.d.). Unlike Yelp’s value
proposition as a neutral archive of reviews, Twitter and Facebook accounts are managed by
the organizations themselves and serve as a dynamic communication channel between the
account owners and their followers. As a result, while they are effective means for public
agencies to quickly broadcast announcements to their constituents (Bregman, 2012),
communications originated from customers tend to concern service shortfalls and anger

sentiments. When researchers at Purdue University analyze a sample of Twitter posts

4 https: //www.yelp.com/biz/city-of-boston-boston-3

5 https://www.yelp.com /biz /hagerstown-prison-hagerstown
6 https://www.yelp.com/biz/the-c-train-new-york

7 Germany, Spain, France, and the Netherlands
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regarding the Chicago Transit Authority, they find that “transit riders are more inclined to
assert negative sentiments to a situation than a positive sentiment” (Collins, Hasan, &
Ukkusuri, 2013). Figure 3.1 and Figure 3.2 show examples of such messages that customers
have directed at transit agencies through Twitter and other social media. It is thus not
surprising that fear of online criticism is one of the major barriers for transit agencies to
using social media. According to a survey of U.S. and Canadian transit operators in 2012,
60% of responding agencies considered the issue of public criticism “important” or “very

important” (Bregman, 2012).

Survey Subject Agencies Tweet
Measuring

Overall Satisfaction “The @cta has to be the most hated public transit system in the country. Never on

- time, dirty, outdated, slow, dangerous, etc. #ctafail” - @KyleDeGiulio
Speed/On-Time o “the m train super slow, everyone told to get off at myrtle-bway, http://mta.info has
Performance no updates to explain this @ MTA” - @MJalonschi
Reliability ® “Hey @MTA! My friend @Kirznyc waited 3 hrs & 3 buses b/c lifts not working &
drivers not trained pic.twitter.com/cjvkGgMiSX” - @gemaree
Safety from 9 “Either there's something seriously wrong with this bus, or the driver doesn't
Accidents - understand how an accelerator works. #sfmuni” - @nonsoccermom
Personal Security - “filing complaint on @wmata website to report attempted assault by bus driver—
which drop-down menu choice applies? pic.twitter.com/HCYdBIIFAY” - @IMGoph
Value for Money “Did @wmata really put out an ad bragging about how much of cur money they're
&» spending? pic.twitter.com/HGqd5BOxvh” - @kctimpf
Cleanliness “getting complaints about garbage @cta red line. personally, i just saw actual human
- waste on that train. u? (cc: @LittleBirdBill) #Dreadline” - @tracyswartz
Temperature - “Hey #BART it's 70 degrees and your train is packed. Heat is really really
unnecessary” - @KCalder3
Communications “Started tracking the 9 minute bus when it was 18 minutes away ... over 40 minutes
- ago. @CTA #FAIL pic.twitter.com/200FmnREc|” - @tankboy

Figure 3.1 — Sample Twitter posts concerning public transport experiences

Source: Kaufman, 2014
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Twitter (CTA)
“@cta why is the blue line announcing delays at Division for “emergency” reasons but nothing on the tracker?”

Facebook (WMATA)

“The train operator who runs the train that arrives at Grovesnor at approx. 10:10am each weekday (heading to Silver
Spring) couldn't be a nicer guy and VERY good at what he does. Clear announcements and smooth train handling. | am
almost always on his train and always am in the front car and he always greets me when he pulls in and made it a point to
make sure | had a good holiday this morning (my first day back for the year). Hopefully this message can be passed along
to his supervisor or the like. He is a good guy. Wish | knew his name."”

Foursquare (BART)
“Montgomery BART station: where it smells so bad, the air has a flavor.”

Figure 3.2 — Examples of public transport-related content from various social media
Source: Kaufman, 2014
Despite the prospect of receiving negative public comments, public agencies who

view open review platforms as opportunities to learn from their customers and to correct
misinformation, can benefit much from these customer voices. Whereas a city might not
have the human resources to send employees to constantly inspect its services, citizens can
serve as ubiquitous, free sensors on the street. As Clark and Rokakis discuss, this network
of individuals is “essentially employed to bridge organizational information gaps and
asymmetries” (Clark & Rokakis, 2014). For example, during adverse weather events that
affect travel throughout a region, messages from customers have helped the local transit
agencies identify trouble spots (Bregman, 2012). These customer-generated data all give
rich intelligence on realities on the ground, and can potentially fill monitoring gaps for

geographies or time periods that are previously under-monitored by the agency.

3.2 Feedback as institutional learning

It is one thing to collect better data, but another to put them to good use. After

organizations set up channels to listen to customers’ voices, they need to embed the
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information into their institutional learning process. This concept is advocated by
numerous experts in business management (Berry & Parasuraman, 1997; Wirtz & Tomlin,
2000) and international development realms (Andrews, Pritchett, & Woolcock, 2012). In
order to ensure that customer feedback translates into better services, the data need to be
systematically-collected and built into the organization’s performance metrics and
decision-making processes.

One of the most telling instances of feedback institutionalization comes from the
transportation sector itself: the transportation networking companies (TNCs), as first
discussed in Chapter 2. With such large, decentralized networks of service providers - over
one million drivers for Uber alone (Carson, 2015) - and no uniform vetting or training, the
TNCs cannot ensure or monitor the quality of every individual driver through aggregate
surveys or secret shopper tests. So the TNCs, as earlier mentioned, solicit passengers’
feedback through the app at the end of every ride. The trip-specific feedback, which
consists of ratings out of five stars and/or comments, becomes an effective alternative.
Having interned with Uber during one of my graduate school summers, I have seen first-
handedly the power of such customer-generated intelligence as a service quality
monitoring backbone. Every week, Uber and Lyft convey riders’ comments anonymously to
the corresponding drivers, encouraging them to keep up the good work and identifying
areas of improvement, if any. In case a rider reports a serious issue, the incident is
investigated. Though customers’ rating and comments are far from objective - sometimes
inflated or over-critical - they nonetheless provide a telling picture of each driver’s
performance when compared to the average performance of all drivers in the same city. If
any individual driver’s average rating falls below a certain threshold, the company offers
him or her advice and recommends courses to improve the service. The driver’s privilege
to use the app may be suspended if his or her low rating persists (Cook, 2015). Customer
feedback is supplemented with objective performance data, such the speed profile of a ride
to detect speeding (McGoogan, 2016).

The public sector has also gained increasing capability to institutionalize citizen
feedback. Since 1997, more than 200 cities around the United States have established
traditional 3-1-1 services, allowing citizens to report non-emergency issues or inquire

about particular government services (Goodyear, n.d.; Holzer, Schwester, McGuire, & Kloby,
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2006). The most common types of calls involve reporting of debris on the road or broken
street lights, as well as questions about citizen services such as trash pick-up (Schaeffer,
n.d.). The 3-1-1 system aims to ease the longstanding difficulty in efficiently directing
citizen questions and concerns to the right department. Municipal departments are often
not well-integrated, and their differing procedures and policies often delay the processing
of citizen requests. In contrast, when a citizen calls the 3-1-1 number, it goes to a single call
center open 24 /7. The center staff record the request and route it to the right department;
the systems also include search and automation tools that help civil servants to respond to
citizen inquiries expeditiously (Schaeffer, n.d.). Data collected via 3-1-1 may also be fed into
customer relationship management software systems, hence allowing officials to assess
service delivery performance and make informed decisions on how city resources could be
better deployed and managed (Holzer et al., 2006).

The success stories of 3-1-1 systems are too numerous to list in full, so [ will
illustrate only a few cases here. The City of Minneapolis has leveraged the call system to fix
its long-standing issue of graffiti removal delays. Prior to that, residents often complained
that the city took too much time to clean up graffiti after it was reported to the police. The
police had to investigate the report and take photos, before turning over the requests to the
Public Works Department. This procedure was often held up as the police had more
pressing criminal activities to handle. As a result, the average cleanup would take two to
three weeks. The 3-1-1 system shortens the process by directing citizens’ reports to the
Public Works department immediately. A clean-up crew would photograph the graffiti and
share pictures with their police counterparts (Barkin, 2009). This story demonstrates that
when governments muster the political will for reform and leverage technology to further
this purpose, they can remove bottlenecks in their institutional processes.

Institutionalizing feedback does not always mean reacting to reported concerns - it
can also take on a preemptive flavor. During the Recession of 2008 and its aftermath, the
City of Buffalo, N.Y. used 3-1-1 system data to identify neighborhoods with the worst decay.
It culled data from complaints and requests for services, and conducted weekly sweeps
through the hardest-hit areas in an attempt to staunch the deterioration - providing
information to residents about employment and healthcare services, sealing vacant houses,

mowing empty lots, and trimming overgrown trees. The targeted sweeps represented an

51



180-degree turn from the random efforts in the past to fix blighted neighborhoods,
allowing governmental departments to target limited municipal resources on
neighborhoods with the greatest need (Newcombe, 2014). Instead of simply responding to
complaints, cities are proactively using constituent feedback to tackle problems before they
get too big. The City of Chicago uses analytical software to sift through 3-1-1 calls to try
spotting rat infestations before they become an actual problem (Newcombe, 2014). Well-
managed citizen reports can provide much insight towards economic development, public
health, and other urban policy decisions.

The platforms are continuously becoming more encompassing and convenient, too.
For example, New York City now allows residents to submit requests to its 3-1-1 call
centers through Skype and text messages (StateScoop, n.d.). Third-party platforms are also
adding to the diversity of channels, with SeeClickFix (SCF) being the most prominent
example. SCF is a web- and mobile-based platform that allows citizens to report non-
emergency neighborhood issues. With smartphone-enabled GPS tracking capacity, SCF app
users can file geo-tagged reports on the go. In addition to facilitating individuals and
community groups to follow reports regarding a certain watch area or specific issue types,
SCF has also integrated itself with the local government and official workflows in many
municipalities. Elected representatives and civil servants assume the roles of local
SeeClickFix Watchers (SeeClickFix, 2010), meaning that user-submitted reports are
directed to their attention and they are accountable to resolving the tickets. Cities are also
gradually exploring more systematic integration of crowdsourced reports with official
work orders. For example, the New Haven Traffic and Parking Department has integrated
SFC with their emergency work order management system, ensuring that SFC reports get
managed as systematically as officially-prescribed orders (SeeClickFix, 2015). Such high
degree of collaboration with decision-makers increases the speed and likelihood of issues
being resolved, which boosts the public’s propensity to contribute on the SCF platform. As
of 2015, 220 municipalities are paying to integrate SeeClickFix, with many more relying on
the free version of the tool (Goodyear, n.d.).

With great volume of feedback comes great responsibilities to process and respond
to them. One pitfall of opening governments up for feedback is insufficient human resource

to respond in time and lack of financial resources to fix a reported issue. The institutional
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apprehension is reflected in a survey of 130 transit agencies across the U.S. in 2014. When
asked about drawbacks to adopting web-based feedback tools, 64% of respondents
selected “lack of staff to respond to comments in a timely manner” - more than any other
reason (Sager, 2014). Given the resource-strapped nature of public agencies, especially
transit systems, the concern about the institutional capability to integrate feedback is a
significant one.

The resource constraints however should only be an additional motivation for
efficient, innovative feedback systems and greater data transparency. The SeeClickFix team

explains the rationale in one of its blog posts:

“For the pothole complaints, the answer might be to fill the pothole with
asphalt and fix the problem. But what if there were no resources? The
answer might be "you can see how many potholes that need to be fixed as

well as we can. Now you the citizen understand what we're up against."

“What if the problem is graffiti, littering or a broken park bench and tax
dollars have dried up? For that situation we provide a tool that not only
allows distribution of communication to the traditional "fixing" channels,
but to the rest of the community as a whole (anyone can create a watch
area). When you open up the fixing channels to community groups, parks
groups, private business and individual citizens, you distribute the
responsibility as well as the communication.” (SeeClickFix, 2010)

While transparency and distributed responsibilities are not the panacea for the
growing pains of institutionalizing feedback, an explicit display of willingness to hear
constituents’ voices nonetheless builds bridges and fosters citizens’ respect for their
governments. This ties well to the discussion of the third objective of soliciting constituent
feedback - to further the broader ideals of a responsive government and empowered

society.

3.3 Feedback as relationship-building
For all levels of government, strengthening relationship with their constituents

remains a high priority. Government transparency, accountability, and a politically engaged
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constituency are highly-valued ideals of democratic societies. Kelling and Wilson, in their
famous “broken window” study (1982), find that government’s accessibility to its citizens
improves people’s satisfaction and perception with the government, even if the outcomes
of public services remain unchanged. Conversely, satisfaction with government services
declines when people feel hopeless to affect change in their communities. They observe
that citizens stop calling the unresponsive police to report crimes after a while. Recent
studies confirm the highly positive correlations between citizens’ ability to interact with
the government regarding questions or concerns and their satisfaction with public services
(Dudley, Lin, Mancini, & Ng, 2015). As with the broken window that went unfixed (Wilson &
Kelling, 1982), the potential for a pothole unfilled, graffiti not cleaned up, or dead animals left on
the road are signs that a government is not responsive to community needs.

The benefits of responsive governance, combined with increasing mobile
connectivity and municipal budget constraints, catalyze the thinking on “co-production” as
a new model of service delivery (Clark, Brudney, and Jang 2013, 687). The concept of co-
production, coined by Nobel Laureate Elinor Ostrom in the late 1970s in context of public
services, is defined as “a process through which inputs from individuals who are not ‘in’ the
same organization [being] transformed into goods and services” (Ostrom, 1996; Ostrom,
Parks, Whitaker, & Percy, 1978a; Parks et al., 1981). As Bovaird and Loeffler (2012)
synthesize, co-production of public services can take many forms, such as:

e Co-commissioning of services - involves constituents in thinking about what needs
to be delivered, to whom, and to achieve what outcomes. It includes:

o Co-planning of policy -- e.g. community planning workshops;
o Co-prioritization of services - e.g. participatory budgeting; and
o Co-financing of services - e.g. fundraising, agreement to tax increases;

e Co-design of services - brings in the experience of users and their communities to
the design of public services. Examples include user consultation and customer
journey mapping;

e Co-delivery of services - citizens and the public sector performing the services

together, building on each other’s assets and expertise. It includes:
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o Co-management of services - e.g. community management of public assets,
school governors; and
o Co-performing of services - e.g. peer support groups (such as expert
patients), meals-on-wheels, and Neighborhood Watch; and
e Co-assessment of services -- citizens working alongside professional staff and
managers to help organizations to better understand how they feel about the
services. It includes:
o Co-monitoring - e.g. user feedback and ratings; and

o Co-evaluation - e.g. tenant inspectors, participatory village appraisals.

At the heart of public service co-production is the idea that government-citizen
relationships change from paternalistic, provider-customer dynamics to more collaborative
interactions (Levine & Fisher, 1984; Ostrom, 1996; Whitaker, 1980). For instance, in
context of public safety - where Ostrom’s work on co-production is founded - citizens are
not simply “clients” of the police; they are active participants in the production as well as
consumption of community security (Ostrom, Parks, Whitaker, & Percy, 1978b; Percy,
1978). In other words, co-production is to make citizens more connected to the
government and engaged in their community affairs. One type of co-production, service co-
monitoring -- soliciting for feedback -- has long been understood and practiced by the
private sector counterparts. Responsiveness is one of the five main dimensions of
perceived service quality in the hallmark SERVQUAL model (Parasuraman, Zeithaml, &
Berry, 1988). Numerous researches have concluded that the effectiveness and
responsiveness of a firm’s communication with customers are the primary drivers of
relationship strength (Moore & Moore, 2004; Sharma & Patterson, 1999; Strauss & Hill,
2001). Though I have not found official statistics on the prevalence of customer follow-ups
in the private sector, I trust that [ am not the only person who constantly receives emails,
texts, or phone calls from businesses, thanking me for my visit and asking for feedback.

Initiatives seeking constituent feedback would positively improve government-
citizen relationships, especially when the government effectively communicates its good
will to the public and provides tools that make feedback-giving easier. Let us re-examine

the 3-1-1 system for its relationship-building benefits. Prior to the introduction of 3-1-1,
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making an inquiry with the local government was a frustrating experience for most people.
Every agency had its own contact line, many of which were open only during business
hours; people’s calls got transferred from one department to the next. In an oft-referenced
anecdote, Michael Bloomberg, while campaigning to become mayor of New York City in
2001, noticed a leaking fire hydrant. After discovering, in astonishment, that the issue
actually fell under the jurisdiction of the Department of Environment Protection (DEP), he
waded through 14 pages of city listings in the NYC phone book to find the DEP’s phone
number (Oracle, 2006). After Mayor Bloomberg brought the 3-1-1 system to New York
City, citizens would only need to remember one number: 3-1-1. The call center centralizes
the point of contact between government and citizens -- a “governmental Wal-Mart” that
provides citizens everything they need and is open 24-7 (Martin, 2014). 3-1-1’s integration
with social media channels, along with web-based platforms such as SeeClickFix, further
eases the communications procedures for citizens. Aside from the earlier-discussed
benefits of efficiency and effectiveness for service monitoring, these initiatives also
enhance the government’s pubic image. For instance, when Boston developed Citizens
Connect, the city’s mobile platform for citizen services, officials framed it as part of an
effort “not only to provide more transparency around the City’s performance but also to
further establish Boston’s commitment to providing the best possible City services to its
residents, businesses and visitors” (City of Boston, n.d.).

In the urban mobility sector, companies such as Uber and Lyft again offer good
examples of relationship-building with customers through soliciting and managing
feedback. Placing strong emphasis on user experience at the center of their offerings, they
are quite responsive to customers’ concerns or issues, no matter the severity. From my
personal experience as a passenger, when one complains about unsatisfying service - dirty
vehicle, delayed arrival, etc. - he or she would receive a reply from the dedicated passenger
support staff within several hours. The staff would apologize on behalf of the company for
the service shortfall, convey that they are following up with the driver to ensure
improvement, and lastly thank the customer for bringing the issue to their attention. If the
complaint concerns something serious, such as safety or professionalism of the service,
customer support managers would get involved to reach out to affected parties, seek

reconciliation, and possibly offer compensation as a gesture of good will.
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The TNCs’ effort in relationship-building, along with their increasing share in the
urban transportation market, accentuates the importance of relationship management for
other transportation services. For public transport especially, the service anonymity and its
orientation towards serving the masses give it scarce mechanisms to keep track of
interactions between a given customer and service provider. Of course, this does not imply
that customers expect their transit operators to interact with every passenger as closely as
a personal taxi ride. Initiatives to better understand riders’ actual trip experience would
alone be a significant positive step, so would measures that enable more direct
communication channels between riders and operators. The advance in technology is
opening up an unprecedented window of opportunity. If the transit sector can muster the
institutional impetus and start shifting its mentality, it has the potential to innovate and

enhance its relationship-building with the customers.

3.4 Challenges and Ways Forward

Aspiring to enhance these benefits of customer’s voices for the public transport
sector, we develop the FMS-TQ project considering all three objectives of leveraging
feedback. First and foremost, the platform should bring in new, meaningful data for the
partner public transport agencies. This takes the form of the trip-specific, objective and
subjective information on service experience, which we develop the exact parameters with
our agencies partners (described in Chapter 4). As for the benefit of institutional learning,
we ensure that the data collected can be matched to specific records in MBTA'’s official
database, so they may incorporate the information into their operations decision-making, if
the pilot proves the technology viable at scale. Lastly, we hope that the smartphone app
will make it much easier for people to give feedback to the agency - the app would
automatically detect bus trips and prompt customers with a quick survey. Riders would not
need to look up the best number to reach the agency, or to remember all the details of the
specific trip to provider to the hotline service representative.

We are also aware of the challenges associated with soliciting feedback. From the
data collection perspective, the key challenge for service providers is obtaining a sufficient

amount of constituent feedback to be representative of the reality on the ground. While
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people might intuitively be eager to report service issues that inconvenience or frustrate
them, would they bother to respond when things are going well? To understand people’s
motivations for giving feedback, I looked into the literature on online review platforms.
According to existing studies, intrinsic motivations actually dominate among reasons to
contribute feedback. Hennig-Thurau et al (2004) are the first scholars to propose a
comprehensive, succinct list of potential motivations for engaging with opinion platforms:
platform assistance, venting negative feelings, concern for other consumers,
extraversion/positive self-enhancement, social benefits, economic incentives, helping the
company, and advice seeking. Of the online reviewers surveyed, 65% report being
primarily driven by non-economic motivations, especially concerns for other consumers
and helping the company. Similarly, Yoo and Gretzel (2008)’s survey of a consumer panel
on travel review site Tripadvisor finds that reviewers are mostly motivated by helping a
travel service provider, helping other travelers make better decisions, and deriving
personal enjoyment from making the contribution. Venting negative feelings through
postings is not seen as an important motive. The conclusion is echoed in Parikh et al
(2014)’s study of Yelp reviewers, as well as in Munar and Jacobsen (2014)’s survey of
Norwegian vacationers. All these findings imply that appealing to people’s sense of pride
from helping others may be an effective strategy in encouraging feedback.

Some review and reporting platforms have leveraged this observation by bestowing
intrinsic rewards to users to encourage participation. For example, SeeClickFix rewards its
users with “Civic Points” that are commensurate with the importance of their actions -
logging in, reporting an issue, generating discussion among users, etc. (Figure 3.3). The
accumulated points qualify users for various feel-good titles within this virtual community.
Yelp allows reviewers to develop their reputation by linking each review to a profile page,
which contains summary data on review production; it also recognizes the most active
users as “Yelp Elites”, who receive a special badge next to their names on the website and
invitations to local events. These points and titles make users’ participation very salient -
both to themselves and the rest of the community - and reinforce the good feelings from

knowing that they have contributed.
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Civic Points Titles users earn based

e Signing up with SeeClickFix: 50 points quantity on Civic Points
e Loggingin: 5 points per day <100 “Street Smart”
e Commenting on an issue: 5 points 100-250 “Civic Pride”

e Reporting an issue: 10 points

250-500 “Civic Crusader”

e Uploading an image: 20 points
e Uploading a Youtube video: 30 points 500-1000 Municipal Avenger
e Getting an issue you reported closed 1000-2000 “Digital Superhero”

and archived: 30 points 2000-5000 “City Fixer”
e Getting at least one user to

comment, vote, or follow your issue: 5000-10000 Heman

50 points 10000+ “Jane Jacobs”

Figure 3.3 - SeeClickFix's Civic Points reward scheme

Source: SeeClickFix

For the public transport sector, though, collecting valuable feedback might need
more than just appealing to riders’ intrinsic motivations. In an anecdote titled “Nobody
Cheers About a Cell Phone Charger,” Couzin and Grappone (2014) talk about the
phenomenon that products and services of utilitarian nature tend to generate negative
reviews. A reputation study that analyzed 10,000 e-commerce reviews of cell phone
chargers scarcely found positive comments (Couzin & Grappone, 2014, p. 67). The reason is
simple - “a phone charger either does its job or it lets you down. You're never going to be
ecstatic about your phone charger, but you might be disappointed” (Couzin & Grappone,
2014, p. 67). This issue is very much relevant to public transport services, which tend to
lack the emotional connection of a vacation or have little opportunity to actually exceed
customers’ expectations. Extra efforts are thus needed to proactively encourage reviews
from a more representative cross-section of the customer base. Consumer psychologists
recommend making the review process so easy that people will do it regardless of the
mundaneness of their experiences (Couzin & Grappone, 2014). Similar to Amazon
customers receiving an email solicitation for rating their recent purchase, public transport

agencies can proactively ask riders to give quick feedback on their most recent ride.
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Extrinsic incentives - money or prizes, etc. - may also encourage and help sustain
participation.

Research on the incentive design points to the advantages of pre-paid rewards for
survey. Studies have shown that fixed, prepaid schemes are significantly more effective at
eliciting responses from respondents than actuarially-equivalent lotteries or donation to
charities on participants’ behalf (Halpern et al., 2011; G. M. Leung et al., 2004; Warriner,
Goyder, Gjertsen, Hohner, & McSpurren, 1996). Furthermore, the amount of money offered
in lotteries and the probability of winning have minute effects on enticing participation
(Halpern et al.,, 2011). As Fehr and Falk (2002) point out, money in hand evokes duties of
reciprocity, which by itself constitutes a powerful incentive. In fact, reciprocity is one of the
key pillars of persuasion, as discussed in Robert Cialdini’s book “Influence” (2006) - a
hallmark work in marketing. Public transport agencies may thus consider offering free
rides or passes to attract participants. However, for panel surveys that seek sustained
participation over a longer time period, a combination of pre- and post-paid incentives
(based on participation) may be even more effective (K. W. Axhausen, Lochl, Schlich, Buhl,
& Widmer, 2007; K. Axhausen, Zimmermann, Schonfelder, Rindsfuser, & Haupt, 2002;
Carrel, Sengupta, & Walker, 2015).

As for institutionalizing feedback and building relationships with constituents, the
biggest potential challenge is mustering the political will to streamline organizational
processes. Like any other organizational change initiatives, process and mentality changes
often mean more work and unfamiliar terrain for employees used to the present routine.
According to a 2012 survey, employees in the public transport sector are the sixth oldest
among all industries in the U.S., with 66% of workers over the age of 65 (ICMA, 2013). The
senior workforce would likely face a steeper learning curve towards new technologies, and
this difficulty is only exacerbated by the risk of inadequate training and support resources,
in face of tight budgets or budget shortfalls across U.S. public transit agencies.

Despite the challenges, leveraging constituent feedback to better monitor and
manage public services represents a significant step towards better service delivery and a
smarter city. However, unlike the IBM-esque Smart Cities - which is largely about sensors
and Big Data analytics - this smarter city is about integrating human wisdom into urban

governance. In an environment where constituent feedback is well solicited, managed, and
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communicated back to the citizens, this wisdom of the crowd not only enriches the
diversity and quality of data for the betterment of public service delivery, it also

contributes to the making of a more human-centric and empowering city as a whole.
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Chapter 4
Future Mobility Sensing - Transit Quality (FMS-TQ) Platform

The proliferation of smartphones has opened up a world of opportunities for
transportation data gathering. Smartphones can constantly collect user location and
movement information, as well as interact with users in displaying, soliciting, and
transmitting information back to the server. This chapter details the development and
features of the Future Mobility Sensing -Transit Quality (FMS-TQ) platform as one leading
endeavor in leveraging smartphones to study urban mobility. It first describes the
foundational platform Future Mobility Sensing, which has been in continuous development
over the past five years, then the hardware and software adaptations involved to enable

real-time transit service quality and customer satisfaction assessments.

4.1 Future Mobility Sensing (FMS)

The Future Mobility Sensing (FMS) platform is a smartphone- and web-based
prompted recall survey system, originally developed to automatically infer users’ daily
travel behavior (trips, stops, modes, etc.). Developed at the Future Urban Mobility (FM)
research group under the Singapore-MIT Alliance for Research and Technology (SMART),
FMS consists of three core components as depicted in Figure 4.1: a smartphone app, a
server, and a web interface for users. The app collects phone sensor data (Wi-Fi, GSM, GPS,
and accelerometer) to capture the device’s movement and location. The backend server
receives the raw data, stores them in the database, and processes them using machine
learning algorithms to infer the user’s stops, travel modes, and non-travel activities. This
synthesized information is then accessible to users either via the web interface or within
the mobile app itself. Users can see their daily travel patterns traced over a map, and may
be asked to validate the transport mode (e.g. car, bus, walking) and purpose (e.g. work,
recreation) of each trip that FMS has detected and inferred (Figure 4.2). As the system’s
algorithms learn from the user’s travel behavior, they become increasingly good at

inferring trip mode and purpose over time, requiring less user validation for repeated trips.
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Users may examine or validate this historical information through the web or app portals

at any time (Zhao et al,, 2015).

SMARTPHONE SERVER WEB
APP DATABASE INTERFACE
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INPUT r STOP LOCATION
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Figure 4.1 - FMS platform architecture
Source: Zhao et al., 2015

© 00 ¥4 m11:40 LRURch i RIEE OO V. m11:39
TODAY DIARY TODAY DIARY
Today's Trace Logout
Eastern Time (US & Hello, Evelyn!
G & Canada)
& e ?N Language v
%y, £ Tl pmessesceseseeneseemnb e oo
Cg - Meinst 5

5 E ° sy . &

. %O‘D State 5t ;5 & = u§‘\\

& !
3 MIT Museum £ 8
& & & & & & ssac S ~ q
& 5 3§ h Longfe
F 3 & - mMPMedia Lab
& 2i 3 2 : *
N

X
“\o""“\a -
©f

Goog's M) ~t
o g Map data ©2016 Google 500 M beeeed  Terms of Use

SENSING

Start/Duration

21:46" Purrington ifi
14 h 54 min Street, Cambri...
12:40 it
11 min ratel

12:51 e

SMART

d O 0

Figure 4.2 - FMS interface. Left: App launch screen; Middle: trace of user’s travels of the day;
Right: activity diary showing travel mode and stop inferred from machine learning algorithms

63



The smartphone app, available for Android and iOS phones, is designed to be non-
intrusive. It runs in the background of the phone and collects data from sensors without
user intervention. Only the recent extensions and experimentations of the FMS system have
introduced some occasional exceptions. For example, the Happiness Survey project
samples people’s moods by pushing a short pop-up survey once a day in the app (Raveau et
al,, 2016). The TQ extension is the second project involving user’s manual input. A major
constraint to the FMS is battery consumption, which tends to be a major concern for
location-based applications that traditionally use GPS for positioning. The FMS
development team has applied numerous sampling methods to optimizing battery drainage
while attempting to maintain location detection accuracy (Rudi Ball et al,, 2014).

The backend algorithms translate raw data into trips and activities. First, the
algorithms detect stops on a user’s journey using location and point-of-interest (POI) data.
Then, they use the collected GSM, Wi-Fi and accelerometer information to merge stops that
would otherwise be interpreted as distinct stops. For example, if FMS detects multiple
sequential stops within a mall and a walk-like speed profile, it would infer that the user is
on an extended period of similar activities rather than making multiple short trips. Travel
modes are detected based on GPS and accelerometer features, as well as public transport
network information. Short duration stops that are insignificant from a data validation
standpoint (such as stops in traffic or at bus stops or subway stations during their ride) are
deleted for the purposes of presentation in the web interface. Non-travel activities (e.g.
home, work, shopping, drop-off) are also detected based on previous validations by the
user, POI data and other contextual information (Zhao et al., 2015).

The web interface provides a platform that enables users to review their processed
data in the form of a daily activity diary and “validate" their data. It should be noted that
though the web interface has traditionally been the sole portal for validation, FMS has
recently enabled this functionality within the mobile app as well. Validation involves filling
in missing information and updated incorrect inference of travel modes for particular trips
or specific activities at the destination (Figure 4.3Figure 4.3). The validated data are
uploaded and the algorithms learn to make better inferences as the user interacts with the
interface. Supplemental data pertaining to a specific trip (e.g. whether the user traveled

alone or with accompaniment) are also collected within the activity diary validation stage.
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Figure 4.3 - User validation mechanism. Left: web interface; Right: mobile app interface

In empirical studies, the FMS system has demonstrated advantages over traditional
travel survey methods (Zhao et al., 2015). FMS is capable of producing accurate, detailed,
and rich data for travel surveys. By sensing how people travel rather than asking them to
report their travels, it eliminates many problems that traditional self-reported surveys
face: under-reporting of short trips, inaccuracy in location and times, and reporting of a
typical day rather than the actual day. A further advantage of FMS is the small marginal cost
of collecting additional days of data. While the participant may need to devote some effort
in the beginning to familiarize himself with the app and provide validation, participation
burden reduces significantly over time. The relative ease of longitudinal tracing over a
period of time via FMS reveals large intra-user variations in the travel and activity patterns,
and researchers have been able to typify these patterns to segment different kinds of users.

FMS forms the foundation of the FMS-TQ system. The rest of this chapter will
describe the adaptations undertaken on the FMS platform, including the addition of
additional external sensing capabilities (to detect external Bluetooth Low Energy
transmitting devices, known as beacons), to enable event-driven real-time transit customer

surveying and service quality monitoring.
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4.2 Future Mobility Sensing - Travel Quality (TQ)

The TQ extension builds on the core FMS app and database - including all its travel
sensing and learning algorithms - but involves two additional components (Figure 4.4).
First, it adds the capability to detect signals transmitted by external devices (Bluetooth
beacons); this allows the system to know with high precision when a user has come into an
area of interest (in our case, arriving at a bus stop or boarding a bus), which enhances real-
time transit trip detection without compromising phone battery performance. Second,
whereas FMS only passively collects travel data through one’s phone sensors, FMS-TQ also

actively solicits interaction with users based on specific travel patterns detected.

SMARTPHONE APP/ SERVER
MOBILE DEVICE DATABASE

CONTEXT
AND USER DATA

....... BLUETOOTH I D -
RAW

DATA

(0

iBeacon
ACCELEROMETER

MACHINE
LEARNING

Figure 4.4 - FMS-TQ system architecture.

Note the addition of a beacon component unique to the TQS extension

Incorporating Bluetooth Low Energy (BLE) beacons into the platform is one of the
most technologically interesting, challenging, and innovative aspects of this project. The
beacons advertise (i.e. broadcast) small packets of data at a regular interval via radio
waves. This allows mobile apps running on Bluetooth-enabled phones (both i0S and
Android) to listen and react according to the signals. Given each beacon’s unique identifier
information, this technology essentially allows apps to understand the phone’s physical

position on a micro-local scale (iBeaconinsider, 2014). For this reason, BLE beacons are
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increasingly used by retailers to push catered ads or offers to shoppers, according to
shoppers’ location within the shop or mall. Some large public facilities, such as museums
and airports, have also begun using beacons to enhance wayfinding for customers and
analyze people’s movements within the venue. To the best of my knowledge, FMS-TQ is the
first project that brings beacons onto a fleet of moving buses and outdoor bus stops. The
BLE technology, as its name implies, requires drastically less battery consumption
comparing to classic Bluetooth devices. Apple and Google have established two industry
protocols - iBeacon and Eddystone, respectively - though both are compatible with
Android and iOS devices. Beacons manufactured by different companies — of which there

are many - vary in size, color, battery life, specifications and features (Figure 4.5).

Qualcomm Estimote Beaconic

—~————
Swirl PayPal Beacon Gelo

Figure 4.5 - Select brands of BLE beacons.
Source: Trudel, 2014

We use this micro-local positioning function by installing beacons on buses and at
bus stops. When a user of the FMS-TQ app enters or leaves a bus stop beacon’s signal range,
the app registers the arrival/departure times. Likewise, onboard beacons help the app
determine when a user has boarded a bus, is travelling on a specific bus, or has alighted.
This design works as beacons usually have a signal range of up to 70 meters (230 feet)
(iBeaconinsider, 2014), sufficient to cover the length of a typical bus or a bus stop area.
Given this ability to detect bus trips in real-time, FMS-TQ can be programmed to solicit
users for feedback in a variety of formats at any point during or after the trip. For example,

the beacon signal can trigger a survey asking a user about the bus stop condition while she
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is waiting for the bus, about travel conditions while she is on board, or for a comprehensive

evaluation of the trip experience after she alights. All this can be customized according to

the research objective and scope of beacon installations. Each of the two FMS-TQ pilots

conducted thus far - one in Singapore and another in Boston - has had customized

algorithms, sampling rules, and survey questionnaires to cater to the local context. Table

4.1 exhibits the comparative design at-a-glance for the two pilots; the precise set-up of each

pilot is described in Chapters 6 and 7.

Table 4.1 - Comparison of FMS-TQ setup between Singapore and Boston

Singapore Boston

Beacon installed at 4 bus stops in
downtown Singapore

Beacon installation

Beacon installed on all Silver Line buses
(approx. 45) and stops (50)

Available survey
types

1.
2.

Entrance survey
Trip-based surveys

A. At-stop survey

B. Onboard survey

C. After-alight survey
End-of-day survey

1. Entrance survey
2. Trip-based surveys
A. Onboard survey
B. End-of-trip survey
3. End-of-day survey

Sampling rule

All users take the entrance
survey

User receives maximum of one
trip-based survey per day

User receives end-of-day survey
at 8pm, if he has completed a
trip-based survey, or has been
inferred to have taken the bus,
earlier that day

e All users take the entrance survey
e User receives end-of-trip survey after

every ride on the Silver Line

e On select rides, user receives an

onboard survey while she is still on the
bus

e Users who have been detected to have

waited at a Silver Line stop during the
day, but have not received a trip-
based survey, receive an end-of-day
survey at 8pm

Trip-based survey
trigger

Phone enters and remains in
beacon range for > 60 seconds

Phone enters and remains in bus beacon
range for at least 60 or 90 seconds,
depending on the survey

One might ask: “Shouldn’t the FMS app itself be able to detect transit trips using a

smartphone’s sensors and the backend algorithms? Why do we need to supplement it with

beacons?” The keywords are in real-time. Currently, FMS is capable of identifying some bus

trips undertaken by the user when post-processing the travel data and acceleration profile
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taking into account the local transit service information (GTFS8). But if we want the app to
infer transit trips in real-time, it would need to frequently attempt to match the user’s
geolocation with the transit network on the server. This process is computationally- and
battery-intensive, which would likely be counter-productive to sustaining participation
among users who would quickly be discouraged by the effects on their phones’ battery
lives. In addition, phone-only detection infers speed of travel and looks for speed patterns
resembling bus travel from changes in GPS locations over time. Any disruption in the
strength or accuracy of GPS signals may thus compromise phone-only detection. Since
beacons transmit close-range signals, they can help overcome FMS’s two challenges
associated with phone-only sensing of transit trips.

The biggest challenge in using beacons for trip detection is getting the signal
strength just right. Just as GPS signal strength can be attenuated by physical objects like
buildings, so can a beacon’s signal strength (Figure 4.6). We ran a series of initial tests and
found that the received signal strength (rssi) and proximity measurement accuracy were
acutely affected by the number of people in the surrounding environment. Fortunately,
attenuation can be mitigated by positioning the beacon to maximize direct line-of-sight
with most users, and/or increasing the beacon’s signal strength (an adjustable setting on
most brands of beacons). But by setting the beacon signal too strong, the beacons would
interfere with the app’s detection accuracy if a phone is in proximity to many beacons - a
bus-bunching scenario, for example. This would become a prominent issue in the Boston
pilot due to the characteristics of the bus routes involved. [ will later describe in further

detail the particular designs and precautions taken in the Singapore and Boston pilots.

Figure 4.6 - Physical objects and human bodies can reduce BLE Beacon signal strength
Source: Apple, 2014

8 The General Transit Feed Specification (GTFS) defines a common format for public transportation schedules
and associated geographic information.
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Upon evaluating various brands, the development team selected iBeacons
manufactured by Estimote, a leading beacon manufacturer, for FMS-TQ. Each Estimote
iBeacon contains a 32-bit ARM® Cortex MO CPU, accelerometer and temperature sensors, a
2.4 GHz Bluetooth Low Energy radio, and a 1000 mAh CR2477 battery (Estimote, 2013)
Key beacon settings - such as signal broadcasting strength, frequency, and identifier values
- can be easily configured via the Estimote app & cloud. The manufacturer also offers a
large software development kit (SDK) to help developers create their beacon-integrated
apps. Physically, an Estimote beacon measures 54 mm x 36 mm X 17 mm and weighs only
28 grams, as heavy as five U.S. quarters. Battery life stands at about 21 months under
Optimized iBeacon Settings?, though its battery saving features can extend battery
performance considerably. Its silicone casing renders the beacon water-and extreme
temperature-proof - a major advantage for our design to install them outdoors at bus
stops. The flat underside has a strong adhesive material for easy attachment to walls and

other surfaces. Each beacon costs about $20.

)

Cstunote

Figure 4.7 - Estimote beacon size and construction

Source: Estimote, 2013; Harman, 2014

4.3 Design Framework and Principles
FMS-TQ is not merely a technology - it is a platform intended to cultivate a culture
of rider engagement and empowerment in bettering transit services. This ambition places

the principles of customer-centric design and meaningful data collection at the center of

9 Used by Aislelab to test and compare battery performance across iBeacon brands. tx power of -12 dBmW
and an advertising interval of 645 ms
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our framework. Furthermore, these principles should be achieved in relative real-time, so
information reaches the appropriate authority without much delay.

To facilitate the collection of meaningful and actionable service quality data, the
platform design aims to ensure that feedback is solicited and recorded in relation to
specific transit trips. We leverage the unique identifier values associated with each beacon
to triangulate the ride. In the Singapore pilot, we were limited to installing beacons at only
four downtown bus stops. In that case, we programmed the questionnaire solicitation
mechanism conditional on the user’s app registering signals from one of the four beacon-
equipped stops. The questionnaires also began with a question confirming that the user
was indeed taking the bus from that particular stop, ruling out potential false positives.
This approach allowed us to identify the trip’s origin stop; the app-based location tracing
showed the route taken. In the Boston pilot, we were able to install beacons on all vehicles
operating on the route of interest, as well as all bus stops along the route. This set up, in
theory, would allow for triangulating the exact bus run by examining the beacon’s unique
identifier and by matching the geolocation timestamps with bus’s real-time location (AVL)

data.
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Figure 4.8 - FMS-TQ questionnaire trip confirmation screens

All FMS-TQ questionnaires contain a question confirming the user's bus trip, exhibiting the trip-specific
nature of its data collection and intending to guard against false positives. Top row: screenshots from
the Singapore pilot. Bottom row: screenshots from the Boston pilot.
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A pre-requisite to receiving meaningful feedback is asking comprehensive questions
relevant to the rider’s transit experience. Passengers should have the opportunity to
provide feedback on all aspects of their rides, and these attributes should be areas where
the transit authority can realistically take action. Hence, for the two FMS-TQ deployments,
the research team and the local agency partners invested much effort in refining the
questionnaires. Table 4.2 displays the topics covered by the survey. The Singapore pilot
covered virtually all aspects of the adapted RATER framework shown in Chapter 2; the only
three attributes excluded were “safety” (not an issue in Singapore) and two “empathy”-
related attributes (as earlier discussed, not measured on a trip-to-trip basis). The ongoing
Boston pilot, striving to make the survey quick and easy to complete, keeps the list to only
five attributes deemed the most critical by the MBTA. Aspiring to make feedback
actionable, we ask participants of both pilots to provide specific reasons, if they express

dissatisfaction with the service.

Table 4.2 - Service attributes surveyed by FMS-TQ in Singapore and Boston pilots

Singapore Boston

Topics covered by e Accessibility to bus stop e Bus stop condition
survey e Stop conditions e The wait
questionnaires e Information at stop e Onboard crowding

e The wait e Onboard comfort

e Onboard crowding e Driver’s service

e Onboard comfort

e Driver’s service e Specific reasons of

e Travel time dissatisfaction, if any

e Convenience/connectivity

e Reliability

e Specific reasons of dissatisfaction,
if any
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Did any of the following affect your
satisfaction

| Feel unsafe
Too hot

Too cold

Bus not clean

Ride is not smooth
Bus is crowded

No seat on the bus
| Other

None

Figure 4.9 - Screenshot from FMS-TQ (Boston pilot), asking users to identify specific factors
that affect their satisfaction

The aim to collect meaningful feedback should not compromise user experience. To
this end, we strive to enhance the app’s user-friendliness as well as minimize user burden.
The in-app survey instruments contain only several questions, most of which can be
answered with a single click on the smartphone. Visual aids help users easily indicate
onboard crowding and their satisfaction levels (Figure 4.10). As for lowering user burden,
we leverage the beacon-integrated FMS system to completely automate bus trip detection.
Unlike precedents (Carrel, Sengupta, et al., 2015; Dunlop et al., 2015), FMS-TQ does not
require any manual input to signal or record a bus trip. The system also limits the number
of questionnaires sent to users per day through a sampling procedure. This is to preempt
users from being annoyed with answering multiple questionnaires, in case they take many
transit trips a day. In the Singapore pilot, the app randomly selected on each day whether
to survey a user while she was waiting at the stop, travelling onboard, or just after alighting
from the bus. In the Boston implementation, the algorithm stochastically decides which trip

of the day to survey the user about. Regardless of what the algorithm selects, however,
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users in Boston are provided with the opportunity to give feedback through a very short
rating screen at the end of every trip detected, akin to the rating step at the conclusion of
an Uber of Lyft ride. All these design elements are driven by the motivation to make the app

easy and fun to use, with the intent of sustaining user participation.

30O v.dl11:24 30O o4 011:24

FM Sensing FM Sensing

Transport Quality Survey SUBMIT Transport Quality Survey SUBMIT

How crowded is the bus? How crowded is the bus?

Figure 4.10 - Visuals help users answer questions that would otherwise lack a standard of
judgement, such as crowding level

Data collection closer to ‘real-time’ not only helps passengers report their ride
experience more accurately, but also offers value to transit operators in monitoring service
quality. In both the Singapore and Boston implementations, FMS-TQ automatically records
sensor-collected data, which can then be used to infer about the user’s public transport
experience - e.g., user’s wait time at the stop, travel time on the bus, and acceleration
profile of the ride. Feedback on transit service quality are solicited during or immediately

after the ride, and uploaded along with sensor-collected data onto the FMS server at the
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end of each day. Researchers can download the data and, with some post-processing and
analysis, share insights with the transit agency.

Guided by these design principles, we adapt the platform to each pilot city’s local
context, described in the next chapter. Chapters 6 and 7 will discuss in detail the
functionality, design and implementation of the FMS-TQ platform in Singapore and Boston,

respectively.
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Chapter 5

A tale of two cities: Singapore & Boston

Singapore and the Boston Metropolitan Area represent two very different urban
transportation contexts, providing opportunities to examine the factors that may facilitate
or hinder testing of innovative technologies for public transport. This chapter contrasts the
two regions in terms of their urban contexts, public transportation systems, and the

institutional structures and priorities underlying the two FMS-TQ pilots.

5.1 Two cities at a glance

Though Singapore and the Boston Metropolitan Area (from here on referred to as
Boston) are only half a million apart in population and both boast a thriving economy, they
differ in many other aspects relevant to this research. Table 5.1 compares these two
regions. Singapore, an island city-state, is densely-populated (Department of Statistics,
Singapore, 2015); Boston, situated on the easternmost part of the Massachusetts state,
spans across a much larger area that includes some high-density cities but also many
sparse suburbs (SAGE stats, n.d.). In Singapore, the public transportation mode share is
three times higher than in Boston (Boston Region Metropolitan Planning Organization, n.d.;
Land Transport Authority, 2011) -- more recent numbers show an even higher percentage
of trips by public transport (63%) during peak periods (LTA, 2013). At the same time, due
to a restrictive automobile licensing policy and very high auto ownership costs, Singapore’s
rate of private car ownership and driving mode share are much lower than those in Boston
(Boston Region Metropolitan Planning Organization, n.d.; Land Transport Authority,

2016b).

77



Table 5.1 - FMS-TQ pilot sites' comparative context

Boston-Cambridge-

Category Characteristics Singapore Source Newton Metropolitan  Source
Area
Region Area (km?) 718 1 9,031 9
Population 5,469,700 (2014) 2 4,812,658 10
Population density 7,615 2 533
(persons/km?)
Income per capita (USD) 50,492 (2015) 2 64,311 (2014) 11
Automobile ownership per 95 3 600 12
1,000 persons
Mode share (%) | Private transport 29 4 76 9
All public transport 48 4 12 13
Bus 25 4 13
Rail (heavy rail, light rail, 19 4 13
commuter rail)
Walk/bike 23 4 6 13
Other modes 0 1 13
Public transport | Unlinked daily boardings 1,297,650 (2014)* 14
demand (millions)
Unlinked subway 2,899,000 5 539,315 14
boardings (2014) (average day) (typical weekday)
Unlinked bus boardings 3,851,000 5 387,815 14
(2014) (average day) (typical weekday)
Public transport | # of municipalities served 1 175 14
network Total rail length (km) 183 6 102 subway, 620 14
(2015) commuter rail
Number of rail routes 4 heavy rail, 3 7 3 heavy ralil, 1 light rail 14
(2015) light rail (4 branches), 14
commuter rail
# of rail stations (2015) 144 2 60 heavy rail, 53 light 14
rail, 138 commuter rail
Total bus route length 1,213 (2014) 14
(km)
Number of bus routes 357 (2013) 8 193 (2014) 14
Number of bus vehicles 3,777 (2013) 8 991 (2014) 14
Total bus kilometers 901,700 2 over 137,600 14

travelled on typical
weekday (2014)

* Includes boardings for ferry, commuter rail, paratransit, and contract bus services, in addition to
buses and heavy rail services.

Sources:

Singapore: (Department of Statistics, Singapore, 2015; Land Transport Authority, 2015a, 2015b, 2016b,

LTA, 2014, 2015)

Boston: (Boston Region Metropolitan Planning Organization, n.d.; MBTA, 2014, ProximityOne, 2016;

SAGE stats, n.d.;

C. Zegras et al., 2016)
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In addition to mode shares, the state of the public transport systems and their
operating and governance structures also differ. Singapore’s system has traditionally
enjoyed a high reputation for efficiency (Credo Business Consulting, Siemens AG, 2014); its
trains and buses deliver levels of service multiple times higher than Boston’s (LTA, 2014;
MBTA, 2014). Two private operators - SBS Transit and SMRT Corporation - run the bus
and train services, regulated and overseen by the Land Transport Authority (LTA), a
statutory board under the Singaporean Ministry of Transport. The LTA is also responsible
for leasing operating licenses, constructing the rail lines, and planning and integrating the
country’s public transport services with the other land transportation modes. In contrast,
the public transport services in Boston are primarily operated by a state agency, the
Massachusetts Bay Transportation Authority (MBTA), which owns and maintains most of
the transit assets.

In recent years, both public transportation systems have felt the increasing pain
from capacity constraints and reliability issues, and have been open to collaborating with
research institutions to test innovative ideas. The Singaporean government has been able
to commit a great deal of resources into expanding and enhancing bus and rail services; the
MBTA, though sharing the urgency to improve, often finds itself constrained by its dire

financial situation.

5.2 Singapore

In the half-century since its independence in 1965, Singapore has rapidly
transformed from a deteriorating, impoverished city into a modern metropolis with a
highly competitive globalized economy. The government steered this resource-strapped
city-state through several economic restructurings, gradually building up the
manufacturing, finance, high technology, logistics and innovative technology pillars
(Singapore Institute of Planners, n.d.). Conscious of its land scarcity, the country has
adhered to transit-oriented development principles since the 1970s, building expansive
road and mass transit networks across the island, coupled with its innovative housing

policy that houses over 80% of Singapore’s residents in high-density, mixed-use, affordable
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housing communities (famously known as the HDBs)'° (Housing & Development Board,
2016, p. 6). Most of the HDBs are situated along radial rail lines that bring people rapidly
into downtown employment centers, and many public transport hubs are topped with
large commercial complexes.

The Singaporean government has always placed a great emphasis on encouraging
people to use public transportation over private motorized modes. In parallel with
continued investments in the public transit network, detailed later in this Chapter, the
government exerts strong effort to curb private car ownership and use with a hefty set of
fees and taxes. In addition to a high import tariff on the vehicles, registering a new vehicle
first requires obtaining a Certificate of Entitlement (COE), valid for 10 years, which was
bidding at between $$42,000 ($30,000 US) and S$55,000 ($40,000 US) as of April 2016
(Land Transport Authority, 2016a). The total cost of buying and registering a Honda
Accord in Singapore, for example, is about S$132,500 (or $96,600 US), compared to the
$22,000 price tag in the US (Land Transport Authority, 2016d). The country further
discourages automobile usage through congestion pricing, which has been in place since
1975 (Land Transport Authority, n.d.). Public transport is thus the dominant mode of travel
in Singapore. According to the latest Household Interview Travel Survey (HITS) in 2012,
public transport constitutes 63% of peak period trips (LTA, 2013). Indeed, for this densely-

populated city-state, mass transit plays a critical role in the city state’s viability.

5.2.1 The public transport system

Three modes make up Singapore’s public transport system: rail services (heavy and
light rail), buses, and taxis. Given this thesis’s focus on public rail and bus services, as well
as considering the comparability with the case of Boston, [ will focus the discussion here on
the first two modes.

Five heavy rail lines (called MRT, for Mass Rapid Transit) span the island roughly as
they are named -- the North-South (red) Line, the North-East (purple) Line, the East-West

19 The moniker comes from the public housing authority that develops and manages these affordable housing
- the Housing & Development Board (HDB), a statutory board under the Ministry of National Development.

80



(green) Line, the Circle (orange) Line, and the Downtown (blue) Line (Figure 5.1). Three
light rail lines (Light Rapid Transit, or LRT) span 43 stations, providing feeder services
between the MRT stations and the public housing developments in the Bukit Panjang,
Sengkang, and Punggol areas. Daily ridership is approximately 3 million trips for rail
services (LTA, 2014). Major expansions of the rail network are currently underway. By
2030, the subway network is planned to expand to 360 km, from 183 km as of end 2014
(LTA, 2015), including a new 50 km Cross-Island Line and a 20 km Jurong Region Line,
along with expansion of three existing lines (Land Transport Authority, 2013b). When
completed, the new lines and extensions are projected to bring 8 in 10 Singapore’s

households within a 10-minute walk of a rail station (Land Transport Authority, 2013b).
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Figure 5.1 - Singapore's MRT and LRT system map

Source: Land Transport Authority
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More than 3,700 buses operate more than 350 routes, serving 3.8 million trips daily

(LTA, 2014). Bus services are classified into six categories (Land Transport Authority, n.d.):

e Trunk buses: traverse across the island;

e Feeder buses: offer transfers from rail stations and bus interchanges to
surrounding housing estates and industrial areas. Some connect various
neighborhoods within the same estate;

e Premium buses: serve between major housing estates and the Central Business
District/business parks during the peak hours, at a cost premium;

e Shuttle buses: offer direct links to landmarks, amenities and places of interest,
including housing estates, hospitals, business districts and tourist attractions;

e Night buses: from 11:30pm-2 am, the SMRT NightRider and SBST Nite Owl
together serve 13 routes linking major nightspots and housing estates; and
e C(ity Direct buses: add extra service capacity to/from the Central Business
District during peak periods.
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Source: MyTransport.sg

Looking ahead to its future, the country is conscious of its major mobility-related
challenges: increasing travel demand, limited land, and changing demographics and
consumer expectations of transport (Land Transport Authority, 2013a). Singapore’s
population has already grown from 4.8 million in 2008 to 5.5 million in 2015, and
generates 12.5 million trips each day (Land Transport Authority, 2013a). By 2030, the
population is expected to grow by another 1.4 million and the daily travel demand to
increase by an additional 50% (Howe-Teo, 2015; Land Transport Authority, 2013a). The

island nation is scarce in land, and auto-oriented travel is resource-intensive; currently,
roads occupy about 12% of Singapore’s usable land, compared to 14% for housing (Howe-
Teo, 2015). High-capacity public transport will thus have to be the backbone in serving
ever-greater mobility demand. The public transport regulators and operators also have to
uphold service performance to people’s high expectations. As a result of both a growing
user base and aging systems, Singapore has in recent years begun to experience problems
that plague other transit agencies around the world: overcrowding and service disruptions.
Train crowding was one of the sore points among voters during the 2011 General Election.
Opposition parties jumped on how overburdened the transit system had become, as the

Prime Minister apologized for the shortfall in infrastructure (Tan, 2015). In the first nine
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months of 2015, the LRT had eight major breakdowns (defined as more than 30 minutes
each) - double the combined number of the previous two full years (Tan, 2015). To a
general pubic that holds the nation’s transit to high standards, these issues are
unacceptable.

Considering the importance of public transit to Singapore, keeping the system
running smoothly and customers happy are high-priority items for the government. In
addition to the earlier-mentioned rail network expansion, the Singapore Ministry of
Transport has been rolling out an ambitious Bus Service Enhancement Programme (BSEP)
to alleviate peak-time crowding - adding 1,000 vehicles and 41 new bus services by 2017
(Land Transport Authority, n.d.). The investment, albeit still in its early stage, has so far
seen positive returns. Both public transport ridership and customer satisfaction of the
service have been increasing each year since 2013 (Land Transport Authority, 2016c). The
pressure and sense of urgency for further improvements, however, still loom large in the

nation-state’s agenda.

5.2.2 Land Transport Authority (LTA)

In midst of this political impetus for improvement and innovation, SMART FM/MIT
entered into a collaboration with the LTA to test FMS-TQ. As earlier mentioned, the LTA is
responsible for planning, operating, and maintaining Singapore’s land transport
infrastructure and systems. In terms of public transit, the LTA is responsible for developing
and expanding the rail network, and serves as the central network planner for the city’s bus
services. While it does not operate any transit services, it works with the two operators in
the city - SBS and SMRT - to identify areas of improvement and implement programs, such
as the Bus Service Enhancement Programme mentioned earlier. At the time of the pilot, the
LTA did not own any of the buses nor control most of the bus stops in the country, although
it began restructuring the contracts with operators in late 2015, so that it would eventually
own all operating assets and tender them out to operators (Singapore Government, 2015).
This particular asset ownership detail ends up significantly influencing the FMS-TQ
implementation design and our subsequent abilities to draw insights from the collected

data.
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The LTA’s interest in exploring this new tool for assessing service quality and
customer satisfaction was driven by two main factors. First, with the urgency to improve
customer satisfaction and directives from the Ministry of Transport, the LTA was
interested in initiatives that would make transit services more customer-centric,
demonstrating to the public LTA’s care for customer experiences. As mentioned in Chapter
2, the LTA had since 2006 conducted the annual Public Transport Customer Satisfaction
Survey (PTCSS) - an intercept survey that solicited passengers’ recalled satisfaction with
their public transport experience. The ratings were aggregated into scorecards and
published as a key performance metric (Land Transport Authority, 2016c). The FMS-TQ
concept had the potential to lend new insights into customers’ experience on public
transport trips.

Second, the LTA was interested in exploring a number of research questions
surrounding customer satisfaction. One question was the distinction between real-time
versus recalled levels of satisfaction with transit services. Respondents’ recall of an
experience, as discussed in Chapter 2, would often differ from their actual experience due
to psychological heuristics. The LTA was thus interested in taking advantage of FMS-TQ’s
capability to survey users during their transit trips, as well as retrospectively, to investigate
potential correlations and distinctions between the two timeframes. The LTA was also
interested in using customer happiness as a measure of satisfaction with transit services.
Transit is supposed to improve people’s quality of life by providing access to work,
education, and recreation, as well as through improving the urban environment. So LTA
contemplated whether gauging riders’ well-being in surveys would better reflect service
quality than satisfaction reports. As a preliminary exploration, we adapted FMS-TQ to

incorporate happiness-oriented questions into the in-app questionnaires.

5.3 Boston

The Boston-Cambridge-Quincy Metropolitan Area (from here on referred to as the
Greater Boston Area) has its development history rooted in public transportation. As early
as the mid-1820s, hourly coaches crossed the Charles River, which had evolved by 1859 to

over 40 miles of horse-drawn railway tracks throughout the metro region. This growth
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accelerated in the last third of the 19t century and early 20t century, a period that saw the
electrification of the streetcar network and the elevated and underground construction of
the subway system (Block-Schachter, 2012, p. 69). As historian Sam Warner argues in
Streetcar Suburbs, the street railway transformed Boston from a merchant town into a
modern, divided metropolis -- an inner city of commerce and slums and an outer city of
commuter suburbs (Warner, 1978). But with the changing of times and favorable
economic and urban redevelopment, today’s Greater Boston Area has become the scene of
a thriving high-tech and innovation economy. These industries, along with the large
number of higher-education institutions, draw many people to work, study, and live in
Boston and the surrounding municipalities. Today, the Greater Boston Area is home to
more than 4.7 million residents (U.S. Census, 2014). While the coaches and streetcars have
transformed into subways, light rail, and bus lines, many of the public transport routes

today still follow the trajectories of the legacy streetcar network.

53.1 The MBTA

The Massachusetts Bay Transportation Authority, commonly called the MBTA or the
T, is the public transit operator for the Boston Metropolitan Area. It is the fifth largest
transit system in the United States, serving on average 1.3 million trips each weekday
(APTA, 2015, Table 30). Its service area covers 175 cities and towns, with a total
population of over 4.8 million (MBTA, 2014, p. 2). It operates four urban rail lines (three
heavy rail and one light rail line with four branches), 174 bus and trackless trolley routes,
14 commuter rail lines, and three ferry services (MBTA, 2014, p. 4). The MBTA is governed
by a board of directors, an executive management team led by the General Manager, as well

as an Advisory Board that represents the towns and cities in the MBTA'’s service district.
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An aging system with inadequate funding, the MBTA has met with increasingly
severe challenges over past three decades. Fast-growing expenses have far outpaced
revenues - the projected budget shortfall is $200 million (10% of the $2 billion budget) for
FY2016, $360 million by FY2019, and $800 million by FY2024 (Massachusetts Taxpayers
Foundation, 2015). Debt service on the $9 billion debt - the largest among transit systems
in the U.S. - adds to the expense and constrains the T’s infrastructure investments. As with
the operating budget, the MBTA also struggles for funding to maintain its aging
infrastructure. Today, the State of Good Repair backlog sits at almost $7 billion
(Massachusetts Taxpayers Foundation, 2015). This translates into service interruptions
and delays for customers. The on-time performance rate for key bus routes and the bus
rapid transit system is only about 70%. In 2015, passenger wait time metrics all trended in
the unfavorable direction from prior years (MassDOT, 2015, p. 33). In addition to the
financial woes, the T has also suffered from poor accountability and management

(Governor’s Special Panel, 2015). It is under this backdrop that the severe winter
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conditions in 2015, as described at the very beginning of this thesis, caused the T to plunge
into chaos. To many, the transit system became synonymous with incompetence.

This heightened urgency for reform helped plant the seed for our collaboration with
the MBTA. As part of the official response to the winter crisis, a Fiscal and Management
Control Board (FMCB) for the MBTA was established in July 2015. One of the key objectives
of this board is to work with the MBTA to utilize performance metrics to improve the
system’s operations, transparency, and customer experience. With a new General Manager
and a new MassDOT Secretary in place, the T aims to pursue more innovative, data-driven
solutions to improve its operational performance and public image. Similar to our LTA
partners, the Strategic Initiatives team at the MBTA is very interested in innovating the way
they devise and use performance metrics, in addition to the monthly Customer Opinion
Panel Survey discussed in Chapter 2, to better capture customers’ experiences. Hence,
when the team learned about our platform in September 2015, their strong interests and

institutional support made the project come to being.

5.3.2 The Silver Line

For the scope of the pilot, we decided on the Silver Line. The Silver Line (SL) is
Boston’s sole bus rapid transit (BRT) line, with a total of four branches (Figure 5.6) and a
daily ridership of over 33,000 on average weekdays (MBTA, 2014, p. 45). With only limited
dedicated infrastructure and related elements, the Silver Line is not considered, by global
standards, to be “true BRT” (Weinstock, Hook, Replogle, & Cruz, 2011). The Washington
Street section has two routes from Dudley Square in Roxbury, mostly via Washington
Street, to Boston's Downtown Crossing (SL5) and South Station (SL4). The Waterfront
section runs from South Station to South Boston (SL2) and to Logan Airport (SL1). A bus
tunnel linking these two corridors had been proposed, but the project is postponed
indefinitely due to budget constraints and stakeholder opposition. A formerly named SL3
service ran from South Station to City Point via the Boston Marine Industrial Park; the

service was discontinued in 2009 due to low ridership (MBTA, 2014, p. 42).
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Figure 5.6 - Silver Line routes
Source: MBTA

Stops here.

Figure 5.7 - Silver Line vehicle and stop
Source: MBTA
We chose the Silver Line (SL) for two main reasons. First, it plays a significant role in
Boston’s urban transportation. All four branches of the Silver Line rank in the top 20 bus
routes by typical weekday ridership (MBTA, 2014, p. 52). The system serves important

corridors — between Downtown Boston and Logan Airport via the Seaport District, as well
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as between South Station and Dudley via Downtown Boston, Chinatown, and Tufts Medical
Center. Notably, it is the only mass transit service for the Seaport District and Logan
Airport, two areas that generate large, ever-growing travel demand.

Equally, if not more, importantly, the Silver Line provides a close to ideal setting in
terms of implementation logistics. The Singapore pilot illustrated clearly the disadvantage
of installing beacons at bus stops only, as multiple bus lines can operate along the same
route, hence weakening our ability to identify the precise bus route and run on which the
user is reporting. Fortunately, as MBTA is the owner of its buses, they are able to quickly
provide permission to install beacons on buses in Boston. The easiest way to enable trip
identification is to limit the pilot to one or more bus routes in their entirety. In contrast to
the rest of the MBTA'’s bus routes, the Silver Line operates special buses, 56 vehicles
dedicated exclusively to SL services. In comparison, all regular MBTA bus services run on
an interlining basis - vehicles pulling out of a given garage can be used on a number of
different routes, sometimes switching routes between shifts on the same day. This would
make identifying and installing beacons on vehicles on another specific MBTA bus route
impossible. Furthermore, almost all SL stops have shelters, providing adequate
infrastructure for installing the at-stop beacons. We had also briefly considered conducting
a comparative study encompassing the Green Line, a light-rail service. Upon finding out the
Green Line was served with a fleet of 205 vehicles which rotated through the different
branches, we abandoned the idea - time and resource constraints would not have allowed
us to install so many beacons.

The Waterfront services --SL1 and SL2 -- have nine and 12 stops/stations,
respectively. From South Station, the services run for three stops in an exclusive busway
tunnel, before continuing the rest of the way on surface streets. After the fourth stop -
Silver Line Way - SL1 heads towards Logan Airport to service all four terminals there,
while SL2 continues in the Seaport District. Both services loop back to re-enter the busway
tunnel and return to South Station. Passengers enjoy free boarding at the airport on the
SL1, courtesy of MassPort (the airport operator) in attempt to enhance customer
convenience and reduce bus dwell time. A shorter SL2 circuit, designated the Silver Line
Way (SLW) shuttle, runs between South Station and the Silver Line Way stop during peak

periods only. Combined ridership on the three Waterfront services is approximately 14,000
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on average weekdays (MBTA, 2014, p. 45). Most of the corridor's riders transfer to or from
heavy rail at South Station. Given the rapid growth in residential and office real estate in
the Seaport District, as well as air travel demand, ridership on the Waterfront routes will
almost certainly continue to grow.

This growth will challenge Silver Line’s service operations. City leaders and
planners had originally forecast the number of jobs in the Seaport District to grow much
more slowly, allowing a better mass transit system to be in place by the time the district
fully developed. However, as success came sooner than expected, so did over-capacity and
gridlock. The Waterfront lines encounter significant crowding during the peak periods, and
traffic congestion in the district slows down vehicular travel times (S. Leung, 2013a). To
make matters worse, a multi-year, mid-life overhaul effort for the dedicated Silver Line
vehicles began in 2014, further reducing the fleet available for service (S. Leung, 2013b).

The Washington Street services - SL4 & SL5 -- run jointly between Dudley Square
and Tufts Medical Center for 11 stops, before splitting eastward (SL4) towards South
Station and westward (SL5) towards the Boston Common. Most of the Washington Street
corridor features dedicated, though not segregated, bus lanes, although buses are still
subject to congestion in the portion of the corridor without dedicated lanes in Downtown
Boston (Stewart, 2014). This is one of the busiest corridors in MBTA's service area, with
average weekday boarding increasing from 13,000 in the year of inauguration (2002) to
almost 19,000 in 2012 (MBTA, 2014, p. 45; Stewart, 2014). While it does not have many of
the features critical to a “true” BRT - stations with off-board fare collection or platforms
level with the bus floor -- its infrastructure nonetheless represents an upgrade from that of
regular bus services. The vast majority of SL4 & SL5 stops are equipped with real-time
information signs, and all stops along Washington Street have a canopy and heating system,
bike racks, artwork showcase, and call boxes for contacting police or customer assistance

(Stewart, 2014, p. 44).
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Figure 5.8 - Silver Line stop infrastructure on Washington Street

The historical context of the Washington Street branch adds significance to our
initiative. The corridor used to be served by the elevated Orange Line (heavy rail) from
1901 until 1987. The Orange Line was then moved west towards Back Bay, running on a
mix of surface and underground tracks to Forest Hills. Though the MBTA initially promised
to replace the Orange Line service on Washington Street with light rail, it ultimately
deployed the Silver Line BRT as a replacement. This resulted in much public criticism,
especially considering Dudley Square is a historically African American community with
relatively poor transit services. The Silver Line, with relatively poor levels of service is
viewed by many as an inferior replacement to the original Orange Line service. The Silver
Line project has thus been referred by some as “The Silver Lie" (Stewart, 2014). Given
these issues and negative public perception of the Silver Line, the FMS-TQ project, which
seeks to better understand passenger experience and improve service, is especially

relevant.
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Chapter 6

Proof-of-Concept Pilot in Singapore

This chapter details the first FMS-TQ pilot, conducted in Singapore. This initiative served as
the proof-of-concept test, involving only a small number of participants from the local
public transport regulating agency. The pilot proved the feasibility of some of our intended
capabilities for the platform, but also highlighted areas of weakness. It provided the
foundation and informed improvements for the subsequent implementation in Boston,
which was much broader in scope (covering an entire bus line) and involved a larger

number of participants recruited from the general public.

6.1 Trial design

FMS-TQ (Singapore) had five surveying instruments: an entrance questionnaire,
three event-based questionnaires for the three bus trip stages - when the user was waiting
at the stop, travelling onboard, and alighting from the bus - and an end-of-day
questionnaire. To mitigate user burden, each questionnaire consisted of only a few multiple
choice questions, and each user received at most only two questionnaires per day: one
randomly-selected event-based questionnaire and the end-of-day questionnaire. When the
app detected the beacon signals for the first time that day, the app would select which
event-based questionnaire to generate using a sampling algorithm, as illustrated in

Figure 6.1. For example, if the surveying system selected number 2 for a particular
user that day, the user would receive an onboard questionnaire while she was riding the
bus. Notice that algorithm, as shown in Figure 6.1, also contained another process, which
ran at the end of each day depending on whether at least one bus trip was previously
detected on that day. This end-of-day questionnaire intended to collect users’ retrospective

reflection on their bus experience earlier that day.
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Figure 6.1 - Trip stage detection and survey solicitation logic

While the event-based questionnaires were designed to be answered in real-time,
FMS- TQ was designed to accommodate late responses as well. In cases where the user
failed to respond to any of the real-time questionnaires within the first hour, the question
phrasing would change from the present to past tense. The system also monitored and
analyzed people’s response times and rates, to provide information for future refinement
of the app and survey design.

The design of the survey logic was in large part influenced by institutional
constraints. First, the buses were owned by the private operators, which limited the
possibilities for installing beacons on the vehicles in a timely manner. Second, the LTA had
limited authority over street bus stops. Given our target population for the pilot (LTA
employees at one of the LTA offices), we chose stops near the LTA office for which the LTA
had the rights to give us permission to affix beacons on (Figure 6.3). Weatherproof beacons
were mounted in a strapped pouch near the top of the bus stops (Figure 6.4). This set-up
aimed to maximize signal transmission and facilitate installation and removal without

modifications to the stop infrastructure.
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Figure 6.3 - Participating bus stops

Source: Google Maps
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Figure 6.4 - Beacons installed at bus stops

The questionnaire design, undertaken in close collaboration with LTA, aimed to
balance research and practical objectives, attempting to encompass the entirety of the bus
trip experience while enabling the capture of responses in real-time. The 14 relevant
service attributes, derived from the RATER framework, were to be assessed during the
most relevant bus trip stage (Table 1). For example, passengers’ satisfaction with wait time
should be solicited in the onboard questionnaire, after riders boarded the bus; judgment on
directness of route/convenience could be salient during all three stages of a bus trip. This
categorization guided content of questions in the at-stop, onboard, and post-alight

questionnaires.
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Table 6.1 — Service attributes to be assessed

Trip Stage of Measurement

Bus service attributes Atstop Onboard Post-
alight

Accessibility to bus stop X
Stop facilities X X
Wait time X
Travel speed/time X X
Seating & personal space X X
Onboard comfort X
Directness of route/ need for transfers X X X
Reliability of wait time X
Reliability of being able to board bus X
Reliability of travel time X
Availability & accuracy of information X
Bus driver’s skills X X
Attitude and quality of customer X X
service
Assistance to customers when needed X X

Below summarizes the content and app logic involved in the overall survey and
generating the five specific questionnaires to be implemented at different moments; a copy
of the questionnaires can be found in Appendix A.

Entrance questionnaire (Figure 6.5): After installing the app, the user received an
initial intake questionnaire to collect baseline information, including her demographic
information, travel habits and attitudes, general satisfaction with public transport
services, and general satisfaction with life.

At-stop questionnaire (Figure 6.6): Whenever a user arrived at a beacon-
equipped bus stop with FMS-TQ installed and running on her smartphone, the phone
would pick up the beacon signal. The beacon trigger, combined with subsequent GPS-
based sensing, was intended to provide information which would enable subsequent
estimation of the user’s wait time at the bus stop via post-processing. If the app had
randomly selected the at-stop questionnaire for the user and she had been detected to be
the stop for at least 60 seconds, the instrument would appear on the user’s phone screen.

The questionnaire first asked for confirmation that the user was indeed waiting at the
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specific bus stop. Upon confirmation, the user would be asked about the trip’s purpose,
whether any transfers were involved, satisfaction with the bus stop condition
(accessibility, cleanliness, real-time information), and her physical and emotive state (e.g.
tired, anxious, relaxed) while waiting.

Onboard questionnaire (Figure 6.7): The app would infer the user boarding a bus
when the phone departed the beacon signal area. Similar to the at-stop procedure, if the
app randomly selected to survey the user onboard, the questionnaire would first verify
that the user was indeed travelling on the bus. If so, the app would then pose seven
questions aimed at collecting three types of information: 1) subjective customer
satisfaction of the wait and onboard experiences, 2) reasons for any dissatisfaction, and
3) observations on onboard crowding level. The latter two types of questions intended to
provide feedback on service quality from a relatively objective perspective, covering bus
stop condition, service information availability, crowding, comfort, and the driver’s

service.

Post-alight questionnaire (Figure 6.8): If selected, the post-alight questionnaire
would begin one hour after the user exited the beacon area (bus stop). The questionnaire
targeted the overall bus travel experience, gauging people’s perception of their travel
times, convenience, and overall satisfaction with the service. Since a rider’s perceived
bus experience could be much influenced by his/her activities during the trip, the

questionnaire also asked about the user’s onboardactivities.

End-of-day questionnaire (Figure 6.9): At the end of each day, all users who had
taken a bus trip that day were given an end-of-day questionnaire. We determined if a user
had taken a bus trip in one of two ways: (1) she completed one of the bus trip stage
questionnaires; or (2) we inferred a bus trip based on FMS’s back-end analysis of her
travel data. The end of day questionnaire was always sent to users in the 8pm to 10pm
window. This questionnaire aimed to collect respondents’ reflections on their bus
experience and their evaluation of bus’s impacts on their lives and happiness that day. It
also asked users the degree to which their bus experience had met their expectations.
Compared to the previously mentioned questionnaires, which focused more on specific

service attributes, this retrospective questionnaire targeted riders’ broader well-being
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and travel choices. The pairing of responses to the trip-segment and end-of-day
questionnaires intended to provide possibilities for comparing real-time and

retrospective passenger satisfaction.

eeees SingTel 4G 2:10 pm < 100% - esese SingTel 4G 2:40 pm 7 100% -
Skip Survey Next | Skip Survey Next
On average, how many days a week How satisfied are you with your bus
do you take...? experiences so far?
0 Taxi 7 Very Dissatisfied Very Satisfied
0 Train (e.g. MRT/LRT) 7 ® 9
0 Bus 7

Figure 6.5 - Screenshots of select questions from the entrance questionnaire
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Figure 6.6 - Screenshots of select questions from the at-stop questionnaire
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Figure 6.7 - Screenshots of select questions from the onboard questionnaire
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Figure 6.8 - Screenshots of select questions from the post-alight questionnaire
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Figure 6.9 - Screenshots of select questions from the end-of-day questionnaire
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In addition to passengers’ responses, the app also automatically collected data from
users’ phone sensors, such as GPS coordinates, associated timestamps, and accelerometer
data.

Since the Singapore pilot was a proof-of-concept test and open only to LTA
employees, we opted for a small-scale incentive that largely appealed to intrinsic
motivations. The recruiting material encouraged potential participants to “help innovate
Singapore’s bus service” by “transforming the way we sense public transport service
quality and customer satisfaction.” We also offered a prize draw of two SGD$100 gift
cards, with chances of winning directly related to the number of questionnaires

completed during the course of the pilot.

6.2 Implementation

The LTA disseminated an email invitation to its employees, appealing mostly to
intrinsic motivations to help innovate research on public transport service quality.
Android and iPhone users were invited to download the FMS-TQ app from Google Play
and the i0OS App Store, respectively, and then prompted to register for an account. The
pilot began on June 18, 2015 and ended on July 4, 2015.

Despite the extensive app testing that the engineering team had conducted prior to
the pilot, two issues did not manifest until later. First, only after the pilot began did we
learn of a constraint for the Apple phones which prevented the app from automatically
turning on the phone’s Bluetooth. This meant that iPhone users needed to manually
enable Bluetooth on their phones, prior to reaching the origin bus stop. Hence, we sent a
follow-up email to all iPhone-using participants regarding this requirement. Another bug
in the app affected the sampling generation process, resulting in post-alight
questionnaires initially not being generated. The bug was fixed about halfway through the
trial, but the ultimate number of responses to post-alight instruments was still lower than
a proportional share.

Upon the trial’s conclusion, we solicited feedback on participants’ experience and

suggestions via a web survey. We shared the responses with LTA colleagues.
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6.3 Findings

In total, 32 users initially registered and 24 completed the entrance questionnaire.
Unsurprisingly, the group was dominated by bus riders - 15 respondents reported of
taking the bus every day, and five reported bus usage six days a week. The most common
reason for choosing bus over other alternatives was convenience. Despite their
employment affiliation with the LTA, less than half of the surveyed agreed with the
statement “I like using public transport.” In fact, the respondents may well be more critical
of the local public transport services than the general population; only 46% reported
being “satisfied” with their bus experience in Singapore - compared to 88% of those
surveyed in the 2014 LTA Public Transport Customer Satisfaction Survey (Land Transport
Authority (Singapore), 2015).

Over the course of the pilot, a total of 129 questionnaires were completed in

addition to the 25 entrance responses: 22 at-stop, 23 onboard, eight post-alight, and 51
end-of-day (Table 6.2). The low number of post-alight responses reflects the previously

mentioned bug in the software discovered after the pilot had begun.

Table 6.2 - Number of respondents and Responses

Questionnaire Number of responses Number of
(Number of false positives) respondents
Entrance 25 25
At-Stop 22 (8) 10
Onboard 23 (9) 9
Post-alight 8 (5) 6
End-of-day 51 14

In order to enable real-time surveying, the system must be able to detect trips as
they happen. Results show that FMS-TQ did successfully detect bus trips with essentially
no user input, although it is less accurate than we had hoped. 26 bus trips detected
through beacons were not caught by the location data-based mode detection (post-
processing) in the backend, illustrating BLE beacon’s advantage in signaling a waiting-for-
bus event when location data are noisy or absent. However, there was also an unexpected
number of false positives - waiting event detected by the app but invalidated by the user.

Among the 53 beacon-triggered surveys, 22 were considered false positives - the user
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verified that s/he was not taking a bus from the specific bus stop. Analysis of the
questionnaire time and location stamps, along with exit survey responses, suggested that
the false positive issue could be fixed by adjusting the app settings. For many of these false
positive cases, when the user alighted at a beacon-equipped stop, the app picked up the
signal and misinterpreted it as the person waiting or boarding at that stop. Though we
had set a minimum questionnaire trigger threshold (user being in the beacon signal
uninterrupted for 60 seconds) to prevent precisely such false positives, empirical results
suggested that the threshold should have been set even more conservatively (i.e. greater
than 60 seconds).

While the automatic trip detection was not 100% accurate, the user responses
gathered still demonstrated FMS-TQ'’s capability to gather information on bus service
quality. First and foremost, we were able to collect customer satisfactory ratings just as
conventional survey methods could. Considering the small sample size and the lack of
representativeness of the participant pool, the exact numbers or distributions of answers
are not important - what is important is that every data point contained rich geo-location
and time stamp information. I will discuss below the results on a few service attributes

that exhibit interesting patterns that would not manifest in conventional surveys.

Crowding at stop

Frequency
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Very crowded Crowded Neutral Spacious Very spacious

Figure 6.10 - Passenger feedback on stop crowding level

As Figure 6.10 shows, there were only two reports of bus stop crowding; both of
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them took place in the evening rush hour. As shown in Figure 6.3, the participating bus
stops were all located in a busy area in downtown Singapore, close to employment
centers, commercial establishments, and a subway station. Intuitively, these stops tend be
more heavily used by evening commuters, and should see relatively fewer passengers on
reverse commute during the morning peak. This temporal pattern was mirrored in the

onboard crowding levels (Figure 6.11) -- more crowding was reported on evening

commutes.
Bus crowding
7
6
5
S 4
c
(]
;T 3
)
1
0
1 2 3 4 5
Crowding level
Figure 6.11 - Passenger feedback on bus crowding level
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4. 3.

Figure 6.12 - In-app visual references for various crowding levels

Source: (Batarce et al., 2015)

The data also illustrated the intuitive connection between reported crowding levels
and onboard comfort. On trips where crowding was more severe, reported onboard
comfort levels tended to be lower. In fact, we can go one step further in drawing
connections between passenger comfort and various other service attributes. As the
onboard questionnaire prompted passengers for detailed reasons in case they reported
being less than comfortable on their trip, we can associate these details to comfort and

crowding attributes to gain a fuller picture of individual trip experiences (Figure 6.13).

Very comfortable

¢ Passenger
response
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“Rather not say”

Very ‘ < ‘ Very
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“Temperature
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‘ “Too many people”
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@ “Too many people”
Very uncomfortable

Figure 6.13 - Detailed qualitative feedback on onboard comfort and crowding conditions
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Bus stop condition
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Figure 6.14 - Passenger assessment of bus stops. Top: bus stop conditions; Bottom: bus
service information at bus stop

Participants reported largely neutral feelings towards 