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Voting with Your Feet:
An Investigative Study of the Relationship Between Place
Visit Behavior and Preference*
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Abstract. Real world recommendation systems, personalized mobile search,
and online city guides could all bencfit from data on personal place preferences.
However, collecting explicit rating data of locations as users travel from place
to place is This paper the s ip between explicit
place ratings and implicit aspects of travel behavior such as visit frequency and
travel time. We conducted a four-week study with 16 participants using a novel
sensor-based experience sampling tool, called My Expericnce (M), which we
developed for mobile phones. Over the course of the study Me was used to col-
lect 3458 in-situ questionnaires on 1,981 place visits. Our results show that,
first, sensor-triggered cxperience sampling is a useful methodology for collect-
ing targeted information in situ. Second. despite the complexitics underlying
travel routines and visit behavior. there exist positive correlations between place
preference and automatically detectable features like visit froquency and travel
time. And, third, we found that when combined, visit froquency and travel time
result in stronger correlations with place rating than when measured individu-
ally. Finally, we found no significant difference in place ratings duc to the pres-
ence of others.

1 Introduction

Why do we travel to some places but not others? What do these places say about our
interests? Could a person’s movements to and from places in the physical world be an
implicit form of expressing preference? We studied the travel routines of 16 partici-
pants over the course of four-weeks to determine what factors of visit behaviors, if
any, could be used to infer preference for places. Using GSM-based location sensing
and experience sampling on mobile phones (a technique to capture self-report data
from participants in situ), participants provided explicit ratings for the places they
visited. We used these ratings to explore the correlation between place preference and
two implicit aspects of place visit behavior, visit frequency and travel distance. In
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Route Prediction from Trip Observations
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ABSTRACT

This paper develops and tests algorithms for predicting
the end-to-end route of a vehicle based on GPS
observations of the vehicle's past trips. We show that a
large portion of a typical driver's trips are repeated. Our
algorithms exploit this fact for prediction by matching the
first part of a driver's current trip with one of the set of
previously observed trips. Rather than predicting
upcoming road segments, our focus is on making long
term predictions of the route. We evaluate our algorithms
using a large corpus of real world GPS driving data
acquired from observing over 250 drivers for an average
of 15.1 days per subject. Our results show how often
and how accurately we can predict a driver's route as a
function of the distance already driven.

INTRODUCTION

Route prediction is the missing piece in several
proposed ideas for intelligent vehicles. In this paper, we
present algorithms that predict a vehicle’s entire route as
it is driven. Such predictions are useful for giving the
driver wamings about upcoming traffic hazards or
information about upcoming points of interest, lndudmg
advertising. One of the most innovative applications of
‘end-to-end route prediction is for improving the efficiency
of hybrid vehicles. Given knowledge of future changes in
elevation and speed, a hybdd control system can
optimize the vehicle's charge/di schedule. For
example, if a hybrid vehicle knows about an upcoming
tunity to its batteries from

braking (e.g., stop-and-go traffic, sharp curves, or a
steep hill), it can use up part of its battery power prior to
the opportunity to make room for the expected incoming
charge. Researchers from Nissan showed that it is
possible to improve hybrid fuel economy by up to 7.8% if
the route is known in advance [1). Tate and Boyd also
explore the optimal control scheme for a hybrid
assuming the route is already known [2].

While the driver could be asked for his or her route
before every drive, we suspect that most drivers would
tire of this quickly. This is especially true for a driver's
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routes, which is where we concentrate our
efforts. We found that, for drivers observed for at least
40 days, nearly 60% of their trips were duplicated in our
observations. Our prediction al ms look at a GPS
trace of a driver’'s current trip and attempt to find the best
match to a previously driven trip. We find that, in some
cases, we can predict a driver's route with 100%
accuracy within the first two miles of the trip. Our
accuracy is lower in other cases, and our results give
details on how often our algorithm achieves various
levels of prediction accuracy.

We trained and tested our algorithms on GPS data from
252 drivers. The next few sections describe how we
cleaned our typically noisy GPS data, extracted distinct
trips, and found drivers' regular routes. We then go on to
describe two algorithms for route prediction and give
details on how well they perform. First, we highlight
some related work.

Route prediction for smart vehicles was addressed by
Karbassi and Barth (3] for a car-sharing application.
Their task was to predict which route a driver would take
between given starting and ending drop-off stations. In
our work, we do not rely on the driver to enter his/her
destination. Torkkola et al. [4] leam destinations and
routes from GPS data. As in our work, these learned
routes are the basis for prediction, although their
algorithm is not given. Using a hidden Markov
model leamed from 46 sampled trips, Simmons et al. (5]
predict destinations and routes based on knowledge of
the road network. They quote an accuracy of pred
the next road segment as high as 99%, although in 95%
of the cases the next road segment is the only one
connected to the current one. Their rich model allows the
incorporation of time-of-day, day-of-week, and speed
sensitivity into their predictions. Their results show that
only speed is a significant help in boosting their
prediction accuracy. Patterson et al. [6] applied machine
learning and a particle filter to people’s GPS traces to
predict their destination, route, and even mode of
transportation from an inferred list of previous
destinations. Our approach also differs from the short-
term route prediction in [7]. In their work, the goal was to
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ABSTRACT
The greatest contributor of CO; emissions in the average
American household is personal transportation. Because
transportation is inherently a mobile activity, mobile
devices are well suited to sense and provide feedback about
these activities. In this paper, we explore the use of personal
ambient displays on mobile phones o give users feedback
about sensed and self-reported transportation behaviors. We
first present results from a set of formative studies
exploring our respondents’ existing transportation routines,
willingness to engage in and maintain green transportation
behavior, and reactions to carly mobile green”
application design concepts. We then describe the results of
3-week field stdy (N=13) of the UbiGreen
Transportation  Display prototype, @ mobile phone
application that semi-automatically senses and reveals
information  about  transportation  behavior.  Our
contributions include a working system for semi-
automatically tracking transit activity, a visual design
capable of engaging users in the goal of increasing green
transportation, and the results of our studies, which have
implications for the design of future green

HCI Institute
Camegie Mellon University
Pittsburgh, PA 15213 USA
{udillahu, jmankoff} @cs cmu.edu

“Intel Research Seattle
Seattle, WA 98105 USA
{sunny.consolvo, beverly harrison}
(@intel com

Figure 1 (lcf) The UbiGreen

completed several green trips for the
week. (top) The MSP scmsor worn ncar
phone’s

automatically infer transportation mode.

and individual change. Given the growing prevalence of
mobile phones with sensing capabilities, one compelling
opportunity to potentially impact human behavior is o offer
immediate feedback about bow currently sensed behaviors
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INTRODUCTION
In 2005, Americans consumed 100 quadrillion British
thermal units (BTUs) of energy (32}, almost six times the
worldwide average per person [20). This in tum caused the
release of 2.2 billion metric tons of carbon dioxide (CO;), a
greenhouse gas assumed 10 be a major cause of adverse
climate change. To reverse this trend, action will be
required on many levels, including policy, infrastructure,
Permission 1o make digital oc hard copies of all or part of this work for
personal ar classroom usc ts granted without fee provided that copies are not
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affect the In this paper, we explore the use of
personal ambient displays on mobile phones to give users
feedback about their sensed and self-reported transportation
behaviors (Figure 1)

Researchers have identified three areas responsible for a
majority of energy consumption in American households:
home heating and cooling; shopping and cating (and the
associated transportation of goods), and commuting, flying
and other daily transportation activities [3,35). In this paper,
we focus on the latter (personal transportation), the greatest
individual contributor of CO, emissions (26%) in the
average American household [35]

There is extensive literature in the areas of environmental
sociology, public policy, and more recently, conservation
psychology that discuss the promotion of environmentally
responsible bebavior [1,2,26,33). Past work has shown that
motivators such as public commitment, frequent feedback,
and personalization can positively impact environmentally
responsible behavior [1]. Since the 1990s, information
campaigns and other programs have attempted fo engage
individuals in voluntary greening of transportation behavior
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Abstract

City-wide urban infrastructures are increasingly
reliant on network technology to improve and ex-
pand their services. As a side effect of this digitali-
zation, large amounts of data can be and
analyzed to uncover patterns of human behavior. In
this paper, we focus on the digital footprints from
one type of emerging urban infrastructure: shared
bicycling systems. We provide a spatiotemporal
analysis of 13 wecks of bicycle station usage from
Barcelona's shared bicycling system, called Bicing.
We apply clustering techniques to identify shared
behaviors across stations and show how these
behaviors relate to location, neighborhood, and
time of day. We then compare experimental results
from four predictive models of near-term station
usage. Finally, we analyze the impact of factors
such as time or d-y and sumcn activity in the
of the

1 Introduction
Observing and modeling human movement in urban

*Telefonica Research, Barcelona, Spain
{joachim, nuriao} @tid.es

Figure 1. (1op) A Bicing station: a close-up of a bicycle and parking slot;
and a user at a station kiosk using RFID to check-out a bicycle; (bottom)
The 390 Bicing stations distributed across the ity of Barcelona, Spain.

human mobility. McNamara er al. (2008) used data
collected from an RFID-enabled subway system 10 predict
patterns amongst mass transit users. Such

environments is central to traffic
the spread of biological viruses, designing location-based
services, and improving urban infrastructure. However, little
has changed since Whyte (1980) observed in his "Street Life
Project” that the actual usage of New York's streets and
squares clashed with the original ideas of architects and city
planners. A key difficulty faced by urban planners,
virologists, and social scientists is that obtaining large, real-
world observational data of human movement is challenging
and costly (Brockman et al., 2006).

As websites have evolved to offer geo-located services,
new sources of real-world behavioral data have begun to
emerge. For example, Rattenbury ef al. (2007) and Girardin
et al. (2008) used gco-uggmg patterns of photographs in

sources of data are ever-cxpanding and offer large, under-
explored datasets of physically-based interactions with the
real world.

In this paper, we introduce a novel source of real-world
human behavioral data from a new type of urban infra-
structure: shared bicycling systems. We show how station
usage data from Barcelona’s Bicing system (Figure 1) can
be used to infer cultural and geographic aspects of the city
and predict future bicycling station usage behavior, which
corresponds to human movement in the city.

In particular, the main contributions of this paper are: (1)
demonstrating the potential of using shared bicycling as a
data source to gain insights into city dynamics and

Flickr to I-world events
and draw conclusions Iboul the flow of tourists in a city. In
addition, as city-wide urban infrastructures such as buses,
subways, public utilitics, and roads become digitized, other
sources of real-world datasets that can be implicitly sensed
are emerging. Ratti ef al. (2006) and Gonzilez ef al. (2008)
used cellular network data to study city dynamics and

human behavior; (2) exploring the relationship
between spatiotemporal patterns of bicycle usage and
underlying city behavior and geography: and (3) studying
patterns in bicycle station usage, including the prediction of
usage patterns and an analysis of how factors such as the
time of the day affect this prediction. In our analysis, we
emphasize not just what the bicycling station usage data
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The National Council on Disability notes that
there is no comprehensive information on
"the degree to which sidewalks are
accessible” in cities.

National Council on Disability, 2007
The impact of the Americans with Disabilities Act: Assessing
the progress toward achieving the goals of the ADA




OUR OVERARCHING VISION

Develop crowd+Al techniques to map and
assess every sidewalk in the world
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QUESTIONS

How can we combine crowds + Al in new ways to improve
sidewalk labeling efficacy and quality?
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Deep Learning for Automatically Detecting Sidewalk
Accessibility Problems Using Streetscape Imagery
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ABSTRACT

Recent work has applied machine learning methods to auto-
matically find and/or assess pedestrian infrastructure in online
map imagery (e.g., satellite photos, streetscape panoramas).
While promising, these methods have been limited by two in-
terrelated issues: small training sets and the choice of machine
learning model. In this paper, aided by the recently released
Project Sidewalk dataset of 300,000+ image-based sidewalk
accessibility labels, we present the first examination of deep
learning to automatically assess sidewalks in Google Street
View (GSV) panoramas. Specifically, we investigate two ap-
plication areas: automatically validating crowdsourced labels
and automatically labeling sidewalk accessibility issues. For
both tasks, we introduce and use a residual neural network
(ResNet) modified to support both image and non-image (con-
textual) features (e.g., geography). We present an analysis of
performance, the effect of our non-image features and training
set size, and cross-city generalizability. Our results signif-
icantly improve on prior automated methods and, in some
cases, meet or exceed human labeling performance.

Author Keywords
Neural networks, accessibility, sidewalks, computer vision

ACM Classification Keywords
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inspections by city transit departments or community volun-
teers. However, these audits are expensive, labor intensive,
and infrequent. ! Moreover, the resulting data is in disparate
formats, is not typically open (i.e., published online), and is
not intended for end-user tools [23, 50]. To expand who can
collect sidewalk data and to improve data granularity and fresh-
ness, researchers have introduced smartphone-based tools [ 15,
46, 52] as well as instrumented wheelchairs [35, 39, 51, 57],
both of which capture sidewalk information in situ as it’s ex-
perienced. However, these tools have been limited by low
adoption, small geographic coverage, and high user burden
(e.g., requiring users to take out their phones, load an app, take
a picture, annotate it, and upload it) [20, 23].

To partially address these scalability issues, researchers have
begun developing automated methods for sidewalk assessment
using machine learning and online imagery (e.g., satellite
photos [10, 8], panoramic streetscape imagery [31, 32, 59]).
While still early, these complementary approaches promise to
dramatically decrease manual labor and cost. However, they
have been limited by two interrelated issues: small training
sets and the choice in machine learning model—both of which
negatively impact performance. In this paper, we attempt to
address both of these issues.

We present the first examination of deep learning methods to
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QUESTIONS

How can these emerging, cross-city datasets enable new
urban science research and advocacy tools?



DISCUSSION

SUPPORT NEW URBAN SCIENCE E
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What do sidewalks look like across cities and

countries? How does accessibility vary and why?

How does sidewalk accessibility reflect the socio-cultural and-political
context of that region?

What are the geo-spatial patterns and key

correlates of sidewalk accessibility?

How does accessible infrastructure correspond to racial and socio-
economic factors? How do these patterns compare across cities?
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QUESTIONS

How is urban accessibility changing and where is it not?
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Experimental Crowd+Al Approaches to Track Accessibility
Features in Sidewalk Intersections Over Time
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How do sidewalks change over time? Are there geographic or sociocconomic patterns to this change? These questions

are important but difficult to address with current GIS tools and techniques. In this demo paper, we introduce three

preliminary crowds Al (Artificial Intelligence) prototypes to track changes in strect intersection accessibility over time—
ificall ps—and report on results from a pilot usability study.

CCS CONCEPTS « Human-centered computing —» Accessibility —» Accessibility systems and tools

Additional Keywords and Phrases: Mobility, disability, sidewalks, crowdsourcing. machine learning. change tracking
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Crowds+Al to Track y Features in Sidewalk Intersections Over Time. In The 23rd

International ACM SIGACCESS Conference on Computers and Accessibility, October 18-22, 2021, Virtual Event. ACM,

New York, NY, USA. ACM ISBN 978-1-4503-8306-6/21/10. https://doi.org/10.1145/344185
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1 Introduction

In 1990, the US passed the Americans with Disabilities Act (ADA) [1] requiring that public infrastructure—including
sidewalks and street crossings~be accessible. Yet, more than 30 years later, cities struggle to meet accessibility
requirements, often only pursuing large-scale sidewalk renovations in response to civil rights litigation such as in New
York [12], Seattle [9], and Los Angeles [15]. Observing these challenges and to help stimulate and structure ADA
renovations and city planning, in 2015, the US Federal Highway Administration requested that local governments
develop sidewalk ADA transition plans, including an inventory of accessibility barriers and a description of accessible
renovations [25]. In a recent study of 401 municipalitics. however. only 54 (13%) had published plans and only seven
met the minimum ADA criteria
Such findings reflect the challenge in making infrastructure accessible. Viable solutions require substantial political.
economic, and technical g resources, specialized tools, and the work and
of multiple [19]. And there is a lack of open tools, techniques, and datascts to
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