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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 sensed 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 weeks 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 of day and station activity in the
prediction capabilities of the algorithms.

1 Introduction

Observing and modeling human movement in urban
environments is central to traffic forecasting, understanding
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 et al. (2007) and Girardin
et al. (2008) used geo-tagging patterns of photographs in
Flickr to automatically detect interesting real-world events
and draw conclusions about the flow of tourists in a city. In
addition, as city-wide urban infrastructures such as buses,
subways, public utilities, and roads become digitized, other
sources of real-world datasets that can be implicitly sensed
are emerging. Ratti er al. (2006) and Gonzalez et al. (2008)
used cellular network data to study city dynamics and
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Figure 1. (top) 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 city of Barcelona, Spain.

human mobility. McNamara er al. (2008) used data
collected from an RFID-enabled subway system to predict
co-location patterns amongst mass transit users. Such
sources of data are ever-expanding 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
aggregated 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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Figure 5. The five Activity Clusters created by progressively combining
similar Activity Score station DayViews via dendrogram clustering.

Activity Clusters. The clustering algorithm returned five
activity clusters (Figure 5), each with a similar three-
pronged spike shape (see also Figure 3). The clusters gener-
ally become more active (from Al to AS) as one moves
from the outward edges of the city into downtown. The least
active cluster, Cluster A1 (N=207), surrounds nearly the
entire perimeter of Barcelona. The more active clusters (A3,
A4, and A5) become noticeably more active as the day ad-
vances.

Bicycle Clusters. Our algorithm identified six bicycle
clusters (depicted in Figure 6) with three classes of
behavior: outgoing (Clusters B3 and B4), incoming
(Clusters BS and B6) and flat (Clusters B1 and B2). The
outgoing clusters show a precipitous drop in available bi-
cycles around 7-8AM as people leave for work, a slight rise
at 2-3PM during lunch and a return to early morning levels
by 10-11PM. These stations are spread around the edges of
the downtown and midtown sections of the city. The
incoming stations are located in high density commercial
areas and along two major arterial routes: Rambla de
Catalunya and Avinguda Diagonal. The incoming station
shape is nearly inverse of the outgoing stations: people be-
gin arriving around 7-8AM and begin leaving around
1-2PM. Many financial businesses in Barcelona open at
9AM and close around 2:30PM, which aligns well with the
temporal patterns of these two clusters. Finally, clusters B1
and B2 have relatively flat usage patterns. Cluster B2 tends
to have a high degree of available bicycles (on average, it is
66% full) whereas cluster Bl is just the opposite (15%
availability). One reason for this discrepancy is likely due to
Barcelona’s topography: the city itself is built on a long
incline. Stations located at the top of Figure 6 are between
80-110 meters above sea level versus those at the bottom,
which are at 0-10 meters above sea level. People tend not to
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Figure 6. The six Bicycle Clusters created by progressively combining
similar available bicycle DayView clusters via dendrogram clustering.

bicycle up to the higher altitudes, thus leaving those stations
in Cluster B1 starving for bicycles.

4 Station Behavior Prediction

We focus next on the prediction of station usage. In
particular, we are interested in predicting the number of
available bicycles at each station at a given time in the fu-
ture. This work is related to traffic forecasting. Most
approaches in traffic engineering rely on flow theory and
incorporate queue-theoretic models (Vandaele et al., 2000).
Horvitz et al. (2005) took an alternative approach that is
closely related to ours: they successfully modeled key traffic
bottleneck areas using a Bayesian network and ignored the
underlying flows. Similarly, we do not attempt to model
individual bicycle movements in the city but rather focus on
modeling Bicing station usage directly.

Predictive station usage models would (a) allow for more
accurate load balancing of the stations; (b) assist urban
planners and city officials by providing them with
information about expected activity in the city; and (c) open
the way to new mobile services for Bicing users. In the
previously mentioned online survey, Bicing users identified
finding an available bicycle and parking slot as the two
most important problems in their Bicing experience (76%
and 66% of respondents, respectively). Therefore, we are
also interested in predicting the probability of finding a free
bicycle and slot in a station at a given time in the future.
Furthermore, our models shed light on some of the factors
that influence the predictability of station usage behavior.

4.1 Models of Station Behavior

We have implemented four simple predictive models,
including a Bayesian network (BN) to predict the
availability of bicycles at each station. All models have
three input parameters: (1) the current time tp; (2) the last
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of Washington in Computer Science & Engineering.
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decisions, denying admission to many excellent candidates because of the limited number of available

slots.

We appreciate your interest in our program and wish you the best of luck in the pursuit of your graduate

education.

Sincerely,

Professor Ed Lazowska
Chair, Computer Science and Engineering

Professor Gaetano Borriello
Associate Chait, Educational Activities

Lindsay Michimoto \
Lead Academic Counselor
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Barrier Pointing: Using Physical Edges to Assist Target
Acquisition on Mobile Device Touch Screens
Jon Froehlich," Jacob O. Wobbrock,? Shaun K. Kane?

'Computer Science and Engineering
University of Washington
The Paul Allen Center, Box 352350
Seattle, WA 98195-2840
jfroehli@cs.washington.edu

ABSTRACT

Mobile phones and personal digital assistants (PDAs) are incredibly
popular pervasive technologies. Many of these devices contain
touch screens, which can present problems for users with motor
impairments due to small targets and their reliance on tapping for
target acquisition. In order to select a target, users must tap on the
screen, an action which requires the precise motion of flying into a
target and lifting without slipping. In this paper, we propose a new
technique for target acquisition called barrier pointing, which
leverages the elevated physical edges surrounding the screen to
improve pointing accuracy. After designing a series of barrier
pointing techniques, we conducted an initial study with 9 able-
bodied users and 9 users with motor impairments in order to
discover the parameters that make barrier pointing successful. From
this data, we offer an in-depth analysis of the performance of two
motor-impaired users for whom barrier pointing was especially
beneficial. We show the importance of providing physical stability
by allowing the stylus to press against the screen and its physical
edge. We offer other design insights and lessons learned that can
inform future attempts at leveraging the physical properties of
mobile devices to improve accessibility.

Categories and Subject Descriptors

H.5.2. [Information interfaces and presentation]: User interfaces
— input devices and strategies. K4.2. [Computers and society]:
Social issues — assistive tech for persons with disabils

General Terms: Design, Experimentation, Human Factors.

Keywords: Target acquisition, touch screens, edges, comers,
accessible interfaces, motor impairments, mobile phones, PDAs.

1. INTRODUCTION

In 2006, the number of mobile phone subscribers in the world
surpassed 2.5 billion." This is more than fwice the number of PC
users worldwide. The technology curve shows mobile phones and
PDAs getting smaller and more powerful every year, providing
features that extend beyond voice calls and text People

The Information School
University of Washington
Mary Gates Hall, Box 352840
Seattle, WA 98195-2840
{wobbrock, skane}@u.washington.edu

B

(a) Fly-in directly to barrier target ~ (b) Rest the stylus against the
screen and stroke into the target

Figure 1. Two ways the physical properties of a touch screen
device can be leveraged to assist movement: (a) The screen’s
physical edge catches the stylus as it flies into a target. (b) The
screen itself provides an additional flat plane to aid movement.

recessed. Prior work has shown that motor-impaired users may
not have the physical strength to press hard physical buttons [14].
And certain device form factors (e.g., clamshell phones) require
dexterity and strength just to open.

Many emerging high-end phones such as the Microsoft Windows
Mobile Smartphone and the Apple iPhone contain touch screens.
The iPhone features only one physical button, relying instead
almost exclusively on touch screen interactions.” However, touch
screens pose an additional set of challenges for mobile device
accessibility: they lack tactile feedback and the physical stability
available with hard buttons, and their interfaces often require
dexterous motor control

Still, touch screen devices offer rich potential for motor-impaired
users. Myers et al. [14] demonstrated the use of Palm PDAs as
viable alternatives to the mouse and keyboard for users with
muscular dystrophy. Touch screens have the potential to support
more fluid 1 than their button-based P as
they are direct interaction systems; that is, the point of stylus or
finger contact is co-located with the screen’s output. Thus, unlike
traditional mobile phones, where target selection is accomplished
indirectly via button pre and/or joystick movements, touch

with motor impairments, however, often find these devices
difficult to use [3][14]. Their reduced size makes input
challenging as the buttons are small, condensed and sometimes

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that
copies bear this notice and the full citation on the first page. To copy
otherwise, or republish, to post on servers or to redistribute to lists,
requires prior specific permission and/or a fee

ASSETS 07, October 15-17, 2007, Tempe, Arizona, USA.

Copyright 2007 ACM 978-1-59593-573-1/07/0010...$5.00.

based targets can be selected and manipulated directly.
Wobbrock et al. [24][25] demonstrated how physical edges could
be used to assist motor-impaired users with touch screen-based
text entry. Walker and Smelcer [21] demonstrated the benefits of
impenetrable borders on targets to reduce mouse movement time.
Our work expands into the realm of target acquisition on mobile

! http://www.wirelessintelligence.com/

? http://www.apple.com/iphone/
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(a) Normal (b) Hover - (¢) Select - (d) Confirm —
Stylus over Stylus into barrier  Rapidly move
target C trough for B stylus towards

sereen corner

Figure 5. The “velocity stroke with corner confirmation” interaction.
By eliminating the need for lift, the stylus is able to rest on the
screen throughout a series of interactions; however, the user must
reach the escape velocity before exiting the selected target.

3.2.2 Velocity Stroke with Corner Confirmation

This interaction is similar to the previous technique except for the
confirmation step. Rather than lift, the user must stroke into a
confirmation corner to confirm his/her selection (Figure 5)
Confirmation corners allow the user to operate the device with the
stylus continuously pressed against the screen. Once a target is
selected and a confirmation corner is accessed, the user may begin
another target acquisition without lifting the stylus.

In order to distinguish between a confirmation corner stroke and a
target selection stroke, a speed threshold (“escape velocity™) is
used as a mode switch. The user must maintain this escape
velocity after exiting a selected target until the stylus reaches the
confirmation corner. If the velocity is not maintained, the current
selection is canceled or if the stylus is over another target’s
trough, this new target becomes selected. Currently, this threshold
is set to 200 pixels/second, which was derived empirically with
able-bodied testers. This value is slightly slower than the
threshold used to ignore mouse clicks in Steady Clicks [18).

3.2.3 Reverse Stroke with Corner Confirmation
Because moving the stylus at escape speeds may be difficult for

tor-i ired users, we developed an alternative method for
selection. The “reverse stroke with corner confirmation”
technique uses a direction reversal stroke along the target’s edge
to indicate a selection. For example, if the user is running south
along the right edge of the screen, the user would reverse
directions (by stroking north) within a target to select that target
(Figure 6). The user must then move the stylus along the edge to a
corner to confirm. Note that unlike the previous two barrier
techniques, “reverse stroke with corner confirmation” does not
use selection troughs—thus, its selectable area is the full size of
the widget. We found this made it easier for subjects to reverse
directions accurately. Note that the direction change can be made
as slowly or quickly as desired; speed is not an issue.

4. INITIAL STUDY

I 1l

oo [¥]

C C
D D D
(a) Normal (b) Hover - (¢) Select — (d) Confirm —
Stylus over Reverse direction  Stylus continues
target A against edge while  in north direction
over target B towards comer

Figure 6. The “reverse stroke with comer confirmation” barrier interaction.
For illustrative purposes, these figures demonstrate a reverse stroke
slightly away from the edge. The ideal interaction, however, is simply
running the stylus along the edge and reversing direction.

4.1 Method

4.1.1 Subjects

Eighteen subjects volunteered for the initial study: 9 able-bodied
(AB) and 9 motor-impaired (MI). Two females participated in the
AB group and 4 in the MI group. The average age was 23.9
(SD=2.4) and 37.7 (12.5) for the AB and MI groups, respectively.
All subjects indicated that they used a desktop computer for at
least an hour every day. Similarly, all subjects, with the exception
of one MI participant, owned and used a mobile phone multiple
times a day. Two MI subjects (MI1 and MI6) indicated that they
currently own a touch screen mobile device. The MI subjects and
their health conditions are listed in Table 1. Note that the motor
impairments of our subjects covered a very broad range. This was
by design, as we wanted to determine what types of users might
benefit most from barrier pointing.

4.1.2 Apparatus

The initial study was conducted on two HTC Wizard Pocket PC
Phones running Windows Mobile 5. One of the devices was
outfitted with Velcro and attached to a clipboard for stability; the
other was held in the hand. Participants were able to choose either
device. The HTC Wizard is 5.3 ounces, 2.83"x4.25"x0.93" in
size, and contains a 1.75"x2.25" single-touch touch screen with a
QVGA resolution of 320240 pixels. The touch screen sampling
rate was measured empirically at ~100 Hz. The screen edge is 1.7
mm high. As the HTC Wizard ships with a small, ponderous
stylus, we offered two alternatives: (1) a thick 5.75" stylus with a
rubber grip, or (2) a 6.25" stylus, which was much lighter than (1)
and about 40% smaller in diameter.

Mil 48 | Neuromuscular condition, low strength
MI2! 55 | Parkinson’s, slight jitter, good motor control
MI3) 38 | Limited hand function, limited trunk balance
M4 39 | Tetraplegia (SCI C5), no use of triceps, pectorals, hands

Limited coordination, episodic peripheral neuropathy

In order to better understand barrier pointing, we d an
initial study of 18 subjects, 9 of whom had motor impairments and

21 | Cerebral Palsy (CP)
41 | Degeneration of neck and spine

9 of whom did not. For each subject, we ad d the 3
aforementioned barrier techniques in addition to the two baseline
fly-in-and-tap conditions. This study was meant to provide both
quantitative and qualitative insights into how barrier techniques
may be used by motor-impaired and able-bodied users.

23 | Spastic CP, lack of fine motor skills

g

o
=|zg|=| =l 2| 2|2z

g

24| Poor motor control as result of injury

Table 1. Ml Study Participants
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Screen supports motor action
Edges guide movement
Smoothing reduces errors
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Wearable activity tracking device

The Mobile Sensing Platform:

An Embedded Activity
Recoghnition System

The MSP is a small wearable device designed for embedded activity
recognition with the aim of broadly supporting context-aware
ubiquitous computing applications.

Tanzeem Choudhury
Dartmouth College

ctivity-aware systems have in-

spired novel user interfaces and

new applications in smart envi-

ronments, surveillance, emer-

gency response, and military

missions. Systems that recognize human activi-
ties from body-worn sensors can further open
the door to a world of healthcare applications,
such as fitness monitoring, eldercare support,
long-term preventive and

chronic care, and cognitive

Sunny Consolvo, Beverly Harrison, ~ assistance. Wearable systems

Jeffrey Hightower,

have the advantage of being

Anthony LaMarca, Louis LeGrand,  With the user continuously. So,

Ali Rahimi, and Adam Rea

Intel Research

Gaetano Borriello,
Bruce Hemingway,

Predrag “Pedja” Klasnja,

for example, a fitness applica-
tion could use real-time activ-
ity information to encourage
users to perform opportunis-
tic activities. Furthermore, the
general public is more likely

Karl Koscher, James A. Landay, to accept such activity recog-
Jonathan Lester, and Danny Wyatt  nition systems because they

University of Washington

Dirk Haehnel
Stanford University

are usually easy to turn off or
remove.

For systems implementing
these applications to be practi-

I cal, the underlying recognition

32 PERVASIVE computing

module must detect a variety of
activities that are performed routinely in many
different manners by different individuals under
different environmental conditions. This presents

the challenge of building systems that can handle
the real world’s noisy data and complexities. Fur-
thermore, deploying the systems imposes some
important constraints. The deployment must
protect the user’s privacy as well as the privacy
of those with whom the user comes in contact.
The sensors must be lightweight and unobtru-
sive, and the machine-learning algorithms must
be trainable without requiring extensive human
supervision. These constraints have made robust
recognition systems difficult to engineer.

Over the past four vears, we’ve been building
an automatic activity recognition system using
on-body sensors. The Mobile Sensing Platform
(MSP) tackles several of these design and de-
ployment challenges. Moreover, we’ve carried
out several real-world deployments and user
studies, using the results to improve the hard-
ware, software design, and activity recognition
algorithms. The lessons learned have broad rel-
evance to context-aware ubiquitous computing
applications.

Activity recognition systems
Activity recognition systems typically have three
main components:

* alow-level sensing module that continuously
gathers relevant information about activities
using microphones, accelerometers, light sen-
sors, and so on;

Published by the IEEECS ® 1536-1268/08/$25.00 © 2008 IEEE
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ABSTRACT

Recent advances in small inexpensive sensors, low-power
processing, and activity modeling have enabled applications
that use on-body sensing and machine learning to infer
people’s activities throughout everyday life. To address the
growing rate of sedentary lifestyles, we have developed a
system, UbiFit Garden, which uses these technologies and a
personal, mobile display to encourage physical activity. We
conducted a 3-week field trial in which 12 participants used
the system and report findings focusing on their experiences
with the sensing and activity inference. We discuss key
implications for systems that use on-body sensing and
activity inference to encourage physical activity.

Author Keywords
persuasive technology, sensing, activity inference, mobile
phone, ambient display, fitness, activity-based applications.

ACM Classification Keywords
H.5.2 User Interfaces, H.5.m Miscellaneous.

INTRODUCTION

Recent advances in small inexpensive sensors, low-power
processing, and activity modeling have enabled new classes
of technologies that use on-body sensing and machine
learning to automatically infer people’s activities
throughout the day. These emerging technologies have seen
success with participants in controlled and “living” lab
settings [11] and with researchers in situ [18]. The next step
is to conduct in situ studies with the target user population.
Such studies expose important issues, for example, how the
systems are used as part of everyday experiences, where the
technology is brittle, and user reactions to activity inference
and the presentation of those inferences.

Permission to make digital or hard copies of all or part of this work for
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specific permission and/or a fee.
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One application domain for on-body sensing and activity
inference is addressing the growing rate of sedentary
lifestyles. Regular physical activity is critical to everyone’s
physical and psychological health, regardless of their being
normal weight, overweight, or obese [6,16]. Physical activity
reduces risk of premature mortality, coronary heart disease,
type II diabetes, colon cancer, and osteoporosis, and has also
been shown to improve symptoms associated with mental
health conditions such as depression and anxiety. Yet despite
the importance of physical activity, many adults in the U.S.
do not get enough exercise [1].

Technologies that apply on-body sensing and activity
inference to the fitness domain are faced with a challenge
regarding which physical activities should be detected. The
American College of Sports Medicine (ACSM) recommends
that  physical activity be regular and include
cardiorespiratory training (or “cardio”) where large muscle
groups are involved in dynamic activity such as running or
cycling; resistance training, that is weight training that builds
muscular strength and endurance; and flexibility training
where muscles are slowly elongated to improve or maintain
range of motion [22]. Technologies that attempt to encourage
physical activity should support the range of activities that
contribute to a physically active lifestyle, rather than focus on
a single activity such as walking.

Our goal in this work is to investigate users’ experiences with
a system that we have developed, UbiFit Garden, which uses
on-body sensing, activity inference, and a novel personal,
mobile display to encourage physical activity. While our
future work will focus on how the system affects awareness
and sustained behavior change, at this stage, we are exploring
how the system affects individuals” everyday lives, how they
interpret and reflect on the data about their physical activities,
and how they interact with that data. We conducted a three-
week field trial (n=12) with participants who were
representative of UbiFit Garden’s target audience. In this
paper, we discuss the types of physical activities participants
performed, how those activities were recorded and
manipulated, and participants’ qualitative reactions to activity
inference and manual journaling. We also discuss
participants’ general reactions to the system.
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done by Fish'n’Steps, Houston, and Shakra), providing
positive reinforcement rather than punishment (drawing from
Houston’s success and problems found by Fish‘n'Steps),
providing frequent opportunities for self-reflection (similar to
Houston, Chick Clique, and Shakra), and integrating use into
everyday life (all projects).

THE UBIFIT GARDEN SYSTEM
Mistress Mary, quite contrary, how does your garden grow? With
silver bells, and cockle shells, and marigolds all in a row.
— Frances Hodgson Burneit

We have designed a healthy lifestyle technology, UbiFit
Garden, which uses on-body sensing, real-time statistical
modeling, and a personal, mobile display to encourage
regular physical activity. UbiFit Garden is designed for
individuals who have recognized the need to incorporate
regular physical activity into their everyday lives but have
not yet done so, at least not consistently’.

The UbiFit Garden system consists of three components: (1)
fitness device, (2) interactive application, and (3) glanceable
display. The fitness device automatically infers and
communicates information about several types of physical
activities to the glanceable display and interactive
application. The interactive application includes detailed
information about the individual’s physical activities and a
journal where activities can be added, edited, and deleted.
The glanceable display uses a non-literal, aesthetic
representation of physical activities and goal attainment to
motivate behavior (Fig 1). It resides on the background
screen, or “wallpaper,” of a mobile phone to provide a subtle
reminder whenever and wherever the phone is used.

We are using an iterative process to design UbiFit Garden. In
addition to drawing from prior work (including our own [5]),
we conducted a survey (n=75) with respondents from 13
states across the U.S. that covered a range of attitudes and
behaviors with mobile devices and physical activity. This
survey tested assumptions about the glanceable display and
elicited general feedback. Overall, respondents were very
positive about the concept and confirmed that the display was
understandable. A majority of respondents could imagine
using UbiFit Garden. Common concerns had to do with
assuming that all exercise data would have to be manually
entered into the phone or that the phone would have to be
carried during exercise (the fitness device and interactive
application were not addressed in the survey)

UbiFit Garden'’s Fitness Device

UbiFit Garden is part of a larger research program to explore
how sensing and activity inference technologies can be
applied to real world problems, such as encouraging people

! UbiFit Garden targets the contemplation, preparation, and action
stages of change of the Transtheoretical Model, which describes
the stages through which individuals progress to intentionally
modify addictive and other problematic behaviors [19].

April 5-10, 2008 - Florence, Italy

Figure 1. UbiFit Garden’s glanceable display. a) at the

beginning of the week—small butterflies indicate recent goal

attainments; the absence of flowers means no activity this week;
b) a garden with workout variety: ¢) the display on a mobile

phone—the large butterfly indicates this week’s goal was met.
to engage in healthy activities. UbiFit Garden relies on the
Mobile Sensing Platform (MSP) [4.9], a research platform for
mobile sensing and inference applications

The MSP is a pager-sized, battery powered computer with
sensors chosen to facilitate a wide range of mobile sensing
applications (Fig 2). The MSP’s sensors include: 3-d
accelerometer, barometer, humidity, visible and infrared
light, temperature, microphone, and compass. It includes a
400MHz XScale microprocessor, 32MB RAM, 2GB of flash
memory for storing programs and logging data, and a
rechargeable lithium ion battery. The MSP’s Bluetooth
networking allows it to communicate with other Bluetooth-
enabled devices such as mobile phones

UbiFit Garden uses the MSP to automatically infer physical
activities in real time. The MSP runs a set of boosted
decision stump classifiers that have been trained to infer
walking, running, cycling, using an elliptical trainer, and
using a stair machine. These inferences are derived from two
sensors: the 3-d accelerometer and barometer. The sensor
data is processed and the activity is inferred on the MSP, then
the inferences are communicated via Bluetooth to a mobile
phone that runs the interactive application and glanceable
display (Fig 3). The MSP communicates a list of activities
and their predicted likelihoods to the phone four times per
second. The phone application aggregates and “smoothes”
these fine-grain, noisy data resulting in “human scale”

Figure 2. UbiFit Garden’s fitness device—the MSP. At left is
the MSP worn by a woman; at center is the MSP in its waist-
mount case; and at right are the sensor boards inside the casing
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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 to 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 early mobile phone “green”
application design concepts. We then describe the results of
a 3-week field study (N=13) of the UbiGreen
Transportation Display prototype, a 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 applications.

Author Keywords

Sustainability, transportation, ubicomp, ambient displays
ACM Classification Keywords

H5.m. Information interfaces and presentation (e.g., HCI):
Miscellaneous.

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 turn caused the
release of 2.2 billion metric tons of carbon dioxide (CO,), a
greenhouse gas assumed to be a major cause of adverse
climate change. To reverse this trend, action will be
required on many levels, including policy, infrastructure,
Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are not
made or distributed for profit or i ge and that copies bear
this notice and the full citation on the first page. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
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Figure 1 (left) The UbiGreen
Transportation Display shows transit
behavior as “wallpaper” on a phone’s
screen. Here the tree is nearly full of
leaves, indicating that the user has
completed several green trips for the
week. (top) The MSP sensor worn near
the waist and the phone’s GSM cell
tower data are used to semi-
automaticallv 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 to offer
immediate feedback about how currently sensed behaviors
affect the environment. 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 eating (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 behavior [1,2,26,33]. Past work has shown that
motivators such as public i freq feedback,
and personalization can positively impact environmentally
responsible behavior [1]. Since the 1990s, information
campaigns and other programs have attempted to engage
individuals in voluntary greening of transportation behavior
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trips (32%). Also similar to our survey results, for 73% of
all car trips, greener transportation options existed.
This study also helped reveal the hidden complexities
behind the perception and selection of a transportation
mode. One participant noted in the exit interview that when
biking for transportation, he did not think of it as exercise.
Reframing short trips as an opportunity for exercise could
potentially make a difference in selecting vehicular travel
healthi Ily friendly) options.

Vs, (and more envi
If a participant indicated in an ESM survey that s’he drove,
we asked if bicycling or walking were viable alternatives.
In those cases when bicycling or walking were indeed
viable options, our participants reported 52% of the time
that they would have been more likely to select bicycling or
walking had they thought of health benefits (e.g., caloric
expenditure) when making the travel decision.

Finally, the participants were shown an early version of our
design concept for a mobile phone application—an icon-
based design representing green activity with a growing tree
(similar to the tree design in Figure 1). All were able to
understand the interface elements without prompting and
were positive about having such a representation of their
transportation activities on their mobile phones.

Design Implications of Online Survey and ESM Study
Our formative studies suggested that users could benefit
from a mobile application that provides awareness of
transportation routines and that they would be interested in
such an application. Given the range of considerations that
impact transportation choice, a design need not focus solely
on emphasizing green behavior and may incorporate
auxiliary benefits such as cost and health. Other factors
such as stress, ability to do other things while traveling
(e.g., reading) may also be relevant. Prior work [17] also
underscores the many factors that affect transportation
choice—not all of which are environmentally related. We
highlight these secondary benefits in our design.

Although initially we were interested in building a social-
mobile application around green transportation behaviors,
our participants’ ambivalence about sharing information led
us to focus on a single-user application. We plan to explore
multi-user applications in future research.

April 7th, 2009 ~ Boston, MA, USA

As users did not express a preference between the iconic
rep ions vs. numeric rep of transportation
behaviors in our online survey data, we decided to use
iconic representations for our mobile application. Prior
literature enumerates a few of the advantages of iconic
visual displays: (1) they may be more aesthetically pleasing
in a peripheral viewing situation [31]; (2) once learned, they
can easily and quickly convey glanceable information [24];
and (3) they may evoke other responses such as emotional
attachment [13,14]. However, iconic representations often
do not offer the same level of detail as their numeric
cnumerpans.

UBIGREEN MOBILE APPLICATION

Based on the results of our formative work, we created the
UbiGreen Transportation Display, a mobile phone-based
application that provides personal awareness about green
transportation behaviors through iconic feedback. Small
graphical rewards are ecamed by taking “green”
transportation such as riding the bus or train, walking,
biking, or carpooling. Although each of these activities has
different CO, emissions, we counted them equally, as each
is preferable to driving alone. Once a green transit activity
is sensed, the background (wallpaper) of the user’s phone is
updated accordingly. A phone’s wallpaper represents a
critical area of screen real estate as it is seen nearly every
time the device is picked up and used. In this way, the
wallpaper functions as a type of personal ambient display
[9.24].

Our designs are partly based on a finding from social
psychology that cognitive representations of different
concepts become linked if those concepts are repeatedly
encountered together [21]. We take advantage of this fact
by jointly presenting a representation of eco-friendly
transportation and representations of other goals—such as
saving money, getting exercise, etc.—that the user may care
about. The interface emphasizes these sub-goals
automatically when green transportation is taken.

We were also influenced by research in conservation
psychology that showed how caring for animals helps
humans connect with nature [25]. Dillahunt er al. adapted
this notion and explored how “virtual polar bears” could be
used to motivate green behaviors [13]. They found that

Figure 3: (top-left) A sample of images from the tree progression and (bottom-left) a sample of images from the polar bear progression.

(right) Screensho

howing the graphics in context. In both examples, the user recently carpooled (as indicated by the car with the “2” in

the windshield). Since carpooling saves money, the piggy bank is highlighted.
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ABSTRACT

Eco-feedback technology f on individual
or group behaviors with a goal of reducing environmental
impact. The history of eco-feedback extends back more
than 40 years to the origins of environmental psychology.
Despite its stated purpose, few HCI eco-feedback studies
have attempted to measure behavior change. This leads to
two overarching questions: (1) what can HCI learn from
t.nvnronmumal psychology and (2) what role should HCI
have in designing and evaluating eco-feedback logy?
To help answer these questions, this paper condu«.ls a
comparative survey of eco-feedback technol includi
89 papers from environmental psychology and 44 papers
from the HCI and UbiComp literature. We also provide an
overview of predominant models of proenvironmental
behaviors and a summary of key motivation techniques to
promote this behavior.

foodhack

Author Keywords
Eco-feedback, Environmental HCI, Reflective HCI, Survey

ACM Classification Keywords
HS5.m. Information interfaces and presentation (e.g., HCI)
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Design, Human Factors

INTRODUCTION

As environmental issues such as climate change, air
pollution, and water scarcity become more salient in the
global consciousness, so too have they become more active
targets of research within HCI and Ubiquitous Computing
[6, 19, 57]. One particularly popular form of environmental
HCI research is the design and study of eco-feedback
technology, which we define as technology that provides
feedback on individual or group behaviors with a goal of
reducing environmental impact (adapted from [39] and
[28], see Figure 1 for examples). Despite this goal, few HCI
eco-feedback studies have even attempted to measure
behavior change. Although eco-feedback may be seen as an
extension of research in persuasive technology [17], it
actually extends back much further to over 40 years of
research in environmental psychology. This leads to two
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Figure 1. Examples of cco-feedback technology. (left-to-right) The
Infotropism display uses sensors and living plants to provide feedback
about recycling and waste disposal [29]. WaterBot provides ambient
feedback information about water usage [3]. The UbiGreen
Transportation Display semi-automatically senses and feeds back
information about transportation to encourage green transit [19].

interrelated questions: (1) What can HCI learn from
environmental psychology and (2) what should be the role
of the HCI community in contributing to eco-feedback
research? To explore these questions in detail, we present a
review of the related environmental psychology literature as
well as a comparative survey of eco-feedback studies in
both HCI and environmental psychology.

Eco-feedback technology is based on the working
hypothesis that most people lack awareness and
understanding about how their everyday behaviors such as
driving to work or showering affect the environment;
technology may bridge this “environmental literacy gap” by
automatically sensing these activities and feeding related
information back through computerized means (e.g., mobile
phones, ambient displays, or online visualizations). HCI
and UbiComp researchers have built eco-feedback
technologies for a variety of domains including energy
consumption [28], water usage [3], transportation [19], and
waste disposal practices [29].

Contributing to this growing interest in eco-feedback

technology is the parallel advancement and availability of

sensing systems for environmentally related activities (e.g.,
human activity inference [35]) and interactive displays to
feedback this data (e.g., iPods and mobile phones). Such
advances provide a rich space of opportunities for new
types of eco-feedback that could not be considered in the
past. Moreover, the next generation of resource
measurement systems (often referred to as “smart meters”)
will soon provide real-time (or near real-time) data on
electricity, gas, and water usage in homes and businesses.
This will produce tremendous amounts of data that can be
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PC, with some amount of historical data available for self-
comparison. Almost all (10/12) of the devices used were
semi-interactive, but interactions were often limited, for
example, to pressing a button that would cycle through
statistics like the current day’s electricity rate or the amount
of the last month’s bill (e.g., [48]).

In contrast, the eco-feedback designs in the HCI papers
were much more diverse and fully explained. Of the 27 HCI
papers that provide some sort of study of their eco-feedback
technology, only four papers do not disclose a screenshot of
the |nlerface In addition, the studies employed a range of

di for their feedback including: ambient
dlsplaye (e.g., [3, 25, 42, 44]), mobile phone applu,auons
(e.g.,, [19, 45)), de:kmp games (e.g., [4]), and social
websites [38]—see Figure 3.

Unfortunately, many of the eco-feedback designs in HCI do
not link back to work in environmental or behavioral
psychology In our survey, less than half of the HCI eco-

1 £ q

papers 1 1 behavioral psychology
literature and 58% referenced environmental psychology
literature. Even more dramatically, no study in
environmental psychology referred back to HCIL This
represents a profound gap between disciplines.
lmcrcslingly, one author McCallcy (e.g., [40]) has

blished in both fields—having published in both the

Persuaswe conference and JOU"\a'S in psychology and

April 10-15, 2010, Atlanta, GA, USA

Figure 3. (clockwise): JetSam: ambient display for trash [42]; Power-
Aware-Cord: ambient energy usage display [25]; WattBot: mobile
phone home energy feedback [45]; Stepgreen: proenvironmental
behavior tracking social website [38]; ThePowerHouse: resource eco-
feedback in a virtual game envi [4]; Imprint: envi
impact of printing ambient public display [44].

important is it that eco-fc be even
interactive? What types of information and presenlallon
mediums are most effective (e.g., graphs vs. abstract
ambient representations)? To what degree does the physical

7 W T lly

energy. Perhaps a future goal for HCI should be to initiate
collaborations with environmental psychologists.

Discussion of Treatment
The primary motivation of eco-f¢

Ahack I

tecl gies in

1 and access to the device impact its overall
effcuxveness" Answcnng !hese quesuons should allow us
to identify how env 1 psychologists may imp
on the advances they have already made.

both disciplines is to promote proenvironmental behaviors.
Despite the relatively simple interfaces and lack of focus on
design, the environmental psychology studies have
achieved impressive results, a finding which should be
cause for reflection by eco-feedback researchers in HCI.
HCI researchers/practioners should ground their designs in
the basic principles uncovered by environmental
psychology. They can then apply the unique methodologies
and approaches found in HCI (e.g., user centered design) to
further the design of eco-feedback technology.

Although the environmental psychology studies show that
eco-feedback can reduce consumption, they do not clarify
the extent to which this impact is based on specific design
elements. Considering only the designs that appeared in the
environmental psychology studies, we can see questions
that HCI researchers are well-suited to study: How

Figure 2. Two of lhe most cnmmnnl_v reported eco-feedback designs in
environmental psychology: (left) a simple LCD display [32]: (right) a
bar chart showing current and historical consumption data [13].

[of ion Targets of Eco-F Tech ay
l:co-fudhack technologies have been developed to target
many types of consumption. The most common target is
residential electricity usage: 41% of the papers in HCI and
92% of the papers in environmental psychology. This
emphasis is both a reflection of the impact that electricity
usage behaviors have on the environment as well as the
ease with which energy usage can be automatically sensed.

As a field partially composed of computer scientists and
designers, HCI researchers often have the resources to
construct both their own novel sensing systems as well as
their own feedback interfaces. HCI has also developed
techniques to test and iterate on prototypes for exploring
interactions and interfaces independent of the current state
of technology (e.g., Wizard-of-Oz evaluations). As such,
HCT has explored eco-feedback technologies for a larger set
of behaviors than have been studied in environmental
psychology. We found 20 HCI papers on eco-feedback for
electricity, 4 on water, 4 on transportation, 4 on carbon
tracking, 3 on garbage and recycling behaviors, 3 on the
environmental impact of product purchases, 2 on paper
usage and 1 on eco-feedback for a virtual game world.

Discussion of Consumption Targets

The HCI studies have shown that people are open to new
types of eco-feedback for behaviors outside of energy
usage. One role for HCI is then to challenge the limitations

2004
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L We prosent the first longitudinal study of pressure sensing 10 infer
real-world waier usage events in the home (c.g.. dishwasher, upstairs bathroom
sink, downstai foilet), In order 10 study the pressure-based approach out in the
wild, we deployed a ground truth sensor network for five weeks in three homes
and two apartments that directly monitored valve-level water usage by fitures
and appliances, We use this data 1o, first, demonstrate the practical challenges
in constructing water usage activity inference gmuhnu and. second, 10 inform
the design of a new probabilistic-based classification approach. Inspired by
algorithims in speech recogoition, our novel um.mn approach incorporates
template matching, a language model, grammar, and prior probabilities, We
show that with a single peessure sensor, our probabilistic algoeithm can classify
real-world water usage af the fixture level with 904% aceuracy and at the fixture-
category level with 96% accuracy. With two pressure sensors, these accuracies
increase to 94% and 98%. Finally, we show how our new approach can be
trained with fewer examples than a strct template-matching approach alone.

Keywords: Water sensing, activity inference, sustainability, field deployments

1 Introduction

Low-cost and casy-to-install methods o sense and model human activity in the home
have long been a focus of UbiComp research. Because water is fundamental to many
activities of human life (c.g., bathing, cooking), sensing disaggregated water usage
has emerged as o particularly promising area for human activity inference in the home
16. 8, 19, In alition. these sersing systems can play a vital rol in collecting highly
granular jon for cnabling thack and

applications (e.g.. 7). In previous work, we introduced HydroSense (8], 4 pressure-
based sensing solution that disaggregates water usage at the fixture level from a single
installation point. HydroSense identifies the unique pressure waves generated when
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SIGCHI SOCIETAL IMPACT

SEVEN LESSONS LEARNED

1. Always another mountain

2. Choose your mountains carefully
3. Persistence is key

4. Know & use your leverage points
5

. Believe in yourself, believe in your work

[6. The people matter the most
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The heart and lungs visualize wearers' live heart and breathing rate.
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Magic Nirvor

Mirror metaphor
Peer inside live body
Whole-body interacti:

Kang et al, IDC'17; Clegg, CHI'17; Byrne, ICLS'18

Video by Seokbin Kang



PROTOTYPE 2

Moving Graphs

Social comparison
Hypothesis testing

Basic statistics

Kang et al, IDC'17; Clegg, CHI'17; Byrne, ICLS'18

Video by Seokbin Kang
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MAKERWEAR

How can we...

enable young children to build their
own interactive wearables?

IDC'15, CHI'16 Best Poster, CHI'17 Best Paper
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MAKERWEAR EXAMPLES

“MOTION-REACTIVE CLOTHES”

Motion-reactive clothes!
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Tmagine that...

you also want to track the number of
times you've been “hit” by a laser.
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Video by Majeed Kazemitabaar
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SEVEN LESSONS LEARNED

1.
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Always another mountain
Choose your mountains carefully
Persistence is key

Know & use your leverage points

. Believe in yourself, believe in your work

The people matter the most

. Engage and serve community




Makeability Lab Handbook

By Professor Jon Froehlich and lab members
Allen School of Computer Science and Engineering
University of Washington

Welcome to the Makeability Lab! «* We are so happy that you're here. Let’s do great things
together!

This handboock is intended to establish lab principles, values, and expectations. When you join our
group (woohoo!), you are expected to read it. If you’re just considering the Makeability Lab,
awesome! This document should help you understand who we are and whether our lab is a good
match for your personality and interests.

The handbook is a working document. We value your comments, suggested edits, and constructive
criticisms. As with the lab itself, this handbook is ours—we get to define who we are and what we
want to be. This is both a collective opportunity and a collective responsibility. Being part of a lab,
pursuing a PhD, and having a healthy advisor-advisee relationship requires significant work and
investment.

If something is unclear, it’s likely confusing to others too—so, please ask questions and/or suggest
edits so we can collectively improve the handbook.

This handbook is a start and not an end—and hopefully will provoke self-reflection and
opportunities for dialogue between us. Please also see our list of Resources, the Allen School
Graduate Student Handbook, and the PhD Process webpage.

Let’s doit!

4 Makeability Lab Handbook

Core Values

The following Makeability values represent who we are and continually strive to be. They help define
and unify us.

Mutual respect and support. The Makeability Lab is founded on mutual respect, trust, and
support. We respect and support one another through our words and actions. If someone makes
you uncomfortable, please let me know immediately. If | am the source of discomfort, | would hope
that you could approach me—either in the moment or afterwards. If you don’t feel comfortable
reaching out to me, you can involve our grad advising staff. Alternatively, you could fill out this
anonymous Makeability Lab feedback form or a similar feedback form run by the Allen School.

Trust. Trust allows us to take risks, be vulnerable, and cooperate more efficiently*. It is foundational
to any relationship—personal or professional. We must trust each other and our labmates. A
challenge for all of us, however, is that trust is earned through interaction, experience, and
observation. Let us invest in our relationships, be patient, and earn this trust.

Elevate others. How can you make others better as a result of your presence? In the Makeability
Lab, we try to elevate others, not diminish them. Your presence in the lab should lift us higher. For
example, show interest in other’'s work and well being, be constructive and kind in your critiques,

volunteer to help review paper drafts, talks, and scholarship applications.

Community engagement. Our research is driven by the needs of people, communities, and
society. Our intention should always be to work with and contribute to these communities.

Togetherness. Research and graduate school can feel insular. But we are in this together. Seek
help. Offer help. Be there for one another. My most fulfilling and exciting collaborations in graduate
school were with fellow students —working closely together, learning from one another, and
challenging each other to do great work and be better.

Psychological safety. We engender and nurture a psychologically safe environment. All members
are free to speak up, to try and fail, to be who they are. This does not mean that we must all agree
or provide unequivocal praise but that people feel supported in taking risks and speaking up.

Culture of excellence. You are part of one of the top HCI research institutions in the world. In all
parts of our work, we strive for excellence and hold ourselves to the highest standards, while
acknowledging that, in some cases, perfection is the enemy of done.

Passionate. We are passionate about what we do and are grateful for the opportunity.
Our best effort. We push ourselves and each other to do the very best that we can.

Accountability. We hold ourselves accountable. Make commitments to yourself and to your team
and meet those commitments. If you struggle, seek help. Be dependable, reliable, and responsible.

4 See Krot & Lewicka, IJEBM 2021
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SIGCHI SOCIETAL IMPACT

SEVEN LESSONS LEARNED

1. Always another mountain
Choose your mountains carefully
Persistence is key

Know & use your leverage points
. Believe in yourself, in your vision

The people matter the most
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How do sidewalk barriers
impact human mobility?
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NOT JUST A LACK
OF ACCESSIBLE
INFRASTRUCTURE  §

A LACK OF DATA




Google Faculty Research Award, 2012

Combining Crowdsourcing and Computer Vision for Street-level Accessibility

PI: Jon Froehlich (HCI), Co-PI: David Jacobs (Computer Vision)
Department of Computer Science, University of Maryland, College Park
§ jonf, djacobs ¢@cs.umd.edu
Google Sponsors: Peng Dai (daipeng@google.com) and Sacha Arnoud (sacha@google.com)

(a) Object in Path (b) No Curb Ramp (c) Surface Problem (d) Prematurely Ending Sidewalk
Figure 1: In this proposal, we combine crowdsourcing and computer vision to semi-automatically locate, identify, and assess accessibility problems in
city streets, sidewalks, and building facades in online map imagery. The images above show crowd annotations from preliminary experiments on
Mechanical Turk where untrained “turkers” were asked to find, label, and rate the severity of accessibility obstacles in Google Street View (GSV) images.

1 INTRODUCTION

According to the most recent US Census (2010), roughly 30.6 million adults have physical disabilities that affect their
ambulatory activities [8]. Of these, nearly half report using an assistive aid such as a wheelchair (3.6 million) or a cane,
crutches, or walker (11.6 million) [8]. Despite comprehensive civil rights legislation for Americans with disabilities (e.g., [1]),
many city streets, sidewalks, and businesses in the US remain inaccessible [6,7]. The problem is not just that sidewalk
accessibility fundamentally affects where and how people travel in cities but also that there are few, if any, mechanisms to
determine accessible areas of a city a priori. Indeed, in a recent report, the National Council on Disability noted that they
could not find comprehensive information on the “degree to which sidewalks are accessible” across the US [6]. In this
proposal, we describe new, scalable methods for collecting data on street-level accessibility including streets,
sidewalks, and building facades by combining crowdsourcing and computer vision (e.g., Figure 1). Our overarching
vision is to transform the way information about street-level accessibility is collected, visualized, and accessed.
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1 INTRODUCTION

According to the most recent US Census (2010), roughly 30.6 million adults have physical disabilities that affect their
ambulatory activities [8]. Of these, nearly half report using an assistive aid such as a wheelchair (3.6 million) or a cane,
crutches, or walker (11.6 million) [8]. Despite comprehensive civil rights legislation for Americans with disabilities (e.g., [1]),
many city streets, sidewalks, and businesses in the US remain inaccessible [6,7]. The problem is not just that sidewalk
accessibility fundamentally affects where and how people travel in cities but also that there are few, if any, mechanisms to
determine accessible areas of a city a priori. Indeed, in a recent report, the National Council on Disability noted that they
could not find comprehensive information on the “degree to which sidewalks are accessible” across the US [6]. In this
proposal, we describe new, scalable methods for collecting data on streetlevel accessibility including streets,
sidewalks, and building facades by combining crowdsourcing and computer vision (e.g., Figure 1). Our overarching
vision is to transform the way information about street-level accessibility is collected, visualized, and accessed.

To support the viability of our proposal, we have conducted three preliminary studies. First, because finding, labeling, and
assessing the severity of sidewalk accessibility problems in streetscape imagery is a subjective and potentially ambiguous
task, we investigated its feasibility with six motivated and diligent labelers: three members of the research team and three
wheelchair users. Results showed the labeling approach is reliable, with high intra- and inter-labeler agreement, and allowed
us to establish baseline understandings of performance (i.e, what does “good” labeling performance look like for this task) [5].
Second, we piloted a range of labeling interfaces and examined the effect of three interfaces on task performance [2]. Third,
we performed preliminary experiments using a manually curated database of 229 Google Street View (GSV) images,
demonstrating that untrained crowd workers on Mechanical Turk (turkers) could correctly determine the presence of
accessibility problems with 81% accuracy. With simple quality control methods, this accuracy increased to 93% [5].

2 RESEARCH PLAN

Building off this initial momentum, our proposal describes two phases of work: (i) the development of scalable, map-based
techniques and labeling tools to acquire large amounts of data on street-level accessibility, which will be deployed initially
on online labor markets such as Mechanical Turk; (ii) the integration and use of computer vision algorithms to further
scale our data collection methods by directing the efforts of human labelers to scenes that are likely to contain problems.
Though beyond the scope of this proposal, we ultimately plan to deploy these data collection techniques more broadly via a
publically accessible website, and to utilize the data and techniques to enable new types of accessible-aware navigation tools;
For example, RouteAssist (Figure 2) will personalize route suggestions based on a user’s reported mobility level.

2.1 Crowdsourcing Streetscape Labeling

Our labeling work will focus on interfaces and experiments for practical, scalable collection of street-level accessibility data.
Improving labeling scalability: Our current prototype labeling system relies on a manually curated database of images
selected by the research team. This was sufficient to demonstrate feasibility but ignored important practical aspects such as
locating the GSV camera in geographic space and selecting an optimal viewpoint. These challenges clearly need to be solved

NSF Medium Grant, 2012

HCC: Medium: Combining Crowdsourcing
and Computer Vision for Street-level Accessibility

(a) Object in Path (b) No Curb Ramp (c) Surface Problem (d) Prematurely Ending Sidewalk

Figure 1: In this proposal. we outline a research agenda that combines crowdsourcing. online map imagery. and computer vision
to semi-automatically locate. identify. and assess accessibility problems in city streets, sidewalks. and building facades. The
images above show crowd from p V exp on Mech: 1 Turk where d “turkers” were asked
10 find. label. and rate the severity of sidewalk accessibility obstacles in Google Street View (GSV) images.

1 Introduction

According to the most recent US Census (2010), roughly 30.6 million adults have physical disabilities that
affect their ambulatory activities [128]. Of these. nearly half report using an assistive aid such as a wheelchair
(3.6 million) or a cane, crutches. or walker (11.6 million) [128]. Despite comprehensive civil rights legislation
for Americans with disabilities (e.g.. [9.75]). many city streets, sidewalks. and businesses in the US remain
inaccessible [90.96.120]. The problem is not just that sidewalk accessibility fundamentally affects where and
how people travel in cities but also that there are few. if any. mechanisms to determine accessible areas of a
city a priori. Indeed. in a recent report. the National Council on Disability noted that they could not find
comprehensive information on the “degree to which sidewalks are accessible™ across the US [96]. In this
proposal, we describe new scalable methods for collecting data on street-level accessibility including streets,
sidewalks, and building facades (e.g., Figure 1) and a set of new accessible-aware map-based tools to take
advantage of this data (e.g., Figure 2). Our overarching vision is to transform the way in which information is
collected and visualized about street-level accessibility.

The lack of street-level accessibility information can have a significant negative impact on the independence
and mobility of citizens [99.120]. For example. in our own initial formative interviews with wheelchair users,
we uncovered a prevailing view about navigating to new areas of a city: “I usually don’t go where I don’t
know [about accessible routes]” (Participant C. congenital polyneuropathy). Although maintenance issues such
as buckled or cracked sidewalks can pose significant accessibility challenges so too do larger, more permanent
infrastructural issues such as utility poles or fire hydrants directly in sidewalk paths or the lack of curb ramps
at intersections or sidewalks (see Figure 1). These issues are significant. In a precedent-setting court case in
1993, the court ruled that the “lack of curb cuts is a primary obstacle to the smooth integration of those with
disabilities into the commerce of daily life” and that “without curb cuts, people with ambulatory disabilities
simply cannot navigate the city” [75].

Sidewalk and street accessibility problems become even more significant in light of the unprecedented growth
of the senior (65+) population in the US [97] and. commensurately. the number of people in the US with some
level of impairment that affects their mobility. According to the 2010 US Census, nearly half of the US
population with some form of ambulatory limitation is 65 or older (15.2 million) [128]. Because the attenuated
reflexes and physical limitations of older adults might prohibit them from driving automobiles. they are more
likely to rely on public transit or walking than other adults [57]. In this way. inaccessible public rights-of-way
have cascading effects—they do not only impede trips to local areas but can also prevent access to and from
public transit stops (e.g., subway stations), further restricting a person’s radius of travel [128].




This is a good idea but not a tenure-level idea.
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URBAN ACCESSIBILLITY

FOUR INTERNATIONAL WORKSHOPS

URBANACCESS'22 ORGANIZERS CFP ~ SCHEDULE KEYNOTE ACCEPTED PAPERS  URBANACCESS'24

The 2nd Annual Workshop On

THE FUTURE OF URBAN
ACCESSIBILITY

PARTICIPATE!

Gratitude! A, Thank you attendees and presenters for the thoughtful discussions around the future
of urban accessibility. Here are the workshop slides with links to the Miro board.

Update: join us for UrbanAccess'24 in October 2024!

Welcome -,

This is the webpage for our workshop entitled "The Future of Urban Accessibility for People with
Disabilities: Data Collection, Analytics, Policy, and Tools", which will be held virtually via Zoom on Mon,
Oct 17th as part of the ASSETS'22 conference. You can read more about all five of the accepted ASSETS'22

..... VR RIS WSRO

URBANACCESS"24

ORGANIZERS TIMELINE CFP REGISTER SCHEDULE ACCEPTED PAPERS

The 4th Annual Workshop on

THE FUTURE OF URBAN
ACCESSIBILITY

& Paper notifications are out. Congrats to all accepted authors! # &

The workshop will be held virtually over Zoom on Oct 24th starting at 7AM Pacific (GMT -7) / 3PM

London (GMT +1). See schedule. And don't forget to register! All attendees/speakers must register.

ABOUT

The Future of Urban Accessibility Workshop: The Role of AL
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t's good research but don’t spend
your time on open sourcing ana
deploying. It's not worth the effort &
won't be recognized by academia.
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SIDEWALK REPAIR PROGRAM

RESIDENTIAL GRANT AND LOAN APPLICATION PACKET

Sidewalks are for Everybody
Sidewalks make the entire community accessible,
are required under the Federal ADA regulations,
and enhance your home’s value and curb appeal.

City Engineer’s Office: Email: sidewalkrepairprogram@newbergoregon.gov | 503.537.1273 | PO Box 970

Newberg City Hall | 414 E. First Street | Newberg, OR 97132 | (503) 538-9421 | M-F 8:30-4:30PM
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PROJECT SIDEWALK MEXICO

SAN PEDRU’ MX Project Sidewalk provides us with

_ data that is essential to improving
San Pedro’s urban accessibility.

GOBIERNO MUNICIPAL

e With Project Sidewalk, we know the

the most urbanized municipalities in the Monterrey Metropolitan Area, the 3rd largest
metropolitan area in Mexico.

The Municipal Institute for Urban Planning (IMPLANG) of San Pedro Garza Garcia is an °
institute that works towards the positive development of our community through the
development of urban master plans, urban d prog and social projects. /

One_of the priorities of the IMPLANG is the implementation of public policy oriented towards
the improvement of ian infi and ibility in order to improve road
safety, increase the levels of inclusion and to incentivize non-motorized trips in the city. Our

. many problems there are, and their

and ina borative manner. This citizen participation

process provides us with the opportunity to obtain data that will be essential for improving

SPGG's urban accessibility. With Project Sidewalk we will be able to know the current status
PRV

L]
of the p tructure of the icipality, what are the main problems to be solved, N
how many there are and their location. The results will be used to propose public policies
that address the main problems identified and that contribute to meeting the goals set in the
Municipal Development Plan and also for the of a new P ian Master Plan oo o
for our municipality.

H

AR

Itis worth mentioning that Project Sidewalk is also serving as an educational tool for students
of the architecture school at the Universi logi .

e e RO nform a new Pedestrian Master

proposal, which will furthef strengthen our collaboration and help advance sidewalk

_— Plan for our municipality.

San
Pedro
INSTITUTO MUNIcIPg.ﬁgE :oluwm A
San Paﬁsén eaou;amgusua Nuevo Ledn. C. P.66200 Ga c z a
Tels. (81) 2|27-29’2€Imx :
S Garcia

GOBIERNO MUNICIPAL
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Project Sidewalk helped us make better
decisions in how to prioritize our
$1.5m infrastructure spending as wel
as alert appropriate city departments to
high-priority accessibility issues.

- ALISON MURPHY

Director of Communications & Development
40" Ward of Chicago
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HOW CAN PROJECT SIDEWALK BE A PLATFORM FOR
LEARNING WHILE ALSO ?
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Li, C., et al "I never realized sidewalks were a big deal”: A Case Study of a Community-Driven Sidewalk Audit Using Project Sidewalk. CHI 2024
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Li, Ma, Saugstad et al.

"I never realized sidewalks
were a big deal”: A Case
Study of a Community-
Driven Sidewalk Audit Using
Project Sidewalk

“I never realized sidewalks were a big deal”: A Case Study of a
Community-Driven Sidewalk Audit Using Project Sidewalk
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Flguu I A cummllnlty driven digital civics project using Project Sidewalk, an op d ibility tool, to

in the town of Oradell, N]. Images show ity b i lyzing, and

presenting the collected data to the City Council over the course of the project.

ABSTRACT

Despite decades of effort, pedestrian infrastructure in cities con-
tinues to be unsafe or i ible to people with disabilities. In
this paper, we examine the potential of community-driven digital
civics to assess sidewalk ibility through a deploy study
of an open-source crowdsourcing tool called Project Sidewalk. We
explore Project Sidewalk’s potential as a platform for civic learning

*Both authors contributed equally to this research.

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for third-party components of this work must be honored.
For all other uses, contact the owner/author(s).

CHI "24, May 11-16, 2024, Honolulu, HI, USA

© 2024 Copyright held by the owner/author(s).

ACM ISBN 979-8-4007-0330-0/24/05.

https://doi.org/10.1145/3613904.3642003

and service. Specifically, we assess its effectiveness as a tool for
community members to leam about human mobility, urban plan-

ning, and ibili y. Our findings d that
community-driven digital civics can support accessibility advocacy
and education, raise and drive p; ial be-

havioral change. We also outline key consndmmons for deploymg
digital civic tools in future

CCS CONCEPTS
« H d puting — A ibility Sy and
tools; I ive sy and tools; « Inf y

— Crowdsourcing.

KEYWORDS

accessibility, digital civics, community science, service learning,
crowdsourcing

CHI '24, May 11-16, 2024, Honolulu, HI, USA

Sep 29,200 Nov 14, 2021

L, et al.

Apr 4,202 Aug 17,202 Jan 31,2023

Partnering with Partnering with Project Sidewalk Second Final Presentation
Girl Scouts Project Sidewalk Training session Mapathon to City Coundil

Jun, 2021 Oct-Nov, 2021 Mar 22,202
Project Begins Girl Scouts In-Person  Initial Presentation to

Sidewalk Audits City Council

Figure 5: Timeline showing dates of par hip for

k k idian School of Medicine), and a local Girl Scouts
troop.?

3.22 In-person Field Audits. In September 2021, the advocacy
group and the Scouts held several meetings to generate ideas on
how to improve Oradell’s urban accessibility for people with dis-
abilities. They first discussed topics such as what constitutes an
“accessibility issue” and general impressi f Oradell’s ibili

levels across neighborhoods, and then decided on conducting in-
person field audits to document accessibility barriers. From October

. [9)
e -~ fb% %
%,
Y \ L 8
N M5 % 2
National Hackensack
& Poieet MSSodely  Merdan ______ iy
Sidewalk ? Coundl
\ )
\, Girl Scouts
A

Figure 6: (A) Diagram showing the deeply intertwined inter-
actions between stakeholders in the Oradell Sxdawal.k Project,

luding the local medical center (Hack M
MS (Mulhple Sclerosis) group, and Girl Scouts troop who
started the initiative, then engaged with Project Sidewalk
and their research team to assess all sidewalks in Oradell,
NJ. (B) Image from the initial City Council meeting in March
2022. (C) Image from the first Scouts meeting with local ad-
vocates in September 2021.

2Girl Scouts is a youth organization for girls in the United States with a mission to
“build girls of courage, confidence, and character, who make the world a better place®
through activitics such as camping, community service, and practical skill-building
like first aid [87].

Apr 22,2022 0Oct 9,202
First Mapathon at Girl Scouts
Borough Hall Data Analysis

and key project events in the Oradell Sidewalk Project.

to November 2021, advocacy group representatives and the Scouts
took photographs of accessibility issues around their neighborhood,
including barriers such as missing curb ramps, uneven surfaces,
walkway obstructions (e.g., utility poles, overgrown greenery), and
obstructed entrances to municipal buildings (e.g., library, post office,
town hall). They identified ~30 issues with a location, picture, and
description across ~1 miles of sidewalks (Figure 7).
In early November, an advocacy group member (P3 in Table 1) dis-
coven:d Project Sidewalk online and mhated a meeting to discuss
g this new approach for identify ibility issues. With
the Projecl Sidewalk team’s support, lhey decided to deploy and
use this web tool in Oradell (https://oradell.projectsidewalk.org/).

3.23 Assessing Oradell with Project Sidewalk. After obtaining ge-
ographic neighborhood boundary data, Project Sidewalk was set
up and deployed in Oradell in April 2022. Initial tests and contri-
butions were from Lhe advocacy group and Project Sidewalk team.
To broaden ) and provide additional train-
ing, the organizers planned and held two mapathons and began
advertising campaigns within their communities. Figure 9 shows a
temporal plot of label and validation contributions over time.
First mapathon. The first mapathon was on April 22, 2022 at the
administration building of the local government (Oradall Borough
Hall). The event was organized by the local Scout troop leaders,
P ives from the National Multiple Scl Society, and
students and faculty from Hack 1 Medlcal The mapathon’s
goal was to familiarize participants with Project Sidewalk, moti-
vate contributions, and advance und ding of how the built

environment can affect people with disabilities.

Chipped Sidewalk  Raised Sidewalk  Surface Problem

ibility issues pho-
y group rep ives and Scout mem-
bers during in-person audits in their neighborhoods.
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POST-HOC INTERVIEWS IN ORADELL (N=19)
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Li, C., et al "I never realized sidewalks were a big deal”: A Case Study of a Community-Driven Sidewalk Audit Using Project Sidewalk. CHI 2024



Before Project Sidewalk, | never realized how
important curb ramps are for people with
disabilities...

- GIRL SCOUT (6S4)

Li, C., et al "I never realized sidewalks were a big deal”: A Case Study of a Community-Driven Sidewalk Audit Using Project Sidewalk. CHI 2024



Now when they walk down the street and see
something [inaccessible], they quickly notice and
say “This is wrong!”

- PARENT

Li, C., et al "I never realized sidewalks were a big deal”: A Case Study of a Community-Driven Sidewalk Audit Using Project Sidewalk. CHI 2024



This experience gave me a new perspective that
| can use to help change the world.

- GIRL SCOUT (6S7)

Li, C., et al "I never realized sidewalks were a big deal”: A Case Study of a Community-Driven Sidewalk Audit Using Project Sidewalk. CHI 2024
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URBAN SCIENCE RESEARCH WITH PROJECT SIDEWALK

AGILE: GiScience Series, 6, 23, 2025. https.//dol.0rg/10.5194/agile-giss-6-23-2025
Proceedings of the 28th AGILE Conference on Geographic Information Science, 10-13 June 2025,
Eds.; Auriol Degbelo, Serena Coetzee, Carsten KeBler, Monika Sester, Sabine Timpf, Lars Bernard

Navigation Challenges in Urban Areas for Persons
with Mobility Restrictions

Hoda Allahbakhshi' &
Digital Society Initiative, University of Zurich, Switzerland
Department of Geography, University of Zurich, Switzerland

University Research Priority Program “Dynamics of Healthy Aging”, University of Zurich,

Switzerland

Annina Ardiiser &
Department of Geography, University of Zurich, Switzerland

—— Abstract

The Sustainable Development Goals (SDGs) promote making the world better for everyone, with a
focus on creating cities that are inclusive and sustainable, as outlined in SDG 11. Spatial a

cessibility
plays a pivotal role in fostering age-friendly and inclusive urban environments. However, there is
still a lack of complete data on accessibility essential for providing mobility services to individuals
with restricted mobility, mainly due to the high costs. While some participatory initiatives like
OpenStreetMap (OSM) have made progress in this area, there is still a significant gap in data about
sidewalk accessil

To address thi

ap, we used a citizen science approach to gather information and improve our

of sidewalk accessibility in District 1 of Zurich. iduals from diverse
population groups took part in our study.

collected sidewalk features like curb ramps and surface problems by virtually inspecting street view

ighteen ind;
Jsing the Project Sidewalk web tool (PRSW), participants

images.
esults derived from participatory data collection. The
v labels ing their v, spatial distribution,
and severity levels attributed by participants. Furthermore, we provide insights into the accuracy of
the data, verified through validation by experts in geographical knowledge using PRSW.

In this paper, we present preliminary
findings show the variances in ac

Our approach allowed for broader participation and diverse perspectives in collecting sidewalk
accessibility data. We believe that the provided dataset has the potential to address unanswered
questions about spatial accessibility. For instance, the distribution of accessibility within specific
population groups or across a city can be explored. This information can help policymakers develop
interventions that tackle acces inequalities and ensure equitable access, especially for those
with mobility impairments.

2012 ACM Subject Classification Social and ional topics

Keywords and phrases Navigation, Mobility-restrictions, Inclusive mol
Citizen science

Spatial accessibility,

Digital Object Identifier 10.4230/LIPlcs.COSIT 2

124.22
Category Short Paper

Acknowledgements We thank the University of Zurich, the Digital Society Initiative, and Smart
City Zurich for partially financing this research.

! corresponding author

© Hoda Allahbakhshl and Annina Ardiser;
licensed under Creative Comm o CC.

ernational Conference o
B -\dmx Al

Article No.22; pp. 22:1-22:8

odings in Tnformatics

bniz In oc:
NNV ipres S Dogstubl - Leilnia.Zentrum fir Informatik, Dagstubl Publishing, Germany

Towards an Inclusive Urban Environment:
A Participatory Approach for Collecting Spatial
Accessibility Data in Zurich

Hoda Allahbakhshi 2
Digital

ty Initiative, University o i, Switzerland

Department of Geography, University of Ziirich, Switzerland

The unprecedented rate of urbanization. along with the increase in the aging and disabled populations,
bring about an increasing demand for public services and an inclusive urban environment that allows
easy access to those facilities. Spatial Accessibility is a measure to assess how inclusive a city is and

how easily public facilities can be reached from a specific location through movement in physical

space or built environment,

A detailed geodata source of ac is needed for reliable spatial accessi
assessment, such as sidewalk width, surface type. and incline. However, such data are not readily
available

to the huge implication costs. Remote erowdsourcing data collection g Street View
Imagery, so-called "virtual audits” have been introduced as a valid, cost-efficient tool for accessibility
data enrichment at scales compared to conventional methods because it enables involving more
ipants, saving more time by avoiding field visits and covering a larger area.

v pilot project, ZuriACT: Zurich Accessible Ci
that allow for virtual inspections and measurements of accessibility features, we want to contribute
to collecting and enriching accessibility information in the city of Zurich embedded in a citizen
science project that will have both sc

part

Therefore, 'y, with the help of digital tools

helpful insight into unptcmemmg policy interventions for ovmmmmg accm«:hllxly biases to ensure
equitable services, particularly for people with disabilities, and contributes to creating an inclusive
and sustainable urban environment. It goes without saying that an inclusive city is beneficial and
impacts the quality of life of not only the population groups mentioned above but also the society at
large.

2012 ACM Subject Classification Social and professional topics

Keywords and phrases Spatial accessibility, virtual andits, digital teols, mebility disability, citizen
science, inclusive city, Zurich

Digital Object Identifier 10.4230/LIPlcs.GIScience.2023.13
Category Short Paper

Funding I thank the University of Zurich, the Digital Society Initiative, and Smart City Zurich for
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1 Introduction

It is projected that by 2050, about 70 percent of the world’s population will live in urban
environments, 15 percent of them will live with disabilities [10]. Moreover. the prediction
shows that by 2050, the number of older people will reach 2 billion worldwide [12]. The
unprecedented rate of urbanization, along with the increase in the aging and disabled
populations, bring about an increasing demand for public services and access to those
facilities. Depending on the infrastructure and design, the urban environment and phy

cal
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Developing enriched pedestrian networks using accessibility

features

Alexandra-loana Georgescu' 27,

Hoda Allahbakhshi'*?, Robert Weibel*?

! Digital Society Initiative, Umvcrslty of Zurich, Zurich, Switzerland

C d Al ol G 1 d

uzh.ch)

Abstract. Accessibility studies often focus on the general
populat Sy N v &
mobility capacities and the role of external factors.
Microscale street elements such as stairs, high kerbs, and
sidewalk cracks can significantly impact urban mobility
for individuals with restricted movement capacities. This
study introduces a workflow to integrate different detailed
accessibility information, such as barriers and facilitators
for pedestrian mobility, with sidewalk data to create an
enriched pedestrian network. Using this network, we
evaluate each segment| by Lompulmg an |mpcdanu. score

the world’s population is expected to reside in urban areas
(United Nations, 2019), and currently 16% of the global
population worldwide is believed to live with some sort
of disability (World Health Organisation, 2022).

Spatial accessibility refers to how easily destinations,
such as public facilities, can be reached through
movement in physical space (Allahbakhshi, 2023). It is
highly context-dependent and influenced by various
factors (Lid & Solvang, 2016), including microscale street
elements such as poles, stairs, cobblestones, kerb ramps,

to quantify A we

how the network can be lallorcd to individual mobility
needs and highlight its potential as a decision-making tool
for urban planners and civil engineers to identify and
prioritise  targeted interventions for  vulnerable
populations.

Submission Type. Analysis

BoK Concepts. [AM11] Network analysis, [AM11-7]
Accessibility modelling, [AMS-3] Spatial cluster analysis

Keywords. Spatial accessibility, Microscale clements,
Mobility restriction, Pedestrian networks, Urban
environment

1 Introduction

Ensuring equitable and adequate access for all to public
facilities in urban areas is an essential target included in
various Sustainable Development Goals such as 10 and 11
(United Nations, 2022). This is especially important since
by 2050 it is projected that approximately two-thirds of

or i signals. These clcmcms can either rcslric( or
facilitate i

access 10 certain areas and services (Hammel et al., 2015)
and contributing to social exclusion (Svensson, 2010).

Physical barriers are especially important for individuals
with mobility restrictions, as they can increase perceived
stance (Vale et al, 2016), reduce the number of
available opportunities (Achuthan et al., 2010) and force
individuals to stay at home or in familiar places (Mao &
Chen, 2022). Additionally, as individuals have different
mobility needs, the impact of these elements varies
(Georgescu et al., 2024). For example, a high kerb may be
a barrier for a wheelchair user but can serve as a
facilitator, marking the edge of the sidewalk, for a visually
impaired individual. Therefore, such elements become
vital in assessing spatial accessibility.

However, despite their significance, research on
microscale clements and their impact on individuals with
varying mobility capacities remains limited. Most of these
studies rely on field visits to collect data on the various
accessibility features that affect pedestrian movement.
These features are then recorded in spatial databases,
where cach element is linked to its corresponding

1of8
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1. Always another mountain
Choose your mountains carefully
Persistence is key

Know & use your leverage points
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. Believe in yourself, in your vision

[6. The people matter the most }
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Elizabeth M Gerber <egerber@northwestern.edu> Sun, Jan 25, 3:12PM ¥
to jonf@cs.uw.edu, Kentaro

Dear Jon,

| am pleased to let you know that you will receive the ACM SIGCHI Societal Impact Award at CHI 2026. You have
earned this award for the novelty and depth of your research, efforts in scaling the work for direct impact on society,
and leadership in our field.

We hope you will celebrate with friends and close colleagues, but ask that you not share widely until ACM SIGCHI
announces all the award winners for 2026.

Kentaro Toyama, ACM SIGCHI Awards Chair, will follow up with more details regarding the honorarium, talk, and travel details.
Congratulations again for your incredible work! Please let me know if you have any questions.

Sincerely,
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