September 2013

Crowdsourcing to Support Navigation for the
Disabled

A report on the motivations, design, creation, and assessment of a testbed
environment for accessibility

Matthew T. Rice, Kevin M. Curtin, Fabiana I. Paez, Christopher R. Seitz, Han Qin

Department of Geography and Geoinformation Science
George Mason University

4400 University Drive

Fairfax, VA 22030-4444

Annual Report, BAA #AA10-4733, Contract #W9132V-11-P-0011

Approved for public release; distribution is unlimited.

Prepared for U.S. Army Topographic Engineering Center
U.S. Army Engineer Research and Development Center
U.S. Army Corps of Engineers

Under Work Unit

Monitored by U.S. Army Topographic Engineering Center
7701 Telegraph Road, Alexandria, VA 22315-3864



REPORT DOCUMENTATION PAGE s

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

P BFIHATE CO-MUYYYY) AnniarT TYPE Sop 3575 O VERpodbTs T
&rowdsoureing 10 Stpport Navigation for the Disabled: WO 9oV aP00TT

A Report on the motivations, design, creation, and assessment of a testbed

: R 5b. GRANT NUMBER
environment for accessibility

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S! 5d. PROJECT NUMBER
Rice, Matt e)w T., Curtin, Kevin M., Paez, Fabiana |., Seitz, Christopher R., Qin, Han

Se. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
George Mason University NUMBER

4400 University Drive
Fairfax, VA 22030-4444

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESSF(iES& 10. SPONSOR/MONITOR’S ACRONYM(S)
US Army Engineer Research and Development Center (ERDC) ERDC

Topographic Engineering Center (TEC)

7701 Telegraph Road 11. SPONSOR/MONITOR'S REPORT
Alexandria, VA 22135-3864 NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for public release; distribution is unlimited

13. SUPPLEMENTARY NOTES

14, ABSTRACT
This report documents research efforts for the design, creation and development of a testbed environment for capturing,

evaluating, and utilizing crowdsourced geographic information to support navigation by blind, visually- and mobility-impaired
individuals. We describe the planning, design, creation, and assessment of web- and mobile-based data collection tools, the
evaluation of the understanding of the system by both the data collectors and the end-users of the crowdsourced information,
and an assessment of the interactions among the community of contributors, end-users, developers, and researchers. The
findings in this report are part of a larger continuing research project exploring the potential for crowdsourced geographic
information to solve a wide range of navigation tasks and other field-based operations.

15. SUBJECT TERMS
crowdsourcing, accessibility, geospatial data

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
SlFJ ABSTRACT 6OF PAGES

a. REPORT b. ABSTRACT c. THIS PAGE 1 19b. TELEPHONE NUMBER (include area

U U U code)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18




iii

Abstract: This report documents research efforts for the design, creation
and development of a testbed environment for capturing, evaluating, and
utilizing crowdsourced geographic information to support navigation by
blind, visually- and mobility-impaired individuals. We describe the plan-
ning, design, creation, and assessment of web- and mobile-based data col-
lection tools, the evaluation of the understanding of the system by both the
data collectors and the end-users of the crowdsourced information, and an
assessment of the interactions among the community of contributors, end-
users, developers, and researchers. The findings in this report are part of a
larger continuing research project exploring the potential for
crowdsourced geographic information to solve a wide range of navigation
tasks and other field-based operations.
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Unit Conversion Factors

Multiply By To Obtain

Feet 0.3048 meters

miles (nautical) 1,852 meters

miles (U.S. statute) 1,609.347 meters

miles per hour 0.44704 meters per second




Introduction and Project Overview

Twenty-five years ago, a small city on the California coast had a serious
problem. Nestled between the cold Pacific Ocean and the San Gabriel
Mountains, producing one of the most pleasant climates in the world, the
City of Santa Barbara had become a magnet for mobility-impaired and
visually-impaired individuals, who were attracted to the area by a lack of
inclement weather, a functional and well-supported public transit system,
a vibrant technology- and tourism-based economy, and significant public-
assistance housing and support programs.

A growing cohort of students with mobility and vision impairments like-
wise were attracted to the University of California, Santa Barbara (UCSB)
because of the flat terrain, lack of inclement weather, and general support
for accessibility. Unfortunately, during this period the university was also
the center of considerable controversy as thousands of students, faculty,
and staff drove, biked, and walked to work or class every day. Injuries, ac-
cidents, and frustration were commonplace, as bike paths and walkways
crossed busy roads, and infrastructure was being expanded to accommo-
date the demands of students, faculty, and staff, who felt that the Universi-
ty should have the best facilities to support their growing ambition and
reputation. The chaotic mass of pedestrians, bicycles, skateboards, and
motorized vehicles were mixed together in a somewhat inadequate side-
walk and road network.

Campus planning authorities realized that they would need to bring order
to the chaos and they embarked on a long-term, multi-faceted effort to
partition the incompatible modes of transportation into separate transpor-
tation networks, and to provide a buffer for the pedestrians, who counted
among themselves hundreds of students, faculty, and staff with vision and
mobility impairments.



An unfortunate yet concurrent event
during this time period was the com-
plete loss of vision by a well-known
UCSB Geographer and faculty member,
Reginald Golledge, who had been an
able-bodied and rugged young adult.
His sudden and unexplained loss of vi-
sion was a devastating blow to what had
been a very promising career as a geog-
raphy faculty member, where vision,
and the ability to visually interact with
maps and computers was at the very
foundation of his identity and the iden-
: \ « tity of the local department. Fortunately
Figure 1. Reginald Golledge for Dr. Golledge, two faculty members
using the UCSB Personal from the UCSB Department of Psychol-
Guidance System, circa ogy, Dr. Jack Loomis and Dr. Roberta
2003 Klatzky came up with a conceptual de-
sign for a system that would allow Dr. Reginald Golledge to use a mobile
geographic information system complete with GPS, auditory cues, and di-
rectional cues, to regain mobility and navigate across the increasingly busy
campus, and therefore regain his ability to move and interact within his
workplace.

The development, testing, and refinement of this Personal Guidance Sys-
tem (Figure 1), described first by Loomis in 1985 and later in Golledge et
al. (1998) and Loomis et al. (2001), became a joint research effort by no
fewer than 30 researchers, staff, and post-doctoral researchers and ex-
tended from its beginnings in the mid-1980s to the year 2009, coinciding
with Dr. Reginald Golledge’s death. The significant body of research asso-
ciated with the system design, testing, refinement, and usability, includes
more than 40 peer-reviewed publications, and hundreds of conference
presentations and public demonstrations.2

1 See “Re: Digital Map and Navigation System for the Visually Impaired,” UCSB, November 1,
2012http://www.geog.ucsb.edu/pgs/papers/loomis_1985.pdf

2 The UCSB Personal Guidance System Project research team produced 42 peer-reviewed technical and
basic research publications between 1985 and 2008 about system testing, design, and usability. See
“Publications,” UCSB, November 1, 2012, http://www.geog.ucsb.edu/pgs/publications.htm




The UCSB Personal Guidance System demonstrated the capability of ge-
otechnology to make a significant personal impact in the lives of the visu-
ally- and mobility-impaired, and addresses some very significant issues
related to spatial behavior, wayfinding, spatial cognition, and human-
computer interaction. The system’s most notable shortcoming was its ina-
bility to accommodate real-time updates and transitory events and obsta-
cles that significantly impact navigation and wayfinding for blind, visually-
and mobility-impaired individuals.

Transitory events and obstacles include any object, item, or condition that
impacts navigation and wayfinding, causing the blind, visually- or mobili-
ty-impaired individuals to alter their planned route. In some cases, these
transitory events are inconveniences, requiring slight modification to a
route, while in other situations they require significant back-tracking and
re-routing. Because transitory events are unplanned and usually unantici-
pated, they can pose a safety hazard, particularly for the blind and visual-
ly-impaired traveler. Transitory events are often temporary, disappearing
in a matter of minutes or hours, but they can involve sudden, unanticipat-
ed changes that have a much longer presence, lasting months or even
years, depending on the type of event and the context for the obstacle or
event.

Figure 2 shows an example of a transi-
ent obstacle on a street adjoining our
local campus environment. The con-
struction debris and temporary fencing
prohibited everyone (including the dis-
abled) from using the walkway, and for
a period of approximately three days
caused local residents and campus visi-
tors inconvenience. Avoiding the fenc-
ing and debris in this area entailed

= walking through the roadway, and due
Figure 2. Construction to the lack of a nearby crosswalk or
debris and fencing curb cuts, presented a safety hazard for

temporarily blocking all members of the public.
walkway

Figure 3 shows a common transient obstacle in the center of the George
Mason University (GMU) campus causing particular difficulty to blind,
and visually- and mobility-impaired students. The yellow and black elec-



trical conduits covering the electrical cords are placed in the walkway as a
means of protecting the cords, as well as to minimize the tripping hazard
posed by the cords across the walkway. This type of transient obstacle is
not of major importance or concern to non-disabled students, who simply
step over it, but it is a significant hazard for blind and visually-impaired
individuals, as well as mobility-impaired individuals, whose wheel chairs
cannot safely cross over the top.

AT A
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Figure 3. Electrical cords and conduits across the walkways

The UCSB Personal Guidance System was not designed to — and could not
— accommodate transitory events such as those shown in Figure 2 and
Figure 3. This limitation forms a major motivation for our research pro-
ject.

The GMU campus, in striking similarity to the UCSB campus, is rapidly
expanding and attracts a large number of students with mobility and visu-
al impairments (estimated by GMU Assistive Technology staff to number
between 250 and 300). These students, and existing faculty, staff, and
community members also have the misfortune of dealing with the con-
struction, remodeling, expansion, and growth fostered by GMU’s rapid ex-
pansion. The construction barricades, detours, obstacles, and chaos have
become a very regular part of campus life and are simply ignored or side-
stepped by able-bodied students, faculty, and staff. For individuals that are
blind or mobility impaired, this is simply not possible, and the challenges
posed by these temporary inconveniences are very serious and deeply im-
pactful.



GMU, being faced with a very similar set of circumstances and motiva-
tions, is using contemporary crowdsourcing techniques and mapping sys-
tems to provide a demonstration and testbed environment for collecting,
verifying, analyzing, and displaying information about temporary obsta-
cles and transient hazards in the campus environment. The ability to pro-
vide real-time georeferenced information about changes in a local envi-
ronment is seen as a significant benefit of the geospatial crowdsourcing
movement addressed in seminal papers by Goodchild (2007, 2009) and
the comprehensive technical report from this project last year.!

There really is no question that crowdsourcing and related social media
technologies are transforming geospatial data production workflows and
end-user participation in GIS activities.

Several research efforts and publications have addressed the ability of
crowdsourcing to report major natural events, as well as assist those with
disabilities. The United States Geologic Survey’s efforts to use social media
and crowdsourcing to report earthquakes is notable,23 as is Liu and
Palen’s (2013) summary and evaluation of map mashups and crowdsourc-
ing efforts associated with fires, floods, and disease outbreaks.4 For the
disabled community, Kremer (2013) provides a useful review of some
crowdsourcing projects for accessibility,5 such as Ahn et al. (2006) where
crowdsourcing via gaming is used to generate alternate textual descrip-
tions for web images used by screen-reading programs for the blind and
visually-impaired.¢ Takagi et al. (2008) present a similar social accessibil-
ity framework where crowdsourcing is used to enhance the accessibility of
websites.” Rice et al. (2012, 2013) discuss crowdsourcing and accessibility

1 Rice et al. “Crowdsourced Geospatial Data: A report on the emerging phenomena of crowdsourced and
user-generated geospatial data”. US Army Corps of Engineers, November 2012.
http://www.dtic.mil/dtic/tr/fulltext/u2/a576607.pdf

2 “Did You Feel I1t?” USGS, September 7, 2013, http://earthquake.usgs.gov/earthquakes/dyfi

3 Jason C. Young et al., “Transforming Earthquake Detection and Science Through Citizen Seismology,”
The Woodrow Wilson Center, Commons Lab, Science and Technology Innovation Program, Case Study
Series, Volume 2 (2013): 1-64.

4 S. B Liu and L. Palen, “The New Cartographers: Crisis Map Mashups and the Emergence of Neogeo-
graphic Practice,” Cartography and Geographic Information Science 37, no. 1 (2010): 69-90.

5 “Facilitating Accessibility Through Crowdsourcing,” Karen m Kremer, September 8, 2013,
http://www.karenkremer.com/kremercrowdsourcingaccessibility.pdf

6 Luis von Ahn et al., “Improving Accessibility of the Web with a Computer Game,” in Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems (Montreal, Quebec, Canada: ACM,
2006), 79-82.

7 Hironobu Takagi et al., “Social Accessibility: Achieving Accessibility Through Collaborative Metadata
Authoring,” in Proceedings of the 10th International ACM SIGACCESS Conference on Computers and



research, including how crowdsourcing can be an efficient method for in-
corporating transient obstacles and events into mapping systems. -2 These
publications and research projects underscore the value of crowdsourcing
and its applicability in a variety of settings, including the reporting of tran-
sient obstacles as described in this report.

In the context of addressing the issue of navigation for the disabled, our
effort addresses three broader research questions: 1) Is crowdsourcing vi-
able for monitoring transitory events throughout their lifecycle? 2) What
quality control techniques are required for monitoring transitory events?
and 3) Can authoritative and crowdsourced data be integrated for transito-
ry event reporting? The results of this effort will not only be applicable to
the university campus, but also to broader concerns regarding
crowdsourcing for monitoring any transitory events in micro-
environments, such as the military use of crowdsourcing for monitoring
obstacles in urban environments.

This funded research project addresses many of these emerging phenome-
na in a broad manner, and in the current phase, develops a preliminary
system to gather, process, and display crowdsourced information about
navigation obstacles for a campus environment.

This report will review the development motivations and design decisions,
the recruitment of data contributors, the efforts to provide quality assur-
ance, and the future directions of the research effort in the context of cur-
rent achievements and challenges. The next section of this report address-
es the broad development of a geospatial crowdsourcing testbed
environment, focusing on the requirements analysis, overall system archi-
tecture, field collection application development, quality control, proto-
type development, recruiting and training activities, and usability consid-
erations.

Accessibility (Halifax, Nova Scotia, Canada: ACM, 2008), 193-200.

1 Matthew T. Rice et al., “Supporting Accessibility for Blind and Vision-impaired People With a Localized
Gazetteer and Open Source Geotechnology,” Transactions in GIS 16, no. 2 (April 2012): 177-190,
doi:10.1111/j.1467-9671.2012.01318.x.

2 Matthew T. Rice et al., “Crowdsourcing Techniques for Augmenting Traditional Accessibility Maps with

Transitory Obstacle Information,” Cartography and Geographic Information Science 40, no. 3 (June
2013): 210-219, d0i:10.1080/15230406.2013.799737.



2 Development of a Testbed Environment

In our research proposal from 2010, we outlined the general development
of a crowdsourcing testbed environment that would be used to facilitate
geospatial data collection by contributors, study the recruitment of con-
tributors and community interactions, and develop methods of quality as-
surance for crowdsourced geospatial data.

The development of a GMU Crowdsourcing Testbed Environment has
been a major priority and center of activity during this phase of research.
Beginning with only the most basic conceptual ideas about the testbed and
some preliminary demos (consistent and typical for proposed research
projects), we proceeded to design and develop a significant set of tools for
the testbed environment and have used these prototype tools for data col-
lection and analysis. We have made a significant investment in data mod-
eling, development, and contributor recruitment and training to facilitate
the testbed environment and, more generally, the research goals for this
project. This chapter discusses some of the motivations and influences for
the testbed, the evolution of the testbed design, the development of proto-
types and web applications, recruiting and training activities, and modifi-
cations to the testbed environment to enhance usability.

Development and Evolution of General Technical Design

The development and evolution of the general technical design for our sys-
tem began in early 2010,! when the first conceptual system designs were
rendered and described by Rice et al. in a publication. The current system
includes some of these early ideas, but is based on a much more substan-
tial data model and design, led by a requirements analysis.

Requirements Analysis and Preliminary User Needs Assessment

During the initial phase of this research, we explored the requirements
and general needs of the end-users of our proposed system. As noted in
Perkins (2002), accessibility projects that adopt techno-centric engineer-

1 MatthewT. Rice et al., “Integrating User-contributed Geospatial Data with assistive Geotechnology Us-
ing a localized Gazetteer,” in Advances in Cartography and GlIScience. Volume 1, ed. Anne Ruas, Lec-
ture Notes in Geoinformation and Cartography (Springer Berlin Heidelberg, 2011), 279-291,
http://dx.doi.org/10.1007/978-3-642-19143-5_16.



ing solutions, without considering the social context and needs of the end-
users, generally have poor results and are rejected by the community.:
With this in mind, we sought out several future end-users of our system,
including students, faculty, and community members, who are also mem-
bers of the disabled community. In discussion with them, a few common
issues emerged that guided our data model and system design:

1)

3)

4)

The existing campus accessibility map, produced once a year by
GMU on paper and in Portable Document Format (PDF), is helpful
in designating Americans with Disabilities Act (ADA)-compliant
walkways, entrances, and exits, but it does not provide information
about any temporary or current changes to the campus accessibility
infrastructure. Therefore, the map is less relevant in supporting
navigation activities due to the construction-related obstacles that
appear on a daily basis.

Some campus infrastructure (sidewalks, automated ex-
its/entrances, and elevators) have condition problems that signifi-
cantly impact accessibility, and the end-users would like to have an
efficient way to report and promote the awareness of these items, so
that they can be repaired. Elevators that are not working or are tak-
en out of service without warning are a significant problem.

Sidewalks with significant cracks, protruding edges, or uplifted sec-
tions, as well as pavers or bricks that are loose and protruding up-
wards can be a serious tripping hazard for blind and visually-
impaired students. They can also be an obstruction hazard for stu-
dents with power chairs that may not have adequate clearance due
to wheel size or the presence of an EZ Lock device on the bottom of
the power chair.

Some campus infrastructure (hydrants, manholes, and curb cuts)
have significant design problems which limit accessibility. End-
users would like to have a way to report these issues and inform fu-
ture design, and possibly to fix current design problems through re-
construction.

1 Chris Perkins, “Cartography: Progress in Tactile Mapping,” Progress in Human Geography 26, no. 4
(August 1, 2002): 521-530, d0i:10.1191/0309132502ph383pr.



5) Equipment associated with special events placed on the walkways
and public areas present an accessibility challenge. This equipment
includes tents, concrete anchors and support structures for tents
stretching across walkways, and electrical conduits to support pub-
lic address systems and ad-hoc electrical cabling for special events.
These items are a tripping hazard for the blind and visually-
impaired, and present many difficult clearance problems for the
mobility-impaired.

6) Construction-related detours are frequent, often unannounced, and
are marked in an inconsistent fashion, with barrels, cones, and cau-
tion tape strung between permanent objects and casually-drawn or
non-uniform signage indicating the direction and nature of the de-
tour. There is no consistent method for announcing and indicating
the frequent detours related to construction.

7) The surfaces of certain campus walkways, crosswalks, and public
areas are difficult with regard to traction, making tripping and slips
more likely, and preventing power wheelchairs from maintaining
consistent traction. This is a byproduct of weather events (snow,
ice, rain, mud) and the inadequate design of some walkways that
are consistently flooded or slippery during specific weather events.
Snow clearing activities, which often block curb cuts are a related
problem. Pavers and bricks that are loose are common in some are-
as of campus. These items shift underneath the wheels of power
chairs and underneath the feet of pedestrians, causing traction
problems.

8) Street crossing points are not always well marked. Some crossing
areas require a detour through the roadway to travel to the nearest
opposite curb-cut or accessible entryway.

9) Crowds are difficult to navigate through, particularly when they are
accompanied by bicyclists, skateboarders, and vehicles on the
walkways.

10) Several areas of campus and in the local community are common
parking areas for construction and maintenance vehicles, and these
vehicles often block the right-of-way.
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Many members of the local disabled community (our system’s end-users)
expressed an interest in reporting problems. A flexible, simple interface
would be required for facilitating this reporting, particularly for end-users
that are visually-impaired or blind. Several end-users wanted to be able to
communicate the nature of common obstacles to non-disabled community
members, in order to encourage understanding and to improve the pro-
spects for future accessibility.

Based on this general requirements analysis and user needs assessment,
we developed a design for our system that would facilitate reporting a va-
riety of transient events related to obstructions, detours, poor surface con-
ditions, crowds and events, entrances, exits, and other items needing re-
pair. The system would be map-based, and would be designed to augment
the annual campus accessibility map by providing location and infor-
mation about transient events and obstacles. The system would facilitate
the involvement of end-users in receiving information about transient
events and obstacles. Because many of these end-users carry a mobile
computing device with them, the system would need to accommodate a
variety of display devices and the interface would need to accommodate
desktop and mobile screen sizes.

A variety of photographic material and documentation of the most com-
mon issues enumerated above has been gathered and continues to be
gathered by project personnel to be used in educating and informing non-
disabled project contributors. These photographs are periodically viewed
and prioritized by some of the same end-users that participated in the re-
quirements analysis, and subsequently used in our project training activi-
ties.

Defining the Initial Pool of Report Contributors

The recruitment process began by identifying who would be the main con-
tributors of obstacle reports. For our testbed on the GMU Fairfax campus,
the potential contributors were expected to be individuals who regularly
navigate the campus environment, including students, faculty, and staff.

For testing the prototype and performing the initial evaluation of the con-
tribution tools, we focused on recruiting students and faculty members
from our close network, such as the students and staff of the Department
of Geography and Geoinformation Sciences. We invited professors and in-
structors, graduate and undergraduate students, Graduate Research Assis-
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tants (GRAs) and Graduate Teaching Assistants (GTAs), as well as friends
and family that live in the area surrounding the campus to participate in
training activities. Furthermore, we asked instructors of geographic infor-
mation systems (GIS) courses (at both the undergraduate and graduate
levels) to allow us to provide a short training session to the students in
their courses. We asked the instructors of those courses to provide extra
credit to motivate students to complete the training, complete a categori-
zation exercise, and submit reports using the web interface. In total, there
were over 90 participants recruited to undergo training.

Architecture

In order to support the needs of our potential end-users, as determined
during the requirements analysis and preliminary needs assessment, a da-
ta model was developed, information collection interfaces were developed,
and user registration was planned. Each of these components is described
below.

Data Model Development

The term “Data Model” is employed in many different contexts, with a
range of meanings. For the work documented here, the Data Model for
testbed development consists of a structured diagram with supporting text
that shows the actors, elements, and processes that contribute to the ap-
plication goals, and to the overall research goal of assessing the value of
crowdsourced geographic information. Although ideally a data model will
eventually be able to serve several purposes, the context of this work sug-
gested that an application goal of identifying obstacles to navigation for
disabled persons in a campus environment was appropriate. A simplified
version of the overall Data Model for testbed development as of this writ-
ing appears in Figure 4.
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Simplified Data Model for Testbed Development

Contributors .
Submission of
Collect
) Reports through
Information > g Reports
" Web or Mobile
Regarding Interfaces
Obstacles
> \ A 4
Reviewers Use
Output . Automated and
Geographic » Manual Methods
Obstacles to Confirm or
Layers Reject Reports
A \ 9 L
Application Building
No
Generate No
Obstacles
Database
A Yes

Yes

Figure 4. Simplified data model for testbed development

The process of data model development is, usually, an iterative one, and
that was the case here. This process began with the identification of actors
including Contributors and Reviewers. The primary elements that those
actors would generate and review, respectively, were reports of obstacles
to routing across campus. Those reports are combined to generate an Ob-
stacles database. In subsequent rounds of data model iteration and re-
finement the types of reports to be submitted were identified, and the ele-
ments to be stored in the obstacles database were identified.

More specifically, the data to be collected by Contributors and the poten-
tial uses of those data are summarized in Table 1.
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Table 1. Data Collected by Contributors

Data Element Collect-
ed

Potential Uses

ContributorID / Username

Tracking Contributors for measuring productivity or reliability

Report Type (New Obsta-
cle, Confirmation of Obsta-
cle, Report Obstacle Re-
moved)

Used to segregate reports
Potentially used for visualization of different report types
Used in the Reviewing / Quality Assessment Process

Location (Text/Address)

Used to display to Reviewers for confirmation
Potentially used to direct responders for mitigation
Potentially used to direct End Users to avoid obstacles

Latitude/Longitude Potentially used for confirmation, mitigation, and avoidance
Used to define when obstacles are First Reported and Last
Report Date Reported

Potentially used for spatio-temporal analysis

Obstacle Type (Sidewalk
obstruction, Construction
detour, Entrance exit prob-
lem, Poor surface condi-
tion, Crowd/event, Other)

Used for visualization of different types of reports/obstacles
Potentially used for routing variants based on disability type

Image

Potentially used for confirmation, mitigation, and avoidance

Potentially used for manual checking / combination of re-
ports into obstacles

Duration (Short, Medium,
Long)

Potentially used to direct response/mitigation activities
Used to compute temporal presence

Urgency (Low, Medium,
High)

Potentially used to direct response/mitigation activities
Used by Reviewers to prioritize confirmation activities

Comments (location, ob-
stacle)

Used for a range of confirmation activities

Potentially used to inform other Contributors and Application
End Users

Status

Automatically set to “1” or “Unconfirmed” until Review

Although the review/quality assurance processes are primarily manual in
the testbed environment, each of the data elements collected above can

contribute to measures of completeness and consistency. That is, if a single

report has all of the potential fields completed by the Contributor, then it
may receive a higher completeness score, and would generally be consid-

ered to be more reliable. With regard to consistency, if multiple reports are

received in close proximity, and there is substantial agreement between
the data elements the combined reliability of these reports creates greater
confidence in the accuracy of the obstacle. These potential measures are
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discussed in more detail below. Additionally there are data elements such
as Report IDs that are automatically added to reports for tracking purpos-

€s.

Subsequent to the reporting process, additional data elements are collect-
ed during the Review/Confirmation process to be used in generating the
Obstacles database from the collected reports (Table 2).

Table 2. Review/Confirmation Elements

Data Element Collect-
ed

Potential Uses

ObstaclelD

Unique ID for Obstacles used for tracking

ReviewerID(s)

IDs of all Reviewers who have examined the Obstacle

Potentially used for tracking of reviewer performance and
computation of confidence measures

The IDs of all Reports that contributed to the generation of

D .
ReportiDis) the Obstacle used for tracking and obstacle history
Determined by the Reviewer from the Report(s) or by field
ObstacleType examination

Uses as above

Estimated Start Time

From initial report, duration estimate, and Reviewer infor-
mation gathering

Potentially used for spatio-temporal analysis

Estimated End Time

From Estimated Start time and Duration estimate
Potentially used for spatio-temporal analysis

First Reported

Generated from the collection of Reports that contribute to
the obstacle

Potentially used for spatio-temporal analysis

Last Reported

Generated from the collection of Reports that contribute to
the obstacle

Potentially used for spatio-temporal analysis

Obstacle Status

Updated by Reviewers from initial setting of “Unconfirmed” in
reports

Potentially used to track Obstacles, identify malicious users,
prioritize Obstacles for further review

Obstacle Urgency

Deter