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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS
SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL
LENGTH
in inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mm?
ft? square feet 0.093 square meters m?
yd2 square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi square miles 2.59 square kilometers km?
VOLUME
floz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft® cubic feet 0.028 cubic meters m®
yd® cubic yards 0.765 cubic meters m®
NOTE: volumes greater than 1000 L shall be shown in m®
MASS
oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or "metric ton") Mg (or "t")
TEMPERATURE (exact degrees)
°F Fahrenheit 5 (F-32)/9 Celsius °C
or (F-32)/1.8
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela/m? cd/m?
FORCE and PRESSURE or STRESS
Ibf Pound force 4.45 newtons N
Ibf/in? Pound force per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft?
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi
VOLUME
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m® cubic meters 35.314 cubic feet ft®
m® cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces 0z
kg kilograms 2.202 pounds Ib
Mg (or "t") megagrams (or "metric ton") 1.103 short tons (2000 Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela/m? 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in?

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380. (Revised March 2003)
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Chapter 1. Introduction

Report Introduction

This report outlines a technology project evaluative framework that takes a holistic approach to mobility
and transit and that is specifically focused on whether technologies being developed and deployed
change the accessibility of travel modes, are usable by their target populations, and improve that
populations’ ability to travel. The report describes the process, logic models, and performance metrics
that can be used to evaluate the wide range of Accessibility Development Projects (ADP) whether
supported by Accessible Transportation Technologies Research Initiative (ATTRI) or via other
mechanisms.

This evaluation framework can be used to develop and then perform independent evaluations (IE) of the
ATTRI's funded development projects. The framework is focused on evaluating the performance of tools
or technologies that have previously been selected by ATTRI and its partners to meet identified needs or
help travelers surmount identified barriers to travel. Evaluating the needs of users and identifying the
nature of barriers were the subjects of previous ATTRI efforts and are not addressed in this framework
other than applying the results of those previous ATTRI projects.

The report is structured into four chapters:

e Chapter 1 contains introductory material.

e Chapter 2 introduces a number of very important concepts that are key to understanding the
evaluation process.

e Chapter 3 presents the actual evaluation process.
e Chapter 4 presents a detailed example of how the framework might be applied.

¢ Finally, the report includes appendices that provide assistance to IE teams in the development of logic
models and the selection of performance metrics.

Project Background

The U.S. Department of Transportation’s (USDOT) ATTRI is a joint USDOT initiative, co-led by the
Federal Highway Administration (FHWA), Federal Transit Administration (FTA), and Intelligent
Transportation Systems Joint Program Office, with support from the National Institute on Disability,
Independent Living, and Rehabilitation Research and other Federal partners.

The ATTRI Program is leading efforts to develop and implement transformative applications to improve
mobility options for all travelers, particularly those with disabilities. ATTRI research focuses on removing
barriers to transportation for people with visual, aural, cognitive, and mobility disabilities through every
step of the trip-making process.

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office
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Chapter 1. Introduction

ATTRI seeks to remove barriers to transportation across the “complete trip” chain, leveraging advanced
technology to enable people to travel independently at any time, to any place, regardless of their
individual abilities. ATTRI intends to improve the ability of all people to travel in an efficient and affordable
manner, emphasizing transportation system improvements that allow individuals with disabilities (and all
travelers) to reliably, safely, and independently plan and execute seamless, complete trips, from origin to
destination.

This report defines complete trips in terms of an individual’s ability to plan for and complete a trip from
origin to destination without gaps (disruptions) in the travel chain. The links of this chain include trip
planning, travel to a station, station/stop use, boarding a vehicle, using a vehicle, leaving a vehicle, using
the stop or transferring, and traveling to a destination after leaving the station/stop. If the traveler is not
able to complete one step in this chain of activities, then the trip cannot be completed, decreasing overall
accessibility for the individual unable to make the trip.

Through extensive research and outreach, the ATTRI program has identified four key areas for
technology development with the potential to address gaps in the mobility of people with disabilities:

e Smart wayfinding and navigation.
e  Pre-trip concierge and virtualization.
e Safe intersection crossing.

¢ Robotics and automation.

ATTRI-funded development projects across the four technology areas should work together to enable
more individuals to complete more trips, providing the basis for a more inclusive and effective
transportation network that is far more economical, expansive, and welcoming than exists today. This
report provides a framework for evaluating ADP across all four technology areas regardless of where
funding for those ADPs comes from, although the guidance does focus on outcomes of particular
importance to ATTRI. Guidance on evaluating the spatial, temporal, economic, physiological and social
impacts of the ATTRI efforts can be found in the reports Shared Mobility and Equity Primer and Mobility
Performance Metrics (MPM) for Integrated Mobility and Beyond. -2

Introduction to the Evaluation Framework

This evaluation framework specifically accounts for—and provides guidance for—evaluations of a wide
variety of accessible transportation technology related projects, including helping project sponsors,
managers, participants, and |IE teams focus their evaluation efforts on the key outcomes of importance for
each individual ADP being studied, while also keeping in mind the need to understand the effect the ADP

T Travel Behavior: Shared Mobility and Transportation Equity, for the Federal Highway Administration,
by Susan Shaheen, et. al., August 2017, Report #PL-18-007.

2 Mobility Performance Metrics for Integrated Mobility and Beyond, for the Federal Transit
Administration, by TransitCenter, Applied Predictive Technologies, and Texas A&M Transportation
Institute, February 2020, FTA Report # 0152.
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Chapter 1. Introduction

has on overall trip-making capabilities of users. That is, how has the ADP changed the ability of its users
to travel more spontaneously and flexibly? Are they better able to make complete trips, and if not, why
not?

The recommended ATTRI evaluation should be set up and performed using the following steps:

¢ |dentify the key details needed for the evaluation, which includes the IE (with support or input from the
ADP team and sponsors) performing the following tasks.

o Review the goals and expected performance/outcomes of the ADP being evaluated.

o Characterize the primary target population for the ADP.

o Document the travel requirements, perspectives, and needs of that target population.

o Understand the ADP technology, including:
= The travel outcomes it intends to achieve or the travel barriers it is intended to remove.
= The technological steps it will perform.
= The user interactions with the ADP technology needed to achieve those outcomes.

o Determine the key objectives (results) that the evaluation sponsors wish to learn from the
evaluation effort.

e Develop a threat model for the ADP functions and required user interactions for each of the affected
travel activities.

e Establish the specific travel activities to be affected/improved by the ADP.

e Develop an initial logic model based on the above information that serves as a guide for the evaluation
and estimate a budget for the activities described in that logic model.

o  Work cooperatively with the project sponsors and ADP team to refine the logic model, data collection
plan, and resulting evaluation plan to match the scope of work with the available budget, given the key
objectives developed above.

¢ Perform the evaluation activities.

e Perform a qualitative complete trip evaluation and continuing needs assessment based on the
outcomes of the evaluation activities and the target population user needs.

Each of these activities is described in detail in chapter 3 of this report. While the list above provides a
useful order in which to approach these topics, the need to work interactively with both the ADP team and
the evaluation sponsors may result in the IE team approaching these tasks in a different order as the
evaluation proceeds.

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office
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Chapter 2. Key Concepts Necessary for
Evaluating Accessibility Projects

This chapter briefly introduces key sets of concepts that are important throughout the evaluation process.
Due to the complexity of the different types of evaluation concepts, this chapter only introduces this topic.
More details on each concept can be found in the appendices. These details become more important the
more technically detailed the independent evaluations (IE) is that is, the more the IE is focused on the
technical performance of the Accessibility Development Projects (ADP) and its use by the subject
population.

These concepts include:

1. Understand Target Population, User Needs and Barriers—This first of the key concepts are
the user needs and barriers to travel for the target population. The goal of the Accessible
Transportation Technologies Research Initiative (ATTRI) program, and for any accessible
transportation technology, is to remove barriers (whether structural, systemic or circumstantial)
that impact travelers negatively, thereby instrumenting individuals to achieve their travel goals
more effectively. Therefore, it is important to understand baseline traveler requirements, needs
and barriers in order for the evaluation to measure whether the ADP intervention can effectively

facilitate improvements in achieving travel goals. A starting point for this is the ATTRI User Needs

Assessment: Stakeholder Engagement Report, published in May 2016. These needs were
identified through stakeholder coordination. Any specific project may identify requirements
beyond these, and the analysist/project manager would need or want to know the unique needs
for their project.

o Disability Types—The U.S. Census report, Americans with Disabilities: 2010 categorizes types
of disabilities into communicative, physical, and mental domains.? It is important to note that
people can have multiple disabilities. The ATTRI team has adopted these definitions with certain
modifications. To facilitate development of technological solutions designed to address a specific
functional requirement, the ATTRI team divided the “communicative domain” into visual disability
and hearing disability. In this document, the term cognitive disability is used in place of “mental
domain,” and mobility disability refers to conditions in the “physical domain.” Thus, ATTRI focuses
on technological solutions to remove barriers to transportation according to four functional
disabilities: Visual, hearing, cognitive and mobility, defined below.

» Visual—People who have a visual disability report they are blind or have difficulty seeing.

» Hearing—People who have a hearing disability report they are deaf or have difficulty
hearing.

3 Americans with Disabilities: 2010, by Matthew W. Brault, for the United States Census, July 2012,
Report Number P70-131.

U.S. Department of Transportatio

n

Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office

ATTRI Performance Metrics and Evaluation: Technical Report: Logic Models

5



Chapter 2. Key Concepts Necessary for Evaluating Accessibility Projects

= Cognitive—People who have a cognitive disability report one or more of the following:

= Have a learning disability, an intellectual disability, developmental disability or
Alzheimer’s disease, senility, or dementia.

= Have some other mental or emotional condition that seriously interfered with
everyday activities.

= Physical—People who have a physical disability report one or more of the following:
= Use a wheelchair, cane, crutches, or walker.

= Have difficulty walking a quarter of a mile, climbing a flight of stairs, lifting
something as heavy as a 10-pound bag of groceries, grasping objects, or getting
in or out of bed.

= List arthritis, rheumatism, broken bone, cancer, or other condition that limits
activity or movement.

o User needs are based on that person’s capabilities, expectations, personal schedule, etc., and
are classified into the four categories:

= Information for Travelers with Disabilities, the most frequently identified category of user
need, is a critical component for mobility. Existing and emerging technologies in the areas of
Wayfinding and Navigation and Assistive Technologies present strong opportunities to meet
the information needs of travelers withdisabilities.

= Providing travel Options to travelers with disabilities before and during their travel
enhances the trip experience and increases the probability of an uninterrupted trip. The
Enhanced Human Services Transportation focus area is well-suited to facilitate enhanced
traveler options through coordination between agencies, jurisdictions, and nonprofit
organizations.

= More travel Assistance could be given to travelers with disabilities during their travel,
particularly in the forms of Assistive Technologies, Automation and Robotics and Data
Integration.

= Access to transportation assets could be enhanced through technology solutions, but most
traveler needs related to access pertain to information about access-related amenities.

o Barriers to completing trips may be encountered during each segment of a trip (pre-trip planning,
departure, en route, arrival, and return). The potential cause of barriers is a function of internal,
external, and natural factors that fall within the realm of the transportation and transit agencies.
The categories include:

= Adverse perception of travel.

= Cost.

= Inadequate Infrastructure. signage or wayfinding tools.
= |nadequate transportation options and amenities.

= Lack of technology access.

= Lack of travel support/customer service.

= Driving barriers.

2. Scenarios and Travel Activity Links (TAL)—The second concept involves scenarios and the
travel activities (steps or tasks) that are required to complete trips and that may present
circumstances that limit specific user groups from traveling easily. These travel activities include

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office
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Chapter 2. Key Concepts Necessary for Evaluating Accessibility Projects

tasks such as using trip planning services or navigating through a specific travel environment.
Most ADP technologies are designed to address barriers in the built environment, transportation
vehicles, services or travel environments that are not designed to accommodate one or more
groups. For example, an ADP technology might be designed to ease the travel planning process
for people using wheelchairs since typical routing applications do not have information that is
critical knowledge for wheelchair travel. Another technology may be designed to provide indoor
navigation localization to orient blind or visually individuals to their location in multi-level
underground transit stations.

o Scenarios—Scenarios describe actual or hypothetical trips being made by individuals with
specific mobility profiles. As a result, those individuals have characteristics that make some travel
activities challenging within current transportation environments. The specificity of these scenarios
allows for a detailed analysis of the potential challenges of different groups of travelers. To help
analysts create accessible technology specific evaluation, the scenario process relies on a
structured view of trip-making behavior

o Travel Activity Links—Acknowledging that the accessibility of a complete trip depends on an
individual’s ability to complete every link within the travel chain, TAL provide structured,
manageable pieces by which to deconstruct a travel scenario and separate the specific activities
during which travelers may confront barriers. Every trip (from Origin A to Destination B) requires
that travelers perform one or more of these activities. The number of TALs performed and the order
in which they are performed vary from trip to trip. The 11 TALs are listed below. Appendix D
provides detailed descriptions of all 11 TALs. TAL 5 is described below to illustrate how TALs are
can be used to better understand the detailed actions travelers must perform.

TAL 1: Trip planning (both pre-trip and midtrip).

Breakdown of Travel Activity Link 5:

TAL 2: Accessing trip itineraries midtrip and Pedestrian-Only Environments

assessing trip progress. This TAL includes the tasks associated with

TAL 3: Identifying entry/egress: travelers moving through above-ground, pedestrian-
only environments. (It does not include
intersections, indoor environments, or underground
o 3b to/from a travel environment. environments.) Specific activities include travelers
doing the following:

o 3atoffrom a transit vehicle.

TAL 4: Entry/egress:
. . e Gaining situational awareness (includes orienting
o 4atoffrom a transit vehicle. oneself in space, identifying nearby objects and

o 4b to/from a travel environment safely avoiding collisions, and assessing whether
' objects are moving or stationary).

TAL 5: Pedestrian-only environments. e Predicting the path of moving objects and

TAL 6: Street crossings and intersections. forecasting the speed at which those objects will
move along that path.
TAL 7: Mixed environments with moving

vehicles and pedestrians. ¢ |dentifying paths that are suitable for them within
the pedestrian environment (e.g., can travelers
TAL 8: Indoor and underground transit facilities. actually walk on that surface, or should a different

) . ] path with a better surface be taken?).
TAL 9: Outdoor transit facilities (e.g., transit

transfer centers). e Selecting the specific travel path they wish to take
through that environment to their next travel

TAL 10: Riding a vehicle. waypoint (tactical navigation).

TAL 11: Transit payment (includes identifying e Physically moving through that environment,

payment location). including obstacle avoidance and mobility

assistance (e.g., balance support).
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Chapter 2. Key Concepts Necessary for Evaluating Accessibility Projects

o Combining TALs to Create Trips: Different trips require different combinations of TALs. For
example, a simple walking trip from an office in downtown to a restaurant across the street, made
by an individual every day, would include only three TALs, although some of the TALs would occur
more than once during the trip. The TALs would occur in the following order: Link 4b Entry/egress,
Link 5 Pedestrian-only environments, Link 6 Street crossings and intersections, Link 5 again, and
finally Link 4b for a second time. These links are used to identify specific issues or user needs
associated with a specific population’s difficulties, such as 1) exiting the building and entering into
the sidewalk environment; 2) navigating to the intersection; 3) getting across the street;

4) navigating to the proper door of the restaurant; and finally 5) navigating into the restaurant itself.

An example of a more complex trip might be if that same individual needed to take a transit bus
across town to meet a client at a restaurant. That trip might include Link 1, Link 4b, Link 5, Link 6,
Link 5, Link 3a, Link 4a, Link 11, Link 10, Link 3a, Link 4a, Link 5, Link 3b, and Link 4b. In this
case, the traveler would need to plan her trip—determining which bus to take, where to catch that
bus, how to strategically navigate to that bus stop, and when she needed to arrive at that stop in
order to catch that bus. Then she would leave her location, travel to the stop, identify that the
correct bus was arriving and where the door to the bus was located. Next, she would need to
board the bus, pay for the transit trip, and find her seat on the bus. Next, the traveler would need
to identify when it was time to disembark, signal the driver, and successfully exit the bus onto the
sidewalk when the bus stopped. Finally, she would need to navigate to the restaurant, identify
how to enter the restaurant, and complete the trip.

o Converting Trips to Scenarios: After trips have been created, scenarios can be created by
defining the user characteristics of the individuals traveling. Different users (populations of
individuals) experience a given trip (set of TALs) differently as a result of their different abilities.
TALs that are easy to perform for some populations can be very difficult for others to perform.
Linked together, they allow the IE to explore the combined impacts of a travel population’s
disabilities on their travel mobility, and the effects that a new ADP technology will have on that
overall mobility.

A variety of scenarios—both different types of trips and potentially different user populations—are
needed for each ADP evaluation, and the trips and scenarios must be specifically crafted to
examine the performance of the ADP and its use by the user population it is intended to help,
given the types of trips that population takes.

The scenarios should be developed on the basis of the travel barriers associated with the
intended users of the ADP technology or service, and they should reflect the types of trips those
individuals need to make in their daily lives. At least some of the scenarios should include both the
need to travel serendipitously and the need to navigate on-the-fly strategically (making origin-to-
destination trip decisions) and tactically (making decisions about issues encountered en route).
(For example, the scenarios should include the ability of the traveler to respond to unexpected
travel conditions to change route midtrip or to add a stop midtrip.) These scenarios are key to both
evaluating how the ADP affects the activities of individuals in traveling and to understanding how
the ADP technology or policy affects the user population’s overall mobility (i.e., the effect on the
“‘complete trip”).

3. Evaluation Contexts—The next set of concepts discussed in this chapter are the “evaluation
contexts.” This set of six topic areas helps the |E team understand the full breadth of attributes
that contribute to the success or failure of an accessible transportation technology and therefore
need to be considered for inclusion in a project evaluation. By explicitly describing specific
contexts that need to be considered in the evaluation, the framework helps ensure that the |IE
team considers all the important attributes of the ADP technology as it develops the scope of the
evaluation. The evaluation framework divides evaluation subjects into six specific contexts. These
six contexts are defined as follows:
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Chapter 2. Key Concepts Necessary for Evaluating Accessibility Projects

Technical Function: This context evaluates whether the product functions according to design
specifications. It also explores whether the product improves user’s travel efficiency (e.g.,
decreases travel time) and increases the efficiency of particular TALs.

Technological Robustness: This context asks whether the technology is high quality, reliable,
safe, and durable through user testing. This context provides structure to analyze safety
measures, including the protection and privacy of user information.

Usability: This context examines the customization available to meet the needs of particular
traveler subpopulations.

Communication and Closing Information Gaps: This context examines whether the ADP
technology can effectively communicate with the user population. Successful communication
includes both allowing the user to request specific information when and where it is needed
and to receive, perceive, and comprehend a response to those requests or receive, perceive,
and comprehend other necessary information.

System and Service Integration: This context is concerned with the steps in the travel chain,
which agencies are potentially affected by the ADP technology, and how agency stakeholders
are affected by the technology (other riders, operators, management, etc.).

User Empowerment and Social Acceptance: This context examines whether the ATTRI ADP
technology increases user empowerment (the ability of the individual to control their own life),
and whether the ADP technology can be used in public without drawing unwanted attention to
the user. That is, the user is able to travel more freely, and is comfortable using the ADP
technology in public.

Performance Measurement—An evaluation of an accessible transportation technology can be
focused on many different aspects, such as the interface, the technical performance, or the travel
outcomes resulting from the technology’s deployment. Most ATTRI ADP evaluations are
expected to focus on four basic types of outcomes listed below:

1.
2.

The functional performance of the technology viz-a-viz the defined primary target population.

The ability of the target population to successfully interact with (use) the technology (including
successful user interaction and task completion).

The impact the technology has on the ability of the target population to perform specific travel
activities.

The degree to which the technology facilitates greater mobility and travel opportunities for the
target population (i.e., whether they gain the ability to perform more complete trips, or
whether experiences in a particular travel link are improved.)

Threat Model—Defined broadly, a “Threat Model” is an understanding of the things that could go
wrong with the operation and use of the ADP technology, as well as an understanding of the
ways the technology is designed to address those failure points if and when they occur. It covers
topics such as the following:

O

Mechanisms that could cause the technology to fail and that are critical for understanding the
overall robustness of the ADP technology’s performance (e.g., what happens if a loss of
communications occurs, or if a user encounters an unexpected travel outcome and requires
assistance?).
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Chapter 2. Key Concepts Necessary for Evaluating Accessibility Projects

o Safety concerns that could result from use of the technology (e.g., are there ways in which use of
the ADP technology could put users in harm’s way, such as texting while driving with a
smartphone, or leading an individual into an environment that s/he cannot safely traverse?).

o Indirect threats to the technology user, such as invasion of user privacy or cyber security concerns
associated with use of the technology (e.g., how does the technology prevent a stranger from
obtaining a secret access code if it is part of wayfinding instructions for a user?).

Logic Models—Logic models present the traceable connections across a project’s goals to
intended outcomes and impact. The logic models formalize the traceable mapping from
evaluation contexts, to hypotheses that could be evaluated and the details by which those
hypotheses are tested given the goals and objective of the technology, including performance
metrics and data requirements.

For the Evaluation Framework, three logic models mapped to performance outcomes are:

o Performance of Travel Activities—Examining the effectiveness of the ADP in achieving those
desired outcomes and the efficiency, which measures an ADP’s performance by comparing how
many resources the user spends in order to complete their trip before and after the introduction of
the ADP.

o Ability to Mitigate Threats.
o Ability to Address Target Populations Needs.

Gap Analysis—Once the basic analysis described in the Logic Model is completed, if resources
allow, a “complete trip gap analysis” may be performed. The complete trip gap analysis is
designed to examine in a qualitative manner, the expected impacts of the ADP on the variety of
trips made by the target population and assess the project’s contribution within the context of the
larger transportation network.

Complete Trip Analysis—In contrast to the gap analysis, the complete trip analysis is intended
to give the sponsoring agency insight into the larger travel outcomes that the ADP can provide, as
well as insight into the remaining issues that may still prevent the target population from traveling
as easily and freely as desired.
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Chapter 3. Evaluation Framework

In defining a methodology for performing a useful independent evaluation, the independent evaluations (IE)
concentrates its analysis on 1) the population experiencing the travel gap which the Accessibility
Development Projects (ADP) seeks to address; 2) the specific travel deficits or gaps that the technology
aims to improve or close; 3) the travel experience it seeks to improve; and 4) the travel (and life) outcomes
that result from the introducing the ADP intervention to the target population.

This framework is focused on evaluating the performance of tools or technologies to meet identified travel
needs or barriers. Identifying and categorizing the needs of users and detailing the nature of these barriers
were the subjects of previous Accessible Transportation Technologies Research Initiative (ATTRI) efforts
and are not addressed in this framework other than applying the results of those prior ATTRI projects.

The ultimate goal of a developed independent evaluation is to measure the impact of introducing the ADP
technology to on travel and participation in travel in the target population. In addition, the evaluation
results will embrace users’ perspective in order to provide useful recommendations for the ADP team on
making its tool/technology more usable and useful for its target users. The combination of these results
describe the level of success achieved by the ADP and provide the information needed to further improve
the target users’ access to transportation and mobility.

Conducting an independent evaluation for an ADP requires the following:

e Understanding travel use and perspectives of the technology’s desired, likely, and/or actual (or
“target”) users.

e Understanding the target users’ needs in the context of the complete trip.

o The problems, risks, and threats users are likely to face.

o The problems, risks, and threats the technology seeks to mitigate.

o The problems, risks, and threats the technology cannot mitigate but that users might expect it to.
e Measuring the performance, impact and user satisfaction with the technology in the field.
e Analyzing the technology’s use heuristically (i.e., through an expert review).

e Analyzing users’ experience of the technology empirically (e.g., through user studies both in the lab
and in the field).

e Determining the overall change, perceived change, or likely changes in travel behavior and perception
in the target population.

¢ Inresponse to review and evaluation results, making actionable recommendations to the ADP team,
as appropriate, to help them improve the technology’s design.

While the framework is intended to measure the changes in travel that result from deployment of the ADP, it is
also important to obtain, through the evaluation, an understanding of how well the components of the ADP
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function, especially how easily and effectively users can interact with it and how those interactions affect the
perceptions travelers have of their ability to complete trips when and where they need to make them.

Accessible transportation technologies should be viewed not as a product, but as a process. Successful
execution of this evaluation framework will not be transactional but cooperative. This means that the ADP
team will not simply receive a report of problems and successes from the |IE team as a result of use of the
evaluation framework, but that an iterative exchange will lead to the definition of, agreement about, and
execution of an independent evaluation process. The IE will then lead to actionable insights and
improvements over time for the developers of the ADP, the agencies that need to help implement and
support the technology, and the agencies and organizations that will fund these tasks.

The evaluation framework provides project sponsors and IE teams with the ability to focus their evaluation
efforts on four different aspects of ATTRI project evaluation and measurement:

1. The performance of the new technology as it will be used by the population (target users) for
which it is intended (e.g., Does the technology function as intended? Can users effectively
interact with it? Does it successfully fill information gaps?).

2. Improvements that the ADP achieves in meeting ATTRI’s adopted user needs or surmounting
identified travel barriers.

3. Changes in targeted users’ behaviors and ability to perform the travel activities that the ADP was
designed to address.

4. Changes in targeted users’ ability to travel more freely and spontaneously, that is, in their ability
to make more “complete trips.”

The first three aspects of the evaluation will be carried out by examining how effectively members of the
target population can use the ADP and how effectively they can perform the specific travel activities the
ADP is intended to improve. The last aspect of the evaluation will be performed through a gap analysis.
Complete trips are defined in terms of an individual’s ability to plan for and complete a trip from origin to
destination without disruptions (gaps) in the travel chain. The framework recommends examining the
targeted users’ ability to perform complete trips by creating representative travel scenarios for those
users, evaluating how incorporation of the ADP technology helps them perform the travel activities
necessary to complete those travel scenarios, determining what gaps in making complete trips the ADP
will close and which will remain, and critically considering what new barriers may arise through the
introduction of the new technology.

The recommended process for setting up and performing an evaluation of an ADP includes the following
steps:
1. Set up the IE by identifying the key details required for the evaluation:

o Review the goals and expected performance outcomes of the ADP.

o Characterize the target population for the ADP.

o Document the travel requirements, perspectives and needs of that target population.

o Understand the ADP technology, including:

= The specific travel outcomes it is intended to achieve.

= The technological steps it will perform.
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Chapter 3. Evaluation Framework

= The user interactions with the ADP technology necessary to achieve those outcomes.

o Determine the key objectives for the evaluation effort. (i.e., the findings that are most important to
determine.)

o Establish which specific travel activities will be affected/improved by the ADP.

2. Develop a threat model for the ADP functions and required user interactions for each of the
affected travel activities.

3. Develop an initial logic model for the evaluation project that serves as a guide to the evaluation
activities, including the required data collection, and estimate a budget for the activities described
in that logic model. Then work cooperatively with the project sponsors and ADP team to refine the
logic model, data collection plan, and resulting evaluation plan to match the scope of work with
the available budget, given the key objectives determined above.

4. Perform the evaluation.

5. Perform a qualitative gap analysis addressing the complete trip evaluation and continuing needs
assessment based on the outcomes of the evaluation activities and the target population’s user
needs.

Each of these activities is described in detail in the remainder of this chapter. Note that while the list
above provides a useful order in which to approach these topics, the need to work interactively with the
full range of stakeholders may result in the |IE team approaching these tasks in slightly different order as
the evaluation proceeds. Also note that setting up the evaluation involves some iteration, as the initially
intended evaluation tasks may require data that is unavailable or require tests which cannot be collected
within the available budget. Thus, the |E team needs to interact closely with the ADP team while setting
up the evaluation, in order to determine what data can be collected, what tests can be performed, and
how those activities affect the design and performance of the evaluation.

Step 1: Set Up an Independent Evaluation

To set up the evaluation, the team must first gain a thorough understanding of the technology being
developed, the tasks it is intended to perform, and the population expected to use it. The outcome of this
review should be a basic understanding of the following:

e The target population(s) for the ADP.
e The travel needs intended to be more effectively met or travel barriers meant to be overcome.

e The basic technical actions to be taken by the ADP (e.g., data to be gathered, information to be
delivered, and the technical tasks to be performed to gather those data, convert them into information,
and deliver that information).

e The overall outcomes expected from the project, both in terms of travel outcomes (the travel activities
expected to change and how) and system implementation (e.g., Is this a proof of concept? A model
deployment test? A full-scale deployment?).

These insights can be gained from the proposal that led to the ADP’s funding; the final scope of work
associated with the project; and discussions with the ADP team, the project sponsors, and the agency or
organization funding the evaluation effort. The outcome of the set-up task is a complete understanding of
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who the ADP is intended to help, how that help will be delivered, and the goals and expected outcomes of
the ADP.

To present the evaluation approach within this framework document, we will use an example of an ADP to
guide the review of evaluation steps. The example is shown in highlighted call out boxes that accompany
the framework guidance.

Working example—Robotics and Automation Technology at an Outdoor Transit Center

(Robotics and Automation)

This example evaluation is for a wheeled robot designed to assist blind individuals who need to navigate above-
ground transit centers. The robot is designed to assist travelers who have a variety of mobility needs in addition to
those with low vision. The robot is called to individuals arriving at the transit center with their smartphone
application. Once the robot has arrived, it announces its arrival via voice and vibration through the smartphone
application. The smartphone must then be used to acknowledge that the robot has found the correct user via a
tap on the phone screen or voice command. At that point, users can either give voice commands to the robot or
send text commands to the robot. The ADP is designed to work with smartphones connected to braille data entry
and output devices. Once the traveler and the robot have connected, the robot then guides the traveler to their
desired destination within the transit center.

Blind individuals may use the robot in one of two ways: 1) they may place a hand on the robot, which allows the
robot to lead them; or 2) the robot can physically lead users to the next transit stop while giving them auditory, turn-
by-turn directions to follow. The robot follows the path with the best pavement surfaces (fewest tripping opportunities
caused by disruptions in the surface profile) to the desired destination within the transit station. Because the robot is
wheeled, it does not take stairs or escalators, even if they provide a more direct path. Once users have arrived at the
desired vehicle boarding location, the robot waits with them, identifies the vehicle to board when it arrives, takes
them to the correct boarding location, and provides voice guidance for boarding that vehicle.

The robot does not currently supply expected real-time arrival information about transit vehicles. It does use
short-range object detection to identify local objects in its path so that it can avoid obstructions or potential
collisions (e.g., people, suitcases, and other objects that may or may not be part of the fixed infrastructure). The
robot also does not physically assist users in boarding or exiting the transit vehicle. (Although the robot does not
physically lift an individual, it does attempt to align users with the door opening.)

Step 1a: Understand the Target Population

An appropriate starting point for the |IE set-up is to gain a more complete understanding of the population
that the ADP is targeting, including the need(s) of that population and the barrier(s) it needs help
overcoming. These needs and barriers help in defining the specific travel problem or set of travel issues
within the Travel Activity Links (TAL) that the ADP is intended to mitigate. The target users of the ADP
technology may include more than one population, with multiple different user needs and abilities.
Variations in user needs and capabilities among target user populations are important to recognize
because those differences typically require that the evaluation does the following:

o Test the use of the technology among each target population.

o Refine those tests to examine the impacts of specific population needs and capabilities on the
population’s ability to successfully interact with and use the ADP technology.

e Understand both the improvements in mobility (the complete trip) that result from the ADP for different
population groups and understand remaining limitations with the ADP technology.
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One aspect of the |IE that the ATTRI program is very interested in evaluating is the impact of the ADP on
the “complete trip” (e.g., the overall ability of the target population to travel conveniently and flexibly).
Therefore, the |IE needs to determine not just the effectiveness of the ADP at improving a specific travel
activity or activities but the impact of those improvements on the overall ability of the target population to
travel. To answer this larger question requires that the IE team understand the target population’s other
travel needs/barriers, as those remaining needs/barriers may limit the overall mobility benefits that the
target population experiences because of the ADP deployment. The qualitative complete trip (gap)
analysis performed at the end of the |IE focuses on these broader travel impacts.

Both the initial set-up of the IE and the performance of the gap analysis require an understanding of the full
range of the target population’s mobility needs and barriers. The starting point to understanding the target
population to a review the first key concept—user needs and barriers as presented in chapter 2 and the
ATTRI User Needs Assessment: Stakeholder Engagement Report. Many people may experience more than
one of the disabilities described. Therefore, a key task for the IE team is to understand not just the specific
TAL (or TALs) addressed by the ADP, but the overall travel needs of the population being targeted, and thus
the complete set of issues and concerns that affect that population’s travel ability. Table 22 in appendix A
presents a list of the types of travel disabilities along with a robust list of the types concerns these disabilities
raise that ADPs are designed to address. Table 1 provides a simplified version of this table.

Understanding the travel activity concerns described in table 1 and table 22 helps the IE team identify the
full set of user needs the ADP is designed to meet and the barriers the ADP is designed to surmount.

Table 1. Disabilities affecting travel mobility.

gisability Description of Issue/ Travel Activity Concerns
ategory Concern
Motor Requires Assistive Device: Inability or limited ability to use stairs.
e Cane, crutches. Limited ability to carry devices.
e Manual or power Limited distance that can be traveled.
wheelchair. Need to be locked down on transit vehicles and may
require driver assistance to perform this task.
Vision e Blind. Need for screen readers or other technology.
o Partial vision. Inability to see approaching vehicles, creating safety risk.
Difficulty navigating.
Hearing o Deaf. Inability to hear approaching vehicles, creating safety risk.
e Partial hearing acuity. Limited information transfer from auditory clues.
Learning/ e Dementia. Limited short-term memory, making it difficult or
Cognition e Processing disability. impossible to remember directions.
e Intellectual disability. Easily confused by changes in environment.
e Mental or emotional Difficulty reading signage.
disability. Social anxiety.
e  Autism. Limited problem-solving capacity.
Speech e Communication Difficulty being understood when asking for assistance

disorder.

(vehicle boarding or attempting to identify exit stop).

Source: Federal Highway Administration.
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Example Robotics and Automation—Understand the Target Population

While the focus of this evaluation is on users with low or no vision, the ADP is designed to be used by individuals
with a wide variety of mobility challenges, including those that use a variety of mobility devices such as manual
wheelchairs, powered chairs, and knee scooters. Users may have multiple disabilities.

To limit the size of the example, the example evaluation focuses on a population of users whose primary disability
is visual. However, even with a concentration on users with low vision, subpopulations of this group can be
expected to have a variety of other mobility challenges. Many of these users will also use another assistive
device, such as a service dog, a cane, or a wheelchair. The need to use these devices may change the paths
these individuals can follow. The personalized navigation directions provided by the ADP technology need to
enable travelers to overcome all barriers that are presented along the way. However, because the robot is
wheeled, only paths that can be traversed by the robot will be used, even if users could traverse a shorter path.

A specific evaluation issue with this target population is the ability for travelers to successfully communicate with
the ADP technology. The ADP technology can be used by individuals with good vision, but the sponsors for this
effort are focused on those with limited vision. Therefore, for this population, all communication between travelers
and the ADP technology must be auditory, although the smartphone application also allows both tactile cues
(vibrations) and braille outputs (for smartphones that have braille capabilities). Blind individuals may use the robot
in one of two ways: 1) they may place a hand on the robot, which allows the robot to lead them; or 2) the robot
can physically lead users to the next transit stop while giving them auditory, turn-by-turn directions to follow. The
robot follows the path with the best pavement surfaces (fewest tripping opportunities caused by disruptions in the
surface profile) to the desired destination within the transit station. Because the robot is wheeled, it does not take
stairs or escalators, even if they provide a more direct path. Once users have arrived at the desired vehicle
boarding location, the robot waits with them, identifies the vehicle to board when it arrives, takes them to the
correct boarding location, and provides voice guidance for boarding that vehicle.

To help the IE team document these intended outcomes, table 2 presents a simple form that can be used
to highlight which user needs are being addressed. The form was developed by combining material from
the ATTRI User Needs Assessment: Stakeholder Engagement Report with an understanding of how these
needs are distributed across different disability types.

This form can be used in concert with an understanding of the populations whose needs are being
addressed and the travel activities for which the ADP is being deployed to help the IE team document the
intended outcomes of the ADP and prioritize those that are most important for review within the evaluation
effort. The second column of the table lists specific User Needs that may or may not be addressed by the
ADP. The first column on the left indicates the disability types that might to which this need is applicable.
The third column of the form allows the IE team to indicate whether each need is applicable to this ADP,
and the last column indicates the relative importance (Low / Medium / High) of that User Need to the
particular evaluation being performed. Table 2 has been filled out in support of the Robotics example. A
blank copy of the form can be found in appendix C.
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Table 2. User needs checklist for the robotics and automation example.

Significance
. . . to ADP
? ?
Subpopulation Which User Needs Are Addressed by the ADP? Applicable? Objectives
(L, M, H)
1. Does ADP provide information in a variety of accessible
All Y M
formats?
2. Is information from ADP interface accessible in a
All variety of environments (i.e., amid heavy crowds and Y H
noise, underground)?
3. Does ADP perform a task that improves safety and
All ; : . : N
security or that provides emergency information?
All 4. Does ADP provide en route assistance and information? Y M
5. Does ADP provide connection information
All Y M
(where, who, when)?
All 6. Does ADP provide estimated trip length and distance?
All 7. Does ADP provide comprehensive travel information?
8. Does ADP require access to equipment
All . . Y L
(phones, computers, charging, training)?
9. Does ADP allow the user to create a personalized
All : Y H
profile?
10.Does ADP require coordination of information
All . N
(between agencies, modes)?
Blind and Visually |11.Does ADP provide real-time transportation information? Y M (BVI)
Impaired (BVI) M (M)
(Visual)
Motor Impairment
(M) (Motor)
BVI (Visual) |12.Does ADP provide audible mapping/directions? Y H
. 13.Does ADP provide destination information Y M
BVI (Visual)
(hours, addresses, entrances, layout)?
BVI (Visual) Ml |14.Does ADP provide transit schedule and other transit Y M
(Motor information (e.g., stop location)?
BVI (Visual) |15.Does ADP provide information about pathway Y H (BVI)
MI (Motor) infrastructure? H (MI)
BVI (Visual) |16.Does ADP include provision for outside assistance or N
MI (Motor attendants?
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Table 2. User needs checklist for the robotics and automation example (continuation).

Significance

. . . to ADP
? ?
Subpopulation Which User Needs Are Addressed by the ADP? Applicable? Objectives
(L, M, H)
BVI (Visual) [17.Does ADP provide amenity information (e.g., restroom, Y L (BVI)
MI (Motor shelter, benches, food, drinks)? L (M)
BVI (Visual) |18.Does ADP provide information about, and interpretation N
Cognitive of, signage?
MI (Motor) 19.Does ADP provide transportation facility information Y M
(e.g., maps)?
MI (Motor) 20.Doe§ ADP provide information about weather N
conditions?
Hearing 21.Does ADP include information about and/or N
Cognitive interpretation of announcements?
Heari 22.Does ADP incorporate speech-to-text or text-to-speech
earing . ) N
that enables the user to communicate more easily?
- 23.Does the ADP provide information in a concise and Y L
Cognitive

straightforward manner?

Source: Federal Highway Administration.

Any given ADP technology may address multiple user needs. However, not all of the needs will be of
equal importance in the evaluation. Part of the evaluation development process is to determine which of
these needs, or what set of these needs, should be the focus of the evaluation. Table 2 is designed to
start that prioritization by indicating which user needs that are applicable to the ADP are of most
significance to the project. Making that determination is best accomplished with an understanding of how
the ADP is designed to improve the target population’s performance of specific travel activities.
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Example Robotics and Automation—Understand the Target Population—Elaborating User Needs

This example provides the details behind those User Needs in table 2 that were indicated “Yes.” To save space, it
does not discuss the “No” answers.

1. Does ADP provide information in a variety of accessible formats? The ADP’s smartphone
application is designed to allow users to obtain information both aurally and visually. The focus of this
test will be on the auditory communication.

2. Is information from ADP interface accessible in a variety of environments (i.e., amid heavy
crowds and noise, underground)? The ADP’s smartphone application and the robot itself are
designed to allow users to obtain information both aurally and via a braille reader attachment to the
smartphone. The robot is also programmed to repeat spoken directions if users are unclear request the
instructions to be repeated.

4. Does ADP provide en route assistance and information? The ADP provides information on where
the transit stop for the departing bus is located, when it is scheduled to leave, and the directions for
navigating to that stop.

5. Does ADP provide connection information (where, who, when)? The robot is able to identify the
bus/route/stop that is the destination of the user, can successfully travel to that location, and can
announce the arrival of transit vehicles at that location.

8. Does ADP require access to equipment (phones, computers, charging, training)? The ADP
technology requires smartphone technology. While the robot can use an external speaker to give
directions and it can respond to voice instructions, the robot must first be “paired” to a user through the
smartphone app, so that it understands which directions to follow. Therefore, users must have access to
a smartphone with the ADP software loaded on it.

9. Does ADP allow the user to create a personalized profile? The ADP’s smartphone application has
features that allow users to set their preferred method of communication (e.g., audio versus visual, etc.),
as well as define their form of locomotion or need for assistive devices (e.g., manual wheelchair,
powered wheelchair, cane, guide dog, etc.). These are then used to both determine the types of
surfaces that must be used or avoided in selecting the traveler’s path and how the robot should
communicate with each user.

11. Does ADP provide real-time transportation information, including 1) real-time vehicle status; or
2) real-time travel condition/obstruction information? If the agency has a General Transit Feed
Specification (GTFS)-Real Time data feed, the ADP technology includes real-time transit arrival
information. The robot also includes real-time object detection and avoidance capabilities. This latter
capability allows the robot to detect and avoid collisions with moving objects and unexpected obstacles
(e.g., luggage in the path).

12. Does ADP provide audible mapping/directions? The ADP technology is designed to compute
navigation paths and to guide different users within the context of the transit center. It provides those
directions via spoken words when that option is selected in the personal profile.

13. Does ADP provide destination information (hours, addresses, entrances, layout)? The robot can
navigate to all destinations within the transit center, and that it can apply multiple names to those
destinations (e.g., the “northbound Route 47 stop” versus “stop number 56102” or “the northern exit to
the transit center” versus “to North 53 street” or “I'm going to an office building at 1107 North 53 St.”
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Example Robotics and Automation—Understand the Target Population—Elaborating User Needs

(continuation)

This example provides the details behind those User Needs in table 2 that were indicated “Yes.” To save space, it
does not discuss the “No” answers.

14. Does ADP provide transit schedule and other transit information (e.g., stop location)? The
infrastructure database and path finding algorithm used by the robot include transit stop location
information (both stop locations and the route numbers and directions serving each stop). If the transit
agency has a GTFS real-time feed, the robot has the ability to pass along expected arrival times from
that feed to users.)

15. Does ADP provide information about pathway infrastructure? The robot must have a very detailed
infrastructure pathway map within the transit center for it to successfully lead travelers to their desired
destination within the transit station.

17. Does ADP provide amenity information (e.g., restroom, shelter, benches, food, drinks)? If there
are amenities at the transit center, the robot can identify the locations of those amenities and lead the
traveler to them.

19. Does ADP provide transportation facility information (e.g., maps)? The robot’'s map database
includes all transit stop locations within the station area, as well as the attributes (e.g., routes and
directions served) associated with those stops. It also knows where all ramps are located for moving
between locations at the transit center.

23. Does the ADP provide information in a concise and straightforward manner? The robot is designed
to provide audio directions in a very simple manner, in order to make its directions very easy to follow.

Step 1b: Understand the Travel Activities

When identifying user needs and barriers, it is best to keep in mind the travel activities the ADP is
designed to improve for the target population. The 11 TALs, presented in chapter 2, are:

e TAL 1: Trip planning (both pre-trip and midtrip).
o TAL 2: Accessing trip itineraries midtrip and assessing trip progress.
e TAL 3: Identifying entry/egress:
o 3ato/from a transit vehicle.
o 3b to/from a travel environment.
e TAL 4: Entry/egress:
o 4ato/from a transit vehicle.
o 4b to/from a travel environment.
e TAL 5: Pedestrian-only environments.
o TAL 6: Street crossings and intersections.
e TAL 7: Mixed environments with moving vehicles and pedestrians.

e TAL 8: Indoor and underground transit facilities.
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e TAL 9: Outdoor transit facilities (e.g., transit transfer centers).
e TAL 10: Riding a vehicle.

e TAL 11: Transit payment (includes identifying payment location).

Different trips require different combinations of these TALs. When the evaluation plan is set up, TALs are
used to identify specific issues or user needs associated with a specific population’s travel needs and
barriers, To develop the IE plan, mutual understanding between the IE and ADP teams is needed about
the following topics:

e The travel activities that the ADP technology is intended to improve, and if more than one, which TALs
are the highest priority in understanding the performance of the ADP technology.

e The reasons that the target population experiences difficulties performing those activities (see table 5
later in this report.)

o The abilities of the target population.
o How the ADP intends to assist the target population in more easily performing the travel activities.

This information allows the IE team to develop an evaluation plan that examines the following:

o Whether the target population can effectively interact with the ADP technology while performing each
TAL.

o Whether the technology delivers the required information needed to improve users’ performance of
each TAL.

o  Whether the target population is comfortable using the ADP when undertaking each TAL.
o  Whether the target population actually performs each TAL more effectively when using the ADP.

It is important to note that different hypotheses and tests may be needed to examine the use of the ADP
technology by different targeted subpopulations performing a particular TAL, as well as for different TALs
performed by one target population. For example, an ADP might be specifically designed to help people
with low or no vision identify the best entry/exit point to buildings. Such an ADP would meet a need and
help remove a barrier to travel. However, an ADP that served a blind or low vision population might not be
useful to individuals with those disabilities who also used a wheelchair. Therefore, if the ADP also was
intended to serve users of wheelchairs, additional evaluation activities would be needed to test the
effectiveness of the ADP on these two very different target populations.
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Example Robotics and Automation—Travel Activity Links

The robot in this example does not provide physical assistance to travelers as they board or alight from
the transit vehicle, therefore the logic model will focus on TAL 9 (outdoor transit facilities).

This ADP starts with the need for communication between the robot and travelers. Communication is required to
provide the robot with travelers’ arrival time and location and their desired destination within the transit center.
Communication is also required to physically connect the robot to users when they “meet” at the arrival transit
stop (or transit center entry point), and for the robot to transmit the necessary navigation instructions to users.
The robot is designed to work with several different communication techniques.

In the version of the ADP being tested, the robot is called to individuals arriving at the transit center with a
smartphone application. Using a smartphone and the ADP smartphone application, travelers can either speak
into their phone’s microphone or enter via text that they will be arriving soon at the transit center on a specific
route traveling in a specific direction. Travelers then indicate the route and direction to which they wish to transfer.
(For individuals with some vision, these options can be selected via a pick list on the smartphone screen.)
Travelers also have the option of indicating the intersection next to the transit center and when they will be
arriving, the street and direction in which they wish to exit the station, or the amenity located at the transit center
to which they wish to travel.

The ADP transmits this information to the robot, which then computes the origin and destination points for the trip
within the transit center for each traveler and trip. Based on the traveler’s mobility characteristics, the robot then
identifies the path it will follow to help each traveler move through the transit center from the origin point to the
center (transit stop or entry point to the transit center) to the exit point from the center (transit stop or exit point),
as well as the path the robot must take from its current location to the location where it will meet the traveler.
Once a request for assistance has been made, the traveler’s smartphone also starts to broadcast its global
positioning system (GPS) location. This helps predict when the traveler will arrive and confirms the traveler’s
location within the transit center once they have arrived.

The robot then travels to the expected arrival point at the station and waits for the traveler.

Once both the robot and the user have arrived at that location, the robot announces its arrival via voice and
vibration through the smartphone application. The smartphone must then be used to acknowledge that the robot
has found the correct user via a tap on the phone screen or voice command. Once the robot has connected with
the traveler, the user can either give voice commands to the robot or send text commands to the robot.

To guide users through the transit center, several communication options are available. An individual with
sufficient vision can simply follow the robot, communicating by voice or text to slow the robot if it moves too
quickly. A blind individual may use the robot in one of two ways: 1) by placing a hand on the robot, which allows
the robot to lead; or 2) by following the robot to the next transit stop while it gives audio, turn-by-turn directions.
Audio directions can be provided either via the smartphone app and smartphone speakers (i.e., earpieces),
spoken out loud by the robot, or both. Travelers may select between these options via their personal profile.

Some ADP users with low or no vision also need to use mobility devices, including manual wheelchairs, powered
chairs, knee scooters, and service animals. Thus, an important subset of the target population does not have a
free hand to manipulate a smartphone when they are traveling. Consequently, the evaluation needs to specifically
test the “hands free” functionality of the ADP.

Step 1c: Understand Stakeholder Objectives

The last major subtask within the project set-up is to understand the evaluation project’s priorities. An
"evaluation” of an ADP can be focused on many different aspects of the ADP. What the evaluation actually
focuses on will be a function of who is paying for the evaluation, and what the project itself is intended to
accomplish. This step examines what most evaluations examines. The IE team needs to work with their
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project stakeholders (i.e., the project funding agency, the ADP team, other groups and agencies involved
in the project) to prioritize the outcomes the IE team evaluates.

The vast majority of ATTRI funded ADP evaluations are expected to focus on four basic types of
outcomes:

1. The functional performance of the technology, including the ability of the target population to
successfully interact with (use) the technology.

2. The impact the technology has on the ability of the target population to perform specific travel
activities.

3. The ability of the technology to mitigate threats to the safety and wellbeing of the target
population.

4. The degree to which the technology facilitates greater mobility and travel opportunities for the
target population (i.e., whether they gain the ability to perform more complete trips).

Most evaluations will include at least some aspects of all four of these evaluation categories, as failure in
any one of these areas will result in mobility outcomes that do not meet the goals of the ATTRI program.
In addition, they are interrelated, as failure in the first category will be a direct cause of failure in the
second and third categories, which in turn may be one of several causes for failure in the fourth category.
Unfortunately, studying all four of these outcomes in detail can be expensive. Therefore, many IEs will
focus on a limited subset of these four evaluation topic areas.

The relative importance of these four IE outcomes will change depending on the audience for the
evaluation. The first category is focused on the development and use of the technology itself. They
produce the most relevant evaluation outcomes for stakeholders interested in building, testing, and
refining the performance of the ATTRI technologies.

The results in this category of tests are used by the development community to understand whether the
base technology is working as intended. Are data collected, transformed, and transmitted accurately and
reliably? If the technology does not work reliably, it will never be used.

Human-centered design, which is of key importance for all ATTRI technology projects is an important
aspect of this category. The technology may work, but its interface may not be effective for specific
populations, or its physical specifications may create issues for the target user population. The lack of an
effective human-centered interface is a core problem for many travelers with disabilities. Their abilities do
not match well with the features of many current technology solutions. If target users find the technology
unreliable or difficult to use or are socially uncomfortable using it in public, then they will not use it
frequently, and it will not have the travel impact desired. This evaluation category also typically provides
the answer to “why” the outcomes from the other three evaluation categories are occurring. That is, a
poor interface or unreliable technology performance explain why the target population does not
measurably improve their performance of key TALs or travel more freely, safely, and opportunistically.

The second category (improving performance of travel activities) focuses the evaluation on the travel
outcomes—the transportation problem (need or barrier)—that the ADP technology has been designed to
address. This evaluation focus concentrates on the degree to which the ADP technology achieves desired
travel improvements among the target population. While it may include examination of why the
technology performs as well (or as poorly) as observed, the focus of the evaluation effort is not on the
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details of the technology’s functional performance but on the target population’s ability to perform specific
travel activities. This evaluation focus is the core of determining whether an ATTRI project actually meets
identified user needs and/or measurably helps users surmount travel barriers.

Example Robotics and Automation—Understanding Stakeholder Objectives

(Technical Functionality, Usability, Travel Outcomes, Safety, and Empowerment)

The independent evaluation might focus on the Technical Functionality, Reliability, and Usability of the
system, across the wide range of users. The focus of such an evaluation could test topics such as:

e Can all types of users easily call and communicate their destination to the robot?
e  Does the robot correctly meet and identify users? If not, why not?

e  Does the robot correctly compute the appropriate path for that user?

e Can all types of users identify and follow the robot’s navigation instructions?

e Can all users communicate with the robot in all crowd conditions?

Alternatively, the evaluation focus could be on travel activity outcomes, including User Empowerment. Such
an evaluation would examine topics such as:

e  The number and percentage of successful transfers made.

e The user population’s comfort with their ability to travel, and their level of satisfaction when using the
technology in public.

e The interest of the test population has in continuing to use the technology.

e  The expected degree to which travel behavior will change as a result of the deployment of the technology.

The third potential evaluation focus area examines safety, and specifically the ability of the technology to
mitigate threats. Tests in this area would include:

e Can users safely follow the robot through the facility to their destination?
e How often do users not understand or follow the robot’s navigation directions?

o  Whether the robot, and the users following the robot, cause safety concerns for other users of the transit
center, or the transit vehicles operating within the center.

The final potential focus of the evaluation would emphasize Complete Trips and Gaps, examining:
e The degree to which easier transfers increase the target population’s overall mobility.
e The ability of the target population to obtain the smartphone technology needed to use the system.

o The need for other improvements (e.g., better transit facility infrastructure databases) that are required to
allow deployment of the ADP.

The third category (reducing threats to safety) of evaluation focuses on the safety outcomes of the ADP. It
focuses on understanding the things that could go wrong with the operation and use of the ADP
technology, and the ways the technology is designed to identify and respond to those failure points if and
when they occur. The evaluation outcome is a determination of whether the ADP can be safely deployed
and used by a vulnerable population, or whether specific aspects of the ADP place users at risk, and need
to be addressed before deployment can continue.
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The last evaluation category examines the overall effect that the ADP has on actual trip-making behavior
for the target population. The evaluation concept here is the degree to which solving the specific
transportation problem targeted by the ADP actually improves the mobility of the subject population, and
to what degree that target population sees a significant improvement in their ability to travel and quality of
life, or whether other needs or barriers continue to limit their mobility.

While these outcomes are intertwined, understanding which focus is most important to the stakeholders
will allow the IE plan to allocate its limited resources where they will provide the information that is most
important to that sponsor.

Outcome of the Project Set-Up

The outcome from the above activities should be a written summary of the following:

e The prioritized goals of the ADP.
e Adescription of the target population(s) and which populations will be the focus of the IE.

e Ashort description of the TALs to be affected by the ADP and the travel outcomes the ADP is intended
to achieve for each of those TALs.

e The prioritized goals of the evaluation.

The project stakeholders should review and comment on this summary document. It should be refined on
the basis of those comments to ensure that the stakeholders all agree on the intent of the ADP technology
development effort and the priorities of the evaluation. Finally, the document should identify how the ADP
being evaluated contributes to the overall policy goals of the ATTRI program.4

Step 2: Develop a Threat Model

ADP technologies focus on providing greater independence and opportunities to individuals within the
context of the complete trip. As such, they are designed to overcome problems, risks, or threats that
users typically face in day-to-day travel scenarios. Consequently, the technology must provide some level
of safety and security guarantee, or risk mitigation, to users. Most ADP teams have thought explicitly
about what protections their technology does and does not offer, and a discussion between the IE and
ADP teams should occur to enumerate them.

Knowledge of the target population(s) gives the IE team insight into the vulnerabilities of that population,
and thus the “threats” that need particular attention as part of the evaluation. For example, if the ADP will
be used by people with low vision, does the failure of the device place users in danger, and how does the
ADP technology account for that possibility by identifying when such a risk might occur and providing
cues to users so they can mitigate that risk?

4 Corhahl, Gustave, A. Auer, A. Cohen, and J. Broader, Accessible Transportation Technologies
Research Initiative (ATTRI) Policy and Impacts Assessment—Policy Assessment, Gaps & Needs—Final
Paper, July 2019.
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Given these factors, the next step in creating the IE plan is to develop a Threat Model.

As presented in chapter 2, a Thread Model is an understanding of the things that could go wrong with the
operation and use of the ADP technology, as well as an understanding of the ways the technology is
designed to address those failure points if and when they occur. It covers topics such as the following:

o Mechanisms that could cause the technology to fail and that are critical for understanding the overall
robustness of the ADP technology’s performance (e.g., What happens if a loss of communications
occurs, or if a user encounters an unexpected travel outcome and needs help?).

e Safety concerns that could result from use of the technology (e.g., Are there ways in which use of the
ADP technology could put users in harm’s way, such as texting while driving with a smartphone, or
leading an individual into an environment that s/he cannot safely traverse?).

o Indirect threats to the technology user, such as invasion of user privacy or cyber security concerns
associated with use of the technology (e.g., How does the technology prevent a stranger from
obtaining a secret access code if it is part of wayfinding instructions for a user?).

Developing a useful threat model requires both an understanding of the target population and the
technical performance of the ADP, information that should have been learned as part of the project set-up.
Most ADP teams have thought explicitly about what protections their technology does and does not offer,
and a discussion between the IE and ADP teams should occur to enumerate them. In general, each |IE
should look for threats in three different areas:

e Technical Stability or Reliability: The ADP technology must be as stable and error-free as possible, so
travelers are not left without access to personalized information and resources when they need them
in the middle of a trip.

¢ Robust Failure Modes: Should a technology fail (or crash), reasonable messaging should be available
to let users know this has occurred and how they can connect to assistance, emergency, or other
services as needed.

¢ Contextualized Assistance and Decision Support: Should users identify a safety or security threat;
they should be able to connect to context-relevant resources or people through the technology.

Within each of these basic categories, the IE needs to reflect the capabilities and needs of the target
population to identify which types of failures generate the greatest risk, identify how those risks can be
mitigated, and then determine ways to test for the presence and performance of those capabilities. The
threats determined by examining the intended operation of the ADP, given the needs and capabilities of
the target population, then need to be discussed with the ADP team and the evaluation sponsor to
determine how to prioritize them within the evaluation effort.
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Example Robotics and Automation—Threat Model

Traveler safety is essential in any setting where people are riding public transit, especially if they are receiving
transportation services/assistance. Traveler safety is not only contingent on the infrastructure and services
provided, but also requires that the system provide proper cues for travelers so that they can respond to the
environment effectively.

There are several major areas in which threats to safety need to be highlighted:

e Travelers and the robot are unable to connect, leaving the traveler stranded without assistance.

e Travelers are unable to correctly inform the robot of their desired destination, resulting in the robot taking
travelers to the wrong location.

e Travelers are unable to follow the robot, thus stranding travelers within the transit center

e The robot is unable to follow the path selected by the ADP algorithm from the origin to the destination, leaving
both the robot and travelers stranded in the transit center.

e Travelers fall as a result of attempting to follow the robot.

e Ahacker takes over the robot (or ADP) and intentionally leads travelers into an unsafe environment.

To address the above threats, the following issues need to be included in the evaluation, either through a review
of the results of ADP team’s tests or by the |E team performing tests as part of the independent evaluation. Other
important user safety topics include the following:

e The degree to which collisions and near collisions occur or are avoided by both the robot and the traveler.

e  The ability of each user to safely follow the path selected, given each user’s capabilities (the safety risk is that
the identified path is not safe for that specific individual because it contains features that are beyond the
capabilities of that specific user).

e The ability of users to effectively obtain and understand the navigation instructions when those instructions are
provided aurally.

e  The timing of those instructions, to ensure that travelers following those instructions do not make turns or
other movements earlier or later than intended.

e The reliability of the robot itself (What happens if the system fails? How often does it fail?).

Finally, because the robot needs to navigate through what can be a very crowded environment, the robot
contains features that allow it to “see” its surroundings to avoid both fixed and moving objects. It is an important
safety outcome to also determine the reliability of this function, and to show the degree to which the robot is able
to help travelers it is assisting avoid those same collisions, especially in crowded conditions.

Step 3: Develop Evaluation Logic Models
At this point in developing the evaluation plan, the IE team should have a strong understanding of the
following:

e The population(s) being served by the ADP and that population’s needs and vulnerabilities.

o The travel activities the ADP will be used to support and how it intends to change how individuals will
accomplish those activities.

e The technical functions the ADP needs to perform.

e The potential points of failure for that technology.
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e The strategies the ADP team has implemented to guard against those failures and mitigate hazards if
those failures occur.

e The priorities of the evaluation sponsors.

Given this information, the next step in creating the evaluation plan is to create a document that
formalizes what questions the evaluation needs to answer, identifies the metrics that will be used to
quantify the answers to those questions, the data elements that can be collected to provide those metrics,
and the sources of those data. This allows the |IE team to understand the scope of the evaluation effort.
These elements are typically documented with a logic model, which formalizes the evaluation hypotheses
and describes the details by which those hypotheses are to be tested.

When developing logical-model hypotheses that evaluate the performance of travel activities, it is also
important to consider the technical and usability contexts associated with why the travel outcomes occur.
These evaluation questions cannot be effectively answered without also answering a number of the key
technical performance and user interface questions of interest to the ADP team, as knowledge of one or
more of these technical performance outcomes is typically required to explain travel performance
outcomes, especially when the travel performance outcomes are worse than desired. For example, the
data collection associated with evaluating a hypothesis, such as “Are the target populations better able to
transfer between transit lines in an underground station?” need to include not only the volume of transfers
successfully made—and attempted—but also why the transfers that are not successfully completed were
not successful. Are those failures because of a specific technology failure, or because the user interface
was insufficient in some manner for communicating with the traveler? Or some other reason?

One or more performance metrics are needed to evaluate each of the evaluation hypotheses. The ATTRI
program has recommended a number of key performance metrics to be used nationally. These can be
found in the Federal Transit Administration (FTA) Report “Mobility Performance Metrics (MPM) for
Integrated Mobility and Beyond, published in February 2020, see table 2 to table 6 starting on page 27.
However, given the wide range of topics that specific ADP’s involve, this table may need to be
supplemented.

Appendix A in this report provides a series of tables which can be used by IE teams to identify project
goals and hypotheses that can be considered for inclusion in the evaluation, as well as appropriate
performance metrics for each of those hypotheses and interactions the IE team is likely to need to have
with the ADP team in order to successfully obtain the data needed and apply for those performance
metrics.

As noted in step 1c, the relative importance of the potential evaluation topics (e.g., overall travel
outcomes versus technical performance of the ADP) is a function of the overall goals of the IE project, but
some consideration of all six evaluation contexts needs to be part of the development of the hypotheses.
Discussions among all stakeholders will ensure that the maximum benefits are obtained as a result of the
evaluation project.

In addition, fully involving the ADP team and IE team in the final logic model development will help ensure
that all parties are aware of the data collection requirements, as well as their roles and responsibilities in
collecting, quality assurance testing, and analyzing those data.

The outcomes of this interactive refinement of the initial logic models will be a final plan for the evaluation
and assigned roles for the project participants.
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To formulate the evaluation’s hypotheses, the IE examines the ADP’s ability to provide users with
improvements in their ability to complete one or more travel activities, mitigate threats which can
potentially occur during travel, and address the specific needs of the target population. These three sub-
steps are addressed below.

Step 3a: Developing a Logic Model to Evaluate Changes in Performance of
Travel Activities

The first step in developing this logic model is taking the TALs identified in step 1b, the target population
identified in step 1a, and the improvements the ADP is intended to achieve from step 1c and developing
hypotheses that examine the effectiveness of the ADP in achieving those desired outcomes for those
populations. Performance metrics need to be selected at this time as well. For example, if the ADP is
intended to help travelers plan trips, hypotheses need to be developed which test the improvements in
planning trips the ADP target population achieves when using the ADP. Performance metrics that quantify
these improvements might include increases in the number of available trip options provided, the ease of
use of the system, the time required to plan the trip, and the quality (decreased travel time, decreased
number of transfers, lowered cost) of the trips offered by the system. If the ADP was intended to help
travelers navigate through underground transit stations, the hypotheses would be developed to determine
whether the use of the ADP improved the ability of the test population to travel through underground
stations, and might include performance metrics that examined the time spent navigating the station, the
accuracy of the navigation directions, and the ease of use of the system.

Appendix A includes a series of tables which, using directed questions, can help guide an IE team
through the process of identifying hypotheses and performance metrics for many of the key evaluation
topics. Examples of effectiveness-derived questions to drive evaluation hypotheses include topics such as
the following:

e Can the target population perform a TAL that is a travel barrier for the target population faster, more
easily, with fewer errors, or more safely?

e Does the use of transit (or other targeted mode) by target populations increase once the ADP has
been deployed, and if so, by how much?

e Are target populations more likely to travel with aid of the ADP?

e Can those populations make more spontaneous travel decisions (e.g., make trips on short notice, or
change destinations midtrip)?

Another aspect of the complete trip is efficiency, which measures an ADP’s performance by comparing
how many resources the user spends in order to complete their trip before and after the introduction of
the ADP. For example, using the previous example of navigating the underground station from above,
efficiency would be measured in how long it takes for the traveler to pass through the station. It can also
be measured in terms of the number of attempts it takes a user to perform a task (such as how many
attempts it takes to find an entrance or board a vehicle.) When analyzing a diverse population, it does not
make sense to attempt to measure overall trip efficiency. Instead, the IE typically focuses on the relative
change in efficiency that individual users experience for specific TALs.
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Examples of efficiency-derived questions to drive evaluation hypotheses can be found in appendix A.
include the following:

e Can the target population perform a TAL (e.g., board a vehicle? plan a trip? find an entrance?) faster
using the ADP than without using the ADP?

o Does the traveler make fewer errors when performing a TAL (e.g., follow a navigation path? correctly
plan a trip?) when using the ADP?

e Does the distance traveled by the user decrease after adopting the ADP?

e Does the user require fewer transactions (or maintain fewer accounts) in order to make a multimodal
or multi-agency trip after the implementation of an integrated system (e.g., trip planning or payment)?

e Does wait time for a service decrease after the implementation of the ADP?

The final element of complete trip analysis is empowerment and equity. That is, does the ADP increase
the target population’s ability to travel freely and spontaneously, as other groups currently travel? A two-
pronged approach to empowerment and equity is recommended. First, qualitative measures of user
satisfaction compared to previously measured satisfaction metrics with similar travel or travel links help
identify whether uses are more empowered. Second, assess whether the technology can be used
demonstrably by the primary user population without compromising some other benefit of community
living in order to use the technology. (This is called a “Nonadversarial Tradeoff.”) That is, are the tasks the
target population is being asked to perform as part of the ADP fair? Or do they have to give up privacy,
security, or make themselves standout, in order to use the ADP? The resulting hypotheses address the
target populations’ general satisfaction with the ADP, as well as their ability to utilize the ADP without
sacrificing other benefits. Examples of empowerment and equity-derived questions to drive evaluation
hypotheses include the following:

e Can users of all abilities in the target population use the ADP technology effectively and efficiently in
the environments in which they will be using the ADP (e.g., in noisy and crowded conditions)?

e Do users feel confident and in control while using the technology?

¢ Do users feel comfortable using the technology in public?

¢ Does the technology afford users the ability to make choices?

e How easily and inexpensively can transit agencies and cities widely deploy the ADP (assuming that
the ADP generates significant improvements for the target population)?

An initial logic model covering topics from step 1c for the example Robotics and Automation example is
shown in table 3.
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Example Robotics and Automation Travel Outcome Logic Model (Step 3a)

For this and the following logic model examples, multiple features (e.g., there are multiple ways to communicate with the robot) have been incorporated into a limited set of hypotheses, and the same basic outcome metrics are used to
evaluate them (e.g., detailed hypotheses are not present for each of the communication methods). For a complete independent evaluation, these different communication approaches would be explicitly examined, and thus would appear in
the logic model. The example’s more limited approach was done to limit the size of the logic model in this report and to reduce duplication of many basic hypotheses. In addition, the logic model concentrates on the overall outcomes of the
maijor tasks that must be performed for the robot to both successfully function and interact with the user. The detailed technical reasons for why failures occur are left to more detailed technical performance testing which this example

assumes is being performed by the ADP team.

Using the working Robotic example, a portion of the logic model is shown in table 3. Table illustrates several evaluation hypotheses that designed to evaluate the wheeled robotic assistant ADP’s ability to improve travel activity outcomes for
individuals with low vision, who need to transfer between transit vehicles at a large, outdoor transit center. Table 4 shows an example logic model for evaluating threats those individuals face when using the ADP, and table 5 presents a logic

model examining user needs.

Table 3. Example entries from a logic model to evaluate changes in performance of travel activities for a robotic assistant for low vision travelers at an outdoor transit center.

Primary Project Goals
and Context

Evaluation
Hypotheses

Performance Metrics

Data Elements

Data Sources

Comments

Users are able to more quickly
and accurately transfer between
buses.

Technical function (Outcome).

Use of the ADP decreases the
time it takes users to transfer
between buses within a transit
center.

. Change in travel time between bus

exit and arrival at next boarding
location.

. Travel time between exiting of the first vehicle

and arrival at the correct transit stop.

1. Field data collected at the site.

2. Data collected from participants
smart phones via the ADP app
both before and after deployment
of the robot.

Discuss with the ADP team to
determine whether travel time data
are available from the smartphone

app.

The target population is able to
take more trips using transit.
(Empowerment/

Technical function (Outcome).)

Use of the ADP results in more
use of transit by the target
population.

. Number of trips made (per week)

by target population individuals
should increase.

(Should be computed separately
for different target populations,
e.g., low-vision versus full vision
but wheelchair user.)

. Survey response about the

likelihood that transit trip making
will increase.

. Number of transit trips made before/after the

ADP deployment.

. Post-deployment survey question about

expected changes in trip making due to the
ADP.

1. Field data.

2. Post deployment survey of test
subjects.

The before/after approach assumes
that “before” data can be obtained on
the test population and that sufficient
travel is expected to/from the test
deployment area that statistically
significant changes in trip making can
be measured. The stated-preference
response via a post-deployment
survey is a backup to that measure
but provides useful insight in any
case.

Users are able to effectively
communicate with the robot.

(Usability.)

Users are able to easily call
the robot and identify the
robot.

. Percentage of times users

successfully connect with the
robot.

. Change in the mean number of

device interactions required to
communicate with the robot.

. Change in the percentage of

device interactions required to

successfully communicate with the

robot.

. Mean user satisfaction rating.

. Number of times user meets and connects with

robot.

. Number of attempts to meet with robot.
. Number of successful and total device

interactions while attempting to communicate
with the robot, computed separately for
crowded/noisy conditions versus noncrowded/
quiet conditions.

. Likert Scale response to question about ease of

use.

1. Smartphone data from the users’
phones.

2. Field data collected by observing
user behavior at the site.

3. User satisfaction survey.

Communication is needed with the
ADP team to determine whether data
on device interactions are available
from the smartphone.

Also collect data on why failures
occur.

Measures are computed separately
for crowded/noisy conditions versus
noncrowded/quiet conditions and
results compared.
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Table 3. Example entries from a logic model to evaluate changes in performance of travel activities for a robotic assistant for low vision travelers at an outdoor transit center (continuation).

Primary Project Goals and
Context

Evaluation
Hypotheses

Performance Metrics

Data Elements

Data Sources

Comments

Users are more confident of their
ability to travel safely.

(Empowerment.)

Having access to the ADP
technology increases confidence
in the ability of users to travel
safely.

. Mean users satisfaction rating based

on Likert Scale response to
questions about the users’
perception of their level of travel
mobility.

Likert scale survey questions to be answered
includes:

1. Do you feel confident that you can make trips

more safely with this technology?

. User surveys after the field test.

None.

2. Does having access to this technology make you
more confident in your ability to take transit?
ADP provides mapping/navigation [The robot can successfully 1. Percentage of correct routing 1. Number of trips made. . Field test. Routes to be extracted [The field test can determine the
to the robot and to the users. sgtlgf;t tahnd ftollpw dif;erer;:]routes Z%Ifutionts provided by robtot given > Number of routing solutions developed. from the database of the robot. effegti\lier;etss toftt:et routiq? s?llutions '
(Technical function) within {ne station, when the Ifrerent user requirements. : : : . If Lab tests are performed to used. Lab tests that specifically examine
needs of different users require |o Percentage of trips with robot 3. Number of Va"‘?' ro.utmg solutions developed. examine the robustness of how those routes change due to
different paths through the transit  navigation errors. 4. Number of navigation errors made by the robot. alternative paths and the sensitivity different profile settings and the validity
center. 3. Percentage of trips with fail due to 5. Number of failed trips due to navigation errors. of the path selection to user profile ;)r:‘ tf::gg :joutels, is “kelytr??ﬁt doneltby
robot navigation errors. 6. Number of trips that deliver the user to the correct| settings, the details of the inputs to "€ ~developers, with the results
, , location from which to board their next transit those tests would be recorded at ~ ummarized and given to the IE team.
4. Percentage of trips that deliver the . .
i . vehicle. the time of the tests.
user to the correct waiting point for
their arriving transit vehicle. (not just
the correct stop, but the correct
location at that stop.)
The robot selects and navigates  [The robot is able to identify the [1. Percentage of correct bus stop 1. Number of correct bus stop selections and total . Smartphone data from the user’s [Tests need to be performed for different
the correct path between exit and |bus/route/stop that is the selections made by the robot. number of attempts to identify bus stops made by phones. user requirements (e.g., for users with
boarding stops. destination of the user and can |5 percentage of correct routing the robot. . Additional field/lab tests as needed. [canes versus users in wheelchairs).

(Technical function/Technological
robustness.)

successfully select and navigate
different routes within the transit
center when the routing needs of
the different users require
different paths through the transit
center.

solutions provided by robot.

Number of correct routing solutions and total
number of attempted routing solutions by the
robot.

Source: Federal Highway Administration.
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Step 3b: Developing a Logic Model to Evaluate the Ability to Mitigate
Threats

To evaluate whether users of the ADP are potentially exposed to serious negative outcomes, the IE
should identify risks associated with using the ADP, and then explore how well the ADP mitigates those
risks.

The first point of analysis for threat models is stability. The IE should determine if the ADP functions
without error, per its specifications. The evaluation must consider the target population’s needs and
capabilities and identify the degree of risk associated with each identified possible risk area. The
evaluation logic model hypotheses and tests should be designed to determine if the ADP is reliable
enough to safely and reliably meet the target population’s needs.

For most ADP evaluations, at least some logic model hypotheses are designed to assess the robustness
of the ADP’s failure modes. Within the threat model analysis, the focus in robustness is on not just how
often failures occur, but how well the ADP recovers from those failures, and if the recovery measures in-
place are enough to protect the user from unsafe outcomes. For example, an ADP that includes
navigation, should be able to identify when the user is off route, and assist the user getting back on route.

The next area evaluation topic the IE team should consider including in the logic model assesses the
ADP’s ability to provide contextualized assistance to the target population users. This means that the
IE team needs to examine the measures in place within the ADP in the event of a security risk to the user.
The |IE team should consider hypotheses that explore whether such contextualized help exists in the ADP,
and if that function exists, include tests for the effectiveness of user’s ability to gain outside assistance
from within the ADP interface (for example, calling someone for help).

Examples of questions that can be used to help develop questions to drive evaluation hypotheses include
the following:

¢ How often does the ADP fail, either because the hardware/software fails, or because the user is not
able to operate the technology (e.g., the payment system does not work, the trip planner fails to make
a trip, or produces a poor trip plan, etc.)?

o What are the safety implications of a failure?

o If a user identifies a failure, are they able to request assistance? In what timeframe and with what
outcome?

e Ifthe ADP fails in some way, are there safety implications for the user? How are those safety threats
mitigated? Can those mitigations be tested within the IE?

e If afailure occurs (e.g., the user goes off-path for a navigation app), does the ADP identify this threat
and provide a safe remedy for the user (e.g., a new, safe path from their current location)?

An initial logic model covering topics from step 1c for the example Robotics and Automation example is
shown in table 4.
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