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What follows is an excerpt from the full report “NITC Research Roadmap: New Mobility
and Technology” which serves as internal guidance to where our focus on research and

workforce development should be applied next in this area. It is one in a series of six reports
looking at:

Transportation and Land Use

Multimodal Data and Modeling

Walking and Bicycling

New Mobility and Technology

Transportation Equity

Transportation Resiliency

These excerpts provide a lookback of the last decade of projects funded by the National
Institute for Transportation and Communities, a U.S. DOT University Transportation Center.

Through these literature reviews we hope you’ll gain new transportation insights that our
researchers and partners have shared.

Learn more about the impact of our research here:
https://nitc.trec.pdx.edu/nitc-research-areas

https://nitc.trec.pdx.edu/nitc-research-areas
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Overview
Over the past 20 years, advances in computer, cellular, and remote sensing technologies have
presented new and expanding opportunities for the mobility of people and goods. The
widespread adoption of smartphones, growing from 35% in 2011 to 85% in 2021 (Pew Research
Center et al., 2021) and increased ownership and presence of personal computers and other
devices in the home, 51% of households in 2000 to 92% in 2018 (Martin, 2021) has increased
mobility options. The development of shared platforms and new vehicles and devices including
e-scooters, bikeshare, transportation network companies (TNCs), carshare, and microtransit to
online shopping and access to goods and food shipped directly to households and businesses
have increased mobility and accessibility. Smart city technologies1 (Thales Group, 2021) and
vast improvements in sensors that allow for real-time data collection and decision-making is also
presenting new opportunities to increase efficiency, safety, and operational performance while
potentially reducing congestion and energy use, among other applications. Given the relative
nascency of these technologies; constant and rapid evolution of the technology itself; and
increased application and deployment, academics and the public and private sectors still have
much to learn about the opportunities and challenges of these emerging technologies on the
creation of sustainable, livable, and equitable communities.

The National Institute for Transportation and Communities (NITC) has worked to address
some of the research gaps in technology and new mobility since its inception in 2012. Now, it is
assessing the cumulative body of NITC-funded research to help develop an agenda for the
future. In addition, NITC leaders want to identify workforce development needs to meet the most
important challenges facing transportation agencies and policymakers related to technology and
new mobility. The purpose of this document, the Technology and New Mobility Roadmap, is to:

● Define the scope of technology and new mobility addressed in this report and define the
questions being addressed.

● Describe the research topics and findings NITC-supported researchers have started or
completed (with and without NITC funding) related to technology and new mobility
primarily, as well as other University Transportation Centers (UTCs) research on these
topics, secondarily. This research summary will help identify major themes related to the
social and political questions the researchers were trying to answer.

● Identify research gaps to advance practice and policy and make recommendations on
how NITC-supported research can fill these gaps.

● Describe the workforce needs for new mobility and technology jobs, and make
recommendations for how NITC universities can provide the needed skills and education
to students.

1 From Thales Group “A smart city is a framework, predominantly composed of Information and Communication
Technologies (ICT), to develop, deploy, and promote sustainable development practices to address growing
urbanization challenges.”
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Scope of the research
This report provides a summary of NITC-funded and other research related to new mobility and
technology. For the purposes of this report, we included research related to new mobility
devices, services and technologies as shown in Table 1 (below) and defined in detail in
Appendix A. New mobility topics include common vehicles, devices, and the associated
services. While carsharing and microtransit are generally included in new mobility services,
there was very little NITC-funded research related to these topics, thus there was no information
to report. Technology was defined broadly to encompass a wide range of applications, such as
e-commerce, transportation planning and pricing, to Intelligent Transportation Systems (ITS)
that collect data or communicate digitally between devices, vehicles, and infrastructure with the
ability to make real-time changes to the operating environment.

Table 1. New Mobility and Technology

New mobility vehicles,
devices, and services

Micromobility – shared bikes and e-scooters

Carsharing

Transportation network companies

Microtransit

Autonomous vehicles (passenger and goods, on-street)

Drones (sidewalk and aerial, smaller, primarily off-street)

Technology E-commerce and urban delivery

Planning and pricing (such as Mobility as a Service)

Smart city technologies (such as V(ehicle)2V; V2I(nfrastructure);
T(echnology)2I – wearable technology/connected pedestrians
connected to infrastructure; and T2V – wearable
technology/connected pedestrians connected to vehicles

Note: While carsharing and microtransit are generally included in new mobility services, there was very little
NITC-funded research related to these topics.

Methods
Documenting the current NITC research involved three stages. First, the body of research
available online on NITC.trec.pdx.edu was reviewed (see Appendix B for a full list of research).
Then the research was categorized into subsections organized by themes identified in the
literature. These themes are:

● Equity ● Policy Issues
● Health and Safety ● System Management
● Environmental Impact ● Operational/Pilots

National Institute for Transportation and Communities
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A similar process was repeated for research conducted by previously funded NITC researchers
that was not funded by NITC grants. The full list of NITC researchers who were considered in
this study are listed in Appendix C. This research was pulled from Google Scholar. Finally,
authors conducted a third, preliminary (not comprehensive) scan of research of new mobility
and technology topics by researchers of non-NITC University Transportation Centers using the
TRID database.

The conversations with public- and private-sector professionals was organized and facilitated by
the NITC roadmap team. We recruited transportation professionals who focus on the
development of new mobility services and deployment of services and technology. We were
interested in understanding how professionals in the field are thinking about the future
integration of these technologies. In addition, we asked what expertise future professionals
would require to be effective in shepherding or navigating the transition to these new mobility
and technology forms.

National Institute for Transportation and Communities
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What do we know about new mobility and
technology?
This section summarizes existing new mobility and technology research. First, we categorized
the existing NITC-funded research by topic according to themes in the literature. These themes
include equity, health and safety, economic impacts, environmental impacts, system
management, and operational pilots. We then explored complementary research by
NITC-supported researchers at NITC universities, as well as scanned similar themed research
at other UTCs.

Research funded by NITC or conducted by NITC-supported researchers include a few key
themes:

New Mobility Vehicles, Devices, and Services

● Impacts on equitable mobility. Research related to equitable mobility dominates the
micromobility and TNC studies funded by NITC or conducted by NITC-supported
researchers. Much of the research explores how to increase participation, reduce
barriers, and design shared systems that are used by all residents and visitors. Studies
also explore opportunities and barriers of adaptive use (bikeshare) and consideration for
AV services among older adults.

● Impacts on health and safety. NITC researchers have examined the safety of
e-scooters, and safety considerations of interactions between micromobility modes as
well as demographic and location considerations. One study also considered the impact
of e-scooters on activity levels and the prevalence of chronic disease. NITC funds have
also been used to study e-scooter parking and the safety issues related to e-scooters
that potentially block sidewalks and curb cuts.

● Implications for public policy. Besides research related to equity policies, there is a
body of research funded by NITC or conducted by NITC-supported researchers that
explores themes around models of governance and policy approaches and frameworks
for the deployment of new mobility pilot projects. There is a body of knowledge related to
assessments and evaluations of pilot projects for new mobility generally and
micromobility and autonomous vehicles specifically. NITC-funded projects consider
implications for policy and model language for regulations. In addition, researchers are
considering the fiscal implications of some of these services, primarily AVs (that are
shared and electric).

Transportation Technology

● Implications for transportation system management. The vast majority of the smart
city technology research focuses on making the transportation system more efficient and
increasing traffic flow and safety. Research includes multiple modes, including transit,
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bikes, and automobiles. Researchers are also exploring highway performance with
connected autonomous vehicles (CAVs) and the intersection with human-driven
vehicles.

● Improvement on traffic safety. Much of the research on improving transportation
system management includes safety as well as throughput. The safety focus is not only
on vehicle crashes, but also reducing crashes with pedestrians and bicyclists.

● Prioritization on active transportation. NITC-supported smart city research focuses on
some of the most vulnerable road users, such as those who depend on curb ramps, as
well as how to improve the transportation system for pedestrians, bicyclists, and transit
riders. Several researchers are actively researching connected technology that will
prioritize bicyclists and improve safety for these vulnerable users.

New Mobility Vehicles, Devices and Services Research
Micromobility is one of the most common new mobility topics of study for NITC-funded research
and non-NITC-funded research. Within micromobility, most studies have dealt with questions of
equity. To date, there has been little to no research on carshare or microtransit.
Non-NITC-funded research and other UTCs have focused their research on drones, AVs, and

TNCs more than NITC.2

Micromobility: Bike Share

Equity

NITC Funded: Bikeshare is one of the most commonly explored research topics by researchers
with NITC funding. This is understandable given that bikeshare is one of the longest existing
new mobility services. NITC research in this area has primarily focused on answering the
following questions:

1. What are the strategies to increase participation among lower-income groups and people
of color? (MacArthur, McNeil, & Broach, 2020; McNeil, Dill, MacArthur, & Broach, 2017;
Howland et al., 2017)

2. What is the geographic spread of bikeshare in a community and how can systems be
redesigned to reduce barriers to bikeshare access? (McNeil et al., 2017)

2 In each section we will describe research that has been funded by NITC (NITC-F), the research that has been
conducted by NITC researchers but not funded by NITC (NITC-NF), and the research that has been conducted by
other UTCs (Other-UTC). All NITC-NF research has been completed while NITC and Other-UTC research may be
in progress. When this occurs, it will be noted.
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3. What is the response to these strategies from bikeshare users, residents, and
operators? (McNeil, Dill, MacArthur, & Broach, 2017)

4. How can the interface of bikeshare systems be designed to better serve all users?
(Germany & Sperranza, 2014)

The research surrounding bikeshare equity involved data from three dense, older cities and
from neighborhoods with primarily African American populations (MacArthur, McNeil, & Broach,
2020). There has been little research in other cities with a more sprawling and less compact
urban form or with different demographic groups.

NITC-NF: Similar to NITC-F research, bikeshare equity is a central question and research topic
in the literature from NITC-NF projects. Past research has examined racial and socio-economic
disparities in shared vehicle use for both bikes and cars (Dill & McNeil, 2021), and how cities
and bikeshare operators are attempting to improve access and equity in their bikeshare
programs (McNeil et al., 2020). Beyond income levels, other equity research has examined
efforts to increase adaptive bikeshare use. These programs specifically target aging adults and
those with mobility challenges (MacArthur, McNeil, Cummings, et al., 2020). Overall, more
research is necessary to determine how to address barriers to bikeshare, but particularly for
addressing barriers to carshare and where these barriers may experience overlap (Dill &
McNeil, 2021).

Other UTCs: UTC bikeshare equity research in progress will explore multiple topics including
whether dockless or dock-based bikeshare systems provide more access for disadvantaged
communities (Jaller & Niemeier, 2022). Other research includes exploring how to use bikeshare
to connect affordable housing with transit services (Jaller & Xiaodong, 2022). Completed
research examines how to prioritize bikeshare to improve underserved communities’ access to
jobs and essential services (Niemeier & Xiaodang, 2018), and document bikeshare access
across the country (Ursaki & Aultman-Hall, 2015).

Economic

Other UTCs: Prior UTC research has examined the economic benefits of capital bikeshare in
D.C. (Buehler & Hamre, 2014).

Policy and Regulation

NITC-NF: Steckler et al. (2020) assessed over 220 new mobility and urban delivery pilot
projects in the United States and Canada and conducted 11 case studies to catalog lessons
learned, emerging trends and considerations and promising practices. The most common type
of pilot project included in this study was micromobility.

Other UTCs: Bikeshare research by other UTCs has covered many topics of policy and
regulation including a review of micromobility laws (Pimentel et al., 2020), and the effects of land
use decisions on bikeshare and other sustainable transport modes (Mondschein, 2015).

System Management

National Institute for Transportation and Communities
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Other UTCs: Other UTC research has explored system management work such as how to
improve the system operations of bike shares (Paleti et Al., 2018); how to model their
integration with other transportations modes (Ravishanker & Konduri, 2019); and what role
infrastructure plays in their adoption (Azimi et al., 2021).

Micromobility: E-scooters

The e-scooter research funded by NITC and conducted by NITC researchers has explored the
impacts of combining e-scooters with other forms of micromobility in terms of equity
considerations and vehicle miles traveled (VMT). This research also explores the impacts of
e-scooters on the health and safety of users, and the policy and regulation implications of
e-scooter adoption, especially in regard to parking. UTC research has focused on the
environmental and equity implications of e-scooters. Virginia Tech has conducted a large share
of other UTC e-scooter research.

Equity

NITC-Funded (in progress): NITC researchers are currently exploring how e-scooters can be
used in conjunction with other forms of micromobility, such as a bikeshare membership or transit
passes, to improve access for low-income residents (Tan et al., 2021). Similarly, researchers are
examining how these mobility forms can be used in conjunction with carshare and other ride-hail
services to access opportunity and complete errands. Other research concerns examining the
equity requirements of shared-mobility programs and evaluating how effective these programs
are at increasing adoption among target populations. This work directly builds off of McNeil et
al.’s  (2019) work to broaden the scope to carshare and e-scooter programs (Brown & Howell,
2021).

Health and Safety

NITC-Funded (in progress): Safety is a major concern when examining current and future
e-scooter adoption in cities. Specifically, how safe e-scooters are; how micromobility options
interact with each other; how safe these interactions are; and if they are not safe, whether there
are specific demographic characteristics or geographic locations that experience these unsafe
behaviors and interactions (Currans et al., 2021). On the level of personal health, researchers
are exploring how e-scooters are changing mode choice for individuals, which is affecting the
activity levels of residents and, by extension, the prevalence of chronic disease in a community.
This body of research aims to inform long-term decisions about the impacts of e-scooters on
public health (Iroz-Elardo, 2021).

NITC-NF: The completed research on e-scooters from NITC researchers also largely concerns
questions of health and safety. A review of existing e-scooter literature documented the types of
injuries most commonly associated with e-scooters (head injuries and fractures) and the most
common type of injured e-scooter users (30-year-old males). These findings do not compare
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injury levels with bicycling, an area of research which requires further examination (Iroz-Elardo
& Currans, 2021).

Other-UTC: UTC research will explore the health and safety of e-scooters from numerous
angles. Forthcoming research will explore the impacts of speed on dockless e-scooter crashes
(Machemehl, 2023). Other research has explored e-scooters’ interactions with other street users
(Klauer, 2022) and pedestrians (Ipek, 2023).

Policy and Regulations

NITC-Funded: The introduction of e-scooters into cities has prompted research on the policy
and regulation of these devices into existing transportation ecosystems. A forthcoming review of
e-scooter adoption in Portland, OR, during their second pilot program will examine the change
in VMT since adoption. Researchers will analyze the charging operations of e-scooter
companies in the metro region and the mode shift of individuals using the e-scooters. Results
from this study aim to estimate the impacts of different company operations and how cities can
minimize negative impacts (MacArthur & Dill, 2021).

NITC-NF: E-scooter parking is a concern in cities. E-scooters are sometimes improperly parked
and crowd sidewalks, posing safety hazards. However, improperly parked vehicles (specifically
ride-hail and food delivery drivers) can impede access more often than bikes and e-scooters
(Brown et al., 2020). To combat the e-scooter parking issues, cities can employ parking
regulations on users and operators to reduce the levels of conflict while still achieving
sustainable transportation goals (Brown, 2021).

Other-UTC: E-scooter policy research has examined how to successfully deploy e-scooters on
college campuses  (Mollenhauer, 2021), and what the policy implications of e-scooter adoption
are in cities (Zhang & Guo, 2020).

System Management

NITC-Funded (in progress): Forthcoming research will use data-driven optimization models
and efficient computation methods with solution quality guarantees to help solve e-scooter
sharing system and operation problems. These changes  will help ensure system reliability and
cost effectiveness (Cheng, 2022).

Environmental

NITC-NF: A review of existing literature on micromobility examined how micromobility modes
are replacing automobile, walking,  and transit trips, resulting in net-negative GHG emissions
(McQueen et al., 2021).

Other-UTC: UTC research has examined the environmental impacts of e-scooter adoption
through congestion reduction (Xilei, 2020) and a reduction in VMT (Harper & Fan, 2021).
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Carshare

There is only one existing non-NITC-funded study explicitly about carshare. Given the relatively
low amount of research, this could be an area of further exploration, but further review is
necessary. There are few UTC reports on carshare, mostly about equity.

Equity

NITC-NF: Peer-to-peer car share doesn’t appear to change the car owners’ travel behavior
much, but can have equity implications. These carshare systems can support no- or low-car
households and low-income households in completing trips they otherwise would not have been
able to make (Dill et al., 2019).

Other-UTC: Research from UTCs has explored how carshare can provide transportation access
to low-income residents (Hyun et al., 2019), and how it can be integrated with transit oriented
development (Chapple, 2013).

Microtransit

There are currently no NITC-funded research projects about microtransit. The existing studies
have come out of other UTCs. Most microtransit studies are exploring operational elements of
deployment for both AV and non-AV deployments vehicles, such as the necessary
infrastructure; electronic planning and ticketing; and marketing and behavior changes.

Operational/Pilots

Other-UTC (in progress): One study is examining the impacts of an AV-based microtransit
development in  Florida (Peng, 2021). Other research will explore how transit agencies are
marketing new on-demand services to increase customer education and service utilization
(Garcia-Colberg, 2021). A forthcoming report about a microtransit pilot program in the
Sacramento Regional Transit District will explore the impacts of this service on the consumer
market, environmental benefits, cost efficiency, and demand for such a service (Xing & Pike,
2021). Another study is developing a model to allow cities to construct a microtransit portfolio
that will fit their individual residents’ needs (Chow, 2020).

Environmental

Other-UTC: Microtransit can be useful to address first mile/last mile problems associated with
public transit. These services offer an affordable transportation alternative to reduce traffic
congestion and provide access to employment, health, education, and other services,
increasing the livability of a region (Cavellos, 2020).  However, transit operators must ensure
that these services are complementary to existing transit instead of competition (Kortum &
National Academies of Sciences, Engineering, and Medicine, 2021).
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Transportation Network Companies

Research on TNCs by NITC researchers has largely been conducted with non-NITC funding.
This body of research is focused primarily on equity implications of TNCs in Los Angeles, CA,
and changes to the city’s parking revenue due to TNC adoption. There is only one NITC study
on TNCs.

Equity

NITC-Funded: NITC research on TNCs found that ride-hailing currently fills a transportation gap
for nonprofits that provide services to communities. However, the use of TNCs is costly both in
time and money and doesn’t service all communities, making the geographical benefit unequal.
This research recommended nonprofits provide their own TNC services or receive subsidies to
continue using TNCs. This research only looked at one geographic area (Seattle, WA) and is
not representative of the nation (Mason, 2021).

NITC-NF: Ride-hailing services provided by TNCs have been shown to operate with less racial
discrimination than taxi services. However, discrimination still occurs when drivers learn of rider
characteristics (Brown, 2019). Equity consideration became increasingly important under
COVID-19 as areas with older and minority residents continued to rely on TNC trips to attain
essential services more than higher-income areas (Brown & Williams, 2021). Additional
research has examined the relationship between access to transit and socio-economic status on
the use of TNCs (Barajas & Brown, 2021). Cities have begun to regulate TNCs using ride feeds
which can have significant equity implications. While there are tactics to reduce cost burdens, in
low-income areas these structures can be regressive when considering income (Brown, 2021).

Other-UTC (in progress): UTC research will explore how TNC systems can better serve
marginalized populations (Shaheen & Ipek, 2022); how to determine who uses TNCs across a
megaregion (Jiao et al., 2019); and whether these trips could be better served by public transit
services (Pande & Barbeau, 2021).

Environmental

NITC-NF: Skov et al. (2020) considers how ride-hailing differs from other vehicles and should be
considered a separate source of emissions in urban areas. The authors then examine three
different methodologies to quantify GHG emissions from ride-hailing.

Policy and Regulation

NITC-NF: TNC and ride-hail travel have had significant impacts on parking in cities. Using Uber
and Lyft data from Seattle (Clark and Brown, 2021), examined how ride-hailing services affect
parking behavior and VMT. This research suggests at a certain point of ride-hail use, parking
occupancy in an area may begin to decline, prompting flexible and adaptable parking policies
from cities.
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Other-UTC (in progress): Forthcoming UTC research is examining how to increase rideshare
pooling as a form of curb management and how marginalized populations use TNCs for their
essential travel needs (Shaheen et al., 2022; Shaheen & Ipek, 2022). Other researchers are
exploring how to promote electric vehicle adoption among TNC drivers (Sanguinetti et al.,
2022).

Autonomous Vehicles

Autonomous vehicles are likely to share a wide range of characteristics with existing vehicle
uses as well as utilizing technology in new and unique ways. AVs may be individually owned
and replace human-driven passenger vehicles and trucks, as well as replace human-driven
commercial trucks. They will likely be used as fleets of shared services like taxis and TNCs, as
well as microtransit and other transit modes. In addition, they will make street, sidewalk, and air
deliveries of goods and food. They will likely also be connected to other vehicles, infrastructure,
and devices with the ability to route and park based on existing demand and supply.

Environmental

NITC-Funded (in progress): While the technology is still being developed, many cities are
anticipating AV services in the future and researchers are studying the potential impacts. One
study of this new mode of transport is trying to determine how it might affect VMT within cities
(Wang & Wu, 2020) and urban form (Schlossberg & Brinton, 2019).

System Management

NITC-Funded (in progress): The work of Wang and Wu (2020) will provide an open-source
software tool to help metropolitan planning organizations (MPOs) simulate different scenarios of
AV adoption, and identify policy responses that would ensure sustainable and equitable travel
and land use. Similarly, Schlossberg and Brinton  seek to develop a set of model policies and
codes that cities can use to adapt to various stages of AV deployment to align transportation
outcomes with city goals (Schlossberg & Brinton, 2019; Wang & Wu, 2020).

NITC-NF: A team of researchers at the University of Oregon and the Urbanism Next Center
conducted a literature review analyzing the impacts of emerging forms of mobility and
technology on cities (Howell et al., 2020). Responding to such changes may be aided by the
integration of AVs into the Regional Strategic Planning Model (RSPM) tool, which can help cities
make more informed decisions about future scenarios (Wang et al., 2018).

Other-UTC: Other UTCs are exploring a wide range of issues related to the development of AVs
and deployment of AV services. Many of the UTCs focus on the development of the systems
that need to be created for the safe operation of and interaction with AVs, including the Mobility
21 UTC that includes Carnegie Mellon University and the University of Pennsylvania, The
Center for Advanced Multimodal Solutions and Education and University of South Carolina.

Policy and Regulation
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NITC-Funded: Prior research has examined how the adoption of AVs is changing both mobility
and e-commerce deliveries and how cities can adopt a new mobility strategy in response to
these changes (Steckler & Lewis, 2019). Further research has examined the potential fiscal
impacts of AVs on cities through the proxy study of TNCs, and suggested regulatory changes to
mitigate these impacts (Clark, 2019).

NITC-NF: The adoption of AVs within cities is expected to drastically shift municipal finance. By
examining five Oregon cities, Lewis and Clark (2021) predict that transportation revenues (from
parking dues, fuel taxes, citations, etc.) may decline in an autonomous, electric, and shared
future. To combat these declines, cities should monitor trends and develop new revenue
sources. These declines will likely vary by community. Instead, flexible policies that respond
quickly to on-the-ground changes are advisable (Clark & Brown, 2020).

Environmental

NITC-NF: For cities that are attempting to reduce transportation-related emissions, AVs may
operate similarly to TNCs by contributing to increases in VMT and congestion, and decreases in
transit use and non-vehicular modes (Larco et al., 2018). Alexander et. al (2021) suggests the
use of climate action plans  to ensure that AVs reduce rather than increase GHG emissions.
Such provisions could include encouraging TNCs to invest in electric vehicles, creating
programs that incentivize shared rides, and integrating multiple forms of transit through Mobility
as a Service (MaaS) app development (Alexander et al., 2021).

Drones

While Urbanism Next at the University of Oregon anticipates it will publish an assessment of
four personal delivery device (PDDs) pilot projects in four communities across the U.S. in 2022
(NITC-NF), existing research on drones has been exclusively conducted with non-NITC funding
by Miguel Figliozzi at Portland State University. His research explores the environmental
impacts of drones. UTC research on drones is robust. This literature has explored using drones
for transportation systems monitoring and assessment for drone urban parcel delivery.

Environmental

NITC-NF: Unmanned Aerial Vehicles (UAVs) or drones are more CO2e efficient on a
per-distance basis at delivering small payloads than conventional vehicles. However, if a few
customers can be grouped into a route, tricycle and electric van delivery services are more
CO2e efficient than UAVs (M. A. Figliozzi, 2017; M. Figliozzi & Jennings, 2020). Sidewalk
autonomous delivery robots, road autonomous delivery robots, and UAVs can be more efficient
than e-vans and conventional vehicles under certain circumstances; however, they may not
necessarily reduce on-road travel and may create large changes in the labor market (Figliozzi,
2020). Considering these changes is of increasing importance as the COVID-19 pandemic has
spurred some public acceptance of their use (Pani et al., 2020).
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System Management

Other UTC: UTCs such as the Pacific Northwest Transportation Consortium and
Mountain-Plains Consortium have been exploring the use of drones to monitor infrastructure
such as roads and bridges and improve traffic safety. Other UTC research recently completed or
still in progress will explore the costs and benefits and appropriate management of parcel
delivery using drones (Hansen et al., 2021; Jaller, 2022; C. Liu, 2022).

Transportation Technology
NITC-funded research on new transportation technology explores how to improve the design
and operations of intelligent transportation systems. Some of this work has involved the creation
or improvement of new technology while others have explored the implications of its use.
Research with non-NITC funding has explored the impacts of e-commerce on cities while other
UTCs have researched MaaS pricing.

E-commerce

Forthcoming NITC-funded research will examine COVID-19's impact on e-commerce in cities.
Non-NITC-funded research has explored the impacts of e-commerce on cities related to
municipal finance and environmental benefits.

Economic

NITC-Funded (in progress): A forthcoming study will examine how the COVID-19 pandemic
has changed shopping habits among American consumers. This research will provide insight
into emergency food aid and the interplay between e-commerce and retail services (Currans &
Howell, 2022).

NITC-NF: E-commerce is expected to change land valuation for existing brick and mortar
stores, thereby shifting property tax revenues and development patterns. This will impact cities
that are highly dependent on commercial property tax revenue and/or sales tax (Clark et al.,
2017). Steckler et al. (2020) explored how cities have used pilot projects as a tool to mitigate
negative impacts from e-commerce. The adoption of electric trucks in e-commerce may also
impact cities. However, adoption of these vehicles is dictated by several factors dictating their
competitiveness in comparison to conventional diesel trucks (Davis & Figliozzi, 2013; Feng &
Figliozzi, 2012). E-commerce and urban delivery are increasing demand at the curb and
researchers are exploring dynamic curbside management (in progress, Urbanism Next is
working with the Fehr & Peers team) (Fehr & Peers, 2022).

Other-UTC: One of the chokepoints for e-commerce and urban delivery is the need for limited
space at the curb to make deliveries. Researchers at other UTCs are conducting research on
curb management strategies and data collection (including for parking), and evaluated the
performance in the downtown area of San Francisco (Jaller et al., 2021).

Environmental
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NITC-NF: The environmental impacts of e-commerce will include travel-related emissions
(Figliozzi, 2011) and the recycling of shipping packaging and materials, which may also strain
recycling systems and waste collection (Clark et al., 2017).

Planning and Pricing

Mobility as a Service

Existing research on MaaS and transportation wallets is still in progress from other UTCs and
non-NITC funding. This research has focused on how these pricing tools will change travel
behavior.

System Management

Other-UTC (in progress): Future research will monitor changes in the use of shared mobility,
AVs and MaaS to determine how these services could expand travel options, how they shift
reliance from private vehicles, and how MaaS options dictate attitudes towards automation and
shared mobility (Circella & Alemi, 2021). Additional research will focus on creating a MaaS user
preference structure (Lee et al., 2022) and aiding transit agencies in their transit network design
(Lee, 2022). Additional research will examine how the combination of MaaS data with AVs or
connected AVs will lower the cost of MaaS and impact VMT (X. C. Liu, 2020).

Existing literature has reviewed which key stakeholders must cooperate extensively in order for
MaaS projects to be successful (Hensher et al., 2020). A MaaS trial in Sydney explored
changes to travel behavior and a reduction in VMT (Arias-Molinares & García-Palomares,
2020).

Operational/Pilots

NITC-NF: A Portland, OR, based Transportation Wallet program for residents of affordable
housing will explore how this program can increase access and help familiarize low-income
residents with new mobility services (Tan et al., 2021). Nico Larco conducted research for TNO,
a European organization, on governance models of MaaS. The research included six
international MaaS case studies (TNO, 2020).

Smart City Technology

NITC-funded research on smart city technology has explored how to improve transportation
systems through improved signals, sensing, and travel time predictions. Much of this research
involves connected vehicles, infrastructure, and technology in various degrees, and is designed
to improve the transportation system and model how to effectively integrate connected vehicles,
technology, and infrastructure into existing transportation networks.

Equity
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NITC- Funded: GeoAI methods such as open street map, LiDAR, and aerial imagery can be
used to fill in missing curb ramp data to help those with limited mobility navigate around urban
spaces (Deitz, 2021).

System Management

NITC-Funded: Smart cities research has involved reconfiguring existing transportation signals
to increase traffic flow and safety and estimate pedestrian delay without the need for additional
resources (Karimpour et al., 2020, 2021). Using high-resolution bus detection data can also
improve travel time prediction and help identify congestion in a transit system (Stoll et al., 2016).
Other forms of ITS can help achieve energy reduction goals by reducing VMT (Jordan et al.,
2014).

Fickas (2021) focused on improving flow for bicyclists on a bike corridor with fixed-time signals.
Using a cellphone-based app, this project attempted to improve a machine-learning algorithm
that seeks to eventually give bicyclists real-time information on whether to slow down, speed up,
or maintain speed to make a green light.

Tufte et al. (2021-in progress) is conducting research in Portland to understand how connected
vehicles and connected infrastructure can improve safety and efficiency of the transportation
network. The research will study how to incorporate pedestrians and bicyclists into CV
applications.

Recent research has worked to improve vehicle-to-vehicle (V2V) technology with simulations of
highway performance under different levels of connected autonomous vehicles (CAVs)
integration with existing transportation networks dominated by human-driven vehicles (HVs)
(Yang et al., 2018). Most V2V research focuses on automobiles, however connected bicycles
may reduce barriers to bicycle mode share and better accommodate cyclists (MacArthur et al.,
2019).

NITC-NF: The research on V2V technology has involved creating a system that increases urban
arterial safety and mobility (Yang et al., 2019) and adaptability under different rates of connected
vehicle (CV) penetration in a mixed CV and HV transportation system (Yang et al., 2019), and
optimizing performance of CVs on highways and how speed changes impact the traffic state (An
et al., 2019).

A study by Yang et al. (2019) explored how CV technology can be integrated with smart traffic
controls, dynamic traffic signal coordination, and transit signal priority for connected buses to
support the operation of urban signalized arterials with CVs, reducing accidents, harmonizing
speeds, and reducing communication delays.

Other-UTC: UTC research has explored how to coordinate CVs to result in more fuel-efficient
platooning (Lakshmanan, 2021), and how to improve sensing and communication between
these devices for more efficient transportation networks (Ban & Li, 2018). Similarly, other UTC
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research has explored using simulations to study CV adoption (Ishak et al., 2016), and how to
improve overall CV efficiency and safety in adverse road conditions (Akin et al., 2018).

Research from the Center for Connected and Automated Transportation (CCAT) has explored
many topics related to V2I including how to integrate CAVs with infrastructure communication to
reduce crashes (Pradhan et al., 2020). Other research has explored how to improve the
functionality of V2I communication at signalized intersections (Rakha et al., 2016). Researchers
from Carnegie Mellon have developed an algorithm for use in smart parking information systems
(Hampshire et al., 2014).

Research from Mobility21 UTC, headed by Carnegie Mellon University, has explored smart city
system management through the lenses of cost-effective designs (Peha et. al, 2020),
right-of-way permitting systems (Qian, 2021), and city-wide sensing for ride distribution (Zhang
et. al, 2019).

Operational/Pilots

NITC-Funded (in progress): Forthcoming research from Tufte et al. (2021) will examine how
the application of connected vehicle technology (CV) can help transportation planners better
understand connected streetcar performance and prioritize modes of travel.

Environmental

NITC-NF: A study from Huang et al. (2018) sought to create a fuel-efficient driving system for
CAVs.

Policy and Regulations

Other-UTC: Smart city technology research from other UTCs includes frameworks for
integrating transportation into smart cities (Shaheen et al., 2019), and using smart city
technologies to solve first mile/last mile challenges in cities (Gelbal et al., 2020).
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Conclusions
New mobility and technology topics are an emerging and growing area of research for
NITC-supported researchers as well as researchers at UTCs across the country. New mobility
services and technology were evolving before the COVID-19 pandemic disrupted mobility in
March 2020. As people and service providers adapt to the pandemic, mobility services will
continue to evolve. In addition, funding from the recently passed federal infrastructure spending
bill allows local, state, and federal governments to invest in connected infrastructure technology
that will change how public agencies manage transportation systems. NITC is uniquely
positioned to research these changes and communicate how these changes could impact
communities.
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City-Wide Sensing and Ride Distribution Using Managed Vehicular Fleets.
https://rosap.ntl.bts.gov/view/dot/53885

Zhang, Y., & Guo, Y. (2020). Understand usage patterns of e-scooter sharing and policy implications (No.
69A3551747119). School of Civil and Environmental Engineering University of South Florida.
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Appendix A. New Mobility and Technologies Definitions
Category Technolo

gy
Definition Examples Source

NEW MOBILITY VEHICLES, DEVICES AND SERVICES

Micromobility Bikeshare Bikesharing users access bicycles on an as-needed basis for one-way
(point-to-point) or roundtrip travel using one of three bikesharing models: (1)
station-based bikesharing, (2) dockless, and (3) hybrid bike sharing systems.
These systems currently operate with both traditional (motorless) bicycles and
electric bicycles or “e-bikes.” There are also closed campus and P2P bike
sharing systems. Closed-campus bike sharing systems are deployed at
university and office campuses, and they are only available to the particular
campus community they serve (e.g., students).

Capital
Bikeshare,
Citi Bike,
Bay Wheels

Shaheen et al.,
2020
Shaheen &
Christensen,
2014

E-scooters Lightweight, motorized transportation devices, with handlebars, that obtain a
maximum speed of 20 miles per hour when powered by motor (Regulation of
Electric Scooters, 2019). Can be used in a shared fleet or individually owned.

Bird, Lyft,
Lime

Pettersen et al.,
2019

Scooters Also called mopeds, scooters have two or three wheels as four-wheeled
vehicles are generally considered cars or off-road vehicles. An electric motor
and automatic transmission. A moped may also include pedals, if it’s not
entirely propelled by its motor. A moped must only be able to maintain a
maximum speed of under 30 miles per hour on level ground.

Revel Oregon
Department of
Transportation,
2019

Carsharing Individually
owned-cars

Also known as peer-to-peer (P2P) carsharing employs privately owned
vehicles made temporarily available for shared use by an individual or
members of a P2P carsharing network. Expenditures, such as insurance, are
generally covered by the P2P operator during the access period. In exchange
for providing the service, operators keep a portion of the usage fee. Members
can access vehicles through a direct key or combination transfer from the
owner or through operator-installed technology that enables “unattended
access.”

Turo Shaheen et al.,
2018
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Fleets Station-based car sharing includes a system where cars are picked up and
returned at a fixed location. In free-floating car sharing, the car fleet is entered
and left parking in a public space. Smart phones and web technology have
allowed a subscriber to the car sharing service to use a car within a service
area and not return it to its original location, allowing for a flexible use of the
car.

Gig Car
Share

Heinrichs et al.,
2017

Transportatio
n Network
Companies

On-demand ride services where rides are arranged through a mobile app to
connect the passenger with a driver, often a private individual driving their
personal vehicle. Also referred to as ride-sourcing, ride-hailing, and e-hail.

Uber, Lyft Erhardt et al.,
2019

Microtransit An on-demand transit service can incorporate flexible routing, flexible
scheduling or both.

Via

Autonomous
Vehicles

Passenger
Vehicles

SAE defines a vehicle as autonomous when it includes features that can either
drive the vehicle under limited conditions and will not operate unless all
required conditions are met or when the vehicle can drive under all conditions.
CAV’s can be used for routing with microscale traffic information, coordinated
platooning using traffic signals information and energy efficient driving with
guaranteed parking.

Waymo SAE
International,
2018 & Guanetti
et al., 2018

Goods
Delivery

Also called autonomous delivery vehicles (ADVs), electric and self-driving
ground vehicles driving on sidewalks and streets delivering goods purchased
through e-commerce to the consumer. Usually used in last-mile delivery. This
technology is still in the early stages.

NUMO Carotenuto et
al., 2018;

Drones UAVs Unmanned Aerial Vehicles (UAVs) or drones can be used to deliver packages
and other items via aerial flight directly to the consumer.

Amazon, UPS Goodchild &
Toy, 2018

PDDs Personal delivery devices (PDD) are a ground-based delivery device that is
manufactured for transporting cargo or goods and is operated by a driving
system that allows for autonomous and/or remote operations.

Starship,
Kiwibot,

Pennsylvania
Department of
Transportation,
2020

TECHNOLOGY
E-commerce
and urban
goods
delivery

Specifically within the business to consumer (B2C) market, this includes the
delivery of a parcel to a consumer’s address. Growing demand for these
deliveries increase traffic and congestion problems and environmental
pollution. o Alternatives include point to point delivery and the use of lockers.

Amazon,
Uber Eats,
GrubHub

Kapser &
Abdelrahman,
2020

Mobility as a
Service
(MaaS)

The integration of transport services to provide one-stop access through a
common interface.

Hensher et al.,
2020
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Pricing Congestion
/Demand
Manageme
nt

The use of increased fees to remove a small fraction of vehicles from a
congested roadway, allowing the system to flow more freely through the same
physical space. Common types include 1) variably priced lanes 2) variable tolls
on entire roadways 3) cordon charges 4) area-wide charges.

Federal
Highway
Administration,
2019

Smart City
Technology

A smart city is a framework, predominantly composed of Information and
Communication Technologies (ICT), to develop, deploy, and promote
sustainable development practices to address growing urbanization challenges

Cisco Kinetic,
Schneider
Electric,
Siemens

Thales Group,
2021

V(ehicle)2V Communication used to coordinate multi-vehicle maneuvers, establish a
formation, exchange vehicle state, and create short headway time between
vehicles.

Guanetti et al.,
2018

V2i(infrastr
ucture)

Communication between vehicles and infrastructure that can provide
information about traffic and signalized intersections in the downstream road
which can result in substantial energy savings.

Guanetti et al.,
2018

T2I A system designed to enhance the experience, comfort, efficiency, and safety
of people on bikes by making traffic signal processes and information more
attentive to cyclists. The goal of the system is to increase the likelihood that
someone on a bike will experience a green light when approaching a signal.
There are two primary aspects of this effort: 1) active traffic signal engagement
by approaching bicycle users; and 2) passive information sharing to cyclists of
traffic signal status

Fickas, 2019

T2V This technology falls within the category of V2X and aims to help improve the
visibility and coordination of vehicles and pedestrians while in the same street
zone

Fickas, 2019
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Appendix B: Table of NITC Research
This table includes a summary of research funded by NITC related to new mobility vehicles and technology topics. The table is
organized alphabetically by research topic, subtopic, and then by year completed (from newest to oldest).

Topic Subtopic Title Authors Institution Category Status
Autonomous
Vehicles
 
 

Policy and
Regulations

Land Use and Transportation
Policies for a Sustainable Future
with Autonomous Vehicles: Scenario
Analysis with Simulations

Liming Wang,
Yao-Jan Wu

Portland
State
University,
University of
Arizona

New
Mobility

In
Progress:
2020

Policy and
Regulations

Matching the Speed of Technology
with the Speed of Local
Government: Developing Codes and
Policies Related to the Possible
Impacts of New Mobility on Cities

Marc Schlossberg,
Heather Brinton

University of
Oregon

New
Mobility

In
Progress:
2019

Policy and
Regulations

Emerging Technologies and Cities:
Assessing the Impacts of New
Mobility on Cities

Becky Steckler,
Rebecca Lewis

University of
Oregon

New
Mobility

Completed:
2019

Policy and
Regulations

How Will Autonomous Vehicles
Change Local Government
Budgeting and Finance? A Case
Study of Solid Waste,
Drop-off/Pick-up Zones, and Parking

Benjamin Clark University of
Oregon

New
Mobility

Completed:
2019

Bikeshare Equity New Mobility for All: Can Targeted
Information and Incentives Help
Underserved Communities Realize
the Potential Of Emerging Mobility
Options?

Nathan McNeil, John
MacArthur

Portland
State
University

New
Mobility

In
Progress:
2022

Equity National Scan of Bike Share Equity
Programs

John MacArthur,
Nathan McNeil, Joe
Broach

Portland
State
University

New
Mobility

In
Progress:
2020

Equity Evaluating Efforts to Improve the
Equity of Bike Share Systems 

Nathan McNeil, John
MacArthur, Jennifer
Dill, Joe Broach,

Portland
State
University 

New
Mobility

Completed:
2017
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Bikeshare Equity Street Portals: Urban User Interface
'Test Bed' Prototype for Bike Shares

Jason Germany,
Phillip Speranza

University of
Oregon

New
Mobility

Completed:
2014

Economic Implementing Oregon’s Energy
Plan: Opportunities for Operations
and ITS

John Makler Portland
State
University

Technology Completed:
2012

E-scooters
 
 
 

System
Management

 Data-Driven Optimization for
E-Scooter System Design 

Jianqiang Cheng University of
Arizona

New
Mobility

In
Progress:
2022

Health and
Safety

E-Scooters and Public Health:
Understanding the Implications of
E-Scooters on Chronic Disease

Nicole Iroz-Elardo University of
Arizona

New
Mobility

In
Progress:
2021

Policy and
Regulations

Evaluation of Portland Shared
E-Scooter Pilot Program Goals and
Outcomes

John MacArthur,
Jennifer Dill

Portland
State
University

New
Mobility

In
Progress:
2021

Equity Mobility for the People: Evaluating
Equity Requirements in Shared
Mobility Programs

Anne Brown,
Amanda Howell

University of
Oregon

New
Mobility

In
Progress:
2021

Health and
Safety

Scooting to a New Era in Active
Transportation: Examining the Use
and Safety of E-Scooters

Kristina Currans,
Reid Ewing, Nicole
Iroz-Elardo

University of
Arizona,
University of
Utah

New
Mobility

In
Progress:
2021

Equity Transportation Wallet for Residents
of Affordable Housing: Evaluation of
an Incentives Pilot Program in
Portland, OR

Huijun Tan, Nathan
McNeil, John
MacArthur, Kelly
Rodgers,

Portland
State
University

New
Mobility

Completed:
2021

Transportatio
n Network
Companies

Equity The Impact of Ride Hail Services on
the Accessibility of Nonprofit
Services 

Dyanna Mason University of
Oregon

New
Mobility

Completed:
2021

Smart Cities
 

System
Management

Data-Driven Mobility Strategies for
Multimodal Transportation

Yao-Jan Wu, Xiafeng
(Terry) Yang, Sirisha
Kothuri

University of
Arizona,
Portland
State
University

New
Mobility

Completed:
2021

Equity Free Movement: Enhancing Open
Data to Facilitate Independent
Travel for Persons with Disabilities

Shiloh Deitz, Amy
Lobben, Henry Luan,
Colin Koopman,
Stephen Fickas

University of
Oregon

Technology Completed:
2021
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System
Management

Incorporate Emerging Travel Modes
in the Regional Strategic Planning
Model (RSPM) Tool

Liming Wang Portland
State
University

New
Mobility/
Technology

Completed:
2018

System
Management

Using High-Resolution Bus
Detection Data to Improve Travel
Time Prediction and Identify Urban
Congestion Spots

Miguel Andres
Figliozzi

Portland
State
University

Technology Completed:
2016

Economic Implementing Oregon’s Energy
Plan: Opportunities for Operations
and ITS

John Makler Portland
State
University

Technology Completed:
2012

V2I System
Management

Shortening the Age of Information:
Connecting Vehicles to
Infrastructure in Real Time 

Xianfeng (Terry)
Yang, Mingyue Ji

University of
Utah

Technology Completed:
2020

System
Management

Vehicle Sensor Data (VSD) Based
Traffic Control in Connected
Automated Vehicle (CAV)
Environment

Xiafeng (Terry) Yang University of
Utah

Technology Completed:
2018

V2T
 

System
Management

Green Waves, Machine Learning,
and Predictive Analytics: Making
Streets Better for People on Bikes

Stephen Fickas,
Marc Schlossberg

University of
Oregon

Technology Completed:
2021

System
Management

V2X: Bringing Bikes into the Mix Stephen Fickas University of
Oregon

Technology Completed:
2018

V2V Operational/Pilot
s

Connected Streetcar Project Kristin Tufte, Larry
Head, John
MacArthur

Portland
State
University,
University of
Arizona

Technology In
Progress:
2021

System
Management

Connected Vehicle System Design
for Signalized Arterials

Xiafeng (Terry) Yang,
Mingyue Ji

University of
Utah

Technology Completed:
2019

System
Management

How Technology Can Affect the
Demand for Bicycle Transportation:
The State of Technology and
Projected Applications of Connected
Bicycles

John MacArthur Portland
State
University

Technology Completed:
2018
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Appendix C: Table of Technology and New
Mobility NITC Researchers
This table includes researchers who have previously received NITC funding, designated by
“NITC-NF” in Section 2. The table is organized alphabetically by institution and the researcher’s
last name.

Researchers Institution

Joe Broach Portland State University
Jennifer Dill Portland State University
Miguel Andres Figliozzi Portland State University
Sirisha Kothuri Portland State University
John MacArthur Portland State University
John Makler (Former TREC staff)
Nathan McNeil Portland State University
Kristin Tufte Portland State University
Liming Wang Portland State University
Kristina Currans University of Arizona
Nicole Iroz-Elardo University of Arizona
Yoa-Jan Wu University of Arizona
Heather Brinton University of Oregon
Anne Brown University of Oregon
Benjamin Clark University of Oregon
Stephen Fickas University of Oregon
Jason Germany (Former University of Oregon

faculty)
Amanda Howell University of Oregon
Rebecca Lewis University of Oregon
Dyanna Mason University of Oregon
Phillip Speranza University of Oregon
Marc Schlossberg University of Oregon
Becky Steckler University of Oregon
Reid Ewing University of Utah
Xiafeng Yang University of Utah
Mingyue Ji University of Utah
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