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Abstract 

Public mobility on demand services: 

Use cases and equity impacts in the U.S. 

before and during the Covid-19 pandemic 

By  

Emma Lucken 

Doctor of Philosophy in Civil and Environmental Engineering 

Emphasis in Transportation Engineering 

University of California, Berkeley 

Professor Joan Walker, Co-Chair 

Professor Susan Shaheen, Co-Chair 

With the rise of app-based, on-demand transportation network companies (TNCs) like Uber and 

Lyft, public transportation agencies began piloting their own on-demand services to test whether 

the technology could attract new riders or improve service for existing riders. These pilots 

multiplied in the Covid-19 pandemic, when fixed-route ridership plummeted, as a way to serve 

remaining transit-dependent riders and essential workers with fewer vehicles. Questions about 

these publicly funded mobility on demand (MOD)1 and microtransit services focus on their 

environmental, efficiency, and transportation equity2 impacts: do they reduce vehicle miles 

traveled (VMT) by attracting drivers away from personal vehicles and TNCs, or increase it by 

inducing trips and shifting trips from non-motorized / higher-occupancy fixed-route modes? Can 

they serve the same number of passengers per hour as low-ridership bus routes, at lower cost? 

 
1 In this dissertation, I define public microtransit as app-based, on-demand services in motor vehicles 

operated by a public transportation agency. I use mobility on demand (MOD) as a more generic term to 

encompass app-based, on-demand motor vehicle services that may not be subsidized or operated by a 

public entity. 
2 I use the transportation equity definition from Bills and Walker (2017): “fair or just distribution of 

transportation costs and benefits, among current (and future) members of society,” with a focus on 

vertical equity (“the distribution of transportation impacts among sub-populations that differ in ability and 

need”). 
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Do they disproportionately benefit low-income, transit-dependent populations or well-resourced 

groups that could afford Uber/Lyft?  

This abstract describes research objectives and overarching methodology, identifies 

methodological and empirical contributions, highlights key results from these contributions, and 

concludes with policy implications and a summary. 

Research Objectives: To evaluate the environmental and transportation equity impacts of 

publicly subsidized on-demand services, I sought to understand: 1) what types of public MOD 

services currently exist, including benefits and challenges of each type from an environmental, 

transportation equity, and operational lens; 2) who uses and benefits from public MOD services, 

how this shifted in the Covid-19 pandemic, and what modes public MOD riders used before; and 

3) how public MOD riders perceive public MOD relative to drive alone, TNCs, and fixed-route 

transit, what service and demographic characteristics impact their likelihood of using each mode, 

and how this changed in the Covid-19 pandemic.  

Methodology: To accomplish these objectives, I completed the following: 1) developed a 

conceptual framework for understanding variation in the design of public MOD services 

(Chapter 3); 2) surveyed public microtransit riders and non-riders at 14 public transportation 

agencies across the U.S. and analyzed the results for demographic variation in frequency of 

public microtransit use before and during the Covid-19 pandemic, as well as induced trips, 

replaced modes, and satisfaction with the service (Chapter 4); and 3) designed a stated 

preference experiment to include in the survey to test the impact of public microtransit service 

characteristics and Covid-19 conditions on mode choice; estimated a mode choice model from 

the stated preference results, including a flexible variance/covariance matrix with individual 

variation in shared error terms between modes; and used the mode choice model to forecast 

mode shares for a range of demographic groups and service designs (Chapter 5). After 

examining publicly subsidized MOD services more generally for the typology, I focused on van-

based public microtransit services for the stated preference survey and the mode-choice model 

due to the increasing popularity of that service type. 

Methodological Contributions: The dissertation included three main methodological 

contributions: 

1) Typology of partnerships between public transportation agencies and MOD companies 

(Chapter 3): As of 2019, there was no agreed-upon conceptual framework for understanding the 

myriad of pilot projects between public transportation agencies and companies offering on-

demand, app-based transportation, in particular one that included van-based microtransit services 

as well as companies offering ride-matching and routing algorithms for public agencies to deploy 

on public vehicles. I addressed this gap by conducting expert interviews and a comprehensive 

review of existing partnerships to develop a typology of partnerships, including the benefits and 

disadvantages of each, trends in the implementation of each type, and potential environmental 

and transportation equity implications. My typology development was informed by 34 structured 

interviews with experts at four MOD companies, 21 public transit agencies, two transportation 

authorities, and three cities (from October 2017 through April 2018).  
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2) Mode choice preferences among public microtransit riders / non-riders (Chapter 5): I 

developed one of the first mode choice models to incorporate public microtransit using stated-

preference data, and the first to use an enriched sample of experienced public microtransit 

passengers. I designed and administered a stated preference survey to 1519 public microtransit 

riders and 320 non-riders at 14 public transportation agencies across the U.S. from April through 

December 2021. I used the results to estimate a mode choice model that includes public 

microtransit, drive alone, fixed-route bus, ride-alone Uber/Lyft, pooled Uber/Lyft, and two first-

mile/last-mile (FMLM) modes: public microtransit to fixed-route bus and Uber/Lyft to fixed-

route bus. Using the mode choice model, I forecasted how public microtransit mode share varies 

with changes in service variables like cost, frequency of delay, and walk, wait, and in-vehicle 

times. I also forecasted changes in mode shares for systems without public microtransit, with 

FMLM microtransit, and with door-to-door microtransit that replaces fixed-route bus service.  

3) Flexible variance/covariance matrix from shared error components (Chapter 5): In 

developing the mode choice model, I applied an innovative method to estimate a flexible and 

individual-specific covariance matrix of the error terms that is specific to the public microtransit 

context. Because the covariance matrix determines substitution between public microtransit and 

the other modes when applying the model to forecast impacts or estimate replaced modes from 

public microtransit services, it is important to estimate parameters to allow for flexible 

substitution between modes. For example, the correlation between public microtransit and fixed-

route bus and the correlation between public microtransit and TNCs may both be non-zero, may 

not equal each other, and may also vary across individuals. The commonly used logit and nested 

logit models cannot capture these effects. Cross-nested logit can capture both correlation values 

(and more), but these values cannot vary by individual or capture correlation across responses 

from a single individual. While probit is fully flexible and can capture the full covariance matrix 

as well as correlation across responses, it is computationally burdensome and the estimated 

parameters are not readily interpretable as correlation between the modes. Therefore, I employed 

shared error components (mixed logit) to identify a flexible covariance matrix that was supported 

by the data, allowed clear interpretation of correlation between modes, and captured correlation 

across responses from the same individual. This method also enabled me to test individual 

variation in perceived correlation based on individual characteristics such as experience with 

public microtransit and access to a personal vehicle by interacting the error components with 

these characteristics.  

Empirical Contributions: The dissertation offered two main empirical contributions: 

1) Comprehensive database of partnerships between public transportation agencies and 

MOD companies (Chapter 3): I compiled a database of projects in the U.S. through April 2019 

in which public agencies and private companies collaborated to provide MOD services that meet 

the FTA definition of public transportation: “regular, continuing shared-ride surface 

transportation services that are open to the general public or open to a segment of the general 

public defined by age, disability, or low income” (FTA 2016). The database included 62 

partnerships with information on participating public and private entities, start/end dates, fares, 

eligibility restrictions, and any publicly available evaluation metrics from the project. The UC 
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Berkeley Transportation Sustainability Research Center adopted the database, which contributed 

to a key research element in a major research project for Ford Motor Company.  

2) Multi-agency survey of public microtransit riders (Chapters 4 and 5): Due to privacy 

concerns, microtransit software companies do not collect demographic data about those who 

register to receive rides through their apps, leaving public transportation agencies without a 

direct way to measure equity impacts of the public microtransit services. My stated preference 

survey, described above, also collected demographic data and mode use patterns (from 1519 

public microtransit riders across 14 U.S. public transportation agencies from April through 

December 2021). I identified demographic differences in frequency of public microtransit use, 

induced trips, replaced modes, perceptions of the service, change in use during the Covid-19 

pandemic, and anticipated change in use after the pandemic (Chapter 4). Demographic 

dimensions included income, age, race, gender, ability, vehicle access, and two categories of 

particular salience for app-based, on-demand modes: smartphone ownership and 

banked/unbanked status.  

Typology Results (Chapter 3): I identified four main types of partnerships: 1) first-mile/last-

mile (FMLM), 2) low-density, 3) off-peak, and 4) paratransit. I also identified two additional 

dimensions by which to characterize these partnerships to understand environmental and equity 

impacts: 1) asset contribution and 2) vehicle type. For asset contribution, public partners either: 

a) contract with the private partner to provide the entire service or b) provide the vehicles and 

drivers and contract with the private partner for the algorithm and app. I found that the public 

agencies have more control over the service design and trip data when they operate the service 

with their own vehicles and drivers, which impacts their ability to measure and address any 

disparities in service or competition with fixed-route service. Vehicle type included van, taxi, or 

drivers’ personal vehicles, and affects potential occupancy and VMT impacts of the service. I 

found that initial pilot projects were dominated by agency-subsidized TNC services, likely due to 

ease of implementation, but that agency-operated services using publicly owned vans were 

becoming more common. Most early partnerships offered “low-density” door-to-door service in 

a specified zone during the same hours as fixed-route transit, while the next most frequent use 

case was FMLM, in which subsidized trips had to start or end at a public transit stop.  

Demographic Survey Results (Chapter 4): I found that underserved groups report higher rates 

of induced trips and are more likely to switch to public microtransit from non-motorized/higher-

occupancy modes, while more privileged groups are more likely to switch from lower-occupancy 

modes like drive alone and Uber/Lyft. More privileged groups are also more likely to use public 

microtransit as a FMLM connection to fixed-route bus/rail and for work commutes, and less 

privileged groups are more likely to use it for errands, healthcare appointments, and 

social/recreational trips. Though low-income groups, riders without access to a personal vehicle, 

and women report greater satisfaction and quality of life improvements from public microtransit 

than nonmarginalized groups, riders without smartphones and/or bank accounts report lower 

satisfaction and no statistically significant quality of life improvements. Riders from less 

privileged groups also perceive more frequent delays past the public microtransit vehicles’ 

estimated time of arrival (ETA). Regarding Covid-19 impacts, low-income riders, those without 
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vehicle access, and essential workers maintained public microtransit use during the pandemic but 

decreased their use of fixed-route bus/rail, while other groups decreased their use of fixed-route 

bus/rail by even more and also decreased their use of public microtransit.  

Mode Choice and Shared Error Results (Chapter 5): The forecasts suggested that the 

combined mode share of fixed-route bus and microtransit is lowest in systems that replace fixed-

route bus service with public microtransit and highest in systems with supplemental, door-to-

door public microtransit, while the reverse is true for personal vehicle mode share. The model 

results also showed that respondents without smartphones were more likely than other users to 

use fixed-route bus, while forecasts found that smartphone ownership and access to a personal 

vehicle have a larger impact than income on mode splits. Regarding Covid-19 impacts, riders 

perceive fixed-route bus service more negatively than public microtransit as local in-patient rates 

increase, while trip cost has less of an impact on mode choice during the Covid-19 pandemic. 

Regarding the shared error components, perceived correlation between modes varies with vehicle 

access and familiarity with the public microtransit service. Respondents who sometimes or never 

have access to a personal vehicle view door-to-door public microtransit as most correlated with 

drive alone, while vehicle owners perceive less correlation between the two modes. Experienced 

microtransit riders, meanwhile, view public microtransit as more correlated with Uber/Lyft than 

with fixed-route bus, while those who have never used public microtransit perceive it as much 

more correlated with fixed-route bus than Uber/Lyft.  

Policy Implications: I identified several policy implications based on my results: 

• Public transit agencies should exercise caution when replacing fixed-route service with 

public microtransit, as forecasting suggests steep declines in overall public transit 

ridership in this scenario (Chapter 5). 

• Replacing traditional paratransit and dial-a-ride services with app-based public 

microtransit offers equity benefits through improved experiences for transit-dependent 

populations, provided the agency ensures continued call-in and cash options for 

passengers without smartphones and/or bank accounts (Chapters 3, 4).  

• More work needs to be done to improve public microtransit service for riders without 

smartphones or bank accounts. These groups do not report the same benefits from public 

microtransit services and are the only underserved groups to anticipate reducing their use 

of public microtransit by as much or more than fixed-route transit after the Covid-19 

pandemic. Investing in improved fixed-route service may be a more effective way of 

serving these riders (Chapters 4, 5). 

• For new public microtransit services that do not replace fixed-route bus or a pre-existing 

paratransit or dial-a-ride service, environmental and equity goals may conflict. Public 

transportation agencies may need to choose between: 1) advancing environmental goals 

by targeting higher-income riders switching from lower-occupancy modes like drive 

alone or 2) improving transportation equity by targeting lower-income riders, who are 

more likely to switch from non-motorized or higher-occupancy modes (Chapter 4).  

Summary: This dissertation analyzed the environmental and transportation equity impacts of 

public MOD and microtransit services through: a comprehensive review and typology of such 
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services in the U.S., demographic analysis of the largest multi-agency survey of public 

microtransit passengers so far, and a mode choice model with shared error components to 

understand heterogeneity in preferences among riders and non-riders before and during the 

Covid-19 pandemic. I found that the environmental and equity goals of public microtransit 

services may conflict, as riders from underserved groups report higher rates of induced trips and 

switch disproportionately away from non-motorized / higher-occupancy modes. While public 

microtransit appears to address barriers that riders with disabilities faced from TNCs, results 

indicate continued disparities for riders without smartphones and/or bank accounts. Future 

research could identify displaced riders when fixed-route bus services are replaced with public 

microtransit services, perhaps through a longitudinal survey, to more fully capture equity 

impacts. Next steps also include using the mode choice model I estimated with agent-based 

simulation to compare local environmental and equity impacts of investing in public microtransit 

versus improved fixed-route bus service.   
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Chapter 1. Introduction 

Fixed-route public transportation ridership began declining after 2014, fell precipitously in the 

Covid-19 pandemic, and has yet to recover (FTA 2022). This development is concerning on two 

fronts: environment and transportation equity. Environmentally, the transportation sector is one 

of the largest contributors to greenhouse gas (GHG) emissions in the United States (U.S.), and 

fixed-route bus and rail have offered the most efficient way to meet transportation needs, with 

lowest vehicle-miles-traveled (VMT) and GHG emissions per trip of any non-electric motorized 

mode (FTA 2010). Even with rapid advances in electrification, VMT matters; to meet Paris 

Climate Agreement goals of reducing U.S. GHG emissions 50% below 2005 levels by 2030, all 

new vehicles would need to be electric and total passenger VMT must decrease by 20% per 

capita below 2019 levels (Subin et al. 2021). From a transportation equity3 perspective, a large 

swath of the population is transit-dependent because they either cannot afford their own vehicle, 

or because they cannot drive due to age, ability, or other restrictions on their driving. Reductions 

in fixed-route ridership lead to less fare revenue, followed by reductions in service and further 

loss of riders, in a well-documented “downward spiral,” which undercuts the environmental and 

equity benefits of public transportation (NACTO 2016). 

Beginning about half a decade before the decline in fixed-route public transit ridership, the 

proliferation of smartphones and development of ride-matching and routing algorithms led to the 

rise of private transportation network companies (TNCs) like Uber and Lyft, which offered 

heavily subsidized ride-alone and pooled on-demand trips that contributed to fixed-route transit’s 

downward spiral (Monahan & Lamb 2022, Diao et al. 2021, Erhardt et al. 2021, Martin et al. 

2021). In 2015, public transportation agencies began responding to the new technology by 

piloting their own on-demand, app-based services. These agencies contracted with private 

companies either to operate the service (e.g., subsidizing Uber/Lyft rides) or to provide ride-

matching and routing algorithms and apps the public transportation agencies could use on public 

vehicles (Chapter 3). The term mobility on demand (MOD) encompasses both forms of 

contracting and describes the broad idea of consumers having on-demand access to both 

passenger and goods movement through an integrated multi-modal network, though in this 

dissertation I am referring specifically to passenger movement on motor vehicles. The version of 

public microtransit that I focus on in my dissertation includes only the latter version of 

contracting, involving app-based, on-demand services in motor vehicles (generally wheelchair 

accessible vans (WAVs) or minibuses) operated by a public transportation agency. I refer to 

public microtransit throughout most of this introduction due to increasing popularity and benefits 

of this form of public MOD, including more agency control over service design and trip data, 

potential for greater occupancy, and more equitable service for individuals with mobility 

impairments. 

 
3 I use the transportation equity definition from Bills and Walker (2017): “fair or just distribution of 

transportation costs and benefits, among current (and future) members of society,” with a focus on 

vertical equity (“the distribution of transportation impacts among sub-populations that differ in ability and 

needs”). 
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While public microtransit services had the potential to lower wait times and in-vehicle times for 

transit-dependent passengers, they could also pose barriers to access for those without 

smartphones or bank accounts. Moreover, while they could lower VMT by attracting riders from 

personal vehicles, they could also increase VMT by generating induced demand or drawing 

travelers from non-motorized modes like walking or biking or from higher-occupancy modes 

like fixed-route bus or rail. If public microtransit reached the same number of riders from the 

same demographic groups as fixed-route transit and provided them with lower wait times and in-

vehicle times at about the same cost, many public transportation agencies would likely decide 

that the environmental impacts are inconsequential; it is difficult to argue that transit-dependent 

groups should not receive better service that enables them to make more trips just because it 

increases VMT, especially when people with personal vehicles contribute far more to the 

transportation sectors’ GHG emissions (FTA 2010). 

These commonly cited concerns about increased VMT and inequitable access for riders without 

smartphones and/or bank accounts, however, may miss broader equity impacts of public 

microtransit services. In particular, existing analysis indicates public microtransit vehicles serve 

fewer passengers per hour than even the emptiest fixed-route buses. Top-performing public 

microtransit services provide at most seven passenger trips per hour per vehicle, and many serve 

around half that (Via 2022, Xing et al. 2022, Brown et al. 2021, Montgomery County 2020, RTD 

2019, Urgo 2018). In contrast, agencies’ worst-performing fixed-route buses generally provide a 

minimum of 10 passenger trips per hour per vehicle (FTA 2021, RTD 2019, Walker 2019a). No 

research thus far suggests public microtransit costs proportionately less per vehicle to achieve an 

equal or lower cost per passenger than the lowest-ridership buses. Rather, the lower maintenance 

and gas costs of public microtransit vans may be negligible compared to the hourly costs of 

paying for one operator per vehicle, which are equivalent for a microtransit van or fixed-route 

bus—and even the lower gas and maintenance costs for smaller MOD vehicles may initially be 

offset by the cost of the app and algorithm (Niles & Pogodzinski 2021, Urgo 2018). Hence, for 

about the same per-vehicle costs, public MOD services provide fewer passenger trips per hour 

per vehicle. As Jarrett Walker in particular has argued, this not only raises questions about how 

public MOD services would reverse the ridership decline in public transportation, but also about 

the redistribution of resources to provide improved, on-demand services to fewer people (Walker 

2019a, 2019b, 2018a, 2018b).  

To the extent that public MOD services offer lower wait and in-vehicle times compared to fixed-

route bus, surveys that reach public MOD passengers will likely indicate positive perceptions of 

the service, as they have in many cases, including in this dissertation (Chapters 4-5, Schank & 

Huang 2022). However, the other key demographic to reach is the group behind the displaced 

passengers per hour. When low-ridership fixed-route bus routes are replaced with public 

microtransit, who are the four to seven passengers per hour per vehicle who can no longer make 

their trips? Alternatively, when a new public microtransit service is created without replacing 

fixed-route bus service, who are the additional passengers who could have been served if the 

funding had instead gone to increase frequency on a bus route? If the public microtransit service 

primarily reaches low-income or otherwise underserved people outside the range of the fixed-

route service, serving fewer people may not constitute upward redistribution of resources, 
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especially if the replaced fixed-route bus route (in the former case) or the bus route that could 

have had increased frequency (the latter case) disproportionately serve more advantaged groups 

than those using the new public microtransit service. While this could be the case in some areas, 

the only study that has directly compared the demographics of public microtransit ridership to 

those of local fixed-route ridership found the opposite. A survey of passengers of LA Metro’s 

public microtransit service that provided first-mile/last-mile (FMLM) service to fixed-route 

stations found that riders were whiter, higher income, and much more likely to have smartphones 

and bank accounts compared to the county population and even more so compared to the 

agency’s fixed-route riders (Brown et al. 2021). Similarly, an analysis of SacRT public 

microtransit, one of the largest of these services in the U.S., compared rider demographics to the 

census characteristics of each service area and found that fewer public microtransit passengers 

were 65 or older and, in seven out of nine service areas, a greater proportion were white and had 

Bachelor’s degrees (Xing et al. 2022). Moreover, the authors of the LA Metro study described 

public microtransit as potentially duplicative with TNCs, and, to avoid subsidizing groups that 

could access TNCs anyway, recommended targeting public microtransit to four populations: 

people with low incomes, without smartphones, without checking accounts, or with mobility 

impairments that require WAVs (Brown et al. 2021). They suggested late-night service as a use 

case well-suited to disproportionately reaching these populations.  

For both transportation equity and efficiency reasons, then, current research suggests public 

microtransit may not be an alternative to fixed-route bus but rather to demand response and 

paratransit services, which already target locations, times, and populations that generate fewer 

passengers per service hour. The same equity and efficiency reasons also caution public 

transportation agencies against dedicating funding to expand public microtransit service beyond 

existing demand response areas, regardless of rider satisfaction, as those funds may increase 

ridership and benefit underserved populations more effectively if dedicated to improving fixed-

route bus service (Walker 2018a). Walker describes this as a patronage/coverage tradeoff; each 

public transportation agency must decide how to divide funding between maximizing ridership 

and providing access to low ridership areas/times/populations (Walker 2008). To the extent that 

public microtransit shifts decisions about this tradeoff, it would be how to spend the funds freed 

by providing pre-existing “coverage” service at a lower cost, whether by dedicating it entirely to 

increasing ridership with fixed-route service, entirely to expanding coverage service, or to some 

combination. 

Limiting public microtransit applications to replacing demand response and paratransit services 

does not mean consigning this innovation to obscurity, however; more public transit systems in 

the U.S. operate demand response services than any other type of transit (1760 systems, 

compared to 1240 that operate fixed-route bus) (Dickens 2021). These replacements offer 

improved customer experience opportunities for two of the four groups mentioned above: those 

with low-incomes and those with mobility impairments that require WAVs. Research in this 

dissertation and elsewhere identifies people without smartphones and/or bank accounts, however, 

as facing barriers to public microtransit use that have not yet been adequately addressed 

(Chapters 3-5, Brown et al. 2021). Moreover, if increased popularity of the improved demand 

response service with the general public reduces service quality for these four core groups, 
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agencies may need to restrict or prioritize service on the basis of low-income and/or ADA status, 

as Kansas City has recently done with its Freedom On-Demand service (RideKC 2022). Some 

research has focused on developing equity-centric ride-matching and routing algorithms that 

could help with this prioritization process (Bardaka et al. 2020). 

The role for public microtransit could change with automation, when agencies may not need to 

pay an operator. Indeed, eliminating operator costs was the only scenario in which one study 

could show public microtransit as approaching the cost-effectiveness of low-performance fixed-

route bus (Niles & Pogodzinski 2021). This study assumed continued costs for fixed-route bus 

operators, however; if buses also lost operators, the saved costs on any given low-performance 

fixed-route bus route could potentially be reinvested in the route by adding frequency that could 

increase demand and ridership, rendering it again more cost-effective than replacing it with 

automated microtransit, which would still have the same efficiency ceiling on passengers per 

hour. Nonetheless, one automated future could involve declines in private vehicle ownership and 

a rise in shared automated fleets that offer FMLM service to high-frequency fixed-route 

corridors (Lazarus et al. 2021). Providing public microtransit services now could potentially help 

public transportation agencies prepare for managing such fleets. Of course, this vision also 

assumes enough funding dedicated to public transportation for agencies to purchase and manage 

sufficient automated buses and on-demand vans, even if labor costs decrease; this would require 

a shift from current constraints on public transportation funding (Whitmore et al. 2022). 

Moreover, the equity impacts of eliminating operator jobs would need to be navigated carefully 

(Rodriguez et al. 2020, Yankelevich et al. 2018). 

While this dissertation does not assess aspects of public MOD such as passengers per hour per 

vehicle, cost per passenger, demographics of displaced passengers, or potential impacts of 

automation, these issues provide important context for the research described here and offer 

avenues for additional work. This dissertation, instead, seeks to understand transportation equity 

and environmental impacts of public MOD services based on the early years of public 

transportation agencies beginning to experiment with these services, including use cases, service 

design, and demographics and preferences of public microtransit passengers: 

Chapter 2 provides background on the use of MOD services by U.S. public transportation 

agencies, the state of the literature regarding the impacts of such services, and research gaps. 

Chapter 3 addresses the first research objective of the dissertation: to understand what types of 

public MOD services currently exist, including benefits and challenges of each type from an 

environmental, transportation equity, and operational lens. The chapter includes a comprehensive 

review of 62 public MOD services in the U.S. as of 2019, develops a typology of use cases and 

service models, and discusses the benefits and challenges of each use case. The conceptual 

framework for understanding variation in the design of public MOD services constitutes one 

contribution to the literature, while the comprehensive database of public MOD services 

constitutes another. 

Chapter 4 addresses the second research objective: to understand who uses and benefits from 

public MOD services, how this shifted in the Covid-19 pandemic, and what modes public MOD 
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riders used before. The chapter presents a 2021 survey of 1519 public microtransit riders and 320 

non-riders across 14 U.S. public transportation agencies; descriptive statistics analyzing how 

microtransit use, levels of service, perceptions of the service, and Covid-19 impacts differ by 

demographic group; and equity and policy implications of the findings. Contributions to the 

literature include one of the first multi-agency demographic analyses of public microtransit riders 

and their use and perceptions of the nascent mode. 

Chapter 5 addresses the final research objective: to understand how public MOD riders perceive 

public MOD relative to drive alone, TNCs, and fixed-route transit, what service and 

demographic characteristics impact their likelihood of using each mode, and how this changed in 

the Covid-19 pandemic. The chapter presents one of the first mode choice models to incorporate 

public microtransit from stated preference data, and the first to draw from an enriched sample of 

experienced public microtransit riders. Another contribution to the literature is a flexible 

variance/covariance matrix from shared error components that enables estimation and 

interpretation of individual variation in perceived correlation between public microtransit and 

other modes like drive alone, Uber/Lyft, and fixed-route bus. The mode choice model, which I 

estimated from the 2021 survey introduced in Chapter 4, illuminates changes in mode 

preferences during the Covid-19 pandemic and under a range of service models, such as 

restricting public microtransit use to FMLM trips or replacing fixed-route bus service with door-

to-door microtransit.  

The Conclusion summarizes major findings, policy recommendations, and directions for future 

work. 
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Chapter 2. Background and Literature Review: 

Incorporating Mobility on Demand (MOD) and Mobility as a Service (MaaS) 

automotive services into public transportation 

Emma Lucken 

Susan A. Shaheen 

This chapter, with slight modifications, was published in the Handbook of Public Transport 

Research (2021) and can be accessed here: 

https://www.elgaronline.com/view/edcoll/9781788978651/9781788978651.00028.xml 

The objective of this chapter is to provide background on the use of MOD services by U.S. 

public transportation agencies, the state of the literature regarding the impacts of such services, 

and research gaps. I conducted the initial literature review, wrote the original manuscript, and 

revised and edited based on feedback from Professor Shaheen and anonymous reviewers.  

ABSTRACT 

In the past decade, public transportation services worldwide have faced increasing competition 

from mobility on demand (MOD) options such as those provided by transportation network 

companies (TNCs, e.g. Lyft, Uber). Many public transit agencies have responded by piloting 

MOD public-private partnerships (MOD PPPs) that aim to provide more efficient and attractive 

service in times and places with insufficient demand to support fixed-route options. Most 

existing research on MOD PPPs agree on four core service models: 1) first-mile/last-mile, 2) 

low-density, 3) off-peak, and 4) paratransit. While qualitative analyses have documented 

strategies for addressing implementation challenges related to equitable access, data sharing, 

liability, and labor union concerns, further research is needed to determine quantitative impacts 

from existing MOD PPPs on agency costs, accessibility, vehicle miles traveled, and 

transportation equity. In particular, a main research gap involves estimating induced demand for 

MOD PPP services, potentially by expanding upon current agent-based simulation and stated-

preference survey methods. 

2.1. Introduction 

As smartphone-enabled mobility services have gained prominence around the world, public 

transportation agencies have started experimenting with strategies to incorporate elements of 

these innovative mobility options to make public transit service more attractive and efficient. In 

the United States (U.S.), the emerging transportation services have been conceptualized as 

Mobility on Demand (MOD), in which consumers have on-demand access to both passenger and 

goods movement through an integrated multi-modal network (Shaheen et al., 2017a). In Europe, 

the prevalent terminology is Mobility as a Service (MaaS), which involves the provision of an 

array of aggregated passenger mobility services as bundled subscription options (Shaheen and 

Cohen, 2019). Both MOD and MaaS involve the concept of providing a single user interface for 

trip planning and booking, real-time information, and fare payment.  

While MOD and MaaS services offer the possibility of more convenient travel and a reduction in 

private-vehicle ownership, they also raise several concerns about their potential societal impacts. 

https://www.elgaronline.com/view/edcoll/9781788978651/9781788978651.00028.xml
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These include drawing riders away from public transportation, thereby increasing congestion and 

vehicle miles/kilometers traveled (VMT/VKT), and creating barriers to equitable service for 

transit-dependent disabled, older adult, and low-income populations. Implementing MOD and 

MaaS services in ways that promote the public good will require public transportation agencies 

to address these environmental and equity challenges. 

This chapter focuses primarily on MOD services, particularly microtransit and transportation 

network companies (TNCs, also known as ridesourcing and ridesharing), and their integration 

with public transportation service in the U.S. For an overview on MaaS services and research, 

Kamargianni et al. (2016), Jittrapirom et al. (2017), Durand et al. (2018), and Wong et al. (2018) 

are valuable resources. In the next section, we discuss existing research on the impacts from 

MOD companies on public transit ridership. Section 3 provides a detailed analysis of 

partnerships between MOD companies and public transportation agencies (MOD PPPs) in the 

U.S., including proposed typologies for such partnerships and research on associated benefits, 

challenges, and recommendations. Section 4 presents the state of the research on modelling the 

impacts on the transportation system from integrating MOD services with public transportation. 

We conclude with a section on new research frontiers. The following definitions for terms used 

throughout the chapter are from the U.S. Federal Highway Administration (FHWA) 2017 report, 

“Mobility on Demand: Operational Concept Report:”  

• Mobility on Demand (MOD): Transportation concept where consumers can access 

mobility, goods, and services on-demand by dispatching or using shared mobility, courier 

services, unmanned aerial vehicles, and public transportation solutions. Passenger modes 

facilitated through MOD providers can include: shared modes, public transportation, and 

other emerging transportation solutions (e.g., aerial taxis). Goods delivery through MOD 

can include app-based and aerial delivery services (e.g., drones). 

• Mobility as a Service (MaaS): MaaS emphasizes mobility aggregation, smartphone and 

app-based subscription access, and multimodal integration (infrastructure, information, 

and fare integration). MaaS tends to emphasize the integration and convergence of 

passenger mobility services, mobile devices, real-time information, and payment 

mechanisms. 

• Public Transportation: Any transport system available to the public with set fares.  

• Shared Mobility: Transportation strategy that enables users to have short-term access to 

a transportation mode (e.g., vehicle, bicycle, or other low-speed travel mode) on an as-

needed basis. Shared mobility can include: roundtrip services (vehicle, bicycle, or other 

low-speed mode is returned to its origin); one-way station-based services (vehicle, 

bicycle, or low-speed mode is returned to a different designated station location); and 

one-way free-floating services (vehicle, bicycle, or low-speed mode can be returned 

anywhere within a geographic area). 

• Microtransit: A privately owned and operated shared transportation system that can 

have fixed routes and schedules, as well as flexible routes and on-demand scheduling. 

The vehicles generally include vans and mini-buses.  

• TNCs: TNCs (also known as ridehailing and ridesourcing, e.g. Lyft, Uber) provide 

prearranged and on-demand transportation services for compensation, which connect 
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drivers of personal vehicles with passengers. Smartphone mobile applications are used 

for booking, ratings (for both drivers and passengers), and electronic payment. TNCs also 

include “ridesplitting” (or pooling), in which customers can choose to split a ride and fare 

in a TNC vehicle (where available). 

2.2. MOD company impacts on public transportation ridership 

An examination of the integration of MOD services with public transportation prompts the 

question of MOD companies’ current impacts on public transit ridership. After reaching a peak 

in 2014, total public transit ridership in the U.S. declined 7.2% by 2019 (American Public 

Transportation Association, 2014, 2019). The literature is mixed as to whether MOD companies 

have contributed to this decline. Empirical studies in this area focus on ride-alone TNCs, with no 

conclusive studies on the impacts on public transit ridership from TNC pooled services (e.g., 

Lyft Shared rides or UberPool) or microtransit vans. 

Some studies found a relatively modest effect from TNCs on public transportation ridership. An 

American Public Transportation Association (APTA) survey of 4,500 people who used shared 

modes (including public transit, bikesharing, carsharing, and TNCs) in Austin, Boston, Chicago, 

Los Angeles, San Francisco, Seattle and Washington, D.C. found that TNC use is higher on 

weekends than weekdays and peaks between 8pm and 4am, when public transit is less available, 

indicating TNCs may complement public transit by providing service during off-peak times 

(Murphy and Feigon, 2016). Among respondents who listed TNCs as their preferred mode: 34% 

would drive alone or with a friend if TNCs were not an option, 24% would choose carsharing, 

8% would take a taxi, and 14% would take a public bus or train. Less than 1% said they would 

not have made the trip. While these numbers suggest that very frequent TNC users primarily 

transfer away from car-based modes rather than from public transit, the results are not 

representative of less frequent TNC users. These results do indicate a disproportional shift away 

from public transit; in most U.S. cities, public transit has less than a 14% mode share, while the 

combination of drive alone, carpool, and carshare has greater than a 58% mode share. Moreover, 

the authors ask what mode respondents most often use TNCs to replace, rather than asking the 

mode they replaced with their most recent trip. This could result in lower replacement rates for 

less commonly replaced modes. Finally, aggregating across cities hides land-use and built 

environment effects that differ by city. Hampshire et al. (2017) surveyed 1,840 former Lyft 

and/or Uber users in Austin, TX to learn what modes they chose after the two companies 

suspended service in the city in May 2016. They found that 42% of respondents switched to 

another TNC, 41% to a personal vehicle, and 3% to public transit. Leaving out the switch to 

other TNCs, which does not convey additional information about TNC impacts on public transit 

ridership, the switch away from public transit is disproportionately high: 3.6% of Austin 

residents commuted to work by public transit in 2016 (about the same percentage as those that 

switched to public transit from Uber and Lyft), but 73.5% commuted by driving alone (almost 

twice as many as switched to personal vehicle) (American Community Survey, 2016).  

Other research has found a stronger negative impact on public transit ridership. Rayle et al. 

(2016) surveyed 380 TNC users in San Francisco in 2014 and found that, if TNCs were not 

available, 39% would have taken a taxi, 7% would have driven alone or with a friend, 24% 

would have taken a public bus, and 9% would have taken public rail. They also found that 8% 

would not have taken the trip at all, reflecting a greater induced travel effect than the APTA 

study described above. Five percent used their TNC trip as a first-mile/last-mile strategy to get to 
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or from public transit, while 40% of respondents who owned a car reported driving less as a 

result of TNCs. Study limitations include surveying respondents at three heavily-used TNC 

locations during the evening, thus capturing mainly social trips but not commute, school, errand, 

or airport trips. Another survey of 311 Lyft and Uber riders in the Denver area found that 40% 

used public transit less as a result of TNCs, 5% used public transit more, 32% drove less, and 2% 

drove more (Henao, 2017). A survey of 4,094 urban and suburban residents of Boston, Chicago, 

Los Angeles, New York, the San Francisco Bay Area, Seattle, and Washington, D.C., 21% of 

whom use TNCs, found that TNC users decrease their bus use by 6% and light rail use by 3%, 

while increasing heavy rail use by 3% (Clewlow and Mishra, 2017). This suggests that, on 

average, TNCs compete with bus and light rail but complement heavy rail, perhaps by offering 

more convenient first-mile/last-mile service to heavy rail stations. Nine percent of TNC users 

reported getting rid of a vehicle due to TNCs. Results also showed that 22% of TNC trips were 

induced trips, 21% would have been made by private vehicle, 18% would have been by carpool, 

1% by taxi, and 15% by public transit. Limitations of this study include aggregating across cities, 

which could obscure city-specific trends, as well as asking respondents what mode they 

generally use TNCs to replace, rather than the mode they replaced with their most recent TNC 

trip. This approach may yield artificially low replacement rates for less commonly replaced 

modes, including public transit and taxis.  

Outside of survey-based research, several studies have examined how public transit ridership 

changes in relation to various measures that approximate TNC use. Results from the strongest of 

these analyses suggest that TNCs negatively impact public transit ridership. One study used a 

difference-in-differences analysis of all 196 U.S. Metropolitan Statistical Areas (MSAs) that 

have both Uber and public transit to examine the impact of Uber entry in the MSA on public 

transit ridership (Hall et al., 2018). This study also analyzed the impact of Uber penetration, as 

measured by the number of Google searches for “Uber,” which correlates with the number of 

Uber drivers per capita. The authors found that, after the arrival of Uber, public transit ridership 

in MSAs of below median population (280,000 people) decreased by 5.9%, while ridership in 

MSAs of above median population increased by 0.8%. A standard deviation increase in Uber 

penetration, meanwhile, correlated with a 0.5% decrease in public transit ridership among 

agencies in smaller MSAs and a 1.8% increase in ridership among agencies in larger MSAs. A 

drawback of this work is the use of two imperfect measures of Uber use; Uber entry does not 

account for changing impact over time, while Google searches are an inexact approximation of 

ridership. A more recent publication improves on these measures by using year since TNC entry 

as its independent variable, thereby combining an exact measure (date of entry) with a ridership 

approximation that accounts for changes over time (this measure assumes ridership increases 

linearly by year). In this study, a longitudinal analysis of the determinants of public transit 

ridership in 22 large U.S. cities from 2002 to 2018 found that heavy rail ridership decreased 

1.29% for each year after TNCs began operating in the service area, while bus ridership 

decreased 1.70% per year (Graehler Jr et al., 2019). The authors note that impacts may differ in 

smaller and medium cities. Results from both studies would benefit greatly from data on TNC 

ridership by city. In NYC, where TNC ridership data are available, a separate analysis indicated 

that as TNC ridership increased by 7 million, 17 million, and 29 million in 2014, 2015, and 2016, 

respectively, bus ridership decreased by 10, 17, and 12 million and subway ridership increased 

by 43 million and 11 million before decreasing by 7 million in 2016 (Schaller, 2017). This 

represents a reversal of over a decade of transit-led growth in the city. The author attributes the 

change to TNCs but did not provide causal evidence to support this conclusion. 
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2.3. Public transportation agency partnerships with MOD companies 

As of April 2019, 47 public agencies in the U.S., including public transportation agencies, public 

transportation authorities, and cities, have partnered with private companies to provide 62 MOD 

services that meet the U.S. Federal Transit Administration (FTA) definition of public 

transportation: “regular, continuing shared-ride surface transportation services that are open to 

the general public or open to a segment of the general public defined by age, disability, or low 

income” (FTA, 2016a). Some of these MOD public-private partnerships (MOD PPPs) have 

received support from the MOD Sandbox Program, which the FTA started in 2016 to provide $8 

million in funding to public transportation agencies that integrate MOD services, including 

partnerships with TNCs and microtransit (FTA, 2016b; Lucken, Trapenberg Frick, Shaheen 

(2019)). The federal program aims to generate best practices for how to develop such 

partnerships; measure MOD impacts on the transportation system; and determine government 

requirements, regulations, and policies that help or hinder the integration of MOD services with 

public transit. 

Outside the U.S., the European Union (EU) MaaS4EU, EU MaaS Alliance, and Australia Future 

Transport Digital Accelerator are all government-supported initiatives that promote research into 

implementing MaaS in ways that meet societal goals. Among other locations, MaaS services that 

incorporate public and private modes have been piloted in Gothenburg, Sweden (2013 to 2014); 

Hannover, Germany (2014); Turku, Finland (2015); Italy (2015); Germany (2016); Helsinki, 

Finland (2016), Birmingham, UK (2017), Amsterdam/Nijmegen (2017), Singapore (2017 to 

2018), and Antwerp, Belgium (2018) (Jittrapirom et al., 2017; Wong et al., 2018). 

In the following subsections, we present typologies for the 62 U.S. MOD PPPs as well as 

qualitative benefits, challenges, and recommendations for these partnerships as identified in the 

literature. Sections 4 and 5 discuss quantitative research into the impacts of incorporating MOD 

services with public transportation. 

2.3.1. Overview of MOD PPPs in the U.S. 

Several reports have proposed typologies for U.S. partnerships between public agencies and 

MOD companies, including Lucken, Trapenberg Frick, and Shaheen (2019), Curtis et al. (2019), 

the U.S. Government Accountability Office (GAO) (2018), Schwieterman et al. (2018), and 

Blodgett et al. (2017). Table 2.1 indicates the differences among the proposed typologies. The 

three potential types of MOD companies considered in the publications as MOD PPP 

participants include TNCs, van-based microtransit services, and companies that provide ride-

matching and routing software for public agencies to operate their own MOD services. The four 

main categories of service provided by MOD PPPs include first-mile/last-mile (FMLM) 

connections to fixed-route public transit, gap-filling services in low-density areas, off-peak 

services during times when fixed-route service is not available, and paratransit for disabled and 

older adult populations.  

In addition to categorizing MOD PPPs by the service provided, Blodgett et al. (2017) include 

payment structure as a dimension in their typology, with four categories: 1) city pays all, 2) city 

pays a fixed fraction, 3) customer pays a fixed amount, and 4) tailored to customer. In Lucken, 

Trapenberg Frick, and Shaheen (2019), the authors introduced two additional analysis 

dimensions: 1) the assets each partner contributes to enable service and 2) the vehicle type used 

to provide the service. The two asset contribution models include: 1) Agency-Operated MOD, in 
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which the public partner uses its own vehicles and drivers and the private partner provides the 

ride-matching and routing algorithm, and 2) Agency-Subsidized Private MOD, in which the 

private partner provides the vehicles and drivers as well as the MOD algorithm. The three 

vehicle types include: vans, taxis, and TNC drivers’ personal vehicles. While the type of service 

provided impacts the risk that a MOD PPP will compete with fixed-route transit, the asset 

contribution model impacts each partner’s control over service operations and data, and the 

vehicle type affects operational costs and potential impacts on congestion, VMT, and emissions.  

 

Table 2.1. Publications Proposing Typologies of MOD PPPs 

Publication 

MOD Companies 

Considered 
Service Models Considered 

TNCs 
Van-

based 
Software 

First-Mile/ 

Last-Mile 

Low-

Density 

Off-

Peak 
Paratransit Other(s) 

Lucken, 

Trapenberg 

Frick, 

Shaheen 

(2019) 

X X X X X X X 

None. Considers 

alleviation of parking 

demand as a possible 

impact of MOD PPPs. 

Considers the other 

categories below as 

strategies to support 

the four core service 

models to the right. 

Curtis et al. 

(2019) 
X   X X X X 

Guaranteed Rides 

Home 

U.S. GAO 

(2018) 
X X X X X  X 

Trip Planning & Fare 

Integration, Marketing 

Schwieterman 

et al. (2018) 
X   X  X X 

Trip Planning & Fare 

Integration, Data 

Sharing, Alleviation of 

Parking Demand 

Blodgett et al. 

(2017) 
X   X X X X 

None. 

 

2.3.2. Benefits  

A growing number of qualitative analyses suggest that incorporating MOD services offers a 

range of potential benefits to public transit agencies. The primary benefit to public transportation 

agencies is the ability to offer on-demand versions of the services identified in the previous 

section, sometimes at a lower cost than fixed-route or traditional paratransit service. For instance, 

Shaheen and Chan (2016) assert that TNCs can complement public transit by providing a FMLM 

strategy during off-peak times or in less-served areas, while microtransit could also provide 

FMLM service and reduce overcrowding on high-ridership bus routes. Lazarus et al. (2018) 

recommend that public transportation agencies could reduce costs and improve transit access by 

replacing low-ridership bus routes and offering FMLM strategies with subsidized TNC trips. The 

authors identify partnership opportunities as those times when and areas where public transit 

service is inefficient and TNC driver pools are available. They also advise public transportation 

agencies to take advantage of such partnerships to concentrate fixed-route service along high-

volume corridors. Shaheen and Cohen (2018a) recommend the use of MOD PPPs to right-size 

transit vehicles, reduce operating costs, and optimize passenger experience to compete with 
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private-vehicle ownership, particularly with the onset of vehicle automation. Schaller (2018) 

identifies paratransit service, FMLM connections, and dispersed travel markets as the main 

opportunities for public benefit from MOD services. Kuhr et al. (2017) state that partnerships 

between public transportation agencies and TNCs allow the public sector to innovate while 

sharing risk.  

2.3.3. Challenges and Recommendations 

Our literature analysis yielded four main categories of challenges and recommendations for 

MOD PPPs: 1) equity, 2) data sharing, 3) regulations and liability, and 4) labor-management 

relationships. We discuss recommendations from the literature in the context of these categories. 

Figure 2.1 below provides an overview of the recommendations within each category.  

Several reports offer high-level analysis of challenges and recommendations for partnerships 

between public transit agencies and MOD companies. These include the TransitCenter’s 

September 2016 report, Private Mobility, Public Interest: How public agencies can work with 

emerging mobility providers (Tsay et al., 2016). The authors conducted over 100 interviews with 

public- and private-sector representatives, including those involved in early partnerships between 

public transit agencies and MOD companies, over the course of 2015 and 2016. They provide 

extensive analysis of these early partnerships and offer many detailed recommendations under 

four overarching guidelines: 1) partner to reinforce public transit’s strengths, 2) leverage agency-

controlled assets, 3) plan for a streamlined user experience, and 4) be open to new ways of 

providing useful transit. Another resource is the Federal Highway Administration (FHWA) April 

2016 report, Shared Mobility: Current Practices and Guiding Principles, which examines many 

shared modes but includes recommendations specific to TNCs as they relate to equity, data 

sharing, multimodal integration, insurance requirements, and leveraging public agency resources 

(Shaheen et al., 2016). The American Planning Association (APA) July 2016 report, Planning 

for Shared Mobility, offers further analysis of the way public agencies can use public rights-of-

way, incentive zoning, and transportation demand management to influence MOD companies for 

the public good, with case studies from eight cities (Cohen and Shaheen, 2016). Finally, the 

National Research Council (NRC) and Transportation Research Board (TRB) 2015 report, 

Between Public and Private Mobility: Examining the Rise of Technology-Enabled 

Transportation Services, provides an in-depth look at the equity, insurance, and labor issues 

surrounding TNCs and microtransit, as well as recommendations for public agencies on how to 

address them (Taylor et al., 2015). 

2.3.3a. Overarching Requirements and Recommendations 

To use federal funds for Agency-Subsidized Private MOD, public transportation agencies in the 

U.S. must ensure the service meets the definition of public transportation—“regular, continuing 

shared-ride surface transportation services that are open to the general public”—or is an 

alternative to public transportation, as in job access and reverse commute programs (FTA, 

2016c).  

Two overarching strategies often recommended include: 1) leveraging agency-controlled assets 

in negotiations with MOD companies and 2) sharing lessons learned with other agencies. 

Leveraging financial resources, curb access for passenger loading zones, and off-street parking 
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for waiting zones could help public transit agencies secure desired data or other requests, such as 

the procurement of wheelchair-accessible vehicles (WAVs), in their partnerships with MOD 

companies (Shaheen et al., 2016; Tsay et al., 2016). Exchanging lessons learned with other 

public transit agencies involved in similar partnerships can suggest additional best practices and 

facilitate the learning process in preparing, implementing, and adjusting or expanding pilot 

projects. 

 

Figure 2.1. Challenges and Strategies for MOD PPPs 

2.3.3b. Equity in MOD PPPs 

Equity is a primary area of study and concern relating to MOD companies in general and also to 

MOD PPPs. Partnering with MOD companies presents many equity-related challenges, including 

limited WAV availability, lack of driver training to assist disabled passengers to the vehicle, the 

potential for race-based discrimination by MOD company drivers, barriers for people without 

bank accounts or smartphones, and lack of driver availability in rural areas.  

However, such partnerships also offer significant opportunities to improve service for low-

income, disabled, older adult, and rural populations. Indeed, these opportunities are one of the 

main motivations for public transportation agencies to partner with MOD companies. By 

partnering with MOD companies to replace or supplement service that the public agency 

struggles to provide efficiently, such as paratransit or low-ridership bus routes in less dense 

areas, agencies can save money while simultaneously improving transportation quality for the 

populations that previously relied on the inefficient service.  
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Public agencies in the U.S. that receive federal funding must ensure their services do not 

discriminate by race, color, or national origin, as dictated by Title VI Statute of the Civil Rights 

Act of 1964. All transportation services must also abide by the Americans with Disabilities Act 

(ADA) of 1990, which requires equitable service for those with physical or mental disabilities. 

Public transportation agencies need any service they provide through MOD company 

partnerships to abide by Title VI and ADA regulations as well (FTA, 2016d). The USDOT has 

specifically required that public transportation agencies in MOD PPPs provide alternative 

methods of payment and reservations for individuals without bank accounts or smartphones; 

offer WAV access; and ensure the same level of service for all users with regard to fares, 

response times, and areas and times of service (Foxx, 2016; FTA, 2016d; Shaheen and Cohen 

2018). To evaluate the equity of potential or existing MOD PPPs, public transportation agencies 

can use the FHWA STEPS (Spatial – Temporal – Economic – Physiological – Social) framework 

to analyze the service along spatial, temporal, economic, physiological, and social dimensions 

(Shaheen et al., 2017b).  

A few notable resources offer substantial analysis of the barriers and opportunities MOD service 

poses for equitable transportation quality and access. The New York University Ruden Center 

for Transportation Policy and Management’s 2016 report, (Kaufman et al., 2016), analyzes the 

potential for MOD technology to enhance paratransit, identifying the need for collaboration 

between MOD companies and paratransit agencies. The Citizens Budget Commission of New 

York published a report analyzing the obstacles to and potential benefits from public transit 

agencies partnering with MOD companies to provide paratransit service (Access-A-Ride, 2016). 

An APTA report, Shared Mobility and the Transformation of Public Transit, includes a chapter 

on the same topic. The Brookings Institution also performed an economic analysis suggesting 

substantial cost savings to public transit agencies from offering paratransit service through 

partnerships with MOD companies (Kane et al., 2016). Finally, the Institute for Transportation 

and Development Policy (ITDP) report, Connecting Low-Income People to Opportunity with 

Shared Mobility, provides a comprehensive review of the challenges low-income communities 

face in accessing shared mobility, including MOD services, as well as the challenges shared 

mobility providers face in serving such communities (Kodransky and Lewenstein, 2014). The 

report offers recommendations for addressing these challenges, including launching pilot 

projects based on research on low-income community transportation needs, and concludes that 

programs to help low-income individuals benefit from shared mobility should address at least 

three barriers to be successful.  

Table 2.2 offers an in-depth examination of equity-related challenges and recommendations, 

while Table 2.3 presents existing literature on operational challenges and recommendations. 
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Table 2.2. Equity-Related Challenges and Recommendations for MOD PPPs 

 
Vulnerable 

Population 

Challenges Recommendations 

Individuals with 

Disabilities 

(NCMM, 2018; 

Foxx, 2016; 

Blake et al., 

2016; Danielsen, 

2016; Taylor et 

al., 2015) 

• Low WAV availability in MOD 

company fleets  

• Higher fares and wait times 

• MOD companies may decrease 

the number of WAVs in a city, if 

they drive taxi companies out of 

business 

• MOD company drivers often 

lack training in assisting 

disabled passengers  

• In-app options to request WAVs (e.g., 

uberWAV, Lyft Access Mode) or 

request drivers with specialized training 

(e.g., uberASSIST)  

• Contract with third-party WAV 

providers like taxi companies 

• Use an agency’s existing WAVs 

• Require MOD company to meet a 

specified number of WAVs before 

entering into MOD PPP 

Minorities 

(Ge et al., 2016) 
• MOD company drivers may 

cancel trips more often for 

passengers with pictures and/or 

names associated with racial 

minorities 

• Remove the rider’s picture and/or name 

from MOD apps 

o Drivers could still cancel after 

seeing the passenger in person, 

leading to even longer wait times for 

these passengers 

Seniors 

(NCMM, 2018; 

Shirgaokar, 2018; 

SUMC, 2016) 

• Barriers by age may include need 

for assistance to the vehicle or 

lack of access to/comfort with 

smartphones 

• Train drivers to assist passengers to 

board vehicles, offer training on how to 

use the app, and/or provide alternatives 

to smartphones 

Low-Income 

Individuals 

(Smith, 2016) 

• MOD services often have high 

fares 

• Offer subsidized rides to low-income 

individuals 

Unbanked/ 

Underbanked 

Individuals 

(Kodransky and 

Lewenstein, 

2014) 

• MOD services often require 

payment by credit card 

o 20% of U.S. households do not 

have access to a credit card 

(FDIC, 2016)  

• Purchase Uber and Lyft gift cards with 

cash 

• Partner with a local credit union or 

bank that can provide accounts and 

debit or credit cards for unbanked 

individuals 

Individuals 

without 

Smartphones 

 

• MOD services often require 

smartphones to request rides 

o Less than half of low-income 

Californians own smartphones 

(Chang, 2015) 

• Through centralized call centers (e.g., 

Uber Central, Lyft Concierge), 

organizations can order rides for their 

constituents 

Rural 

Populations 

(Rodier and 

Podolsky, 2017; 

Shaheen et al., 

2017b; Shaheen 

et al., 2016) 

• Lower driver availability 

• Unreliable mobile phone service 

• Subsidize service in rural areas 

• Use community gathering places, such 

as faith-based buildings, as MOD hubs 
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Table 2.3. Operational Challenges and Recommendations for MOD PPPs  

Challenge Description Recommendations 

Data Sharing 

(GAO-18-539, 

2018; Tsay et al., 

2016; Corey et al., 

2017; Uber, 2016; 

Shaheen et al., 

2016) 

• MOD companies avoid 

sharing data due to 

proprietary concerns and 

the need to protect 

customer information. 

• Public transportation 

agencies entering into 

MOD PPPs need access to 

data on the rides they are 

subsidizing to analyze the 

partnership’s success and 

further improve service. 

• Clearly define the desired data, how 

to use the data to answer specific 

questions, and how to ensure data 

security and privacy 

• Obtain data through regulation 

rather than voluntary agreements 

• Leverage agency-controlled assets in 

negotiations for data access 

• Seek data analysis through a third 

party, such as an academic institution 

• Set industry-wide standards for “data 

formats, data sharing protocols, and 

privacy protections” 

• Develop a nationwide, neutral MOD 

company data platform 

R
e
g
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Drug and 

Alcohol 

Testing 

(FTA, 2016e) 

• Public agencies that 

receive funds under the 

FTA’s Urbanized Area, 

Capital Investment Grant, 

and Rural Area programs 

must ensure drug and 

alcohol testing of the 

partner company’s drivers. 

• Consider partnering with more than 

one MOD company and/or taxi 

company and allow the passenger to 

choose which service to use, as this 

exempts the partnership from FTA 

drug and alcohol testing requirements  

 

Insurance 

Coverage and 

Background 

Checks 

• Public agencies may have 

concerns around liability 

with regard to insurance 

coverage or driver 

background checks by their 

MOD company partner. 

• Work with state and local governments 

to set regulations and requirements 

regarding insurance and 

background checks by MOD 

companies (Shaheen et al., 2016; 

Schaller, 2016) 

Procurement 

Requirements 

(Tsay et al., 

2016) 

• Public agencies may need 

to modify or waive their 

existing procurement 

requirements to enable 

MOD PPPs. 

• Negotiate the partnership through a 

company with which the public agency 

already has a contract, such as trip-

planning providers like TransLoc 

(recently acquired by Ford) 

Instability of 

MOD 

companies 

and prices 

• Public agencies assume 

risk by subsidizing trips in 

the volatile MOD market 

(Tsay et al., 2016). 

• Minimize risk by conducting short 

pilots 

• Protect against surge pricing by 

capping trip subsidies 

Labor-

Management 

Relationships 

• Existing contracts and 

relationships with 

unionized labor can 

financially, legally, and 

politically restrict agencies 

from entering into MOD 

PPPs (Tsay et al., 2016). 

• Procure software to provide Agency-

Operated MOD service 

• Partner with a local transportation 

provider alongside a MOD company 

• Ensure the new service will 

complement, not replace, existing 

services 
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2.4. Existing methods for estimating demand for vehicular MOD services 

To quantify the impacts of MOD PPPs on a variety of public goals, including VMT reduction, an 

increase in accessibility, and improved equity, a method is required for measuring the replaced 

modes and induced demand from existing MOD PPP services. Beyond measuring existing 

impacts, estimating the demand for new MOD services is a necessary step for: 1) identifying the 

potential impacts on VMT, accessibility, and equity from MOD PPP implementation on a 

broader scale and 2) identifying the best locations, densities, and land-use mixes in which to 

implement MOD PPPs to most advance these societal goals. Regarding the second objective, 

estimating how demand for MOD services varies throughout a public transportation agency’s 

service area is also essential for selecting MOD PPP locations that entail a manageable level of 

public subsidy, thereby improving the chances the service will remain financially sustainable 

long-term. 

Thus far, the two main approaches to achieving the objectives described above have been agent-

based simulation and stated preference surveys. Agent-based simulation has been a popular 

approach to exploring the impacts of MOD services on travel times and VMT. These studies 

vary in their focus on MOD or automated MOD (AMOD) services, including shared automated 

vehicles (SAVs), and on single-passenger or shared MOD services. Table 2.4 presents a synopsis 

of this research, which has focused on optimizing the design of MOD and AMOD services, 

simulating the integration of MOD and AMOD services with fixed-route transit, and 

incorporating synthetic mode choice models into MOD and AMOD simulation. Drakoulis et al. 

(2018) and Inturri et al. (2018) also simulated shared-ride MOD services, while Tsao et al. 

(2019), Winter et al. (2018), and Archetti et al. (2018) simulated shared-ride AMOD services. 

Other simulation-based research on shared-ride, intermodal MOD includes Stiglic et al. (2018). 

Single-passenger, intermodal AMOD simulations include Salazar et al. (2018) and Bischoff et al. 

(2017), while Martinez and Viegas (2017) simulated a shared-ride, intermodal AMOD system in 

Lisbon, Portugal. The Intermodal Transport Forum’s 2015 report, Urban Mobility System 

Upgrade, provides an overview of early SAV simulations and includes an additional simulation 

comparing VMT impact in scenarios with shared-ride or single-passenger SAV fleets and with or 

without high-capacity public transportation. The research described in this paragraph has all 

assumed exogenous demand or used synthetic mode choice models rather than estimating a 

mode choice model from real-world data. The results thus lack support from observed mode 

choice behavior and also cannot provide estimates for induced demand, a crucial element in 

predicting the use of MOD services. 
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Table 2.4. Literature on agent-based simulation of MOD and AMOD services 
Subject Journal Article(s) Main Empirical or Methodological Contribution 

Optimizing 

MOD service 

design 

Alonso-Mora et al., 2017 Showed efficiency gains from 4-passenger and 10-

passenger MOD services compared to existing taxi 

demand in Manhattan, New York 

Fiedler et al., 2017 Found increased congestion and VMT from single-

passenger MOD service 

Djavadian and Chow, 

2017a, 2017b 

Simulated two-sided market equilibrium from 

dynamic adjustment by MOD operator in Oakville, 

Ontario 

Martinez et al., 2015 Tested passenger-vehicle matching scheme for a 

shared-taxi system in Lisbon, Portugal 

Santi et al., 2014 Showed efficiency gains from a two-passenger 

shared MOD service 

Ma et al., 2013 Proposed dispatching strategy for a MOD fleet 

Optimizing 

AMOD service 

design 

Fagnant & Kockelman, 

2018, 2014 

Simulated SAV fleet size and VMT impacts for 

single-passenger (2014) and shared (2018) 

Leich & Bischoff, 2018 Found higher operating costs and slight travel time 

savings from replacing buses with SAVs 

Dia & Javanshour, 2017 Optimized SAV fleet size in Melbourne, Australia 

Zhang et al. 2017, 2015 Calculated SAV impact on parking needs 

Fagnant et al., 2016 Found SAVs can meet current demand in Austin, 

Texas with one-tenth the current number of 

privately owned vehicles 

Integrating 

MOD and 

AMOD 

services with 

fixed-route 

transit 

Ma, 2017 Proposed dispatching system for efficient MOD 

service integration with fixed-route transit in and 

around Luxembourg City 

Vakayil et al., 2017 Simulated AMOD service with fixed-route transit in 

Washington, DC 

Shen et al., 2017 Simulated SAVs as a FMLM service in Singapore, 

identified bus routes to keep 

Moorthy et al., 2017 Simulated SAV fleet as FMLM service in Ann 

Arbor, Michigan 

Integrating 

synthetic 

endogenous 

demand models 

in MOD and 

AMOD 

simulation 

Basu et al., 2018 • Added AMOD to mode choice model with nests of 

private modes (drive alone, carpool, motorcycle), 

fixed-route transit (bus, rail), and on-demand (taxi) 

• Set the AMOD utility equation and parameters 

equal to those of taxi, with adjusted fares and travel 

times  

Hao & Yamamoto, 2017 Estimated model for SAV use and the sharing of 

privately owned vehicles in Meito Ward, Nagoya, 

Japan 

Hörl et al., 2016 Simulated single-passenger SAV system in which 

demand varies based on traffic 

Atasoy et al., 2015 Included mode choice model with options of taxi, 

shared taxi, and mini bus 
Source: Adapted and expanded from Liu et al. (2019) 
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A few studies have begun estimating models for MOD demand based on stated preference choice 

experiments. Frei et al. (2016) conducted a stated preference survey with 183 respondents who 

completed 1,997 choice experiments comparing drive alone, indirect shared MOD service, and 

fixed-route transit, although the sample is biased toward current public transit riders due to 

survey collection within a university community and through a public transportation agency 

website. They estimated a mode choice model that included: income, age, gender, trip and 

parking costs, in-vehicle time as well as walk and wait time, number of transfers, trip distance, 

distance to the nearest public transit stop, the weather and season, and a variety of opinions and 

preferences. Lazarus et al. (2021) drew on a stated preference survey with 2,398 respondents 

from Sacramento, San Francisco, Los Angeles, and San Diego, California. The survey resulted in 

10,912 choice experiments comparing single-passenger, shared door-to-door, and shared indirect 

TNC services, thereby estimating travellers’ choice between TNC modes but not the choice of 

TNCs over other modes. The mode choice model they estimated included explanatory variables 

similar to those in Frei et al. (2016) as well as frequency of TNC use, trip purpose, and three 

categories of promotional offers. Aside from mode choice models, a few studies have used stated 

preference choice experiments to estimate models for related aspects of MOD service. Alemi et 

al. (2019) used a survey of 1,975 California millennials and members of Generation X to 

estimate a model for the use frequency of Uber and Lyft, although the use of coarse frequency 

categories may have masked the impacts of geographic region and sociodemographic 

characteristics on frequency of use. Bansal et al. (2016) and Krueger et al. (2016) estimated how 

demographic, social, and service characteristics impact willingness to pay for shared and single-

passenger SAV services. Matyas and Kamargianni (2019a, 2019b) estimated models for the 

choice of MaaS subscription bundles and find that respondents do not prefer bundles with shared 

modes but would be more willing to try shared modes after subscribing to bundles that include 

these services.  

One study has combined stated preference choice experiments and agent-based simulation, 

enabling realistic demand estimates, supply-side optimization, and the identification of a supply-

demand equilibrium. Liu et al. (2019) conducted a stated-preference survey of 1,507 New York 

City residents, who each answered one choice experiment comparing single-passenger Uber, 

UberPool, and the respondents’ current mode: drive-alone car, carpool, or fixed-route transit. 

Explanatory variables included walk and wait time, in-vehicle travel time, trip cost, parking cost, 

and whether the vehicle was electric and/or automated. With NYC taxi trip data providing a set 

level of demand, the authors estimated mode share between fixed-route transit and three MOD 

modes, using the utility equation for single-passenger Uber to estimate demand for a single-

passenger MOD mode and the utility equation for UberPool to estimate demand for 4-passenger 

and 10-passenger MOD modes. Agent-based simulation provided travel and wait times based on 

the fleet sizes and demand for each MOD mode. They assumed all three MOD modes are 

operated by a profit-maximizing service provider, and used Bayesian optimization to determine 

this provider’s five decision variables: the fleet size for each MOD mode and the discount factors 

for the two shared-ride MOD modes. Through an iterative process, the authors identify a supply-

demand equilibrium with mode share, fleet sizes, and fares for each mode. This research does not 

consider induced demand or competition with traditional drive modes.  
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2.5. New Research Frontiers  

Understanding of MOD PPPs could benefit from further research in several areas, including: 1) 

quantitative analysis of existing partnerships on how agency cost, VMT, accessibility, and equity 

impacts vary by service design; 2) estimation of induced demand from MOD PPP services; 3) 

the appropriate service environment (e.g., density, land use) for each MOD PPP service model 

and vehicle size, as well as the policy levers that encourage the best match of service 

environment and MOD PPP design; and 4) evaluation of how MOD PPP impacts may change 

with the transition to automated vehicles. 

Section 2.3 and Section 2.4 highlight a clear research gap: the use of data from existing MOD 

PPPs to provide guidance for public transportation agencies on how to best integrate MOD 

services with fixed-route transit to meet societal goals at a sustainable level of public subsidy. As 

described at the start of Section 2.4, determining replaced modes and induced demand from 

existing partnerships is a crucial step to enable accurate estimates of ridership and thus VMT 

impacts and required subsidies. None of the research reviewed in Section 2.4 includes a method 

to estimate induced demand. As indicated by the research on general TNC impacts in Section 

2.2, one way to estimate replaced modes and induced demand is to ask passengers of MOD PPP 

services what mode they would have used for their last trip on the service or if they would not 

have made the trip, if the service was not available. More work like Liu et al. (2019) and Lazarus 

et al. (2021) is needed to estimate mode choice models that include single-passenger and shared 

MOD modes, fixed-route transit, traditional drive modes, and non-motorized modes and draw on 

revealed or stated preference data from people familiar with MOD modes, such as residents in 

MOD PPP service areas. The surveys to estimate induced demand and mode choice must include 

demographic data to enable analysis of equity impacts, including relative travel time and wait 

time changes by income, race, age, ability, and geographic location.  

Another area of needed research involves determining the most appropriate service environment 

for each type of partnership between public transportation agencies and MOD companies: 

FMLM, Low-Density, Off-Peak, and Paratransit services, with vehicle sizes of 4-passenger, 10-

passenger, or larger. After drawing on data from existing MOD PPPs to estimate induced 

demand and mode choice models that include demographic variables, researchers can expand on 

the work by Liu et al. (2019) and use agent-based simulation and supply-side optimization to 

determine the optimal service type and vehicle size by density and land use. In this context, the 

supply-side optimization would focus not on maximizing profit but rather on maximizing 

societal goals, including VMT reduction, equity, and accessibility, subject to a maximum 

acceptable public subsidy.  

Future research is also needed to identify policy levers that encourage the ideal distributions of 

MOD PPP services and vehicle sizes. This could involve testing outcomes under status-quo 

policies as well as combinations of: 1) subsidies to support socially desirable MOD uses like 

service in unprofitable low-income and rural areas, 2) fees to penalize undesirable uses like 

single-occupancy trips in high-traffic areas and times, and 3) dedicated infrastructure policies 

like assigning curb and road space to favor desirable modes and restrict MOD modes from 

competing with public transit along high-volume corridors.  

Finally, the research outlined in this section can inform work on estimating transportation equity, 

accessibility, VMT, and cost impacts as MOD modes transition to automated services.  
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2.6. Conclusion 

Survey-based and econometric analysis suggest negative impacts from TNCs on public transit 

ridership. In light of this competition, public transportation agencies are experimenting with the 

provision of smartphone-enabled, on-demand service by partnering with MOD companies, 

including TNCs, van-based microtransit, and ride-matching and routing software companies. The 

four main service models provided include FMLM, low-density, off-peak, and paratransit 

service. These partnerships aim to fill gaps or replace existing service in scenarios in which 

demand is too low or dispersed to support fixed-route service. Agencies implementing MOD 

PPPs face challenges such as ensuring equitable access, reaching data sharing agreements with 

the private partner to enable in-house evaluation of the service, navigating regulations like driver 

background checks and drug tests, and addressing concerns from public transit labor unions 

about contracting with outside providers.  

Most quantitative analyses on the impacts of shared-ride MOD services have involved agent-

based simulation. These studies have primarily optimized MOD service design to minimize 

costs, evaluated travel time and VMT impacts, and assumed exogenous demand or synthetic 

mode choice models. A few research groups have used stated preference surveys to estimate 

mode choice models that include drive alone, ride-alone MOD, shared-ride MOD, and fixed-

route public transit. A single study has used such a model in combination with agent-based 

simulation to identify a supply-demand equilibrium with mode share, fleet sizes, and fares for 

each mode. While this work has begun to address methods for designing intermodal MOD and 

fixed-route services, further research is needed on the impacts of existing and planned MOD 

PPPs. 

In particular, none of the research described in this chapter has used trip data or surveys from 

existing MOD PPPs to evaluate how travel time and cost impacts vary by demographic group⎯a 

crucial step to ensuring benefits of the new service model are distributed equitably and meet the 

needs of transit-dependent populations. Moreover, none of the research includes a method to 

estimate induced demand, which is necessary to accurately analyze VMT impacts from existing 

MOD PPPs and to project ridership and agency costs for new partnerships. Additional research is 

also needed to identify the appropriate service environment for each type of MOD PPP, policy 

levers to encourage the socially optimal design of intermodal MOD services, and guidance for 

managing the transition to automated vehicles. While MOD PPPs offer the potential to improve 

travel times and reduce operational costs, public transit agencies and researchers must carefully 

monitor impacts to ensure these partnerships not only attract new ridership but also support 

fixed-route public transit service, lower overall VMT, and meet the needs of vulnerable 

populations. 
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This chapter, with slight modifications, was published in Research in Transportation Business 

and Management (2019) and can be accessed here: 

https://www.sciencedirect.com/science/article/pii/S2210539519300987 

The chapter addresses the first research objective of the dissertation: to understand what types of 

public MOD services currently exist, including benefits and challenges of each type from an 

environmental, transportation equity, and operational lens.  

As lead author, I worked with Professor Trapenberg Frick and Professor Shaheen to 

conceptualize the paper and refine the typology. I performed the rest of the methodology 

(identified public MOD services, created the database of services, contacted interviewees, and 

conducted the interviews), wrote the original draft, and revised and edited based on reviews of 

the other authors and anonymous reviewers.  

 

ABSTRACT 

The growing number of public transportation agencies partnering with Mobility on Demand 

(MOD) or Mobility as a Service (MaaS) companies raises the question of what role MOD 

companies can, should, and currently play in the provision of public transport. In this article, we 

develop a typology reflecting 62 MOD public-private partnerships (MOD PPPs) in the United 

States and present lessons learned. We conducted 34 interviews with representatives from four 

MOD companies and 27 public agencies. The interviews spanned October 2017 to April 2018. 

The resulting MOD PPP typology consists of four service models: 1) First-Mile/Last-Mile 

(FMLM), 2) Low Density, 3) Off-Peak, and 4) Paratransit. The typology also includes two MOD 

asset contribution models: 1) Agency-Operated MOD and 2) Agency-Subsidized Private MOD. 

Lessons learned for limiting competition with fixed-route public transit include: a) if agencies 

have sufficient resources, they can generally maintain greater data access and control over the 

service with Agency-Operated MOD than Agency-Subsidized Private MOD; b) public agencies 

can supplement the Agency-Operated MOD model with Agency-Subsidized Private MOD 

during peak demand; c) public agencies sometimes encourage FMLM transfers to fixed-route 

public transit by creating service zones that divide trip generators and attractors and assigning 

one or two designated transfer stops to each zone; and d) one approach to protecting fixed-route 

public transit is to restrict Low-Density MOD services to trips that start and end outside a 

geofenced fixed-route service area. 

https://www.sciencedirect.com/science/article/pii/S2210539519300987
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Keywords: Mobility as a Service, Mobility on Demand, Public-private partnership, Public 

transportation, First-mile/last-mile, Typology 

3.1. Introduction 

In a time of declining public transit ridership in the United States (U.S.), public transportation 

agencies have started partnering with Mobility on Demand (MOD) or Mobility as a Service 

(MaaS) companies in an effort to improve the efficiency and quality of public transit service. We 

use the MOD terminology throughout this paper, as it was adopted by the U.S. Department of 

Transportation in 2016 to describe this emerging concept. MOD, according to the U.S. DOT 

definition, is a concept that encompasses both passenger and goods movement as commodities 

that consumers can access on demand through an integrated multi-modal network (Shaheen et al. 

2017). MaaS, in contrast, is a European concept that focuses on aggregating passenger mobility 

services and ultimately providing them as bundled subscription options (Shaheen and Cohen 

2019). Both MOD and MaaS aim to incorporate trip planning and booking, real-time 

information, and fare payment into a single user interface. Some operational aspects involved in 

MOD and MaaS preceded the development of companies like Uber and Lyft, including 

technological elements (e.g., integrated planning and booking systems like Cleric, a company 

started in the United Kingdom in 1985) and their application (e.g., Scotland’s Transport to 

Employment service that centrally coordinated passengers’ trips beginning in 2006).    

The MOD companies we examine in this article include transportation network companies 

(TNCs, also known as ridesourcing and ridehailing) like Uber and Lyft that connect passengers 

with drivers who provide service in their personal vehicles, microtransit companies like Via that 

offer shared-ride services with flexible routing and/or scheduling, and software companies like 

TransLoc and DemandTrans that provide the algorithms for public transportation agencies to 

operate their own on-demand service. These innovative partnerships, which we call MOD 

public-private partnerships (MOD PPPs), seek to accomplish a variety of goals including: a) 

improving transportation quality for transit-dependent elderly, disabled, and low-income 

populations; b) serving new public transit riders; and c) enabling public transportation agencies 

to redistribute resources to more efficiently serve low-ridership bus routes and paratransit while 

increasing frequency along higher-density corridors.  

For context, public transportation in the U.S. is administered at the level of the metropolitan 

region, county, or city. The federal government provides roughly half of the public transit capital 

funding and some operating funds. States often contribute both transit capital and operating 

funds to regional public transit districts, and many county and city governments employ local 

taxes to provide operational funding for regional transit agencies (TRB 2001). Unlike Western 

Europe, where contracting with private bus operators is common on a route-by-route basis or for 

whole networks even in major metropolitan areas, contracting with private transit providers in 

the U.S. occurs mainly in smaller and less urban transit systems or for services like paratransit 

(TRB 2001). 

The previous chapter provides an extensive overview of existing literature on MOD PPPs. The 

literature review highlighted three critical gaps in the academic literature: 1) a conceptual 
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framework for MOD PPPs, especially one that includes microtransit services and “agency-

operated” partnerships in which the private partner provides only the ride-matching and routing 

algorithm, 2) trends in the number of public transportation agencies employing each MOD PPP 

model, and 3) comparative benefits, disadvantages, and recommendations for public 

transportation agencies regarding the implementation of each type of partnership. While some 

articles have discussed challenges and recommendations from a case study examination (e.g., 

Westervelt et al. 2017, 2018), we broadened our review to a comprehensive examination of 

existing MOD PPPs.   

3.1.1. Overview 

The questions we sought to answer with our analysis are: 

a) Typology: What types of MOD PPPs exist and how do they relate to one another? 

b) Benefits and Disadvantages: Based on publicly available documentation on MOD PPPs 

and feedback from public and private partners, what are the benefits and drawbacks of 

each type of MOD PPP for public transportation agencies? 

c) Trends: At what rates are public transportation agencies implementing each type of 

MOD PPP and how do the identified benefits and disadvantages help interpret these 

trends? 

d) Implications: In light of the identified benefits and disadvantages, how do representative 

public and private partners recommend that public transportation agencies decide 

between MOD PPP models and optimize implementation of the chosen model for the 

agency and its passengers?   

The next section includes a discussion of our methodological approach for analyzing existing 

MOD PPPs and identifying the answers to each question listed above. We then present three 

sections of findings corresponding to the first three questions. We conclude by examining key 

implications of the findings for public transportation agencies considering MOD PPPs. 

3.2. Methodological Approach 

To develop a conceptual framework for MOD PPPs, we first compiled a database of MOD PPPs 

in the U.S. by reviewing online newspaper articles and public transit agency and MOD company 

websites. Inclusion criteria for MOD PPPs involved public agencies and private companies 

collaborating to provide MOD services that meet the FTA definition of public transportation: 

“regular, continuing shared-ride surface transportation services that are open to the general 

public or open to a segment of the general public defined by age, disability, or low income” 

(FTA 2016b). These include MOD company partnerships with public transportation agencies, 

transportation authorities, and cities. For simplicity, we refer to public transportation agencies 

throughout the text, except in Table 3.6, where we explicitly include only public transportation 

agencies in the table and describe transportation authority and city partnerships in the footnotes. 

Due to the rapid growth in the number of partnerships, some MOD PPPs may have been omitted 

from our analysis. The database we developed informed our first draft of a MOD PPP typology, 

which we refined through expert interviews. 
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Between October 2017 and April 2018, we conducted 34 interviews with representatives from 

four MOD companies, 21 public transit agencies, two transportation authorities, one regional 

planning agency, and three cities. We chose organizations to interview based on their 

involvement in MOD PPPs that were the “first of their kind” or that experienced notable success 

or challenges with a unique partnership feature. The partnerships examined through the 

interviews span each category of the typology and represent a range of geographies, densities, 

use cases, and target populations. We identified individual interviewees based on their familiarity 

and involvement with the development and implementation of the partnerships. Table 3.1 below 

summarizes interviewees’ roles by organization type. Interview questions included: a) how the 

organization decided to create the partnership; b) how it identified partners; c) how the MOD 

service fills gaps in the public transit network; d) the benefits and disadvantages from the 

partnership for the organization and how these are quantified; and e) how the partners share data, 

lessons learned, and next steps. Interviews were documented with written notes, and we sought 

written clarification from the interviewees after the interviews, as necessary.  

 

Table 3.1. Expert Interviews 

Type and Number of 

Organizations 

Number of 

Interviewees 

Function in Organization 

4 MOD Companies 5 • Vice President 

• Managers: Transportation Partnerships, 

Transportation Policy, Accessibility Policy, 

Business Development 

21 Public 

Transportation 

Agencies, defined as 

agencies required to 

report to the National 

Transit Database 

27 • Innovation: Director, Program Manager 

• Planning: Director, Vice President, Manager, 

Principal Planner, Transportation Planner 

• Operations: Deputy Chief Officer, Director 

• Demand Response: Vice President, Manager, 

Supervisor 

• Contract Services: Director, Administrator 

• Marketing: Chief Officer, Director,  

Strategic Manager 

• Information Technology: Senior Director 

2 Transportation 

Authorities 

2 • Planning: Manager 

• Operations: Program Services Manager 

1 Regional Planning 

Agency 

4 • Planning: Deputy Director,  

   Senior Regional Planner 

• Operations: Senior Program Specialist 

3 Cities 3 • Innovation: Senior Officer 

• Transportation: Engineering Manager,  

Assistant Planner 
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We processed the interviews to refine the typology by tagging defining characteristics of the 

partnerships, identifying themes in how these characteristics varied across the partnerships, 

cross-checking the themes against all identified partnerships to ensure they helped describe 

variation throughout, and organizing the themes into a typology with descriptions of each level 

and category.  

To analyze trends, we classified each identified MOD PPP according to the typology and 

graphed the occurrence of each model by start and end date. The initial classification enabled us 

to isolate interactions between the asset contribution models and the service models, while the 

graphs enable a comparative analysis of changes in the frequency of each model over time. 

To inform the remaining findings and implications sections of the paper, we tagged benefits, 

disadvantages, and recommendations mentioned in the interviews and sorted them by MOD PPP 

model. We then applied the benefits and disadvantages as a lens through which to analyze 

potential explanations for the observed trends.  

3.3. Findings: Typology of MOD PPPs  

Based on our analysis, we classified MOD PPPs along three key dimensions: asset contribution 

(assets contributed by each partner to enable service), service provision (service provided to the 

public through the partnership), and vehicle type (the vehicles used to provide the service). We 

defined two asset contribution models: Agency-Operated MOD, in which the private partner 

provides only the ride-matching and routing algorithm, and Agency-Subsidized Private MOD, in 

which the private partner also provides the vehicles and/or the drivers. We identified four service 

models: 1) First-Mile/Last-Mile (FMLM), 2) Low-Density, 3) Off-Peak, and 4) Paratransit. 

Finally, we observed three vehicle types: vans, taxis, and personal vehicles owned by TNC 

drivers. Each dimension offers a lens through which to analyze how to meet service goals while 

minimizing competition with fixed-route public transit. The asset contribution model impacts the 

public agency’s level of data access and control over the service and, in turn, its ability to 

monitor whether the MOD PPP competes with fixed-route transit or meets equity and 

environmental goals. Not surprisingly, the service model affects the risk that a MOD PPP will 

compete with fixed-route transit. Vehicle size affects potential vehicle occupancy and impacts on 

congestion, VMT, and emissions. Figure 3.1 maps the locations of 62 MOD PPPs by U.S. public 

transit agencies, transportation authorities, and cities. The map distinguishes MOD PPPs by asset 

contribution model and service model. Figure 3.2 depicts the observed relationship between asset 

contribution model, service model, and vehicle type among MOD PPPs in the U.S. 



 

 

Figure 3.1. Map of MOD PPPs in the U.S. 

3
6
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Figure 3.2. MOD PPP Typology 

3.3.1. Asset Contribution Models 

The MOD asset contribution models vary by which partner provides necessary assets for the 

MOD service: on-demand ride-matching and routing software, drivers, and vehicles. In each 

model, the public partner pays the private partner and the private partner designs the on-demand 

ride-matching and routing software. In Agency-Operated MOD, the public partner uses this 

software to offer services with its own employed or contracted drivers. With Agency-Subsidized 

Private MOD, the private partner is responsible for employing or contracting with the drivers. 

While all observed Agency-Operated MOD partnerships use microtransit vans to provide 

service, Agency-Subsidized Private MOD may use microtransit vans, taxis, or personal vehicles 

owned by TNC drivers. For Agency-Subsidized TNCs or MOD Taxis, the private partner owns 

the vehicles or arranges for drivers to use their personal vehicles. Generally, the public partner 

owns the vans used for Agency-Operated MOD and the private partner owns them for Agency-

Subsidized Private Microtransit, though either partner or both partners can contribute these 

vehicles. 

Table 3.2 illustrates these contributions. The arrow indicates that the public agency’s control 

over the service and access to trip data is lowest under the Agency-Subsidized TNC model, 

increases under Agency-Subsidized MOD Taxi and Microtransit models, and is greatest under 

Agency-Operated MOD. This hierarchy reflects differences between the type of data that the 

private sector partners typically provide public agencies. Uber and Lyft often give the public 

partner aggregated measures such as: average trip fare and trip length, a heat map of trip volume 

by geographic area, and the percent of trips under designated estimated times of arrival (ETAs). 

The microtransit company Via generally offers trip-level data down to the nearest intersection of 

pick-ups/drop-offs. Companies that provide only the ride-matching and routing software for 

Agency-Operated MOD supply the public partners with all trip-level data.  

 

 

Observed 
Vehicle Types

Observed 
Service Models

Asset Contribution 
Model

MOD PPPs 
in the U.S.

Agency-
Operated 

MOD

Low-
Density

Vans

Agency-
Subsidized 

Private MOD

FMLM

Vans, 
Taxis, 
TNCs

Low-
Density

Vans, 
TNCs

Off-Peak

TNCs

Paratransit

Vans, 

Taxis, 

TNCs
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Table 3.2. Asset Contribution Models by Public and Private Contributions  

 

3.3.2. Service Models 

The service models are distinguished by socio-demographic, geo-spatial, and temporal 

restrictions on trip provision. Table 3.3 presents how these restrictions differ by service model. 

The highlighted cells in the table indicate which restriction defines each model. For instance, 

FMLM partnerships are defined by their geo-spatial restrictions because they only subsidize trips 

that start and end at a public transit stop or station, thereby supporting public transit transfers. 

Low-Density and Paratransit partnerships do not require transfers to transit and instead serve 

trips from their origin to destination (point-to-point service), while Off-Peak partnerships can 

either: a) employ point-to-point service or b) set FMLM restrictions, if the agency operates 

reduced fixed-route service in off-peak hours. Low-Density partnerships restrict subsidized 

service to trips taken within specified zones, generally located in areas with densities too low to 

support frequent fixed-route bus service. Similarly, Off-Peak partnerships only subsidize trips 

taken during times in which demand is too low to support frequent fixed-route bus service. Off-

Peak partnerships differ from FMLM or Low-Density partnerships because they specifically fill 

gaps caused by scaling back fixed-route service during off-peak hours, whereas FMLM and 

Low-Density partnerships provide service during standard fixed-route service hours or only 

during peak hours. Finally, Paratransit partnerships only subsidize trips made by individuals with 

disabilities or above a designated age.  

While the first three service models do not restrict subsidies to those within a specified 

demographic, they can incorporate demographic restrictions to meet agency goals. For example, 

a FMLM partnership could restrict service to those with a transit station parking pass, thereby 

reducing parking demand at stations by only subsidizing those who would otherwise drive and 

park. An Off-Peak partnership could restrict service to low-income night-shift workers, thereby 

targeting subsidies to help individuals secure and keep otherwise-hard-to-access jobs. 

Any of the four service models can either fill gaps by providing service where no comparable 

service existed previously or replace a previously existing, less efficient service. FMLM, Low-

Density, and Off-Peak partnerships can replace low-ridership fixed bus routes. Low-Density 

partnerships can also replace general public dial-a-ride services, and Paratransit partnerships can 

replace and/or supplement prior paratransit services.  
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Table 3.3. Service Models by Restrictions on Passengers’ Eligibility for Subsidized Trips 

 Socio-Demographic 

(e.g., Income, Ability, Age,  

Frequency of Transit Use) 

 

Only serve trips made by: 

Geo-Spatial 

 

 

 

Only serve trips that: 

Temporal 

 

 

 

Only serve trips 

made during: 

First-Mile/ 

Last-Mile 

Anyone,  

But Could Restrict Eligibility 

(e.g., only serve commuters or 

those who own transit station 

parking passes) 

Start/End at  

Fixed-Route  

Public Transit  

Stop or Station 

Public Transit 

Service Hours 

(or Peak Hours) 

Low-Density  

(Geo-Spatial 

Gap-Filling or 

Replacement) 

Anyone,  

But Could Restrict Eligibility 

Are Outside Fixed-Route 

Service Area 

(e.g., within buffer zone of 

replaced bus route) 

Public Transit 

Service Hours 

Off-Peak 

(Temporal 

Gap-Filling or 

Replacement) 

 

Anyone, 

But Could Restrict Eligibility 

(e.g., only serve low-income  

night-shift workers) 

Are Within  

Public Transit  

Service Area 

Off-Peak Hours 

(e.g., night,  

possibly midday) 

Paratransit Persons with Disabilities; 

Senior Citizens 

Are Within  

Public Transit  

Service Area 

Public Transit 

Service Hours 

 

 

As an example of two different partnership models in the same city, Dallas Area Rapid Transit 

(DART) started GoLink, an Agency-Operated MOD partnership with DemandTrans, in June 

2017 and a separate Agency-Subsidized Private MOD partnership with Uber in March 2019. 

GoLink provides Low-Density point-to-point service in 13 zones for $1.50 per trip on weekdays 

from 5am to 9pm. DART encourages FMLM trips by offering free GoLink service with any 

DART pass. In the same zones and times, passengers can use the GoPass app to access $3 

UberPOOL rides anywhere within a given zone (Low-Density, point-to-point service). As with 

GoLink, DART encourages FMLM trips by offering $1 UberPOOL trips to or from eligible 

DART stations. DART presents the UberPOOL option as a faster but more expensive option for 

passengers than GoLink (DART 2019).  

3.4. Findings: Benefits and Disadvantages of Each MOD PPP Model 

In this section, we consolidate the benefits and disadvantages of each asset contribution model 

and service model, as identified in the expert interviews and a review of publicly available 

documentation of existing MOD PPPs. Each public transportation agency acronym used here and 

in following sections is identified by location in Figure 3.2, above. 

Table 3.4 explores each asset contribution model and its potential benefits and disadvantages. In 

general, greater control and access to data under the Agency-Operated MOD model enables 
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public agencies to better understand the MOD service and promote the public good, such as 

increasing equity and public transit ridership. Two reasons deter some public agencies from 

selecting Agency-Operated MOD as an asset contribution model, including: 1) the financial and 

physical resources required by the agency to operate the service are greatest under the Agency-

Operated MOD model and 2) demand is insufficient to justify the large microtransit vans 

typically used in Agency-Operated MOD.  

In Table 3.5, we provide an overview of the four MOD service models and their potential 

benefits and disadvantages. From the perspective of minimizing competition with fixed-route 

services, the Paratransit and Off-Peak models offer advantages because paratransit is a separate 

service, while Off-Peak partnerships, by definition, typically operate outside fixed-route service 

hours. Protecting fixed-route services under the FMLM and Low-Density models requires 

additional precautions, as discussed in the implications section.  

Table 3.4. Description, Benefits, and Disadvantages of Each Asset Contribution Model 

Name and Description Potential Benefits Potential Disadvantages 

Agency-Operated MOD:  

Private MOD company provides 

only on-demand ride-matching and 

routing software, while the agency 

uses its own drivers or drivers from 

its existing contract. 

• Public agency has complete 

control over the service and 

retains access to all data 

(e.g., AC Transit, King 

County Transit) 

• Employing agency drivers 

can earn union support (e.g., 

KCATA) 

• Microtransit vans enable 

greater vehicle occupancy, 

potentially reducing VMT 

more than taxis or TNCs 

• Requires more 

resources 

• Can be difficult to 

aggregate enough riders 

to offset costs (e.g., 

VTA) 

• Microtransit service 

may pull riders from 

more sustainable modes 

such as: bus, rail, 

bicycle, or walking 

Agency-Subsidized Private MOD: 

• Agency-Subsidized Private 

Microtransit: Private 

partner hires their own 

drivers or contracts with a 

third party for driver 

services only. 

• Agency-Subsidized Private 

MOD Taxis: Private partner 

contracts with taxi 

companies for their vehicles 

and drivers. 

• Agency-Subsidized TNCs: 

Private partner contracts 

with independent drivers 

who use their personal 

vehicles.  

• Public transportation agency 

does not need to own 

vehicles or hire drivers for 

the MOD service 

• Subsidizing a service 

that employs private 

MOD company drivers 

sometimes leads to 

union resistance (e.g., 

DART) 

• Public partner may 

have limited access to 

trip data (e.g., PSTA) 

• Subsidizing trips on 

smaller vehicles could 

increase VMT 

 

 



 

 

 

Table 3.5. Description, Benefits, and Disadvantages of MOD Service Models 

Name and Description 

 

Potential Benefits Potential Disadvantages 

First-Mile/Last-Mile 

Public partner subsidizes MOD 

trips to or from public transit 

stops or stations. MOD company 

geofences the designated transit 

stops or stations to ensure the 

discount only applies to eligible 

trips. 

• Protects transit by only subsidizing rides to/from public 

transit stations (e.g., PSTA) 

• Can modify discount to reduce parking demand at transit 

stations (e.g., Summit, NJ) 

• May increase proportion of FMLM rides that are shared 

• Restricting discount to peak hours attracts commuters who 

require reliable FMLM service (e.g., RTD) 

• When geared toward commuters, employers may help 

cover service cost (e.g., STA) 

• Can compete with other non-SOV 

FMLM options, such as riding the 

bus, biking, or walking 

• Transfers and multiple payments 

may deter potential passengers 

→ Address this by allowing riders 

to plan and pay for trips on one 

platform (e.g., DART)  

Low-Density  

Public partner subsidizes MOD 

trips anywhere within a 

designated zone. These 

partnerships target low-density 

areas that cannot support fixed 

route bus service. 

• Better service than infrequent, low-ridership bus routes, at 

a lower cost than a dial-a-ride service (e.g., RTD, SW 

Transit) 

• Zone structure can make it easier for riders to understand 

which trips are eligible for a discount (e.g., LAVTA) 

• Directly substitutes for public 

transit use  

→ Mitigate this by only serving 

trips that start or end outside range 

of existing fixed-route service (e.g., 

RTD) 

Off-Peak  

Public partner discounts MOD 

trips during off-peak hours.  

• Direct, on-demand trips at a lower cost to agency than 

low-ridership late-night transit service  

• Discourage drunk driving (e.g., Evesham Township, NJ) 

• Better serve night-shift workers (e.g., PSTA) 

• Public transportation agencies often 

do not provide services at night, so 

the off-peak subsidies could 

represent an additional cost 

Paratransit  

Public or private partner uses 

MOD technology to supplement 

or replace the public 

transportation agency’s existing 

paratransit service. 

• Provides on-demand paratransit trips rather than requiring 

riders to schedule trips a day or more in advance  

• Lower per-trip costs for public agency and passengers 

(e.g., MBTA) 

• MOD companies may need time to 

add wheelchair accessible vehicles 

to fleet (e.g., MBTA) 

• MOD company drivers may have 

less training in assisting paratransit 

riders (e.g., RabbitTransit) 

 

  

4
1
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3.5. Findings: Partnership Trends 

After categorizing the models, we analyzed existing MOD PPPs according to the typology to 

identify trends in the partnership models used. In the few cases where partnerships lacked service 

time restrictions, thereby providing Off-Peak service in addition to FMLM or Low-Density 

service (e.g., Dublin, CA), we classified them as FMLM or Low-Density, respectively, because 

the decision to provide all-day service was for convenience rather than to explicitly fill off-peak 

gaps. The expert interviews provide possible explanations for the observed trends, while the 

trends provide context for how each MOD PPP model’s benefits and disadvantages might impact 

the start and end of partnerships. Table 3.6 shows the number of public transit agency MOD 

PPPs in the U.S. that employ the various models, with city and transportation authority MOD 

PPPs listed as footnotes. The pilots are organized by the year operations began.  

Table 3.6. Number of Public Transit Agency MOD PPPs in the U.S. 

 Agency-Operated 

MOD 

Agency-Subsidized Private MOD 

Microtransit 

Vans 

Taxi TNC 

(Personal Vehicles) Total: 

FMLM  2 1 11a 14 

2016 
  Tampa* St. Petersburg (FL), 

Philadelphia*,  

Sacramento* 

2017 
   Dayton,  

San Joaquin (CA), 

Phoenix* 

2018 
 Seattle  Charlotte, Tacoma, 

Austin, Las Vegas 

2019  Seattle  Los Angeles 

Low-Density 13b 0c  6d 19 

2015 Eden Prairie (MN)    

2016 
San Jose*, Kansas City*, 

Alameda County (CA) 

  Dallas*,  

Lewisville (TX) 

2017 
Austin*, Dallas   Dublin (CA),  

San Joaquin (CA) 

2018 

Sacramento, Durham, 

Contra Costa (CA)*,  

San Joaquin (CA),  

Orange County 

  Eden Prairie (MN)* 

2019 
Kansas City,  

Pacifica (CA) 

  Dallas 

Off-Peak    4e 4 

2016    St. Petersburg (FL) 

2017    Santa Monica 

2018 
   Tacoma,  

Detroit 

Paratransit  1 2 8f 11 

2016    Boston 

2017 
 San Joaquin 

(CA) 

NYC, 

Kansas City 
York County (PA),  

Richmond (VA), Dallas 

2018 
   Las Vegas,  

San Bernardino (CA), 
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Santa Monica,  

St. Petersburg (FL) 

Total: 13 3 3 29 48 

Note: The italicized Off-Peak partnerships employ FMLM restrictions, as opposed to point-to-point service. Please 

note that this table excludes PPPs with transportation authorities and cities, focusing on public transportation 

agencies only.  

* MOD PPP has ended.  
a. 

Also includes four MOD partnerships with cities and two with transportation authorities: 1) Centennial, CO 

(2016*); 2) Summit, NJ (2016); 3) San Clemente, CA (2016); 4) Mercer Island, WA (2018*); 5) Solano 

Transportation Authority, CA (2017); and 6) Transportation Authority of Marin, CA (2017). 
b. Includes Lone Tree, CO (2017* and 2019).  
c. Includes: 1) Arlington, TX (2017) and 2) West Sacramento, CA (2018). 

d. Also includes: 1) Altamonte Springs, Lake Mary, Longwood, Maitland, and Sanford in Florida (2016*) and 2) 

Monrovia, CA (2018). 

e. Also includes Evesham Township, NJ (2015).  
f. Also includes: 1) Gainesville, FL (2015) and 2) Dakota County, MN (2019). 

 

Figures 3.3 and 3.4 below show the frequency distribution of all new and ongoing MOD PPPs 

from 2015 to 2019 according to asset contribution model and service model, respectively. Trends 

are discussed through 2018, as the 2019 partnerships were counted through April, so there is not 

a full year of data to convey the continuation of trends. The results highlight seven key trends: 

1) Agency-Operated MOD partnerships only provide Low-Density service. Public agencies 

implementing Agency-Operated MOD may have less need to restrict service to FMLM trips, as 

they have more data access and control over the service to ensure the MOD service does not 

compete with existing fixed-route services. However, some public agencies with Agency-

Operated MOD services have considered restricting service to FMLM trips to reduce 

competition with fixed-route services. At off-peak, demand may be too low to support the 

microtransit vans used for Agency-Operated MOD. Finally, all Agency-Operated MOD services 

employ wheelchair accessible vehicles, thereby serving paratransit passengers as well as the 

general public.  

2) Agency-Subsidized Private TNCs are the most common asset contribution model, 

followed by Agency-Operated MOD. TNCs are more ubiquitous than MOD software, MOD 

microtransit, or MOD taxi companies. Not surprisingly, subsidizing TNC rides requires less 

planning and resources than directly operating a MOD service. This model is especially 

attractive for smaller agencies that already contract for driver services, as the agency can shift 

some of the contracted services to TNCs. Meanwhile, Agency-Operated MOD has been the 

typical choice for agencies that want access to all trip-related data and have the resources to 

provide vehicles and drivers for a MOD service.  

3) Between 2015 and 2018, Agency-Operated MOD and Agency-Subsidized Private 

Microtransit appear to be increasing, while the number of new partnerships in the other two 

categories have remained fairly constant. The expert interviews suggest that this trend is due to 

concerns about the difficulty of securing data from TNCs, the potential for greater vehicle 

occupancy and VMT reduction from the use of microtransit vans, and the sense that these models 

compete less with fixed-route services. MOD companies that operate microtransit vans and offer 
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MOD software for public agency use are also gaining experience in adapting their services to fit 

public agency needs, increasing partnership opportunities. 

4) MOD Asset Contribution Model Terminations: Eight of 38 Agency-Subsidized Private 

TNC partnerships, 5 of 13 Agency-Operated MOD partnerships, and 1 of 3 Agency-

Subsidized Private Taxi partnerships have been terminated. The agency-subsidized MOD 

taxi service ended due to excessive costs. Agency-Operated MOD services ended due to: 

• Overly-restricted service areas that led to insufficient ridership (2 pilots),  

• Unadaptable ride-matching and routing algorithm (2 pilots), and  

• Concerns about competition with fixed-route services (1 pilot).  

The latter two pilots were replaced, respectively, with 1) another Agency-Operated MOD service 

with an improved routing algorithm and 2) an Agency-Subsidized TNC pilot for FMLM service. 

Reasons for terminating the Agency-Subsidized TNC pilots included: 

• Concerns about competition with fixed-route services (1 FMLM pilot and 2 Low-Density 

pilots);  

• Overall difficulty working with TNCs, including cost, labor union concerns, lack of data 

access, and difficulty of providing an equitable paratransit alternative (2 FMLM pilots 

and 1 Low-Density pilot);  

• Decision to evaluate other options before potentially scaling up the service (2 Low-

Density pilots).  

Two agencies replaced Agency-Subsidized TNC pilots with Agency-Operated MOD services. 

One of these subsequently re-introduced an Agency-Subsidized TNC service in the same zones 

as its Agency-Operated MOD service but restricted the discount to ridesplitting trips only. 

 
Figure 3.3. Number of new and ongoing asset contribution models from 2015 to April 2019. 

 



 

45 

 

5) The most common service model is Low-Density, closely followed by FMLM. Low-

Density is also the easiest model to implement, as it involves a general zone-based structure for 

subsidized ride eligibility, while FMLM is a popular choice because it increases the chance that 

riders will use the subsidized service to access public transit.  

6) The number of new MOD PPPs for FMLM and Off-Peak service has been relatively 

steady since 2016, while new MOD PPPs for Paratransit service peaked in 2017, and new 

MOD PPPs for Low-Density service seem to be increasing.  

7) MOD Service Model Terminations: Categorizing the terminated pilots by service model 

shows that 6 of 21 FMLM pilots and 8 of 25 Low-Density pilots have ended, compared to 

none of the Off-Peak or Paratransit pilots. The relative longevity of MOD Paratransit pilots is 

likely due in part to the greater cost savings and service improvements these partnerships 

typically provide (e.g., MBTA).  

 
Figure 3.4. Number of new and ongoing service models from 2015 to 2019. 

3.6. Implications 

Partnerships with MOD companies present public transit agencies with opportunities to improve 

the efficiency and quality of service, particularly for elderly, disabled, low-income, and rural 

populations. At the same time, such partnerships can compete with existing public transit service 

when not implemented carefully. We analyzed 62 existing MOD PPPs in the U.S. and conducted 

34 interviews with public and private partners. This work informed the identification of a 

typology of MOD PPPs, benefits and disadvantages of each partnership model, and comparative 

trends in the occurrence of each model.  

Our analysis suggests several considerations for choosing service models and asset contribution 

models for a MOD PPP. Key recommendations focus on protecting fixed-route public transit and 

meeting equity and environmental goals. The recommendations are neither universal nor backed 

by empirical support, but are instead based on evidence from the interviews and review of 

publicly available documentation on existing MOD PPPs. Agencies that have adopted or 

considered the strategies are cited.  
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When choosing a service model, agencies should consider that, while Off-Peak and Paratransit 

MOD PPPs do not compete with fixed-route services, FMLM and Low-Density models may 

require strategies to support rather than undermine existing public transportation. Although the 

FMLM model encourages transfers to fixed-route services by requiring trips to start/end at public 

transit stops, some agencies take additional measures to reduce the likelihood of passengers 

using the MOD service to access locations near the public transit stop rather than transferring. 

These strategies include: a) setting required start/end stops on high-performance routes in places 

without major trip attractors (e.g., PSTA) and b) creating catchment zones that divide trip 

generators and attractors and assigning one or two designated transfer stops to each zone (e.g., 

HART, PSTA). One way to protect fixed-route services under the Low-Density model is to 

restrict service to areas outside the geofenced fixed-route service area (e.g., RTD). Less 

aggressive measures include: a) using microtransit vans to allow greater vehicle occupancy (e.g., 

15 partnerships); b) subsidizing only ridesplitting or pooled trips (e.g., DART, LAVTA); and c) 

offering higher subsidies for shared rides (e.g., MBTA), large groups (e.g., SacRT), and transfers 

to/from fixed-route services (e.g., DART, GoTriangle). Offering higher subsidies for 

disadvantaged populations also helps meet equity goals (e.g., DART, KCATA, LA Metro, RTD, 

SacRT). For both FMLM and Low-Density partnerships, our interviewees identified the ideal use 

cases as locations dense enough to support shared rides but with disparate origins and 

destinations that are difficult to serve with fixed-route public transit.          

Regarding the selection of asset contribution models, our analysis suggests that, if agencies have 

sufficient resources, the Agency-Operated model generally allows greater data access and control 

over the service than Agency-Subsidized Private MOD. In some cases, the public agency has 

sufficient resources for Agency-Operated MOD but too few microtransit vans to meet peak 

demand. A few public agencies have started to address this problem by employing a mix of asset 

contribution models to meet peak demand, while preserving as much data access and control 

over the MOD service as possible (e.g., SW Transit). These agencies employ Agency-Operated 

MOD to provide a majority of the service and supplement with Agency-Subsidized Private MOD 

for “overflow” service in peak periods. The challenge raised by this strategy is that private MOD 

operators typically also have long wait times in peak periods. In other cases, agency resources 

and/or demand for the service are simply insufficient to enable Agency-Operated MOD. The 

expert interviews suggest that better data sharing strategies, including laws that protect an 

individual’s location data from public information requests, could help public agencies to ensure 

Agency-Subsidized Private MOD supports equity and environmental goals. Other strategies to 

increase the public agency’s data access under Agency-Subsidized Private MOD include: a) 

centrally dispatching trips (e.g., RabbitTransit) and b) enabling passengers to pay for the MOD 

service using funds from their public transit accounts (e.g., DART). These approaches allow the 

public agency to track when and where trips occur and, in the second strategy, whether 

passengers transfer to fixed-route public transit service.  

Other takeaways from the expert interviews relate to identifying gaps or inefficiencies in public 

transit service, determining goals and data needs, contracting with MOD companies, and 

marketing. Potential opportunities for MOD PPPs to fill gaps in public transit service include: 

low-ridership bus routes; dial-a-ride/paratransit services with high costs per passenger; dispersed 
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employment centers; public transit stations with high parking demand; late-night transportation 

for workers; non-emergency medical transportation; and temporary needs, such as events or 

construction. With respect to goals and data needs, MOD performance metrics are most similar 

to those for dial-a-ride service (e.g., average wait time between request and pick-up). In terms of 

cost per passenger and passengers per hour, most MOD PPPs perform better than traditional dial-

a-ride or paratransit services but worse than fixed-route services (e.g., OCTA, SW Transit). 

Agencies can also facilitate user surveys by requiring potential passengers to register with the 

agency before receiving a discount code (e.g., DART). When developing a contract with selected 

partner(s), agencies should consider ensuring the contract allows adjusting service easily, such as 

expanding service areas or restricting subsidy eligibility (e.g., VTA). Several agencies also noted 

the importance of considering ease of marketability when designing service, including how 

eligible trips are defined (e.g., LAVTA) and selecting service zones with well-known boundaries 

(e.g., GoTriangle).  

The trends analysis combined with the identified benefits and disadvantages suggests that, as 

MOD PPPs become more sophisticated, the common asset contribution models will likely 

continue to shift toward Agency-Operated MOD and Agency-Subsidized Private Microtransit 

because these models enable higher vehicle occupancy and potentially lower VMT. Among 

service models, FMLM will likely become more common as MOD companies become better 

able to restrict subsidized trips to those that start and end at public transit stops. Paratransit MOD 

PPPs will also likely become more popular due to the large potential cost savings, decrease in 

wait times, and lack of competition with fixed-route services. Low-density MOD PPPs will 

likely continue to replace general public dial-a-ride service for the same reasons. 

Opportunities for future research include empirically analyzing the benefits, disadvantages, and 

recommendations that we identified qualitatively. Future efforts could also involve matching 

each service model to an ideal density range, as well as further analyzing MOD PPPs’ equity and 

VMT impacts. Examining induced demand for MOD PPP service is crucial to this work, as 

providing service with shorter wait times and more direct trips will draw new riders, potentially 

increasing VMT and agency costs. Agent-based and activity-based modeling could suggest the 

most appropriate policy combinations for MOD PPPs to achieve a range of societal goals, 

including equitable travel/wait times and costs for low-income, minority, and rural populations. 

Similar techniques could highlight a phased policy approach for public transportation agencies to 

prepare for the next generation of MOD PPPs as automated vehicle (AV) technology and shared 

AV fleets are deployed. 
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Chapter 4. Demographic trends in public microtransit use 

and perceptions: Equity and environmental implications 

before and during the Covid-19 pandemic 

Emma Lucken 

Susan A. Shaheen 

Joan L. Walker 

This chapter addresses the second research objective of the dissertation: to understand who uses 

and benefits from public microtransit services, how this shifted in the Covid-19 pandemic, and 

what modes public microtransit riders used before. 

As lead author, I surveyed public microtransit riders and non-riders at 14 public transportation 

agencies across the U.S. and analyzed the results for demographic variation in frequency of 

public microtransit use, induced trips, replaced modes, and satisfaction with the service. I wrote 

the original draft and revised it based on feedback from Professor Shaheen and Professor 

Walker. 

ABSTRACT 

On-demand, app-based transportation options are now familiar throughout the United States 

(U.S.), and public transportation agencies are nearing six years of piloting these modes using 

their own vehicles in an array of use cases. However, analysis of the demographics and 

preferences of public microtransit riders is still in its infancy, limited to case studies that focus on 

one to three agencies each. Identifying demographic trends that hold across multiple agencies in 

a variety of geographic contexts and system designs will suggest broadly applicable equity-

related challenges and recommendations as agencies around the country continue designing or 

refining their own public microtransit services. In this chapter, we present results from our 

survey of 1519 public microtransit riders and 320 non-riders from 14 public transportation 

agencies across the U.S, analyzing how frequency of microtransit use, replaced modes, first-

mile/last-mile (FMLM) connections, trip purpose, perceptions of the service, and change in use 

during the Covid-19 pandemic vary by demographic group, including income, age, race, gender, 

ability, access to a personal vehicle, smartphone ownership, and banked/unbanked status. Main 

findings include: 1) underserved groups report more induced trips (up to 26% for riders with 

disabilities that prevent driving, compared to 15% for riders without such disabilities), are more 

likely to switch from non-motorized/higher-occupancy fixed-route modes, are less likely to use 

the service for commutes or FMLM connections, and perceive more frequent delays past the 

estimated time of arrival (up to 40% of unbanked riders report delays on most or all trips, 

compared to 20% of riders with bank accounts); 2) although lower-income riders, those without 

access to a personal vehicle, and women reported the greatest satisfaction and quality of life 

improvements from public microtransit service, riders without smartphones and/or bank accounts 

report no statistically significant improvements in their quality of life; and 3) lower-income 

riders, those without access to a personal vehicle, and essential workers decreased their use of 
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fixed-route public transit during the pandemic but maintained their use of public microtransit. 

Our results suggest that public transportation agencies face tradeoffs between: a) improving 

transportation equity by offering public microtransit services that improve quality of life and 

increase vehicle miles traveled (VMT) among underserved groups, and b) reducing VMT by 

attracting more privileged groups away from their personal vehicles or ride-alone Uber/Lyft. The 

findings also highlight key areas for improvement in advancing transportation equity, primarily 

expanding access for those without smartphones or bank accounts and ensuring equitable wait 

times for underserved groups. 

Keywords: public microtransit; transportation equity; induced demand; VMT implication; multi-

agency passenger survey 

4.1. Introduction 

Prior to the Covid-19 pandemic, public transportation agencies faced increasing competition 

from app-based, on-demand transportation network companies (TNCs) like Uber and Lyft 

(Martin et al., 2021). Previous work has identified that, in response, public transportation 

agencies began piloting mobility on demand (MOD) services to fill first-mile/last-mile (FMLM) 

gaps, replace low-ridership bus routes, introduce new service in low-density areas or off-peak 

times, and improve paratransit service (Blodgett et al., 2017). While many early MOD services 

offered by public agencies actually involved outsourcing operations to TNCs, an analysis of 62 

public MOD services in the U.S. indicated that public agencies are increasingly turning to van-

based microtransit services to increase vehicle occupancy, limit VMT, and better control 

transportation equity impacts and potential competition with fixed-route services (Lucken, 

Trapenberg Frick, & Shaheen, 2019). In this chapter, we use the transportation equity definition 

from Bills and Walker (2017): “fair or just distribution of transportation costs and benefits, 

among current (and future) members of society,” with a focus on vertical equity (“the 

distribution of transportation impacts among sub-populations that differ in ability and needs”). 

We also mention transportation-disadvantaged populations, or those who are less able to access 

personal vehicles or private TNCs, including: people with low incomes, without smartphones, 

without bank/checking accounts, or with disabilities that prevent driving (Brown et al. 2021).  

As Covid-19 conditions have continued to shift through widespread vaccine availability and the 

spread of more contagious variants, public transportation agencies have considered whether van-

based microtransit services offer a way to retain existing riders, win back pre-pandemic riders, 

and attract new riders away from personal vehicles and ride-alone TNC options while reducing 

VMT and supporting fixed-route transit services (Schank and Huang, 2022). Although numerous 

studies have qualitatively examined partnerships between public transportation agencies and 

MOD companies to develop typologies and examine potential transportation equity impacts and 

policy options, quantitative analysis of the environmental and equity impacts of publicly funded, 

on-demand microtransit services is more recent, especially in the U.S. The microtransit pilots 

included in the Federal Transit Administration MOD Sandbox program represent one source of 

quantitative analysis (FTA, 2021). For one of these pilots, a FMLM microtransit service in 

Dallas, TX, survey data and trip data indicated that about 24% of microtransit trips replaced ride-
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alone modes, microtransit increased the area accessible by public transit from 44% to 82%, and 

the average subsidy per rider in the service area decreased from $33.71 on fixed-route bus to 

$16.37 on microtransit (Martin et al., 2021).  

Apart from the MOD Sandbox, a survey of 130 Utah Transportation Authority (UTA) riders 

showed that among adults, those under 25 and those with households of four or more people 

were most willing to try microtransit while those between the ages of 25 and 44 were least 

willing to try microtransit (Macfarlane et al, 2021). Another study used eigendecomposition and 

k-clique percolation methods to analyze how the spatio-temporal patterns of UTA microtransit 

trips changed during the pandemic, finding that the use of microtransit as a FMLM connection 

declined from 58% to 29% of all microtransit trips (Zhou et al., 2021). Moreover, these FMLM 

trips retained the same hourly distribution associated with commutes, suggesting transit 

dependency for the remaining FMLM riders. Xing et. al. (2022) estimated a binary logit model 

on likelihood to use the public microtransit service in Sacramento, California, based on their 

survey of 997 people in the city, 79.5% of whom had used the service. They found that families 

with young children are more likely to use microtransit and those who like fixed-route transit are 

less likely to use it. Outside the U.S., Haglund et al. (2019) performed a detailed analysis of trip 

data from Kutsuplus, a public microtransit service in Helsinki, and found that users were mostly 

between 30-65 years old, while those 18-29 years old used the service for morning peak hour 

trips and those over 65 used it mostly within the downtown area. They found that the service had 

similar trip times as personal vehicles for short trips but may also replace 20-25% of riders’ 

walking or bicycle trips. 

Several studies focus on the pandemic’s impact on willingness to use shared modes similar to 

public microtransit. These include an unpublished analysis of a survey of 700 U.S. residents in 

June 2020, which found that those with left-leaning political views and those living in areas in 

which stay-at-home orders were instituted earlier were less willing to use TNCs during the 

pandemic, while those who reported pro-environmentalism were more willing to use TNCs 

(Said, pending). This work also found that respondents perceived taking TNCs as a higher 

Covid-19 risk than riding public transit, while TNCs were in turn perceived as more risky than 

private modes. A separate, peer-reviewed analysis of interviews with 66 Madrid residents who 

used carsharing during the pandemic found that respondents valued carsharing as a way to travel 

without others in the vehicle, which does not apply to public microtransit, and also that their 

concerns about carsharing centered on sanitizing surfaces (del Mar Alonso-Almeida, 2022). An 

application of the Bayesian structural time series model to 20 years of Chicago daily transit 

ridership data showed that ridership declined 72.4%; areas with more white, high-income, and 

college-educated individuals experienced greater declines; and areas with more COVID-19 cases 

and deaths had smaller declines (Hu & Chen, 2021). Similarly, a study of Seattle paratransit trips 

in the pandemic found that riders with lower incomes and less access to personal vehicles had 

less of a reduction in paratransit trips compared to other riders (Wang et al., 2022). 

A research gap—both pre-pandemic and during the pandemic—is multi-agency analysis of how 

public microtransit services across the U.S. have changed how their riders travel, including 

induced trips, replaced modes, FMLM connections, and differences in these measures among 
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demographic groups. This paper addresses that gap through a survey of riders and non-riders of 

14 public microtransit services, analyzing how frequency of public microtransit use, impact on 

other modes, reasons for using the service, perceptions of the service, and Covid-19 impacts 

differ by income, age, race, and access to a personal vehicle. We also focus on differences in 

responses among public microtransit riders without a smartphone, without bank accounts or 

credit cards (unbanked), and/or with disabilities that prevent driving, as previous research has 

identified these groups as facing particular challenges in using other largely app-based and on-

demand modes such as Uber/Lyft (Chapters 2 and 3). An assessment of how replaced modes, 

levels of service, and satisfaction with the service differ by demographic group can help to 

inform understanding of the environmental and equity impacts of public microtransit services, as 

well as suggest strategies for public transportation agencies to support particular demographics 

(e.g., transit-dependent riders, paratransit riders, and unbanked individuals) when designing 

public microtransit services.  

4.2. Methodology 

In January 2021, we contacted three van-based microtransit companies to identify which of their 

U.S. public transportation agency partners may be interested in participating in the study and also 

represented a range of geographic locations, pilot area sizes, population and job densities, 

ridership levels, and service designs. Fourteen public agencies decided to participate, including 

three with corner-to-corner service (i.e., indirect trip pickup/drop off, as opposed to curb-to-

curb), three that used their microtransit service to replace bus routes, three that have light rail or 

heavy rail connections available in the microtransit service area, and one that primarily served a 

commercial district and required FMLM connections to a commuter bus route. We distributed 

the survey to public microtransit riders through one or both of the following methods, depending 

on agencies’ preferences: 1) the company partner or the agency itself emailed or texted the 

survey description and link to the list of registered riders, and 2) the agency advertised the survey 

link on its websites and social media and/or with paper flyers onboard the microtransit vehicles 

and in the service area. Non-riders who traveled in the service area were also targeted with the 

online advertising and paper flyers. The survey was available in both English and Spanish in a 

desktop or mobile format. Surveys were collected from April through December 2021. We 

encouraged participation with a drawing incentive. 

The survey included questions on what modes respondents used in the last two years, how 

frequently they used those modes before and during the Covid-19 pandemic (prior to vaccine 

availability), how they would have made their most recent public microtransit trip, whether and 

by how much they increased/decreased their use of other modes as a result of the public 

microtransit service, and how frequently they used public microtransit to connect with fixed-

route bus and/or rail (where available). We also asked respondents for their perceptions of the 

public microtransit service, their reasons for using it over other modes, and their experience of 

delay while using the service. For all survey questions in this paper except the section focused on 

Covid-19 impacts, we asked about pre-pandemic use. Respondents who only started using public 

microtransit during the pandemic were excluded from this analysis (except where noted). 
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After cleaning the data by removing duplicate responses, we identified demographic categories 

of interest. For age, we used 60 years as a cutoff for one category, as many public transportation 

agencies use this threshold to define eligibility for paratransit service (CATA; Rice Lake County, 

IL; Paying for Senior Care 2020). Riders aged 21 and under formed another category due to 

sharing characteristics such as likelihood to still be in school (there were insufficient responses 

from riders aged 16 and under (N=11) or 18 and under (N=32) to analyze these age groups 

separately). We chose income thresholds of $15k and $50k based on the sample size and similar 

responses among those with household incomes under, between, and over these values. We also 

examined access to a personal vehicle (always, sometimes, or never) as a measure of transit 

dependency. For race, we did not receive sufficient responses from Native Hawaiian and Pacific 

Islander (N=22), Middle Eastern and North African respondents (N=19), or Sub-Saharan African 

respondents (N=8) to provide adequate analysis of trends in these groups. We also combined 

East Asian (N=35) and Southeast Asian (N=40) respondents to provide a sufficient group size 

for analysis, after confirming that these groups showed similar trends. We received 13 responses 

from individuals with a gender other than female or male, which was also insufficient to identify 

trends. We identified four groups representing frequency of public microtransit use: those who 

had never used the service (N=320), those who used it less than once per week (low-frequency, 

N=486), those who used it 1-6 times per week (mid-frequency, N=579), and those who used it 

daily or more (high-frequency, N=146).  

To compare demographics of survey respondents to those of the public microtransit service 

areas, we used QGIS to create shapefiles of the 14 public microtransit service areas based on 

maps provided on the transit agency websites. We intersected these shapefiles with census tract 

shapefiles and used American Community Survey 2021 census tract estimates to calculate 

population, race, income, age, gender, and commute mode share for the service areas, weighting 

border census tracts by the proportion of the census tract inside the service area (U.S. Census 

Bureau 2022). We also compared results with U.S. demographics. We used Pew Research Center 

2021 data to compare smartphone ownership by household income and age in the U.S. with that 

in our survey sample (Pew Research Center 2021). As shown in Table 4.2 in Appendix A, the 

service areas are more white than the U.S. (82.5% vs. 74.5%), but our survey sample is much 

less white than both (55.1%). Similarly, the service areas are higher income than the U.S. (27.9% 

vs. 36.5% with household incomes under $50k, 20.4% vs. 17.7% over $150k) and our survey 

sample is much lower income than both (60.9% under $50k, 2.9% over $150k). Only 3.8% of 

households in the service areas own no vehicles, compared to 8.3% of households in the U.S. and 

31.7% in our survey sample. Conversely, a greater proportion of our survey sample owns a 

smartphone compared to the U.S. population (94% vs. 85%), a trend that holds true across 

income groups and age categories except for respondents 18 to 29 years old, who have lower 

rates of smartphone ownership than their age category in the U.S. population (88% vs. 96%). A 

greater proportion of our sample is between 20 and 54 years old compared to the service areas or 

the U.S. (76.7% vs. 46.3% and 45.8%, respectively), a smaller proportion is age 55 or over 

(19.5% vs. 25.5% and 29%), and a much smaller proportion is under age 20 (0.3% vs. 28.3% and 

25.2%). The microtransit service areas have a lower pre-pandemic public transport mode share 

for commutes (1.5%) than the U.S. population (5.0%). While the survey looked at overall mode 

share rather than commute mode share, the numbers nonetheless suggest the survey sample is 
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heavily skewed toward public transportation users (as expected from an enriched sample of 

public microtransit riders): we calculated a pre-pandemic public transport mode share of 25.6% 

among respondents who have never used public microtransit and 39.5% among respondents who 

have tried public microtransit at least once. For additional insight into the demographics of 

survey respondents, Figure 4.12 in Appendix B shows cross-tabulations between select 

individual characteristics. 

For each survey question, we performed t-tests on differences in the average response for each 

group. We present the results with significance levels of p<0.10, p<0.05, and p<0.01, with some 

insignificant results left in for comparison. We note any instances in which results are left out for 

insufficient sample size rather than for insignificant differences (not all respondents answered 

each question, which sometimes left insufficient responses from those without smartphones or 

bank accounts).  

To compare means for questions with frequency values, such as how much respondents 

decreased or increased their use of other modes as a result of the public microtransit service, we 

assigned a value to each frequency category to create a “trips per month” metric (less than once 

per month = 0.5; about once per month = 1.0; 1-3 trips per week = 8.0; 4-6 trips per week = 12.0; 

Daily = 30; More than daily = 45). We performed a sensitivity analysis on these value 

assignments to see if changing the values, especially the “more than daily” and “less than once 

per month” values, affected the results, and the directionality of the significant differences 

between groups remained the same. To calculate mode shares, we summed the frequency values 

across modes for each respondent and divided each mode by the total. This approach, with minor 

modifications, is described in more detail in Martin et al. (2021).  

4.3. Results 

The results section presents demographic differences in three areas: 1) how respondents use the 

public microtransit service and how the service has impacted their use of other modes, 2) 

perceptions of public microtransit service, and 3) Covid-19 impacts on respondents’ use and 

perceptions of public microtransit service. 

4.3.1. Use of the Public Microtransit Service 

In this section, we discuss: a) demographics of public microtransit passengers, b) replaced modes 

for most recent public microtransit trip, c) net change in use of other modes, d) frequency of 

FMLM connections to fixed-route bus and rail, e) trip purpose, and f) reasons for replaced 

modes.  

4.3.1a. Demographics of public microtransit passengers 

Finding 1: As expected from the literature, public microtransit passengers are disproportionately 

lower-income, lack full access to a personal vehicle, and use fixed-route transit modes and 

Uber/Lyft at a greater rate than respondents who had never used public microtransit.  
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As shown in Figure 4.1, the survey results indicated that frequent microtransit riders are more 

likely to belong to a number of less privileged demographic groups. They are more likely to have 

household incomes under $50k and less likely to have access to a personal vehicle. Compared to 

those who have never used public microtransit, microtransit riders are more likely to be Black or 

South Asian. Among those who have used public microtransit, riders with disabilities that 

prevent them from driving are more likely to use microtransit at least weekly (51.8% vs. 43.0%), 

while women are more likely than men to use it 1-6 times per week (38.6% vs. 32.3%, at a level 

of significance of p<0.05; not presented in the figure).  

 
Figure 4.1. Frequency of public microtransit use by demographic group: Never (n=320, 17.4%); 

Low (less than once per week, n=486, 26.4%); Mid (1-6 times per week, n=579, 31.5%); High 

(daily or more, n=146, 7.9%). p < 0.01 (***); p < 0.05 (**); p<0.10 (*). For race, calculated 

significant difference from white. For vehicle access, calculated significant difference from 

“sometimes.” 

Although respondents over age 60 used public microtransit less frequently than younger 

respondents, they reported fewer trips overall so there was no statistically significant difference 

in microtransit mode share by age. All other demographic differences in frequency of public 

microtransit use were echoed by differences in microtransit mode share.  

Table 4.1 shows that among non-microtransit trips, respondents who used public microtransit at 

least once per week had lower shares of drive-alone trips and higher shares of fixed-route bus 

and ride-alone Uber/Lyft trips than respondents who used the service less than once per week. 

Respondents who never used public microtransit, meanwhile, had higher shares of fixed-route 

rail and bike trips. There was no statistically significant difference in the share of non-
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microtransit trips made by carpool, walk, or paratransit, or by the following low-use modes not 

shown in the table: bikesharing (average mode share of 1.4%), taxi (1.4%), personal 

motorcycle/electric scooter (0.9%), pooled Uber/Lyft (0.7%), or carsharing (0.3%).  

Table 4.1. Pre-pandemic mode share of non-microtransit trips by frequency of public 

microtransit use. a 

 

Never 

(N=320) 

Less than once 

per week 

(N=486) 

1-6 times per 

week 

(N=579) 

Daily or more 

(N=146) 

Drive alone 28.1 30.8 14.7* 13.1* 

Carpool 19.2 20.4 20.6 18.2 

Fixed-route bus 12.9 16.1 21.1* 26.3*† 

Walk 12.3 13.2 14.2 14.4 

Fixed-route rail 10.6 5.5 8.0 6.6 

Ride-alone 

Uber/Lyft 

2.9 4.3 8.1* 8.4* 

Personal bike 6.7 3.7 3.9 3.2 

Paratransit 2.4 2.9 3.7 4.2 
a Significantly different from “Never”: p<0.10 in bold, p<0.05 in bold and italics, p<0.01 in bold, 

italics, and underlined.  

* Significantly different from “Less than once per week” at a level of p<0.01. 
† Significantly different from “1-6 times per week” at a level of p<0.10. 

4.3.1b. Replaced modes and induced trips 

Replaced modes and induced trips have important implications for the environmental impacts of 

public microtransit. Any induced trips indicate increased VMT, while public microtransit trips 

that replace trips on nonmotorized or higher occupancy modes such as walk, fixed-route bus, or 

fixed-route rail also suggest an increase in VMT. Meanwhile, public microtransit trips that 

replace trips on modes with lower maximum occupancy, such as drive alone or ride-alone 

Uber/Lyft, indicate a potential reduction in VMT. The deadheading and rerouting to pick up 

public microtransit passengers, however, means that public microtransit does not necessarily 

have lower VMT than drive alone or ride-alone Uber/Lyft. Some replaced modes, like carpool, 

for example, also have a less clear VMT impact, as the impact depends on whether the carpool 

trip would have taken place regardless of whether the person of interest (the public microtransit 

rider) was in the vehicle, as may be the case in commute or recreational trips, or if it would not 

have taken place—for instance, if the trip occurred to chauffeur the person of interest, as may 

happen with family members or friends who cannot drive due to age or disability. In the former 

case, the microtransit trip that replaces a carpool trip may increase VMT, while in the latter, it 

may have a neutral or negative impact. The occupancy level of the carpool would also affect the 

VMT impact, as public microtransit uses larger vehicles than most carpools and thus has the 

potential for greater occupancy. Paratransit trips, meanwhile, may use similar size vehicles and 

may have comparable occupancy as public microtransit. In this case, the VMT impact of public 

microtransit may depend on whether its app-based routing and scheduling yields more efficient 

ordering of passenger requests than in traditional call-based paratransit.  
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Beyond VMT impacts, however, replaced modes and induced trips also have transportation 

equity implications. Induced trips, especially among transit-dependent groups, may indicate that 

public microtransit is meeting an unmet demand. Replacing trips on non-motorized or higher-

occupancy modes, though increasing VMT, may also improve travel times for transit-dependent 

groups, thereby increasing transportation equity.  

Based on how survey respondents would have made their most recent public microtransit trip if 

the service did not exist, the largest share of public microtransit trips is induced (17.0%), 

meaning it would not have been made at all. Of the remaining trips, two of the highest replaced 

modes indicate a potential VMT reduction from public microtransit (drive alone at 16.1% and 

ride-alone Uber/Lyft at 14.1%), while other replaced modes indicate that the availability of 

public microtransit led to an increase in VMT (fixed-route bus at 15.5% and walk at 9.2%). The 

14.6% of trips that would have been made by carpool are more ambiguous in their VMT impact. 

Replaced modes representing less than 3% of trips are not shown, including bike (2.5%), taxi 

(1.4%), pooled Uber/Lyft (0.7%), bikesharing/ shared electric scooters (0.6%), carsharing 

(0.2%), and personal motorcycle/electric scooter (0.2%). Figure 4.2 shows share of induced trips 

by demographic group, as well as the replaced modes with statistically significant differences in 

each demographic category. The modes are arranged in approximate VMT impact, from an 

increase in VMT on the left to a potential reduction in VMT on the right.  

Finding 2: Induced trips are more common among transportation-disadvantaged groups. In 

general, greater shares of transportation-disadvantaged respondents also report switching away 

from non-motorized/higher-occupancy modes like walking and fixed-route bus, while a greater 

share of more privileged groups report switching away from lower-occupancy modes like drive 

alone and ride-alone Uber/Lyft. 

Figure 4.2 indicates that induced trips are higher for riders with lower household incomes, less 

than 22 years of age, disabilities that prevent driving, no bank account, and/or no access to a 

personal vehicle, suggesting that the public microtransit service filled a greater unmet demand 

for travel among these groups. In many cases, these groups were also more likely to switch from 

higher-occupancy modes like fixed-route bus and less likely to switch from lower-occupancy 

modes like drive alone or ride-alone Uber/Lyft. More respondents without access to a personal 

vehicle report switching from fixed-route bus, rail, or walking, and fewer report switching from 

drive alone compared to those with access to a vehicle. They are also more likely to switch from 

ride-alone Uber/Lyft and less likely to switch from carpool, but their overall share of 

nonmotorized/higher-occupancy replaced modes is greater than the equivalent for riders with 

personal vehicle access, and vice versa for lower-occupancy replaced modes.  

Similarly, lower-income respondents are more likely to switch from fixed-route bus and less 

likely to switch from drive alone or carpool. Those without a bank account are less likely to 

switch from ride-alone Uber/Lyft or carpool, and women are less likely than men to switch from 

drive alone and more likely to switch from rail or ride-alone Uber/Lyft. 
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Figure 4.2. How respondents would have made their most recent public microtransit trip, by 

demographic group. Induced, non-motorized, and higher occupancy modes are on the left, 

lower-occupancy modes are on the right, and modes with uncertain VMT comparison are in the 

middle. Significant differences shown: p < 0.01 (***); p < 0.05 (**); p<0.10 (*).  
a For plots with three categories, statistically significant differences use the middle category as the base. 

For these plots, (x) indicates significant difference from rest of categories (rather than middle category). 

For race, calculated significant difference from white.  
b Rail replacement values shown for three microtransit services with rail in the service area. 

With age, the most privileged group is in the middle, from 22 to 59 years, and this group is 

among the ages most likely to switch from drive alone (along with those age 60 and above) and 

from ride-alone Uber/Lyft (along with those age 21 and under). This is also the age group least 

likely to switch from carpooling. Those age 60 and above are by far the most likely age to switch 

from paratransit. Respondents with disabilities that prevent driving are also more likely to switch 

from paratransit and less likely to switch from drive alone, ride-alone Uber/Lyft, or fixed-route 

bus.  

These results suggest public microtransit riders from transportation-disadvantaged groups may 

be contributing more to the VMT impact of public microtransit services than riders from more 

privileged groups. However, assuming public microtransit trips are faster than the non-motorized 

or higher-occupancy modes they replace, the results also indicate public microtransit services 

may be contributing to transportation equity by improving options for transit-dependent groups. 
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4.3.1c. Net change in use of other modes  

To assess another measure of the impact of public microtransit service on other modes, we asked 

respondents whether they increased, decreased, or did not change their use of each mode as a 

result of the public microtransit service, and by how much. Almost 40% of public microtransit 

riders (39.1%) reported not changing their use of any other modes as a result of the service. For 

the remaining riders, who reported increasing or decreasing their use of at least one mode by 

anywhere from once per month to more than four trips per week, we assigned a “per-month” 

value to each frequency category as described in the methodology section. We then calculated 

the average net increase or decrease in each mode within each demographic group, allowing a 

comparison of relative magnitudes of impacts across modes. Figure 4.3. shows how this measure 

differs by demographic group.  

Finding 3: Similar to the previous section, more privileged groups report a greater decrease in 

lower-occupancy modes like drive alone, while underserved groups report a greater decrease in 

higher-occupancy modes like walk, rail, and bus.  

Overall, respondents report most decreasing carpool, ride-alone Uber/Lyft, and drive alone as a 

result of public microtransit (-2.02, -1.48, and -1.35 trips/month), followed by fixed-route bus 

and walk (-1.25 and -0.92 trips/month). The proportion of respondents that report decreasing 

their frequency of driving alone as a result of public microtransit is greater among men, higher-

income groups, and those with greater access to personal vehicles. Respondents over age 60, 

those with disabilities that prevent driving, and those with less vehicle access reported greater net 

decreases in paratransit. The latter group, along with lower-income individuals, also reported 

greater decreases in walk trips, while lower-income riders reported greater decreases in fixed-

route rail, as well. Women reported greater decreases in carpool.  

Respondents who always have access to a personal vehicle and those over age 40 reported 

positive but statistically insignificant increases in fixed-route rail. As discussed in the next 

section, these groups are also among those that connect disproportionately to rail over fixed-

route bus, which could offset any replaced rail trips. 

Unbanked individuals do not significantly change their use of Uber/Lyft, potentially because 

they did not use this mode even before the introduction of the public microtransit service. They 

are also the only group to report a positive, albeit not statistically significant, increase in their 

frequency of driving alone. One explanation could be that app-based public microtransit service 

is less accessible to unbanked individuals than traditional paratransit or fixed-route bus services 

it replaces, leading some to turn to driving alone as a substitute.  
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Figure 4.3. Public microtransit trips per month and net change in trips per month on modes with 

demographic differences.  

4.3.1d. First-mile/Last-mile trips 

Like replaced modes and induced trips, the proportion of public microtransit trips used for 

FMLM access to fixed-route public transit has environmental implications, as these trips may 

support rather than replace high-occupancy bus and rail services. In Figure 4.4, we present 

FMLM rates for public microtransit services in systems without rail connections available in the 

service area (“Overall, no rail”) and with rail connections in the service area (“Overall with 

rail”), as well as the share of fixed-route bus and fixed-route rail connections for the latter 

services.  

Finding 4: Groups with more privilege used public microtransit for FMLM connections to fixed-

route transit at a greater rate than transportation-disadvantaged groups, especially to rail. 
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Systems with rail connections available in the service area have higher FMLM rates than systems 

without rail. In services with rail available, the overall rate of FMLM connections to rail is 

higher than to bus. In both types of systems, lower-income individuals, those without 

smartphones, and those without full access to a personal vehicle had lower FMLM rates. For 

systems with rail, unbanked individuals as well as Black, Hispanic, and Native American riders 

had lower FMLM rates across both bus and rail, while only rail FMLM rates were lower for 

women, lower-income riders, those with disabilities that prevent driving, and those with less 

access to a personal vehicle. 

FMLM connections could indicate longer-distance trips to destinations outside the microtransit 

service area and could potentially reflect more frequent work commutes among more privileged 

groups, as discussed in the next subsection.  

 
Figure 4.4. Frequency of FMLM connections by demographic group for public microtransit 

services without (left) and with rail connections in the service area (N= ‘without’, ‘with’). Race 

plot shows statistically significant differences from white. 

4.3.1e. Trip Purpose 

Variation in the purpose of public microtransit trips by demographic group could suggest 

locations or times for public transportation agencies to prioritize public microtransit to better 

serve transportation-disadvantaged populations and/or to attract more privileged groups away 

from low-occupancy modes like driving and Uber/Lyft.  

The most common purpose for public microtransit trips is the work commute (29.4%), followed 

by errands (19.2%), social/recreational trips (19.0%), work meetings (11.3%), healthcare 

appointments (10.7%), and school commutes (10.5%). More frequent public microtransit riders 

disproportionately use the mode for work and school commutes, while less frequent riders 

disproportionately use it for healthcare appointments, errands, and social/recreational trips. 

Finding 5: In general, transportation-disadvantaged groups are less likely than more privileged 

groups to use public microtransit for work commutes and more likely to use it for errands, 

healthcare appointments, and/or social/recreational trips. 

Figure 4.5 shows that lower-income groups, unbanked individuals, people without smartphones, 

and those with less access to a personal vehicle or disabilities that prevent driving are all less 
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likely to use public microtransit for work commutes and more likely to use it for healthcare 

appointments. Riders without access to a personal vehicle, those with disabilities that prevent 

driving, and those with lower incomes are also more likely to use public microtransit to run 

errands, while the latter two groups are also more likely to use it for social trips. Riders under 

age 22 are less likely to use public microtransit for work and more likely to use it for school, 

while those age 60 or above are more likely to use it for errands and healthcare appointments.  

These findings suggest that concentrating public microtransit service areas around employment 

centers may disproportionately benefit more privileged groups, while service near shopping 

centers and healthcare clinics may disproportionately benefit transportation-disadvantaged 

groups. 

 
Figure 4.5. Trip purpose by demographic group. 

4.3.1f. Reasons for replaced modes 

The reasons respondents provide for choosing public microtransit over other modes may suggest 

strategies for public transportation agencies to attract riders away from driving alone or using 

ride-alone Uber/Lyft, to keep riders on fixed-route buses, and to improve service for transit-

dependent populations. The only respondents who received these questions were those who 
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reported decreasing their use of drive alone, Uber/Lyft, and/or fixed-route bus as a result of 

public microtransit. They could select more than one reason per mode.  

Cost played the largest role in respondents’ decision to use public microtransit over driving and 

Uber/Lyft (58.4% and 89.3%), followed by a desire to support public transportation (43.4% and 

40.2%). Avoiding parking was the next most common reason for choosing public microtransit 

over driving (31.7%), while over a quarter of those who reported replacing Uber/Lyft trips 

perceived public microtransit as more reliable (29.0%). These findings suggest public 

transportation agencies could attract public microtransit riders from lower-occupancy modes by 

emphasizing the low costs and the ability to avoid looking for parking. 

Finding 6: Riders with higher incomes and vehicle access were disproportionately more likely to 

cite environmental concerns and support for public transportation as a reason for using public 

microtransit over driving and Uber/Lyft. Transportation-disadvantaged groups disproportionately 

cited safety, ease of transporting packages and family members, and fewer passengers as reasons 

for selecting public microtransit over fixed-route bus. 

Concern for supporting public transportation varied with income and vehicle ownership. Among 

riders who reported decreasing their use of personal vehicles and/or Uber/Lyft as a result of the 

public microtransit service, the proportion saying they did so in part to support public 

transportation and the environment increased with income and access to a personal vehicle. 

Respondents who use public microtransit at least daily, meanwhile, were less likely to report 

concern for the environment as a reason for selecting public microtransit over personal vehicle 

than those who use it less frequently (19.4% vs. 35.3%, p<0.05).  

For lower-income riders and those without access to a personal vehicle, ease of transporting 

purchases was as great of a concern as environmental reasons in selecting public microtransit 

over Uber/Lyft (around 30.0% vs. 27.5% for riders with household incomes under 50k and 

27.8% vs. 26.8% for riders without vehicle access). Riders with household incomes under $15k 

were also more likely than higher income riders to cite ease of transporting family members as a 

reason to use public microtransit over Uber/Lyft. 

The demographic differences were even more pronounced in respondents’ reasons for selecting 

public microtransit over fixed-route bus. As a whole, over half of respondents reported faster 

trips as a reason they used public microtransit over fixed-route transit (51.4%), followed by 

access to more destinations (38.9%). About a third cited fewer stops, greater reliability, better 

service hours, and cost (35.1%, 32.4%, 32.4%, and 29.7%); about a quarter cited ability to 

transport purchases (26.5%); a fifth cited safety (18.9%); and a tenth cited comfort as well as 

ease of transporting family members (10.3% and 11.9%). Respondents without access to a 

personal vehicle particularly valued public microtransit for providing access to more destinations 

than fixed-route bus and for being an easier way to transport purchases. Women and those with 

household incomes under 15k were more likely than other groups to cite safety as a reason for 

selecting public microtransit over bus, and a higher proportion of women also cited fewer 

passengers and ease of transporting purchases and family members. There were insufficient 
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responses to these questions to compare answers for riders without smartphones or bank 

accounts.  

Transportation-disadvantaged riders’ greater focus on transporting purchases and family 

members echoes their disproportionate use of public microtransit for errands, school, and 

social/recreational trips. The disproportionate concern for safety among women and low-income 

respondents, meanwhile, as well as the focus on accessing more locations among respondents 

without access to a personal vehicle, suggest that public microtransit is impacting riders’ quality 

of life. These impacts are discussed further in the next section. 

 
Figure 4.6. Demographic differences in reasons to use public microtransit in place of: drive 

alone (top row, left side), Uber/Lyft (top row, right side), and fixed-route bus (bottom row). 

4.3.2. Perceptions of the Public Microtransit Service 

Demographic differences in respondents’ perceptions of public microtransit could indicate 

successes or challenges in serving particular groups. This section includes two categories of 

perceptions: a) respondents’ stated satisfaction and quality of life impacts from the service, and 

b) their experience of delay past the estimated time of arrival (ETA).  
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4.3.2a. Satisfaction and Quality of Life Impacts 

In this section, we assigned numerical values to the Likert scale responses of very 

satisfied/greatly improved quality of life (2) to very dissatisfied/greatly decreased quality of life 

(-2) and used the average values to compare satisfaction and quality of life impacts across 

measures and demographic groups. 

As shown in Figure 4.7, public microtransit passengers as a whole are most satisfied with their 

overall experience, followed by their experience with the app and their feeling of safety. They 

are least satisfied with the wait time, reliability and hours of service. Similarly, riders reported 

the greatest quality of life improvements from the microtransit service overall, followed by 

impacts on their independence, access to employment, and access to medical care. They reported 

negative quality of life impacts from the effects on transportation costs and minimal impact on 

their access to childcare (Figure 4.8).  

Finding 7. Satisfaction and quality of life improvements are highest for daily public microtransit 

riders, lower-income groups, those without access to personal vehicles, and women.   

More frequent public microtransit riders report greater satisfaction with all aspects of the service, 

which fits with their decision to continue using the service. They also report greater quality of 

life impacts on every measure except transportation expenses, which is also expected.  

Women and respondents without access to a personal vehicle report greater quality of life 

impacts on everything except access to childcare and costs, suggesting positive equity impacts 

from the service. Those who always have access to a personal vehicle, however, are more 

satisfied with the FMLM connections available, in alignment with their more frequent use of 

these options (0.74 vs. 0.61, p<0.05). Respondents with the lowest incomes report greater quality 

of life improvements than higher-income respondents on everything except independence and 

expenses.  

By age, riders under 40 report greater improvements in their access to education, those under 60 

report greater improvements in their access to employment, and those age 60 or over report 

greater improvements in their access to medical care. Riders in the 60 and over age group also 

report by far the greatest improvements in their level of independence, indicating a positive 

impact for these riders. 

Finding 8. Riders without smartphones and/or bank accounts are significantly less satisfied with 

most aspects of public microtransit service. They also report much lower to no improvements to 

their quality of life. 

The transportation equity benefits from public microtransit are not universal. Riders without 

smartphones are significantly less satisfied with all aspects of the service, and their 

dissatisfaction with wait times, on average, is the only metric among any demographic group 

without a statistically significant positive response. Riders without bank accounts are also 

significantly less satisfied with all aspects except hours, reliability, and wait time. These two 

groups also report no statistically significant quality of life impacts except the negative impact on 
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transportation expenses. This finding suggests that public microtransit services have not 

successfully addressed the barriers to access for these riders. 

Other findings also indicate inequitable distribution of benefits from public microtransit. Riders 

with disabilities that prevent them from driving are less satisfied with the walk times (0.48 vs. 

0.73, p<0.05) and hours of service (0.26 vs. 0.52, p<0.05). Riders 21 years old or younger are 

less satisfied with the places they can go using the service (0.38 vs. 0.68, p<0.01) and its 

reliability (0.27 vs. 0.47, p<0.10). 

As shown in Figure 4.8, Hispanic, Native, and East/Southeast Asian respondents report smaller 

improvements in their quality of life overall and in their levels of independence, and the latter 

two groups also report smaller improvements in their access to employment. East/Southeast 

Asian respondents report no impact on their access to healthy food or education, and South Asian 

riders report more negative impacts on their transportation expenses. Minority groups report 

better impacts than white respondents in only two instances: South Asian riders report greater 

improvements in their access to education, and Black and Hispanic riders report less negative 

impacts on their transportation costs.  

 

 
Figure 4.7. Average satisfaction on ten measures of service, by frequency of public microtransit 

use, banked/unbanked status, and smartphone ownership. (2=Extremely satisfied, 1 = Satisfied, 

0 = Neither satisfied nor dissatisfied, -1 = Dissatisfied, -2 = Extremely dissatisfied).  
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Figure 4.8. Quality of life impacts from public microtransit by demographic group and service 

design. (2= Greatly improved, 1 = Improved, 0 = Did not change, -1 = Decreased, -2 = Greatly 

decreased). 

Finding 9. Riders at agencies that provided curb-to-curb microtransit service and maintained 

fixed-route bus service reported the greatest satisfaction and quality of life impacts.  

Because the satisfaction and quality of life questions included responses from riders who started 

using the service during the pandemic, there were sufficient sample sizes to compare impacts by 
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service design. Variations in three service design variables yielded five types of services: 1. The 

most common type of service included agencies that did not replace bus routes and provided 

curb-to-curb service (n=656 respondents, seven agencies). 2. The second most responses came 

from services that did not replace bus routes and provided corner-to-corner service (n=331, two 

agencies). 3 & 4. Among agencies that used public microtransit to replace fixed-route bus routes, 

two provided curb-to-curb service (n=92 respondents) and one provided corner-to-corner service 

(n=21 respondents). 5. A single agency required public microtransit trips to start or end at a bus 

stop and focused on providing FMLM service to low-wage jobs in a commercial area (n=29 

respondents). The last service also charged $0.25 fares even before the pandemic, lower than the 

typical range of $2-$4 fares.  

Among the first and second types of services (that did not replace bus routes or require FMLM 

trips), respondents at the agencies with corner-to-corner service reported smaller quality of life 

improvements compared to those with curb-to-curb service (0.43 vs. 0.69, p<0.01), and smaller 

improvements to their independence (0.37 vs 0.56, p<0.01). Those with corner-to-corner service 

also reported lower satisfaction with the service overall (0.83 vs. 1.0, p<0.01), their feeling of 

safety (0.83 vs. 1.0, p<0.01), and the places the service goes (0.52 vs. 0.66, p<0.10). However, 

they are more satisfied with the wait times (0.43 vs. 0.33, p<0.10), which could indicate that the 

corner-to-corner services are succeeding in offering lower wait times—one of the main 

objectives in selecting this service model. 

Compared to riders at agencies with curb-to-curb service that did not remove bus service, 

respondents at the two agencies that replaced bus service with curb-to-curb service (n=87) were 

less satisfied with the service overall (0.77 vs. 1.0, p<0.05), the in-vehicle time (0.60 vs. 0.83, 

p<0.05), and with safety while waiting for the vehicle (0.83 vs. 1.0, p<0.10). These riders also 

reported smaller improvements in their access to employment (0.22 vs. 0.45, p<0.10).  

The 21 respondents associated with the only agency that both replaced bus routes and used 

corner-to-corner service reported neutral to negative impacts on their level of independence 

(p<0.01 compared to agencies with curb-to-curb service and p<0.10 compared to the two other 

agencies with corner-to-corner service). These respondents were also less satisfied with the 

service overall (p<0.01 compared to agencies that maintained fixed-route bus routes and p<0.10 

compared to agencies that replaced bus routes with curb-to-curb service), with their feeling of 

safety (p<0.01 compared to agencies that both maintained bus routes and offered curb-to-curb 

service), and with the FMLM options (p<0.05 compared to all other agencies).  

Respondents at the service with FMLM service in a commercial area, with $0.25 fares, reported 

the greatest improvements in their access to employment (0.70 vs. 0.38, p<0.10) and 

transportation costs (0.11 vs. -0.37, p<0.05, n=29 vs. 1035). They reported the lowest satisfaction 

with the app (0.57 vs. 0.93, p<0.05), which could reflect the predominance of walk-on trips at 

this service, where public microtransit vehicles waited at the commuter bus stops for timed 

transfers.  
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4.3.2b. Delay past Estimated Time of Arrival (ETA) 

We asked respondents about how frequently they experience delays in pickup times past their 

public microtransit vehicle’s ETA, as well as the average length of delay, the longest delay they 

had experienced, and how much advance notice they would need to reduce the inconvenience of 

delay. We also asked how much advance notice they would need to meet the public microtransit 

vehicle at an earlier arrival time if the vehicle happened to be running ahead of schedule. 

Finding 10. Based on survey responses, public microtransit delay is inequitably distributed, with 

transportation-disadvantaged groups experiencing more frequent and longer delays on average. 

Lower income riders report experiencing more frequent delays past the ETA, as shown in Figure 

4.10. Respondents with household incomes under $50k reported longer average delays (12.0 

min. vs. 9.5 min., p<0.05) and longer maximum delays (24.7 min. vs. 21.5 min, p<0.10) than 

riders with household incomes over $50k. Other groups experiencing more frequent delays past 

ETA include public microtransit riders who are younger, have disabilities that prevent driving, 

and lack vehicle access, smartphones, and/or bank accounts. Riders without vehicle access report 

longer average delays than riders who have access to a personal vehicle sometimes or always 

(13.5 min. vs. 10.0 min., p<0.01). They also report longer maximum delays (30.6 min., 20.6 

min., and 17.9 min., respectively, p<0.01 for ‘never’ compared to ‘sometimes’ and p<0.10 for 

‘sometimes’ compared to ‘always’). Those without smartphones report longer average delays 

(15.5 min. vs. 11.3 min., p<0.10). However, these riders and those without bank accounts report 

shorter maximum delays (16.2 min. and 16.6 min., respectively, compared to 24.5 min. for 

people with smartphones and bank accounts, p<0.05 and p<0.01).  

Twelve and a half percent (12.5%) of riders said no amount of advance notice would reduce the 

inconvenience of delay, 23.0% requested over 30 minutes of advance notice, and the remainder 

requested an average of 13.2 minutes advance notice to reduce the inconvenience of delay. Those 

without smartphones requested the most advance notice (17.0 min. vs. 13.0 min., p<0.01), 

although this is the precise group that is most difficult to reach with information about delays. 

More riders age 60 and above said no amount of advance notice would reduce the inconvenience 

of delay (19.6% vs. 11.5%, p<0.05), as did riders without access to personal vehicles (15.3% vs. 

11.1%, p<0.05). 

For public microtransit vehicles arriving before the ETA, 9.6% of riders said no amount of 

advance notice would enable them to be ready for the new, earlier arrival time, 15.8% requested 

over 30 minutes of advance notice, and the remainder said an average of 12.4 minutes of advance 

notice would enable them to be ready for the new, earlier arrival time. Low frequency riders 

requested more advance notice of early arrivals (13.3 min. vs. 11.7 min., p<0.01). Riders with 

disabilities that prevent them from driving also requested more advance notice of early arrivals 

(14.0 min. vs. 12.1 min., p<0.10) and a greater share of these riders requested over 30 minutes of 

advance notice (22.6% vs. 15.2%, p<0.10). A greater share of unbanked riders requested over 30 

minutes of notice (27.8% vs. 14.5%, p<0.01). Riders without access to personal vehicles, 

meanwhile, required less advance notice of early arrivals (11.1 min. vs. 13.1 min., p<0.01) and 

fewer of these riders requested over 30 minutes of advance notice (11.9% vs. 17.8%, p<0.01).  
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The main challenge with these requests for advance notice is that they are barely less than most 

agencies’ target wait times of 15 minutes. To provide the level of advance notice requested, 

agencies would need to notify riders of delay or early arrivals within a minute or so of the initial 

request. However, knowing the average levels of advance notice requested by riders could still 

be useful in cases where initial wait times are projected to be longer than 15 minutes. 

 
Figure 4.9. Frequency of delay past ETA by demographic group. 

4.3.3. Covid-19 Impacts 

In this section, we examine: a) respondents’ relative perception of risk on each mode, and b) how 

respondents’ mode use changed during the pandemic and how they anticipate it changing post-

pandemic.  

4.3.3a. Perception of risk by mode 

To better understand the role for public microtransit as an alternative to fixed-route bus during a 

pandemic, we asked respondents how they perceived the risk of contracting Covid-19, from low 

risk (1) to high risk (5), on these modes and four others.  

Finding 11: Regardless of demographic group, respondents perceived public microtransit as 

posing less risk for contracting Covid-19 than ride-alone Uber/Lyft, fixed-route bus, or carpool.  
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Respondents perceived carpool and fixed-route bus as most risky (3.29 and 3.28, the only modes 

not significantly different from each other), followed by Uber/Lyft (2.96), public microtransit 

(2.67), walk (1.80) and drive alone (1.58). While the order of risk by mode did not vary by 

whether the respondents had used public microtransit, non-riders perceived carpool, bus, and 

public microtransit as riskier than those who had tried public microtransit (p<0.05, p<0.10, and 

p<0.01, respectively). Public microtransit riders over age 60 viewed carpool as more risky than 

younger riders (3.50 vs. 3.26, p<0.05) but public microtransit as less risky (2.51 vs. 2.70, 

p<0.05). Those age 21 or under, meanwhile, viewed fixed-route bus as less risky than older 

riders (p<0.05). Riders with incomes under 15k perceived all shared modes as less risky (p<0.01 

for carpool and Uber/Lyft, p<0.05 for public microtransit, and p<0.10 for fixed-route bus), as did 

those without access to a personal vehicle (p<0.01 for public microtransit and Uber/Lyft and 

p<0.05 for fixed-route bus and carpool). Riders without smartphones, unbanked riders, and those 

with disabilities that prevent driving perceived carpool and fixed-route bus as less risky. Black 

riders perceived Uber/Lyft, carpool, and public microtransit as more risky than white riders 

(p<0.01, p<0.05, and p<0.10, respectively), while women perceived all shared modes as more 

risky than men did (p<0.01 for fixed-route bus and Uber/Lyft, p<0.05 for public microtransit, 

and p<0.10 for carpool).  

One potential explanation for most transportation-disadvantaged groups viewing shared modes 

as less risky could be that they had to continue using those modes during the pandemic and were 

desensitized to the risk. We examine demographic differences in mode shift during the pandemic 

in the next subsection. 

4.3.3b. Change in pandemic and post-pandemic mode use 

For each mode respondents reported using in the past two years, we asked them how frequently 

they used it during the pandemic and how frequently they anticipated using it after the pandemic. 

Respondents were given the option to select “Same as before the pandemic” for each question, so 

any change in use was consciously indicated. The question on pre-pandemic use was also 

provided on the same screen, so respondents could easily reference their responses across these 

three questions. To analyze change across time periods, we assigned each frequency category a 

single value, as described in the methodology section, and subtracted the pre-pandemic values to 

yield a “change in trips per month” metric. We used the average of this metric to compare shifts 

across modes, time periods, and demographic groups. Figures 4.10 and 4.11 show results for the 

11 agencies that started their public microtransit pilots before the pandemic, excluding 

respondents who reported never using public microtransit before or during the pandemic.  

Overall, respondents who had ever used public microtransit reported most decreasing their use of 

fixed-route bus and rail during the pandemic (-3.3 and -2.9 trips/month), followed by their use of 

public microtransit (-2.0 trips/month), carpool (-0.6 trips/month), and ride-alone Uber/Lyft (-0.5 

trips/month). These decreases were all significantly different from zero at the level of p<0.01, 

except for carpool at the level of p<0.05. These respondents did not report statistically significant 

shifts in their frequency of drive alone trips either during the pandemic or post-pandemic. Of the 

most frequently used shared modes, respondents only anticipated returning to pre-pandemic 

levels of use for public microtransit (no statistically significant changes compared to pre-
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pandemic use). They anticipated returning to fixed-route bus and rail but at decreased 

frequencies compared to pre-pandemic (-1.6 and -1.2 trips/month, p<0.01). Finally, they 

anticipated maintaining pandemic-era frequencies of use for ride-alone Uber/Lyft and carpool (-

0.5 trips/month, no significant change from pandemic frequencies but significantly different 

from zero at the level of p<0.01 and p<0.05, respectively).  

Finding 12: Lower-income riders, those without access to a personal vehicle, and essential 

workers maintained their public microtransit use during the pandemic but decreased their use of 

fixed-route transit. Higher-income riders and those with greater vehicle access decreased their 

use of both public microtransit and fixed-route rail and bus by more than transportation-

disadvantaged groups.  

Finding 13: Riders without access to a personal vehicle anticipate using public microtransit 

more post-pandemic than they did before the pandemic; this is the only group that anticipates 

increasing their use of any shared mode post-pandemic. Most income groups and levels of 

vehicle access anticipate maintaining lower frequencies of fixed-route transit and Uber/Lyft use 

post-pandemic. 

Riders with household incomes over $50k and who always have access to personal vehicles were 

the only income and vehicle access groups to significantly decrease their use of every shared 

mode during the Covid-19 pandemic. Riders with household incomes under $50k did not 

significantly change their use of public microtransit during the pandemic and do not anticipate 

changing it post-pandemic. In contrast, these riders anticipated slightly decreasing their use of 

carpool and ride-alone Uber/Lyft post-pandemic, after not significantly changing their use of 

these modes during the pandemic (aside from riders with incomes over $15k, who did report 

statistically significant decreases in their use of ride-alone Uber/Lyft during the pandemic). 

Although lower-income riders reported reducing their use of fixed-route bus and rail less than 

higher-income riders during the pandemic, there were no significant differences between income 

groups in the anticipated post-pandemic use of these modes. Riders with incomes under $15k 

anticipated increasing their frequency of driving alone after the pandemic (p<0.10 with a one-

sided t-test, insignificant with a two-sided t-test).  

Riders who never have access to a personal vehicle did not report statistically significant changes 

in their use of public microtransit, carpool, or ride-alone Uber/Lyft during the pandemic, but 

anticipated using public microtransit more frequently post-pandemic than they did before the 

pandemic (0.9 more trips/month, p<0.10) and using carpool and ride-alone Uber/Lyft less 

frequently (0.6 and 0.4 fewer trips/month, p<0.10). Unlike other respondents, these riders also 

anticipate returning to pre-pandemic frequencies of rail use.  

Critically, essential workers also maintained their public microtransit use during the pandemic 

while decreasing their fixed-route transit use, suggesting that they perhaps perceived public 

microtransit as a safer alternative for their continued commuting, as discussed in the previous 

section. These riders also maintained their use of ride-alone Uber/Lyft during the pandemic but 

anticipate decreasing their use after the pandemic (-0.3 trips/month, p<0.10).  
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Figure 4.10. Change in mode use during the Covid-19 pandemic and anticipated change in mode 

use post-pandemic (compared to pre-pandemic use), by vehicle access and income. 

Finding 14: Unlike any other group, riders without smartphones decreased their public 

microtransit use by more than their fixed-route public transit use during the pandemic. These 

riders and unbanked riders also anticipate using public microtransit less post-pandemic than pre-

pandemic (Figure 4.11).  

Riders without smartphones significantly decreased their use of public microtransit during the 

pandemic (-1.8 trips/month, p<0.05) but did not significantly decrease their use of fixed-route 

bus or rail. These riders anticipate maintaining lower microtransit frequencies post-pandemic 

(p<0.05), while unbanked riders also anticipate decreasing their use of public microtransit post-

pandemic (-2.7 trips/month, p<0.01).  



 

75 

 

  
Figure 4.11. Change in use of highest-occupancy modes during the Covid-19 pandemic and 

anticipated change in mode use post-pandemic (compared to pre-pandemic use), by resources 

and essential worker status. 

A few other demographic differences in mode shift during the pandemic also indicate equity 

concerns. Women decreased their ride-alone Uber/Lyft use by more than men (-0.77 vs. -0.22 

trips/month, p<0.10) but decreased their fixed-route bus use by less than men (-3.2 vs. -4.5 

trips/month, p<0.05). This could reflect that essential workers were more likely to be women 

(51.3% vs. 43.3%, p<0.05). Essential workers were also more likely to be Hispanic (17.2% vs. 

9.9%, p<0.01) and have incomes under 15k (22.5% vs. 18.4%, p<0.10). Among respondents who 

used public microtransit at least once per week before the pandemic, only 33.6% (n=193) were 

able to reduce their use to less than once per week. The remainder (n=381) were not only more 

likely to be lower income, essential workers, and have less access to personal vehicles, as already 

discussed, but were also more likely to be Black (16.5% vs. 10.4%, p<0.05) and more likely to 

report reductions in income during the pandemic (39.3% vs. 32.6%, p<0.10). The riders who 

used public microtransit at least once per week pre-pandemic and decreased their use to less than 

once per week during the pandemic switched to driving alone, reporting an average increase of 

2.1 drive trips/month during the pandemic (p<0.01). They anticipate continuing to drive alone 

more and use public microtransit less post-pandemic than they did pre-pandemic (1.7 trips/month 

and -6.1 trips/month, respectively, both different from zero at a level of p<0.01). 

On the other end of the spectrum, some infrequent or non-riders anticipated using public 

microtransit at least once per week after the pandemic even though they had used it less than 

weekly or never before and during the pandemic. These responses were excluded from the post-

pandemic analysis above, but may offer insights into the type of rider willing to try public 

microtransit. 5.9% of public microtransit riders had only ever used it less than once a week but 

anticipated using public microtransit more than once per week after the pandemic (n=65). 

Compared to infrequent riders who anticipated continuing to use public microtransit less than 

once per week after the pandemic (n=350), these aspiring frequent riders were less likely to 

always have access to a personal vehicle and more likely to have access sometimes (p<0.01 for 

each) and more likely to have experienced income reductions (, p<0.05) and employment 

changes during the pandemic (44.8% vs. 34.6%, p<0.10).  
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Almost half of respondents who reported never using public microtransit (n=185) said they 

anticipated using it after the pandemic (for an average of 7.1 trips/month). Compared to the non-

riders who said they would continue not to use public microtransit after the pandemic (n=190), 

these anticipatory riders were more likely not to have smartphones (14.1% vs. 2.5%, p<0.01) or 

bank accounts (13.7% vs. 8.8%, p<0.05), more likely to have incomes from 15-50k (36.7% vs. 

23.0%, p<0.05), and less likely to always have access to a personal vehicle (37.0% vs. 50.0%, 

p<0.05). This group also anticipated statistically significant post-pandemic decreases in their use 

of drive alone, fixed-route bus, and fixed-route rail (-1.5, -1.4, and -1.3 trips/month, respectively, 

p<0.01 for all), so they could conceivably switch to public microtransit from these modes. In 

contrast, non-riders who did not anticipate trying public microtransit did not report statistically 

significant changes in these modes. 

4.4. Implications 

This paper holds a number of environmental and equity implications for public transportation 

agencies operating or considering public microtransit services. First, the service may have a 

negative environmental impact, as many riders say their trips were induced or switched from 

nonmotorized/higher-occupancy modes such as fixed-route bus, which would have served the 

trip with lower VMT. The riders who said they switched from lower-occupancy modes such as 

drive alone and ride-alone Uber/Lyft tended to belong to more advantaged demographic groups, 

so efforts to improve the environmental impact of public microtransit by attracting passengers 

from their personal vehicles or Uber/Lyft may come at the cost of improving service for 

transportation-disadvantaged groups. The demographic differences in trip purpose supported this 

idea—tailoring service to work commutes and FMLM connections to fixed-route rail may 

disproportionately benefit higher-income riders who own personal vehicles, while locating 

service areas around shopping centers, grocery stores, and healthcare facilities may better serve 

transit-dependent and lower-income riders.  

While the responses around induced trips and replaced modes suggest public microtransit may 

have a negative environmental impact, many findings indicate the services may improve 

transportation quality for some riders from transportation-disadvantaged groups. Riders tend to 

be lower-income and transit-dependent, and the greater proportion of induced trips among these 

groups suggest public microtransit is filling a previously unmet demand. Their greater levels of 

replaced walking and fixed-route public transit trips could indicate improved travel times for 

transit-dependent passengers, as well. Indeed, these riders report greater satisfaction and quality 

of life impacts from the service, and disproportionately cite safety and ease of transporting 

purchases and family members as reasons for selecting public microtransit over fixed-route bus. 

Moreover, during the Covid-19 pandemic, all respondents perceived public microtransit as a 

safer alternative to fixed-route bus, ride-alone Uber/Lyft, and carpool. The results indicate they 

took advantage of this alternative, with more essential workers and low-income and transit-

dependent riders maintaining their pre-pandemic frequencies of public microtransit use while 

decreasing their use of fixed-route bus. Riders without a personal vehicle like the service enough 

that they anticipate using it more frequently after the pandemic.  
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At the same time, the results also highlight key transportation equity challenges for public 

microtransit services, particularly around riders without bank accounts or smartphones. These 

riders reported less satisfaction and no significant quality of life improvements from public 

microtransit. During the pandemic, riders without smartphones were the only group to decrease 

their public microtransit use by more than fixed-route bus and rail, while both they and unbanked 

riders anticipated returning to public microtransit at lower rates than other riders after the 

pandemic. While most agencies offer a call-in dispatcher and cash options, our results suggest 

public transportation agencies need to do more to reduce barriers to access for these groups. 

Notably, among respondents who had never used microtransit, those without smartphones or 

bank accounts indicated disproportionate interest in using public microtransit post-pandemic, 

suggesting the potential to reach these riders if the barriers can be addressed. 

The other main equity-related concern was in the responses around public microtransit delay. 

Riders without smartphones and/or bank accounts were again the ones to report the most 

frequent delays past ETA, though low-income riders, riders without personal vehicles, and riders 

with disabilities that prevent driving also reported more frequent delays. This finding suggests 

public transportation agencies should assess delayed trips to ensure this burden does not fall 

disproportionately on transportation-disadvantaged groups. Areas for future research include 

assessing public microtransit trip data to identify demographic differences in delay, wait, and in-

vehicle times. This analysis would require four to five time points to accurately measure wait 

times and delay: 1) time of request and 2) requested pick-up time (these are different for trips 

scheduled in advance), 3) initial ETA, 4) actual pick-up time, and 5) drop-off time. Differences 

in #2 and #4 allow a measure of wait time, while differences in #3 and #4 allow a measure of 

delay. This work could allow additional insight into the distribution of wait time and travel time 

savings by demographic group.  

Analyzing public microtransit trip data across agencies could also yield a stronger understanding 

of how travel time and transportation equity impacts differ by service design variables such as 

providing corner-to-corner or curb-to-curb service or requiring trips to start/end at a transit stop. 

For instance, we found that riders at agencies with corner-to-corner service felt more satisfied 

with wait times; cross-agency trip data could indicate whether corner-to-corner services have 

shorter wait times on average than curb-to-curb services. We also found that riders at public 

microtransit services that replaced bus routes or used corner-to-corner service were less satisfied 

with the service overall than those that maintained bus routes and offered curb-to-curb service. 

The FMLM service in a commercial area, meanwhile, yielded the biggest rider-reported 

improvements in access to employment. Future work could control for other differences between 

services, such as density, land use, and service area demographics to isolate the impacts of the 

design variables.  

Finally, a mode choice model that incorporates stated-preference data from public microtransit 

riders could identify additional factors underlying mode choice preferences of public 

microtransit passengers, how these differ from non-riders, and how these changed during the 

Covid-19 pandemic. We discuss the development of one such model in the next chapter. 
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4.5. Appendix A 

This appendix contains select demographics for survey respondents who had never used public 

microtransit, survey respondents who had used public microtransit at least once, the population 

in the 14 public microtransit service areas targeted with the survey, and the U.S. population as a 

whole. Race, household income, age, gender, and vehicle ownership for the U.S. are taken from 

ACS 2021 one-year estimates, while the same measures for the service areas are calculated using 

QGIS and ACS 2021 one-year estimates at the census tract level (U.S. Census Bureau 2022). 

Pre-pandemic commute mode shares use ACS 2019 five-year estimates (U.S. Census Bureau 

2020). Smartphone ownership by household income and age for the U.S. population are taken 

from the Pew Research Center (2021). Survey sample percentages are calculated for those who 

responded to the question, with the percentage that did not answer provided separately. 

 

Table 4.2. Demographics of survey sample compared to population in service areas and U.S. 

 United States 14 Public 

Microtransit 

Service Areas 

Survey Sample: 

Never used 

public 

microtransit 

Survey Sample: 

Used public 

microtransit at 

least once 

Number of people 329,725,481 1,195,073 320 1519 

Race alone or in combination with one or more other races 

White 74.5% 82.5% 56.8% 54.7% 

Black 14.3%   4.7% 11.5% 17.1% 

Native American   1.9%   1.7%   6.4%   5.2% 

Asian   6.9%   6.4%   7.7% 11.2% 

Native Hawaiian & 

Pacific Islander 

  0.4%   0.7%   2.6%   1.7% 

Hispanic: Any race 18.4% 19.3% 18.8% 13.9% 

No response or prefer 

not to answer (PNA) 

- - 26.9% 36.4% 

Household Income 

Under $10,000   6.0%   3.1%   8.1% 14.7% 

$10,000 - $14,999   3.9%   2.3% 13.1% 10.8% 

$15,000 - $24,999   7.5%   5.5% 10.0% 12.6% 

$25,000 - $34,999   7.8%   6.6% 11.3% 13.1% 

$35,000 - $49,999 11.3% 10.4%   6.3% 12.0% 

$50,000 - $74,999 16.8% 17.5% 20.8% 16.0% 

$75,000 - $99,999 12.8% 14.4% 13.6%   9.8% 

$100,000 - $149,999 16.3% 19.8% 12.7%   8.5% 

$150,000 and above 17.7% 20.4%   4.1%   2.6% 

No response or PNA - - 30.9% 41.3% 

Age (years) 

Under 15 18.6% 21.3%   0.0%   0.4% 

15 to 19   6.6%   7.0%   2.2%   3.6%   

20 to 24   6.5%   6.2% 17.0% 15.2% 

25 to 34 13.8% 14.3% 27.1% 26.6% 
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35 to 44 12.9% 14.0% 16.6% 20.4% 

45 to 54 12.6% 11.8% 17.0% 14.2% 

55 to 59   6.7%   6.1%   4.4%   6.5% 

60 to 64   6.3%   5.5%   3.9%   5.3% 

65 to 74   9.6%   8.6%   9.6%   5.6% 

75 to 84   4.5%   3.6%   2.2%   2.0% 

85 and above   1.9%   1.7%   0.0%   0.1% 

No response or PNA  - - 28.4% 36.5% 

Gender 

Female 50.5% 50.1% 45.1% 50.7% 

Male 49.5% 49.9% 53.2% 48.4% 

Other   0.0%   0.0% 1.7% 0.9% 

No response or PNA - - 25.9% 34.8% 

Vehicle Ownership 

No vehicles   8.3%   3.8% 20.5% 34.4% 

1 vehicle 32.5% 28.7% 32.0% 35.4% 

2 vehicles 37.1% 41.8% 31.1% 19.5% 

3 or more vehicles 22.1% 25.6% 16.4% 10.7% 

No response or PNA - - 23.8% 32.3% 

Smartphone Ownership by Household Income 
*For survey sample columns, cutoff is $25,000 rather than $30,000 

All incomes 85% - 91.0% 94.5% 

Less than $30,000* 76% - 83.3% 90.8% 

$30,000 - $49,999* 83% - 82.4% 93.3% 

$50,000 - $74,999 85% - 97.8% 98.6% 

$75,000 or more 96% - 98.5% 98.3% 

No response or PNA - - 26.9% 37.5% 

Smartphone Ownership by Age (years) 

Ages 18-29 96% -   79.7% 90.3% 

30-49 95% - 100.0% 98.1% 

50-64 83% - 100.0% 96.4% 

65 and above 61% -   96.2% 94.2% 

Pre-Pandemic Mode Share 

 Commute Overall 

Drive alone 76.3% 80.2% 28.4% 16.6% 

Carpool   9.0%   9.3% 18.1% 15.1% 

Public transport   5.0%   1.5% 25.6% 39.5% 

Walk   2.7%   1.4% 13.0% 13.4% 

Other   1.8%   1.6% 14.9% 15.4% 

Work from home   5.2%   6.0% - - 
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4.6. Appendix B 

This appendix shows cross-tabulations for select individual characteristics, including not owning 

a smartphone, not having a bank account, having a disability that precludes driving, never having 

access to a personal vehicle, always having access to a personal vehicle, being 60 years of age or 

above, and having a household income below $15k.  

 

Figure 4.12. Cross-tabulations for select individual characteristics. 
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Chapter 5. Modeling use and impacts of public microtransit 

in the United States before and during the Covid-19 

pandemic 

Emma Lucken 

Jessica R. Lazarus 

Susan A. Shaheen 

Joan L. Walker 

This chapter addresses the third and final research objective of the dissertation: to understand 

how public microtransit riders perceive public microtransit relative to drive alone, TNCs, and 

fixed-route transit, what service and demographic characteristics impact their likelihood of using 

each mode, and how this changed in the Covid-19 pandemic. 

As lead author, I adapted a stated preference experiment from Lazarus et al. (2021) to test the 

impact of public microtransit service characteristics and Covid-19 conditions on mode choice; 

coordinated survey distribution with three microtransit companies and 14 public transportation 

agencies; estimated a mode choice model from the stated preference results, including a flexible 

variance/covariance matrix with individual variation in shared error terms between modes; and 

used the mode choice model to forecast mode shares for a range of demographic groups and 

service designs. I wrote the original draft and revised it based on feedback from the other 

authors. 

ABSTRACT 

Before and during the Covid-19 pandemic, public transportation agencies in the United States 

(U.S.) have begun turning to on-demand, van-based microtransit to lower operating costs in areas 

with low levels of ridership. To identify service design improvements for public microtransit, 

agencies need to understand the factors underlying riders’ choice to use public microtransit 

relative to other modes, as well as how these factors have shifted in the Covid-19 pandemic. 

From April to December 2021, we surveyed 1519 microtransit riders and 320 non-riders across 

14 public transit agencies to capture their stated preferences in a total of 5109 pre-pandemic trip 

scenarios and 4636 pandemic trip scenarios. We estimated a mixed logit model, the first mode 

choice model to incorporate public microtransit based on stated preference data from 

experienced public microtransit passengers. The choice model also includes ride-alone 

Uber/Lyft, pooled Uber/Lyft, personal vehicle, fixed-route bus, and first-mile/last-mile public 

microtransit and Uber/Lyft as fixed-route transit connections. Major findings include: 1) 

forecasts suggest personal vehicle mode share is highest in systems that replace fixed-route bus 

service with public microtransit and lowest in systems with supplemental, door-to-door public 

microtransit, while the reverse is true for the combined mode share of fixed-route bus and 

microtransit; 2) smartphone ownership and access to a personal vehicle have a larger impact than 

income on forecasted mode splits; 3) experienced microtransit riders view public microtransit as 
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more correlated with Uber/Lyft than with fixed-route bus; 4) riders perceive fixed-route bus 

service more negatively than public microtransit as percent of in-patient beds in their county 

filled with Covid-19 patients increases; and 5) trip cost has less of an impact on mode choice 

during the Covid-19 pandemic. 

Keywords: Mobility-on-Demand; Microtransit; Mode Choice Model 

5.1. Introduction 

Even before the COVID-19 pandemic, the growing number of public transportation agencies 

partnering with Mobility on Demand (MOD)/Mobility as a Service (MaaS) companies raised the 

question of what role MOD/MaaS companies can and should play in the provision of public 

transport (Lucken & Shaheen, 2021). We use the term MOD in this paper, as this terminology is 

consistent with the U.S. Department of Transportation’s terminology and early initiatives in this 

space (Shaheen & Cohen, 2020). There is notable overlap between the MOD and MaaS concepts 

(Shaheen, Cohen, & Farrar, 2020; Shaheen & Cohen, 2021). The partnership trend behind public 

MOD services has only accelerated since the pandemic began, as public transit agencies attempt 

to stem revenue losses from plummeting ridership and serve their remaining riders in a more 

cost-effective way (Johnson, 2020). 

In the previous chapter, we presented the demographics and replaced modes of public 

microtransit riders based on direct survey questions about their travel behavior. Stated preference 

experiments offer another approach to identifying the mode shift and transportation equity 

impacts of public microtransit services. Stated preference surveys support the estimation of mode 

choice models that quantify the impacts of service design elements on the decision to use a given 

mode, how travelers perceive that mode relative to other options, how these impacts and 

perceptions differ by demographic group, and how ridership and mode share may change in new 

contexts, such as a different service design or COVID-19 infection level. One pre-pandemic 

study used a stated preference survey in four California metropolitan regions to develop a mode 

choice model for three TNC modes: ride-alone, door-to-door pooled ride, and indirect pooled 

ride (in which riders walk to or from a more efficient pick-up or drop-off location). The model 

showed that women and low-income riders were more willing to choose pooled options and that 

riders preferred ride-alone TNC for trips to or from home (Lazarus et al., 2021). Another stated-

preference survey on the impact of Covid-19 on Spanish public transport and shared mobility 

users’ willingness to pay found that health measures like vehicle disinfection increased riders’ 

likelihood to choose shared modes but only if fares remained at pre-pandemic levels (Awad- 

Núñez et al., 2021).  

In the last year, a few studies have emerged that incorporate app-based public MOD options into 

mode choice models. A Connected Cities with Smart Transportation report from August 2021 

used a new method to simulate FMLM and direct microtransit trips based on existing trip data 

from five cities (Chow et al., 2021). The simulated microtransit trips were then combined with 

public trip data on other modes to estimate a choice model that includes car, bike, fixed-route 

bus, walk, and microtransit. After testing the model on four of the original cities, the authors 

forecasted microtransit ridership in two other groups of cities with the same predicted total 
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VMT. This enabled projection of which cities may be well-suited for microtransit services, but 

the lack of data on individual riders’ demographics and preferences meant the work could not 

identify factors that motivate individual riders’ choice of mode. One still-unpublished study used 

a stated-preference survey of public transit and car commuters in Israel to examine willingness to 

use new microtransit services based on fare, number of other passengers, and reservation, walk, 

wait, and in-vehicle time (Soria et al., 2022). The work found that car commuters were more 

sensitive to COVID risk and travel time increases than public transit commuters when deciding 

whether to try microtransit, although car commuters who viewed sharing more favorably were 

more willing to try the new mode. One disadvantage of this study is that few respondents had 

used public microtransit before, so had less experience to inform which mode they would choose 

in the survey scenarios.  

No work thus far has used stated preferences from an enriched sample of experienced public 

microtransit riders to estimate a mode choice model or used discrete choice analysis to examine 

how preferences between personal vehicle, TNCs, public microtransit, and fixed-route bus have 

shifted during the Covid-19 pandemic. This paper aims to fill these gaps, using a stated 

preference survey of U.S. public microtransit riders and non-riders between April and December 

2021 to identify: 1) who is using public microtransit; how they perceive public microtransit 

relative to personal vehicle, ride-alone and pooled TNC, and fixed-route bus; and how their 

mode choice preferences differ from people who are not using it, and 2) how the preferences 

underlying mode choice between this set of private and shared modes changed during the Covid-

19 pandemic. 

5.2. Methodology  

We identified public transportation agencies with microtransit services across a range of U.S. 

locations, ridership demographics, and use cases by first requesting recommendations from 

TransLoc, Via Transportation, and Spare Labs, three private microtransit companies that partner 

with such agencies. After connecting with interested agencies, the company or agency distributed 

the surveys from April to December 2021 through email, text, posting the link on the service 

website, and/or paper flyers onboard the microtransit vehicles. Respondents could select English 

or Spanish versions of the survey. We encouraged participation by offering a drawing incentive. 

Survey respondents were presented with three trip scenarios set in a pre-pandemic context and 

three trip scenarios set during the pandemic. They were first introduced to the seven possible 

modes: their personal vehicle, their local publicly funded microtransit service, ride-alone 

Uber/Lyft, pooled Uber/Lyft, their local public fixed-route bus service, and two modes in which 

either the local microtransit service or Uber/Lyft were used as first-mile/last-mile access to the 

local fixed-route transit service. Respondents who reported never hearing about the local 

microtransit service before were presented with a photo of one of the vehicles alongside a 

description of the service, including how to use it as well as its hours and fare. To simplify the 

decision and help respondents pay attention to all attributes of each mode when making their 

decision, only three of the seven possible modes were presented in each scenario. The local 

microtransit service was included as an option in each scenario, and the local microtransit service 

as first-mile/last-mile access to local fixed-route transit was included in at least one pre-
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pandemic and one pandemic scenario. The remaining modes were randomly chosen, although 

personal vehicle only appeared as an option to respondents who reported having access to a 

personal vehicle always or sometimes. Figure 5.1 shows an example of one pandemic scenario. 

 
Figure 5.1. One of three scenarios set during the Covid-19 pandemic. For pre-pandemic 

scenarios, the first two paragraphs were replaced with the statement, “Think back to before the 

Covid-19 pandemic.”  

The trips in each scenario had five potential origins and destinations: home, work (or school), a 

healthcare appointment, a store, or a recreational activity. Trips to work/school always began at 

home, and these trips were only presented to respondents who reported physically commuting to 

work or school at least once per week before the Covid-19 pandemic (for the three pre-pandemic 

scenarios) or currently (for the pandemic scenarios). The respondents were told they had no, 

some, or plenty of time to spare for their trip. For the three pandemic scenarios, respondents 

were also told whether the Covid-19 pandemic was in a state of accelerated spread (hospitals full 

or almost full), community spread (requires widespread testing and contact tracing but NOT 

shelter-in-place advisories), or containment (mostly business-as-usual, monitor with targeted 

testing and contact tracing). They were also told what fraction of the population had been 

vaccinated and whether the respondent and/or their close family and friends had been offered the 

17 

15 
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vaccine (the survey stated they had been “offered” the vaccine as opposed to “received” the 

vaccine in an attempt to avoid dropout from vaccine-averse respondents). Respondents were told 

the scenarios assume the vaccine provides nearly complete protection from severe illness or 

death from Covid-19 and that all travel choices follow recommended Covid-19 safety guidelines, 

including required masks, plastic partitions between drivers and passengers, six feet between 

passengers, and frequent cleaning. 

In addition to these attributes of the overall trip, respondents were shown the total cost, total 

time, walk time, wait time, and in-vehicle time on each mode, as well as the number of other 

passengers, number of transfers, and frequency with which the mode arrives at pick-up 15 

minutes and 30 minutes late (units of x in 10 times). Wait time and frequency of delay were 

always zero for personal vehicle, number of other passengers was always zero for ride-alone 

Uber/Lyft and personal vehicle, and number of transfers was only non-zero for the fixed-route 

bus and two first-mile/last-mile modes. The levels chosen for each attribute differed by mode to 

reflect the full range of travel times, fares, and occupancy observed in the field, based on 

microtransit trip data shared by two companies as well as Uber/Lyft and fixed-route bus 

estimates for trips in the microtransit service areas of participating transit agencies. The levels 

for each mode in each scenario were randomly chosen from the range of potential values. 

However, the levels for in-vehicle time, cost, and transfers were loosely connected across modes 

so all modes in a given scenario reflected the context of a short, medium, or long trip.  

The survey also included questions on the respondents’ travel behavior, including modes used 

and frequency of use before and during the Covid-19 pandemic, demographic questions, and 

whether the respondent had been or planned to get vaccinated. 

The survey responses were cleaned to eliminate respondents from outside the geographic regions 

of the public transit agency identified in their survey, duplicate responses, and responses in 

which a stated preference question was answered in less than three seconds. The three-second 

cut-off was chosen after analysis of the distribution of response times for these questions, as it 

marked a drop in the distribution. This could suggest that most people clicking through the 

questions without looking at even the names of the modes did so in less than three seconds. 

We estimated a mixed logit choice model to identify how microtransit service characteristics and 

demographics impacted the preferences underlying mode choice, as well as how these 

preferences differed before and during the Covid-19 pandemic. The mixed logit structure 

enabled us to include shared error components in the model to account for correlation in 

preferences between modes. In contrast, multinomial logit models assume a restricted diagonal 

variance-covariance matrix, which ignores statistically significant correlations between modes 

and can distort marginal rates of substitution between modes when forecasting impacts or 

estimating replaced modes. We used the estimates from the shared error components to calculate 

the correlation matrix between modes to examine which modes survey respondents perceived as 

most correlated with public microtransit.  

Finally, we used the estimated model to forecast changes in mode shares for different 

demographic groups, including by income, smartphone ownership, and personal vehicle access. 
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We also forecasted mode shares under different service models, including systems without 

public microtransit, with unrestricted microtransit, with only FMLM microtransit, and with door-

to-door microtransit that has replaced public bus service. For the forecast scenario, we set trip 

characteristics based on a 20-minute drive in a personal vehicle under pre-pandemic conditions 

in which public microtransit takes longer than driving alone but less time than fixed-route bus. 

We drew average microtransit and fixed-route costs and wait times from the public 

transportation agencies represented in the survey, used Uber price estimator in the service 

locations to set TNC costs, and employed a combination of sources to calculate drive alone costs 

(IRS 2021, Levinson 2014, Uber 2022). Table 5.1 includes the travel time and cost values used 

in the base case forecast scenario. Demographic variables in the base case were set at the average 

values for survey respondents (age 40, household income of 50k, always have access to a 

personal vehicle, own a smartphone, used public microtransit more than twice). Dummy 

variables related to trip purpose, time sensitivity, and service design characteristics were set to 

zero. We adjusted the model constants in the base case to reflect the pre-pandemic mode shares 

of survey respondents (who are skewed toward microtransit and fixed-route transit riders). For a 

comparison to the general population, we also adjusted the model constants to reflect U.S. 

commute mode shares from the 2019 American Community Survey (ACS) five-year estimates. 

In this second set of constants, we set microtransit mode shares as equal to TNC mode shares. 

For all forecasting, we left pooled TNC and FMLM TNC out of the model for simplicity. 

Table 5.1. Travel time, cost, and delay frequency values by mode in base case forecast scenario. 

Variable Personal 

Vehicle 

Ride-

Alone 

Uber/Lyft 

Public 

Microtransit 

Fixed-

Route Bus 

FMLM Public 

Microtransit to 

Fixed-Route Bus 

In-vehicle time 

(min.) 

20 20 23 30 26 

Wait time (min.) 0 6 9 9 9 

Walk time (min.) 1 0 0 5 0 

Trip Cost ($) 4 11 2.5 1.5 2.5 

Frequency of  

15-30 min. delay  

(x in 10 times)  

0 1 3 3 3 

5.3. Results 

5.3.1. Demographics 

The survey was taken by 1839 people across 14 agencies and 12 states. The respondents 

answered a total of 5109 pre-pandemic scenarios and 4636 pandemic scenarios. 1221 

respondents (66.4%) had used their local microtransit service at least three times, 298 (16.2%) 

had used it once or twice, and 320 (17.4%) had never used it. The sample purposely skews 

toward public microtransit riders, as these respondents have experience with the new mode and 

can better envision the choice offered in stated-preference scenarios between public microtransit 

and competing modes. No other stated-preference surveys have targeted these riders to this 

extent, and our study aims to learn from the experiences and preferences of this more transit-
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oriented population. Due to the enriched sample of respondents more likely to use public 

microtransit and public transit in general, results will skew toward the best-case scenario for 

public microtransit. We divided the riders into people who used it once or twice (“inexperienced 

riders”) and those who used it three times or more (“experienced riders”) because this was the 

divide that yielded the greatest significance in the model in affecting mode choice and perceived 

correlation between modes. Using it at least three times could indicate a certain level of 

accepting the mode, whereas those who used it once or twice may have been willing to try public 

microtransit but decided against continuing to use it.  

Of the people who had used microtransit at least three times, 27% reported always having access 

to a personal vehicle, 33% reported sometimes having access to a personal vehicle, and 39% 

reported never having access to a personal vehicle, compared to 47%, 34%, and 19%, 

respectively, among people who had tried microtransit twice or less. As another measure of 

vehicle access, 38% of experienced riders reported owning no vehicles, compared to 20% of 

inexperienced and non-riders, 3.8% of the general population in the 14 microtransit service areas, 

and 8.3% of people in the U.S. Fifty-five percent of overall respondents identified as white; 16% 

as Black; 15% as Hispanic; 5% as Native American; 4% as South Asian; 3% each as East Asian 

and Southeast Asian; 2% each as Native Hawaiian / Pacific Islander and Middle Eastern / North 

African; 1% as Sub-Saharan African; and 9% as more than one race or ethnicity (35% did not 

identify their race or ethnicity). These percentages were similar for people who had used 

microtransit at least three times and those who used it less. The survey sample was less white 

than the general population in the service areas (83%) or the U.S. (75%). 

Respondents who had used microtransit at least three times were slightly more middle-aged than 

those who had used it twice or less, with 13% of both groups above age 60, 44% vs. 35% from 

age 35 to 59, and 43% vs. 52% from age 15 to 34 (37% and 31%, respectively, did not report 

their age). The survey sample as a whole was more middle-aged than the service area population 

and U.S. population, as well; 19% of the service area population and 22% of the U.S. population 

were over age 60, 32% of each were ages 35 to 59, and 28% and 27%, respectively, were ages 15 

to 34. Experienced microtransit riders also tended to have lower household incomes than 

inexperienced microtransit users, with 65% vs. 53% making less than 50k and 9% vs. 16% 

making over 100k (43% and 32%, respectively, did not report household income). The sample 

was lower income than the general population in the service area, which was itself slightly higher 

income than the U.S. population: 28% of the service area population and 37% of the U.S. 

population had household incomes under 50k, while 40% and 34%, respectively, had household 

incomes over 100k.  

The same percentage of respondents used wheelchairs (2%) regardless of microtransit use, while 

more experienced microtransit users were more likely than inexperienced microtransit users or 

nonriders to have disabilities that prevented them from driving (10% vs. 8%), lack a driver’s 

license (30% vs. 22%), have a bank account (93% vs. 85%), and own a smartphone (97% vs. 

89%, compared to 85% of the U.S. population). More extensive analysis of respondents’ 

demographics can be found in Chapter 4 and Table 4.2.  
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5.3.2. Mixed Logit Model 

Table 5.2 shows the mixed logit model drawn from the full dataset of 3042 pre-pandemic 

scenarios and 2803 pandemic scenarios. The table includes parameter values, p-values, and 

check marks to indicate presence in the seven modes’ utility equations. We organize the table 

rows as follows: first we provide alternative-specific constants, then travel time and cost 

variables, including frequency of 15-30 minute delays. The next section includes trip origin and 

destination, reflecting trip purposes such shopping and healthcare, as well as time sensitivity of 

the trip (i.e., whether the respondent was told they have no time to spare). The section on 

demographic variables includes prior public microtransit use, access to a personal vehicle, 

smartphone ownership, age, and household income. The following two sections include variables 

that were not defined in the stated preference scenario but were found to impact respondents’ 

preferences, including local Covid-19 conditions and the design of the local public microtransit 

service. The final section shows the covariance parameters between modes, including variation 

by access to a personal vehicle and how many times the respondent had used public microtransit.  

Table 5.2. Mixed logit model comparing mode choice before/during Covid-19 pandemic: 
Variables Parameters P>|z| MT RA 

TNC 

P 

TNC 

PV B MT-

B 

TNC-

B 

Alternative Specific Constants 

Microtransit (MT) 0  (fixed) √       

Ride Alone TNC (RA TNC) -0.655 0.004  √      

Pooled TNC (P TNC) -0.994 0.000   √     

Personal Vehicle (PV) -0.597 0.001    √    

Fixed-Route Bus (B) 0.439 0.021     √   

Microtransit to Fixed-Route Bus 

(MT-B) 

0.256 0.204      √  

TNC to Fixed-Route Bus (TNC-B) -0.780 0.000       √ 

Travel Time and Cost 

In-vehicle time (min) -0.016 0.000 √ √ √ √ √ √ √ 

Wait time (min) -0.018 0.000 √ √ √  √ √ √ 

Walk time (min) -0.012 0.042 √ √ √ √ √ √ √ 

Trip Cost ($): Before Covid -0.034 0.000 √ √ √ √ √ √ √ 

Trip Cost ($): During Covid -0.018 0.000 √ √ √ √ √ √ √ 

Freq. of 15-30 minute delay  

(x in 10 times)  

-0.030 0.000 √ √ √  √ √ √ 

Trip Origin, Destination, and Time Sensitivity 

Store  Origin -0.440 0.010 √ √ √     
-0.750 0.000     √ √ √ 

Healthcare 

appointment 

Destination -0.373 0.005 √  √   √ √ 

-0.683 0.000     √   

Respondent told they have no time 

to spare  

-1.070 0.000 √    √ √ √ 

Demographic Variables 

Used public microtransit more 

than two times 

0.798 0.000 √       

0.437 0.001      √  

Always has access to a personal 

vehicle  

0.684 0.000    √    
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Vehicle access unreported  0.640 0.343    √    

Does not own a smartphone 0.545 0.031     √ √ √ 

Smartphone ownership 

unreported 

-0.160 0.243     √ √ √ 

Age 
In

 y
ea

rs
 Before pandemic -0.022 0.000   √  √ √ √ 

During pandemic -0.026 0.000   √  √ √ √ 

No difference before 

vs. during pandemic 

-0.014 0.002  √      

Unreported -0.857 0.000 √ √ √  √ √ √ 

Household Income ($)  -0.003 0.009 √    √ √ √ 

Household Income unreported  0.017 0.898 √    √ √ √ 

State of Covid-19 Pandemic  

Average percent of the county’s 

inpatient beds filled with Covid-19 

patients over the past 7 days  

-0.095 0.000     √ √ √ 
-0.064 0.000 √       
-0.047 0.012  √ √     

Local Service Design Characteristics 

FMLM restriction 1.060 0.000     √ √  
Corner-to-corner service 0.355 0.005      √  

-0.237 0.031 √       
Replaced fixed-route bus service 

with curb-to-curb 

0.325 0.055 √       

Service uses taxi vehicles -0.812 0.000     √ √  

Covariance Parameters (Error Components) 

Ride-alone & Shared TNC 1.020 0.000  √ √     

Microtransit 

& Personal 

Vehicle 

Sometimes/Never 

has access to a 

personal vehicle 

1.040 0.000  √  √    

Always has access 

to a personal 

vehicle 

0.686 0.000  √  √    

Unshared modes 0.906 0.000  √  √    
Three bus modes 0.897 0.000     √ √ √ 

Two microtransit modes 0.827 0.000 √     √  

Microtransit 

& fixed-route 

bus 

Never tried MT 1.010 0.000 √    √   

Rode 1-2 times 0.722 0.001 √    √   

Rode 3+ times 0.615 0.000 √    √   

Microtransit 

& TNC modes 

Rode 1+ times 0.677 0.000 √ √ √     

Never tried MT 0.489 0.074 √ √ √     
a p < 0.01 is bold and italicized; p < 0.05 is bold. Some non-significant results are left in for comparison. 
b Log-likelihood at zero: -10705.98. Log-likelihood at convergence: -8224.77. Number of Observations: 

9745 scenarios (1839 respondents). 

Finding 1: Among the service characteristics that public transit agencies can adjust to increase 

microtransit ridership, reducing wait time has a bigger impact than reducing in-vehicle or walk 

time.  

Table 5.3 shows the amount public transportation agencies would need to change five service 

characteristics to increase the combined mode share of door-to-door and FMLM microtransit by 

0.5%. This assumes a base mode share of 19.6%, drawing from pre-pandemic mode shares 

among survey respondents who used public microtransit more than twice. To increase mode 
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share among this group to 20.1%, public transportation agencies would need to reduce fares by 

$1.02, delay by 11.1%, wait times by 2.17 minutes, in-vehicle times by 2.5 minutes, and walk 

times by 3.85 minutes. Based on forecasting results, the impacts of service improvements 

generally increase slightly with age and decrease with income, meaning that the oldest group and 

lowest-income group would most increase their microtransit use in response to improvements in 

microtransit service characteristics. 

While in-vehicle, wait, and walk time are as onerous before and during the Covid-19 pandemic, 

the negative impact of trip cost on mode selection is almost half as great during the pandemic 

than before. The result suggests that considerations of a mode’s risk of Covid-19 exposure 

reduce the importance of cost in mode selection. Based on the parameters for trip cost and in-

vehicle time, respondents’ value of time increases from $28/hour pre-pandemic to $53/hour 

during the pandemic, reflecting the increased risk of in-vehicle time.  

Table 5.3. Change in microtransit service characteristic needed to achieve a 0.5% increase in 

combined mode share of door-to-door and FMLM microtransit. a  

 
Cost  

Frequency  

of Delay Wait Time In-Vehicle Time Walk Time 

0.5% 

increase in 

microtransit 

mode share 

-$1.02 -11.1% -2.17 min. -2.50 min. -3.85 min. 

a  Based on starting mode share of 19.6%, drawn from pre-pandemic mode shares among survey 

respondents who used public microtransit more than twice. Forecast is for a representative trip that takes 

20 min. by personal vehicle and a representative rider who has used microtransit more than twice, has a 

household income of $50k, and is 40 years old (complete values provided in methodology section).  

Finding 2: Unlike other shared modes, public microtransit use does not decrease with age.  

With every additional year of age, respondents were more likely to choose personal vehicle or 

public microtransit than ride-alone Uber. As age increased, respondents were even less likely to 

choose pooled Uber/Lyft, fixed-route bus, or either FMLM mode. This aversion to shared modes 

(other than microtransit) strengthened in the pandemic scenarios, presumably due to the 

increased health risks of sharing a vehicle. One reason older individuals seemed as likely to 

choose microtransit as personal vehicle, all else equal, may be that the microtransit services are 

in part marketed as a more convenient alternative to paratransit.  

Finding 3: Smartphone ownership and access to a personal vehicle have a larger impact than 

income on forecasted mode splits (as shown in Table 5.3). 

The model coefficients indicate that respondents without smartphones are less likely to use 

public microtransit, TNC, or personal vehicle than fixed-route bus. Higher-income respondents 

are more likely to use personal vehicle or TNC than other modes, and respondents who always 

have access to a personal vehicle are more likely to use that mode.  

Table 5.4 shows how differences in the model coefficients translate to differences in mode splits 

between demographic groups.  
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Within the subset of respondents who own a smartphone and always have access to a personal 

vehicle, income has a slight impact on mode shares, with a 5.0 range in personal vehicle mode 

share down to a 0.6 range in FMLM microtransit mode share between the lowest and highest 

income groups (though TNC and personal vehicle use increases with income and use of shared 

modes decreases with income). Within the lowest income group, however, smartphone 

ownership and access to a personal vehicle have a large impact on mode shares, with personal 

vehicle mode share dropping by 16.3, fixed-route mode share increasing by 11.0, and combined 

microtransit increasing by 7.4 for low-income groups with smartphones but without full access to 

a personal vehicle. For low-income groups who also do not own smartphones, the mode shares 

of personal vehicle, TNC, and door-to-door microtransit decrease while public fixed-route mode 

share almost doubles. Interestingly, demand for FMLM public microtransit is also highest for 

low-income groups without smartphones or personal vehicles, perhaps reflecting a preference for 

fixed-route transit but a desire for better fixed-route connections. 

Table 5.4. Forecasted difference from base mode shares (shown in parentheses).a 

 
Low- Income 

(0-10k) 

Mid-Income 

(50k) 

High-

Income 

(100-150k) 

Owns a smartphone  X X X X 

Always has access to  

a personal vehicle 
  X X X 

Combined Public Transit  23.2  22.8  2.1      0 (49.7) -3.8 

   Combined Microtransit    3.2  10.6  0.9      0 (19.6) -1.5 

      Door-to-door Microtransit   -1.0    8.1  0.7      0 (13.8) -1.1 

      FMLM Microtransit    4.2    2.5  0.2      0   (5.8) -0.4 

   Public Fixed-Route  20.0  12.2  1.2      0 (30.1) -2.3 

TNC    0.3    2.1 -0.3      0   (6.9)  0.5 

Personal Vehicle -22.8 -18.1 -1.8      0 (43.5)  3.2 
a Base mode shares calculated based on pre-pandemic mode shares of survey respondents, for a 

representative trip that takes 20 min. by personal vehicle (values provided in methodology section). 

Finding 4: For trips from stores and to healthcare appointments, respondents preferred public 

microtransit over fixed-route bus.  

Based on the estimated coefficients, respondents were least likely to use the three fixed-route bus 

modes and most likely to use personal vehicle on trips from a store, suggesting they perceived 

transporting purchases as easiest in a personal vehicle, more difficult on public microtransit or 

TNC, and most difficult by bus. For trips to healthcare appointments, respondents were least 

likely to use fixed-route bus and most likely to use ride-alone TNC or personal vehicle, 

suggesting they perceived ride-alone modes as most reliable and bus as least reliable for time-

sensitive trips. When told they had no time to spare for the trip, respondents were less likely to 

use public microtransit or the three modes involving fixed-route bus.  

Finding 5: As more Covid-19 patients fill inpatient beds in the county where the microtransit 

service is located, respondents have the greatest aversion to the three modes involving fixed-
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route bus, then public microtransit, and the least aversion to ride-alone and pooled TNC, 

compared to using their personal vehicle.  

We tested the impact of telling respondents in the stated-preference scenarios the hypothetical 

level of Covid-19 spread and vaccination rate in their community, as well as whether they or 

their families had hypothetically been offered the vaccine. However, these factors did not impact 

their mode choice as much as actual Covid-19 conditions in the county of their local microtransit 

service on the day they took the survey (something we did not tell them in the survey but rather 

looked up afterward). The measure of Covid-19 severity that yielded the most significant results 

in the model was the percent of local inpatient beds filled with confirmed Covid-19 patients 

(averaged over the previous 7 days). This indicates that the real-world Covid-19 conditions in 

respondents’ time and place affected their survey responses, and reflects their changing 

preferences for/against shared modes under these conditions. 

Finding 6: The design of the public microtransit service may impact riders’ underlying 

preferences for public microtransit modes.  

While we defined the mode choices within the stated preference scenarios by the factors 

described in the methodology section, we found that respondents’ preferences for the public 

microtransit modes varied by location even after controlling for the stated mode characteristics, 

demographic differences between respondents, and local Covid-19 conditions. In particular, 

services that shared certain design characteristics indicated similar impacts on likelihood to 

select public microtransit alone or as a FMLM mode. Respondents at the three agencies with 

corner-to-corner service, for example, were less likely to select public microtransit, which could 

reflect the inconvenience of needing to walk to the pickup/drop-off locations. These respondents 

were also more likely to select FMLM microtransit, perhaps indicating that the subset of people 

willing to use corner-to-corner service is also more willing to transfer to fixed-route service. At 

the two agencies that replaced fixed-route bus service with door-to-door microtransit, the results 

showed a weakly significant increase in likelihood of choosing public microtransit, potentially 

suggesting that respondents were happier with the new service than with the replaced bus routes, 

or that these agencies dedicated more resources to operating and/or marketing the public 

microtransit service, or even just that these respondents recognized that this was the only transit 

option available. Interestingly, these respondents were not less likely to select fixed-route bus, 

however. Two other agencies had unique aspects of their public microtransit services that may 

have been reflected in the model: one required trips to start or end at the commuter bus line; 

respondents at this agency were more likely than other respondents to select FMLM microtransit 

or fixed-route bus. The other fulfilled public microtransit requests with local taxi companies 

rather than agency vans. Respondents here were less likely to select FMLM microtransit or 

fixed-route bus, perhaps because the taxis were perceived more as a substitute than a 

complement to fixed-route bus, or perhaps reflecting stronger aversion to fixed-route bus service 

in this location.  

These results are preliminary and suggest avenues for future research that controls for other 

differences between services, such as density and land use, to isolate impacts of the service 

design variables.  
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Finding 7: Respondents who have never used public microtransit perceived little correlation 

between microtransit and TNCs, whereas experienced microtransit riders view public 

microtransit as more correlated with TNCs than with bus (as shown in Table 5.5). 

The shared error components play an important role in determining substitution between modes 

when the model is used in forecasting; if the public microtransit modes are removed from the 

model, for example, the probabilities previously assigned to those modes will shift more to 

modes highly correlated with public microtransit than to less correlated modes. In our model, we 

identified demographic variation in the shared error terms—perceived correlation between public 

microtransit and driving alone decreases with access to a personal vehicle, while greater 

familiarity with public microtransit decreases perceived correlation between public microtransit 

and fixed-route bus and increases perceived correlation between public microtransit and 

Uber/Lyft. Respondents who sometimes or never have access to a personal vehicle perceive 

public microtransit as more correlated to drive alone than any other mode, suggesting they view 

public microtransit as the closest substitute for owning their own vehicle. Of these respondents, 

those who have never tried public microtransit view it as next most correlated with fixed-route 

bus, followed by FMLM microtransit, pooled Uber/Lyft, and ride-alone Uber/Lyft, while those 

who have tried public microtransit at least three times perceive it as more correlated with the 

Uber/Lyft modes than with bus. Among respondents who always have access to a personal 

vehicle, meanwhile, those who have never used public microtransit perceive it as most correlated 

with fixed-route bus, then FMLM microtransit, then drive alone, pooled Uber/Lyft, and finally 

ride-alone Uber/Lyft. For vehicle owners who have tried public microtransit at three times, that 

order stays the same except that fixed-route bus moves from most perceived correlation to least 

perceived correlation.  

Table 5.5a-d. Perceived correlation between modes by frequency of public microtransit use and 

access to a personal vehicle. Green indicates greatest correlation and red indicates least 

correlation. 

A. Used public microtransit 3+ times, incomplete/no access to personal vehicle: 

 Microtransit Ride-Alone 

Uber/Lyft 

Pooled 

Uber/Lyft 

Drive 

Alone 

Bus Microtransit 

to Bus 

Uber/Lyft 

to Bus 

Microtransit 1 0.109 0.123 0.274 0.107 0.184 - 

Ride-Alone Uber/Lyft  1 0.431 0.218 - - 0.288 

Pooled Uber/Lyft   1 - - - 0.323 

Drive Alone    1 - - - 

Bus     1 0.270 0.255 

Microtransit to Bus      1 - 

Uber/Lyft to Bus       1 

B. Used public microtransit 3+ times, complete access to personal vehicle: 

 Microtransit Ride-Alone 

Uber/Lyft 

Pooled 

Uber/Lyft 

Drive 

Alone 

Bus Microtransit 

to Bus 

Uber/Lyft 

to Bus 

Microtransit 1 0.118 0.132 0.141 0.116 0.199 - 

Ride-Alone Uber/Lyft  1 0.431 0.239 - - 0.288 

Pooled Uber/Lyft   1 - - - 0.323 

Drive Alone    1 - - - 
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Bus     1 0.270 0.255 

Microtransit to Bus      1 - 

Uber/Lyft to Bus       1 

C. Never used public microtransit, incomplete/no access to personal vehicle: 

 Microtransit Ride-Alone 

Uber/Lyft 

Pooled 

Uber/Lyft 

Drive 

Alone 

Bus Microtransit 

to Bus 

Uber/Lyft 

to Bus 

Microtransit 1 0.056 0.063 0.262 0.250 0.176 - 

Ride-Alone Uber/Lyft  1 0.394 0.224 - - 0.296 

Pooled Uber/Lyft   1 - - - 0.334 

Drive Alone    1 - - - 

Bus     1 0.244 0.230 

Microtransit to Bus      1 - 

Uber/Lyft to Bus       1 

D. Never used public microtransit, complete access to personal vehicle: 

 Microtransit Ride-Alone 

Uber/Lyft 

Pooled 

Uber/Lyft 

Drive 

Alone 

Bus Microtransit 

to Bus 

Uber/Lyft 

to Bus 

Microtransit 1 0.060 0.068 0.134 0.267 0.188 - 

Ride-Alone Uber/Lyft  1 0.394 0.246 - - 0.296 

Pooled Uber/Lyft   1 - - - 0.334 

Drive Alone    1 - - - 

Bus     1 0.244 0.230 

Microtransit to Bus      1 - 

Uber/Lyft to Bus       1 

 

Finding 8: Forecasts suggest personal vehicle mode share is lowest in scenarios with door-to-

door microtransit that supplements existing fixed-route transit and highest in scenarios that 

replace fixed-route transit with microtransit. The reverse is true for total public transit mode 

share (fixed-route transit plus microtransit).  

For the representative 20-minute trip defined in the methodology section, we forecasted changes 

in mode shares based on public transit service models with: 1) no microtransit service; 2) door-

to-door microtransit service without FMLM restrictions; 3) microtransit service with FMLM 

restrictions, in which microtransit trips must start or end at a public transit stop; and 4) 

microtransit service that has replaced fixed-route bus service. To demonstrate individual 

variation in mode shares in these scenarios, we forecasted shares for individuals with and 

without access to a personal vehicle. Results are shown in Table 5.6.  

Assuming no change in total trips (no induced demand) for individuals who always have access 

to a personal vehicle, forecasting the introduction of microtransit service with no FMLM 

restrictions suggests that about half of public microtransit trips shift from personal vehicle, about 

42% from fixed-route public transit, and about 8% from TNC. Forecasted services that require 

public microtransit trips to start or end at public transit stops have less than half as many public 

microtransit trips, but higher fixed-route mode share than systems with unrestricted microtransit 

and more public transit trips overall than systems without public microtransit. When forecasting 

mode share for systems that replace fixed-route bus service with public microtransit, overall 
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public transit mode share drops from 38.4% to 23.4% even among those more inclined to use 

public transit, and from 6.2% to 1.9% in the general population (the parenthetical mode shares 

based on 2019 ACS five-year U.S. estimates). About a third of bus mode share switches to 

personal vehicle and 5.7% switches to TNC.  

Among those who never have access to a personal vehicle, the same trends hold true but with 

different magnitudes. In this group, replacing fixed-route bus with public microtransit also 

minimizes overall public transit mode share but by less, with 17.2% of fixed-route bus trips 

switching to TNCs.   

Table 5.6a-b. Mode shares by service model for those with and without access to a personal 

vehicle. Base case in bold; forecast is based on pre-pandemic mode shares of survey respondents 

and a representative trip that takes 20 min. by personal vehicle (variable values provided in 

methodology section). Units in percentages, with mode shares adjusted from 2019 ACS five-year 

U.S. commute mode share estimates in parentheses. 

A. Complete access to personal vehicle: 

Mode 
No 

Microtransit 

With 

Unrestricted 

Microtransit 

FMLM 

Microtransit 

Only 

Replace Bus 

with 

Microtransit 

Combined Public Transit 38.4   (6.2)  49.7   (8.3) 41.8   (7.0) 23.4   (1.9) 

   Combined Microtransit   19.6   (2.5)   7.0   (1.0) 23.4   (1.9) 

      Door-to-door Microtransit   13.8   (1.5)  23.4   (1.9) 

      FMLM Microtransit     5.8   (1.0)   7.0   (1.0)  

   Public Fixed-Route 38.4   (6.2)  30.1   (5.8) 34.8   (6.0)  

Personal Vehicle 53.1 (92.3)  43.5 (90.1) 50.1 (91.4) 66.1 (96.5) 

TNC   8.4   (1.5)    6.9   (1.5)   8.0   (1.5) 10.6   (1.6) 

 

B. No access to personal vehicle: 

Mode 
No 

Microtransit 

With 

Unrestricted 

Microtransit 

FMLM 

Microtransit 

Only 

Replace Bus 

with 

Microtransit 

Combined Public Transit 77.2 (65.8) 85.4 (74.9) 79.8 (69.9) 63.9 (46.4) 

   Combined Microtransit  36.0 (29.2) 13.8 (13.2) 63.9 (46.4) 

      Door-to-door Microtransit  26.4 (18.7)  63.9 (46.4) 

      FMLM Microtransit    9.6 (10.5) 13.8 (13.2)  

   Public Fixed-Route 77.2 (65.8) 49.4 (45.7) 66.0 (56.7)  

Personal Vehicle     

TNC 22.8 (34.2) 14.6 (25.1) 20.2 (30.1) 36.1 (53.6) 

5.4. Discussion 

Our discussion of implications is sorted into three themes, with some overlap: 1) preferences 

underlying use of public, van-based microtransit; 2) how mode choice preferences changed 

during the COVID-19 pandemic; and 3) transportation equity impacts.  



 

98 

 

As the first mode choice model to incorporate public, van-based microtransit based on survey 

responses from an enriched sample of experienced public microtransit riders, the results allow 

novel insights into how respondents’ preferences for public, van-based microtransit compare to 

their preferences for the other modes tested. As agencies decide whether to introduce 

microtransit service and whether to implement a door-to-door or FMLM service design, the 

model suggests circumstances in which respondents may most value microtransit as an option 

and how door-to-door microtransit might perform relative to a microtransit service that operates 

as a FMLM option to/from fixed-route bus. In particular, public transit agencies must consider 

their objective for introducing public microtransit service, from minimizing personal vehicle 

mode share, to maximizing the mode share of public microtransit and/or fixed-route transit, to 

minimized public costs while still serving a transit-dependent population. The forecasting results 

from this paper suggest that unrestricted microtransit service best accomplishes the goal of 

minimizing personal vehicle mode share, but at the cost of minimizing fixed-route transit mode 

share as well (setting aside systems that remove fixed-route service altogether). Restricting 

public microtransit service to FMLM trips protects fixed-route bus to an extent, though how 

much depends on how much of the FMLM microtransit mode share is assigned to fixed-route 

bus and how much to microtransit; fixed-route bus breaks about even if the FMLM microtransit 

mode share is split down the middle. Another takeaway is that public transit agencies should 

exercise caution when replacing fixed-route service with public microtransit, as our results 

suggest steep declines in overall public transit ridership and that many trips previously taken on 

public transit switch to personal vehicle rather than the new microtransit service.  

As agencies consider how to use limited resources to improve microtransit service, the results 

suggest that reducing fares and frequency of pick-up delays most impacts people’s propensity to 

use public microtransit and may attract riders away from Uber/Lyft and personal vehicle. Based 

on trip data from one agency that included magnitude of delay, about 30% of trips had delays 

greater than 10 minutes. Based on the model, reducing that number to 20% could have as large 

of an impact on increasing ridership as reducing wait times by about two minutes. Conversely, 

the agency could list their anticipated pick-up times as much as two minutes later (increasing 

wait times) and maintain the same level of ridership if it enabled them to reduce delays from 

30% to 20%.  

The model also indicates public transit agencies could make microtransit more attractive by 

replacing wait time with higher walk times at a ratio of up to 4:5. The lower burden of walk time 

suggests public transit agencies can assign microtransit pick-up and drop-off locations that 

reduce wait time and in-vehicle time and may be slightly farther from riders’ origins and 

destinations. This strategy, which also applies to fixed-route bus, would need to include 

alternatives for people who have difficulty walking to a farther microtransit or bus stop. 

Regarding the COVID-19 pandemic, the model suggests that riders transition to personal vehicle 

and away from modes with more passengers (TNCs, even more so public microtransit, and to the 

greatest extent fixed-route bus) and that they will transition back to these modes as case counts 

decline. Respondents’ stronger aversion to fixed-route bus over public microtransit supports 

public transit agencies’ decisions to shift from fixed-route service to microtransit service when 
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case counts were high in their local communities. As the pandemic eases, public transportation 

agencies should expect sensitivity to fare to increase again, meaning fare reductions will more 

effectively encourage fixed-route bus or public microtransit ridership now than during the height 

of the pandemic.  

The models also yielded several transportation equity implications. The most striking finding is 

that users without smartphones are much less likely to use public microtransit or TNCs, 

suggesting that public microtransit does not sufficiently accommodate riders without 

smartphones. While most public transit agencies allow riders to book rides by phone call, the 

discrepancy could indicate the need for additional strategies and outreach. The results also 

indicate that public microtransit users are more likely to be transit dependent, with lower 

incomes and less access to personal vehicles. Older individuals are also more likely to use public 

microtransit than other shared modes, all else equal, while those with higher household incomes 

are more likely to use personal vehicle or ride-alone TNC. These findings reinforce the 

importance of ensuring microtransit fares, app functionality, and service areas meet the needs of 

transit-dependent and older populations.  

One limitation of our forecasting results is that they reflect mode shares for generic cases and 

demographic groups. More than mode share, VMT better reflects the environmental cost of not 

only personal vehicles but also TNCs, fixed-route buses, and public microtransit. To support 

more detailed decision-making regarding choice of microtransit service model, future work could 

use simulated origin-destination pairs to analyze forecasted VMT on each mode and use a 

simulated population that matches vehicle ownership rates and other demographic characteristics 

to those in this survey, larger national surveys, or surveys tailored to the location of interest. For 

instance, public transportation agencies can incorporate our mode choice model into their full 

activity-based travel demand model framework for a more complete understanding of impacts 

including induced demand and other behavioral shifts related to introducing public microtransit 

in their service area. 

Next steps include forecasting mode share shifts from changes in Covid-19 conditions and 

comparing results to survey respondents’ reported changes in frequency of trips made on each 

mode during the pandemic and their anticipated use post-pandemic. Applying the model to 

microtransit trip data from the participating transit agencies before and during the pandemic 

could also improve understanding of the VMT and equity impacts of these services. The results 

will provide additional guidance to public transportation agencies on how to tailor public 

microtransit services to reduce single-occupancy vehicle use and support fixed-route transit 

services in a socially equitable way as we continue to transition out of the Covid-19 pandemic. 
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Chapter 6. Conclusion and Future Research Directions 

In this dissertation, I sought to analyze the environmental and transportation equity impacts of 

public MOD services. First, I conducted a literature review of relevant research (Chapter 2). 

Next, I built a comprehensive database of publicly subsidized MOD services in the U.S. as of 

April 2019, conducted 34 interviews with representatives from 26 public entities and four private 

MOD companies, and developed a typology of public MOD services based on the database and 

interviews (Chapter 3). I then designed and distributed a stated preference survey to 1519 public 

microtransit riders and 320 non-riders at 14 U.S. public transportation agencies and analyzed 

demographic trends in their responses to identify equity impacts (Chapter 4). Finally, I estimated 

the first mode choice model to incorporate public microtransit based on stated preference data 

from an enriched sample of public microtransit riders, identified demographic variation in shared 

error terms to enable flexible substitution patterns between modes, and forecasted mode splits for 

different demographic groups and service designs (Chapter 5). This work yielded a number of 

empirical contributions and policy implications in the area of public microtransit, methodological 

contributions regarding the error structure of mixed logit models, and suggestions for future 

research. 

In Chapter 3, I found that publicly operated, van-based MOD services offer public entities more 

control than publicly subsidized TNC trips over the service design and trip data, greater potential 

occupancy, and more equitable service for people with mobility impairments that require WAVs. 

The expert interviews and comprehensive review of services also supported the idea that public 

microtransit competes least with fixed-route transit when it replaces traditional paratransit and 

demand response services.  

In Chapter 4, the analysis of demographic variation in public microtransit survey responses 

yielded two key findings: 1) transportation-disadvantaged groups have higher rates of induced 

trips and switch to public microtransit disproportionately from nonmotorized/higher-occupancy 

modes, while nonmarginalized groups switch disproportionately from lower-occupancy modes 

like drive alone and ride-alone TNC; and 2) riders without smartphones and/or bank accounts 

benefit less from public microtransit than other transportation-disadvantaged groups. The latter 

finding stems not only from riders without smartphones and/or bank accounts reporting lower 

satisfaction with public microtransit and no statistically significant quality of life impacts, but 

also from their reported mode shift during the Covid-19 pandemic. Riders without smartphones 

were the only group to shift away from public microtransit more than fixed-route bus/rail and, 

unlike other transportation-disadvantaged groups, both riders without smartphones and those 

without bank accounts anticipate using public microtransit less post-pandemic than before the 

pandemic. Barriers facing riders without smartphones were reflected in the estimation of the 

mode choice model and forecasts in Chapter 5, as well. Respondents without smartphones were 

more likely to use fixed-route bus than public microtransit, Uber/Lyft, or drive alone, and 

smartphone ownership was found to have a greater impact than income on mode share. These 

results suggest improvements in transportation quality from replacing demand response and 

paratransit services with public microtransit may not extend to those without smartphones and/or 

bank accounts. This problem extends to the larger context of a potential shift to mobility as a 
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service (MaaS) and automation, as well; we need additional research on how to ensure unbanked 

individuals and those without smartphones are not left behind with these technological 

advancements in our transportation system. SMS messages and kiosks may offer one strategy for 

those without smartphones, while transit fare cards that can be filled with cash and used 

seamlessly across modes could help the unbanked (Shaheen et al. 2017, NASEM 2019). 

Potentially, the shift to MaaS and automation could make smartphones so essential that public 

entities develop programs to provide free smartphones to low-income groups (Steiner et al. 

2021). If phone payment offers the same cash refill options and seamless multimodal use as the 

transit fare cards, such phone provision programs could solve the access barriers of both groups 

(Pike et al. 2022).  

One limitation from Chapter 4 centers on the control population used in equity analysis; 

comparing demographic differences between public microtransit riders, local non-riders, and the 

general population in the service area does not capture the full equity impacts of public 

microtransit services. Rather, more research should compare the demographics of public 

microtransit riders with the demographics of local fixed-route bus ridership, as the LA Metro 

analysis described in the introduction did (Brown et al. 2021). Future research should also aim to 

identify displaced riders when public microtransit service replaces fixed-route bus, demand 

response, or paratransit service. A longitudinal survey of riders using the pre-existing services 

before replacement could track demographics of any who do not end up accessing the public 

microtransit service, the barriers to access, and the modes they switch to instead. The 

longitudinal survey would be supplemented with a survey of new riders who use the public 

microtransit service but did not use the replaced service. Comparing the demographics of these 

new riders, the riders that do not switch to the public microtransit service, and those that both 

used the replaced service and switched to the public microtransit service would give a more 

complete understanding of the equity impacts of replacing fixed-route bus, demand response, and 

paratransit services with public microtransit. To the extent that public microtransit services are 

found to disproportionately benefit nonmarginalized groups, more research should examine 

options for restricting public microtransit use to transportation-disadvantaged populations, 

especially the four groups described in the introduction who cannot access TNCs: people with 

low incomes, with mobility impairments that require the use of WAVs, without smartphones, 

and/or without bank accounts.  

In Chapter 5, forecasts from the mode choice model suggested that replacing fixed-route bus 

with public microtransit minimized public transit ridership, which would be expected based on 

the discussion in the introduction about public microtransit’s lower passengers per hour per 

vehicle and higher cost per passenger. Analysis of public microtransit services that replace fixed-

route bus, demand response, and paratransit should involve a direct comparison of passengers 

per hour per vehicle and cost per passenger between public microtransit and the replaced services 

to better understand the ridership and cost-effectiveness impacts of such replacements. 

Comparing these metrics across public microtransit services could also indicate how the mode’s 

cost-effectiveness differs by density, land use, fixed-route transit availability, and design factors 

such as corner-to-corner vs. curb-to-curb and door-to-door vs. FMLM. The other main 

contribution from Chapter 5 involved the introduction of individual variation in the shared error 
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components to capture correlation across an individual’s responses, enable interpretation of 

perceived correlation between modes and how this perception differs by individual 

characteristics, and allow flexible substitution between modes for improved forecasting. I found 

that respondents without full access to a personal vehicle perceived public microtransit as most 

correlated with driving alone, while greater familiarity with public microtransit increased its 

perceived correlation with TNC and decreased its perceived correlation with fixed-route bus. 

These findings support interpretation of public microtransit as a substitute to driving alone for 

riders without personal vehicles, suggest that free trials and other initiatives to increase 

familiarity with public microtransit may increase adoption of the mode, and highlight shared 

error components as an underexamined source of behavioral insight in mixed logit models. 

The primary limitation of Chapter 5 is the use of generic trip conditions and demographic 

groups. Incorporating the mode choice model from Chapter 5 into a metropolitan area’s activity-

based travel demand model could allow additional understanding of potential equity, VMT, and 

cost impacts from various levels of fixed-route bus and public microtransit provision. Equity 

impacts can be assessed by comparing distributions of change in logsum measures by 

demographic group (Bills & Walker 2017, Dixit & Sivakumar 2020). This research could also 

apply supply-side Bayesian optimization to determine optimal fleet sizes and vehicle types to 

achieve societal goals, such as maximizing overall improvements in logsum accessibility 

measures, minimizing the gap between demographic groups with the lowest and highest 

aggregate logsum values, and minimizing VMT, subject to a maximum acceptable public 

subsidy (Liu et al. 2019, Martens et al. 2012). This work can be extended to evaluate any 

changes in optimal distribution of resources to fixed-route bus and public microtransit in the 

context of automation, as well (Lazarus et al. 2021, Whitmore et al. 2022). Using an integrated 

land use and activity-based travel demand model would also enable investigating the land use 

impacts of investing in public microtransit over fixed-route bus before and after automation. 

Overall, this dissertation suggests that public MOD services offer transportation quality 

improvements for transit-dependent demand response and paratransit passengers, provided 

public transportation agencies identify solutions to barriers for those without smartphones and/or 

bank accounts and also ensure demand from nonmarginalized riders does not erode service 

quality for these groups. While rider enthusiasm has prompted widespread experimentation with 

expanding public microtransit beyond traditional demand response service areas, this research 

supports additional analysis of the possibility that investing in improved fixed-route bus service 

may more effectively increase ridership and benefit a greater number of transportation-

disadvantaged individuals.  
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