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EXECUTIVE SUMMARY
Enhancing the travel experience has become a crucial consideration for public transit authorities
to promote ridership and customer loyalty. Therefore, transit planners, providers, and
manufacturers are becoming aware of the significance of understanding the passenger experience
better, in order to improve transit policies, management, and vehicles. Although transportation
research has studied the different aspects of customer satisfaction, empirical studies with broad
approach to the travel experience and its impact on loyalty are still rare. The purpose of this
study is to measure the UTA customer experience focusing on out-of-vehicle environment (e.g.,
access, transfer, and egress) and explore elements that contribute to customer satisfaction,
loyalty, and potential ridership. The first-mile and last-mile problem—distance traveled before
and after using transit—is a well-known barrier of transit use, but an empirical study about how
people experience it is lacking.
In fall 2019, we conducted a questionnaire survey—via mail and online—of people living in
UTA-serving areas—Salt Lake, Utah, Davies, Weber, Box Elder, Summit, and Tooele
counties—and received 943 complete responses. The sample consists of 660 riders and 283 nonriders and well-represent the population. Then we analyzed the survey data through descriptive
statistics, Importance-Satisfaction (I-S) analysis, and a statistical analysis with a path model. The
findings and recommendations to UTA follow.
Overall, the survey respondents represented the underlying population in most categories. A
majority of the respondents were either non-riders or infrequent riders. Nearly half of the
respondents (47.1%) live within 10-minute walking distance from a transit stop. But almost 20%
live further than 20 minutes from the nearest stop location. Driving is the most common mode to
start a transit-involved trip (n=460; 69.7%), followed by walking (23.9%), biking (4.1%), and
carpool (or Uber/Lyft; 2.1%). On the other hand, walking is the most common mode to end the
trip (n=481; 72.9%), while the use of personal vehicles (6.7%) is as low as that of biking (6.2%)
or others. Respondents used more transportation modes for the first-mile (before riding transit
during the journey) than for the last-mile (after the last transit trip). The number of travel modes
before riding a transit was 1.59 on average, with 14.4% of trips (n=95) involving more than two
modes. On the other hand, 82.6% of the last-mile trip involved only one mode—most likely
walking. The two primary types of transit-involved trip chains were 1) driving → transit (once or
more) → walking (n=273; 41.4%) and 2) walking → transit (once or more) → walking (n=123;
18.6%). Ride frequency was likely negatively related to the distance to the nearest transit stop
from home.
Results from the I-S analysis showed that “safety/security at bus/transit stops,” “crime safety on
walking routes,” “traffic safety on walking routes,” “fare price (value for money),” and
“frequency and waiting time”—were most in need of improvements. A path analysis result
confirms that out-of-vehicle environments—in particular, safety and transfer experience—
influence customer satisfaction and loyalty more than in-vehicle and system-related factors do.
Considering the national trend of transit-oriented development (TOD) and the cost-effectiveness
of transit investment, UTA could prioritize transit network expansion on development centers.
Not only within the centers, the transit service needs to be expanded around them, so as to ensure
a better first-mile access to transit. The first-mile trip begins primarily with driving (70%) while
the last-mile ends with walking (73%). Only about 20% of people walk, bike, or carpool for their
1

first mile, and the first-mile travel is complex than expected. To provide seamless, satisfactory
transfers among different modes, UTA could utilize the concept of mobility-as-a-service (MaaS),
an all-encompassing pay-as-you-go or monthly subscription service. Also, UTA could establish
partnerships with bike, scooter, and car sharing companies in order to make such trips more
straightforward and appealing. The survey respondents expressed that safety and comfort on a
walking route to a transit stop are most in need of improvement, so Crime Prevention Through
Environmental Design (CPTED) is one possible approach. Easy, close, and safe park-and-ride
facilities and other parking opportunities would offer major improvements. Lastly, a conversion
of park-and-ride lots and under-used areas into mixed-use developments with shared parking
spaces would encourage people to use other forms of transport for the first-mile and last-mile
trips, which then contribute to improved satisfaction and loyalty to UTA service. In addition to
these four recommendations, we urge that UTA needs to monitor customer experience,
satisfaction, and loyalty on a regular basis and explore how different in-vehicle, system, and outof-vehicle elements are related and improved.
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1. Introduction
The past six years have shown a marked decrease in transit (bus and rail) ridership across the
United States. Bus ridership has reached its lowest point since 1965, and rail ridership has
generally declined, except the commuter rail, which has recently stabilized (National Academies
of Sciences, Engineering, and Medicine, 2019; Figure 1). This decline could be attributed to
multiple factors, including lack of access to transit service, dissatisfaction with transit service
and fare price, and better utility of other modes such as personal vehicles, ride-hailing (e.g., ease
of use, cost efficiency) (Chen et al., 2011; Taylor & Fink, 2003). Among them, the importance of
transit experience has been understudied, especially from the holistic perspective including both
in-vehicle and out-of-vehicle experiences (Carreira et al., 2013; van Lierop et al., 2018).

Figure 1. Change in annual ridership by year for bus and rail (1990-2018)
(Source: National Academies of Sciences, Engineering, and Medicine, 2019)

Recent literature shows that the travel experience is more complex and extended in time than
traditional transit service quality measures (Carreira et al., 2014). Travel by public transit
involves multiple steps of experience. Transit travelers spend a great deal of time and energy on
the out-of-vehicle walking, waiting, and transfer, which play significantly into their perceived
burden of transit travel. The first-mile and last-mile problem (FMLM) is a barrier that
discourages potential riders from using the public transportation system because a transit station
is often hard to access from home, work, or other destinations, which can be created by elements
of geography, topology, street network and design, or a lack of available transportation options
(Fehr & Peers and Nelson Nygaard, 2015). Despite the importance of out-of-vehicle travel, the
in-vehicle experience has gained much more attention from transit providers and researchers.
Understanding how people experience the FMLM and enhancing the FMLM connections and
service to the existing transit network could help transit agencies attract more riders.
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Thus, the objectives of this study are to 1) explore how transit riders experience out-of-vehicle
environments and 2) understand how their experience is related to overall satisfaction and loyalty
to transit service. While we use a comprehensive framework of transit experience consisting of
in-vehicle, out-of-vehicle, and system-related factors, the out-of-vehicle environments—
access/transfer/egress—is a primary focus of this study, considering the gap in the literature. We
find that safer and more comfortable out-of-vehicle environments contribute to higher levels of
transit satisfaction, which lead to longer-term loyalty to transit service. The findings of this study
also contribute to identifying specific challenges and opportunities to enhance the transit rider
experience and increase ridership.
The customer experience can be defined as the subjective response that a customer has to any
direct or indirect contact with a company (Meyer & Schwager, 2007). It is important for all kinds
of service, even those that are nonexperience-centric, such as public transportation (Pine &
Gilmore, 1998). Therefore, transport policymakers and providers are urged to better understand
the factors that drive the travel experience and how they affect public transport demand in
different travel settings—such as travel sequence (out-of-vehicle time, in-vehicle time, transfer)
and transit systems (bus, light rail, commuter rail, streetcar, etc.). Recent literature shows that the
travel experience is more complex and extended in time than traditional transit service quality
measures (Carreira et al., 2014).
Travel by public transit involves multiple steps of experience. Transit travelers spend a great deal
of time and energy on the out-of-vehicle walking, waiting, and transfer, which plays greatly into
their perceived burden of transit travel. Despite the importance of out-of-vehicle travel, the invehicle experience has gained much more attention from transit providers and researchers. The
first-mile and last-mile problem (FMLM) is a barrier that discourages potential riders from using
the public transportation system because a transit station is often hard to get accessed from home,
work, or other destinations (Fehr & Peers and Nelson Nygaard, 2015). Most of the prior studies
have focused on the routes and stations and overlook the FMLM experiences, specifically the
effectiveness of various FMLM strategies, compared to one another, and the out-of-vehicle
experience during transfers. Moreover, missing from the literature are the FMLM experiences of
suburban and rural riders, bus riders (rather than rail riders), and any correlations between
socioeconomic status and FMLM opportunities (Kim, unpublished). Enhancing the first- and
last-mile connections and service to the existing transit network could bring more riders. Further
implications include increased pedestrian and rider safety, reaching populations of lower social
status, and systematic planning for the future with new technologies.
Considering the gap in the literature, the out-of-vehicle environments—access/transfer/egress—
will be a main focus of this study. The growing motivation for providing FMLM connections
derives from the desire to increase the accessibility to public transportation for more homes and
destinations. The experience factors in these dimensions include access to (and egress from)
transit stops, parking (car/bike), travel information, staff courtesy, wayfinding, mapping, transit
stop environment (comfort, safety), social environment, and so on. This project will contribute to
identify specific challenges and opportunities to enhance the Utah Transit Authority (UTA)
customer experience and increase ridership. The objectives of this survey-based study are to (1)
understand the UTA customer experience focusing on out-of-vehicle environment (access,
transfer, and egress), including FMLM and (2) explore the relationship between experience
factors and satisfaction in order to assess loyalty and ridership.
4

2. Literature Review
2.1. Previous UTA studies
UTA provides public transportation throughout the Utah Wasatch Front, which includes the
metropolitan areas of Ogden, Park City, Provo, Salt Lake City and Tooele from 1953 (Fast Fact,
2016; Figure 2). It operates fixed route buses, flex route buses, express buses, ski buses, three
light rail lines (TRAX), a streetcar line (the S-Line), and a commuter rail train (FrontRunner)
from Ogden through Salt Lake City to Provo (Fast Fact, 2016).

Figure 2. UTA TRAX and FrontRunner System Map (source: https://www.rideuta.com)

In recent years, growing numbers of research supported by the Utah Transit Authority or other
state/regional agencies (e.g., UDOT, WFRC) tried to promote the accessibility to the transit
station or to improve the customer experience (Table 1).
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Table 1. Summary of previous UTA studies
Sponsor
(Year)
UTA
(2004)

Author

UTA,
WFRC,
(2013)

Lochner

UTA (Weber,
Davis, Salt Lake,
and Utah)

UTA,
UDOT,
WFRC,
MAG
(2015)

Fehr et al.

UTA

UTA
(2015)

RSG

UTA

UTA,
MPC
(2018)

Liu et al.

UTA

Cambridge
Systematics

Sites
(transit systems)
UTA (Box Elder,
Davis, Salt Lake,
Tooele, Utah,
Weber)

Purpose

Key Findings/Suggestions

To pinpoint potential
UTA customers, and
quantify how their
specific attitudes and
preferences drive
their choice of local
travel and their
preferences for transit
services
To identify the next
group of capital and
operating
improvements that
the Utah Transit
Authority (UTA) will
focus on delivering
after completion of
the FrontLines 2015
program.
To develop a
comprehensive
first/last mile
strategy to improve
access to transit
stations throughout
the agency’s service
area
To do a Market
Segmentation survey
and Gap Analysis
Update
To rank areas based
on their need for
transit improvement
to further inform
FMLM investment
decisions.

Travel mode choice is related
to: desire to help improve air
quality, productivity and
reliability, travelers’
sensitivity to time, safety and
privacy, and stress and
comfort, need for fixed
schedules, willingness to use
transit
Key strategic needs to move
forward into the next era of
transit service along the
Wasatch Front, such as
expanded network of highquality transit, increased
service frequency, including
defined bus routes that are
protected from service
Identified a short list of
strategies to prioritize those
that would be most effective in
increasing system ridership

Create Synthetic Population
for each Block Group; Identify
the types of service that each
segment use; Frequency of use
The positive impact of
fast transit services on
improving the transit
accessibility; The spatial
inconvenience can also
significantly jeopardize PTA
of the study area

Cambridge Systematics (2004) conducted a market segment analysis using a survey data from
522 households in the six counties of Box Elder, Davis, Salt Lake, Tooele, Utah, and Weber.
Using factor analysis, structural equation modeling, and cluster analysis, this research found
eight groups and quantified how their specific attitudes drive their choice of local travel and their
preferences for transit services. Findings include that low income, female, married, and
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employed groups prefer transit more than other groups, and there is a high demand for transit
services that is more environmentally friendly.
Lochner (2013) analyzed UTA system network to advance projects in the regional transportation
plans (RTPs) and integrate planning and the National Environmental Policy Act (NEPA). Key
strategic needs include a high-quality transit network, better service frequency and reliability,
FrontRunner commuter rail operations/connections, Downtown SLC as an intermodal hub, active
transportation accessibility, and integrated land use and transit planning. They also introduced
UTA on-board survey results compiled by RSG in 2011 (Figure 3). Figure 3 shows that while
work trips dominate UTA rides (about 55%), there are a higher percentage of school-related trips
(about 25%) among UTA riders than national transit passengers. On weekends, service levels
have dropped to some of the lowest in the country. Almost 40% of transit trips involve at least
one transfer. And more than 60% of transit riders walk to transit stations, which implies the
relevance of first-mile accessibility.
(a) Transit trip purpose

(b) Transit access mode

(c) Transit access mode

Figure 3. UTA On-board survey results compiled by RSG in 2011 (Source: Lochner, 2013)
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Lochner (2013) also conducted their own survey of over 1,300 respondents to find relative
importance of service characteristics to UTA passengers. But the survey focused more on invehicle environment or system than out-of-vehicle environment. Nevertheless, one of the key
findings in their research is that there is a high need for a better active transportation accessibility
to FrontRunner and TRAX stations. They highlight that the transit access improvements (e.g.,
sidewalk, cut-through pedestrian access points) are relatively low-cost and highly effective. To
achieve the goal, integrated land use and transit planning is also suggested as one of key
strategies (Figure 4).

Figure 4. Density and Transit Mode Relationship (Source: Lochner, 2013)

In 2015, Fehr & Peers and Nelson Nygaard developed comprehensive first/last mile strategies to
improve access to UTA transit stations. Their First/Last Mile Strategies Toolbox includes
pedestrian tools (e.g., streetscape improvement, sidewalks, access connections, curb extensions,
raised crosswalks, roadway narrowing, lighting), bicycle tools (e.g., bike path/lane, bike
rack/station, bicycle signal, bike sharing), transportation demand management tools (e.g.,
parking cash-out), transit access information and tools (e.g., bus stop enhancement, bus turnouts,
ADA access, lighting, waiting areas, on-site staffing, wayfinding and signage, real-time
information, shuttles), and auto access tool (e.g., ridesharing, carpool/car sharing, priority
parking).
Their online survey found that, when choosing methods to get to/from transit stations, UTA users
preferred separated bike pathways to/from transit stations, improved crosswalks, improved
passenger waiting areas, and UTA shuttles (Figure 5). In addition, a regression model on
ridership suggests that stations with signed bike routes/lanes, the presence of continuous
sidewalks near the transit station, and availability of wayfinding signage to nearby destinations
for transit users are more related with higher ridership.
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Figure 5. Average amenity preference score (Source: Fehr & Peers et al., 2015)

RSG (2015) conducted another market segmentation and gap analysis. Their extensive survey of
3,424 residents in six UTA-servicing counties assessed attitudes toward UTA services among
UTA riders, infrequent riders, and non-riders (Figure 6). The results show that non-riders are
more concerned with safety of public transit use and prioritize mobility over cost, compared with
frequent riders. On the other hand, frequent riders rely more on transit service. For example, only
28% of frequent riders agreed that “I use the fastest form of transportation regardless of cost”
while the percentage goes up to 63% for non-riders (and 54% for infrequent riders). For all types
of users, reliability and air quality are considered importantly.

Figure 6. Attitudinal statements among different UTA user types (Source: RSG, 2015)

Lastly, Liu and her colleagues (2018) computed travel times throughout a day at multiple
locations in UTA service areas for spatiotemporal PTA (public transit accessibility) analysis. The
result shows the positive impact of fast transit services such as commuter rail, bus rapid transit,
and light rail on improving transit accessibility. Provo and Orem regions have large transit
accessibility gaps, yet good transit service is provided within the area. They concluded that
further improving transit service (e.g., frequent and larger coverage) will only provide marginal
9

benefits to the area and might not be a cost-effective investment, implying the potential role of
the out-of-vehicle environment.

2.2. Review of transit rider surveys
Realizing the importance of customer experience to the public transportation service provision,
many transit agencies have been surveyed their riders. Sometimes, the surveys reach to general
population to include non-riders as well. In this project, we reviewed 16 transit customer surveys
by different transit agencies in the U.S. (e.g., Chicago, New York, Washington, D.C., San
Francisco/Bay area, LA, Denver). The review result is summarized in Table 2.
Table 2. Summary of transit experience surveys
Agency

region

Modes

purpose

Metro (2007)

DC

on-board survey

Metro (2012)

DC

phone (RDD + cellphone)

To present a picture of Metro’s
public image as derived from
customer survey findings
-

RTA (2012)

Chicago IL

weekday on-board
survey and email

RTA (2014)

Chicago IL

weekday on-board
survey and email

RTA (2016)

Chicago IL

email/social
media/homepage/news
letter to Service
Boards & others;
online survey

METRA
(2014)

Chicago IL

on-board OriginDestination (O-D)
Survey; companion
Customer Satisfaction
Survey (CSS)
conducted
on-line
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To collect customer satisfaction
data to satisfy the State
Legislature’s reporting
requirements and to understand
customer perceptions of service
quality
To summarize the aggregated
regional findings of the 20132014 RTA Customer Satisfaction
studies conducted on behalf of
CTA, Metra, and Pace.
To understand seven dimensions
of service: service delivery,
information and communication,
safety and security, appearance
and comfort, employee
performance, overall, and
regional satisfaction
1) Metra’s O-D survey sought
information about how
respondents get to and from their
train stations, their trip purposes,
how they pay for tickets, and
their origins and destinations.
2) The CS survey focused on
customer satisfaction regarding
many service attributes

sample
size
8081,595
770

32,317

25,000

21,222

64,000

Metro (2013)

Los Angeles phone
CA

Metro (2017)

Los Angeles on-board intercept
CA
surveys

S.F. Municipal
Transportatio
n Agency
(2015)

San
Francisco,
CA

BART (2016)

Golden
Empire
Transit
District (2017)

As a general public tracking
survey; to understand how riders
and non-riders perceive Metro
services and ridership
information
Annual on-board customer
satisfaction survey

1,809

phone: hybrid cell
phone: RDD sample

-

568

Bay Area
CA

on-board intercept
surveys

5,342

Bakersfield
CA

on-board intercept
surveys (with a link
for the online version
of the survey); online
through a link
promoted on GET’s
website, on GET
buses, at transit
centers, and public
events
on-board intercept
surveys
on-board intercept
surveys → mail back
or online link

To understand overall
satisfaction of BART riders,
willingness to recommend
BART, and perceptions of
BART’s value for the money (as
well as 47 specific service
attributes)
To assess satisfaction with
current GET services, identify
areas for improvement, as well
as community opinions of GET
and public transit in Bakersfield

-

5,469

-

Metro-North
New York
railroad (2014) NY
RTD (2017)
Denver CO

15,00020,000

1480
(1222
print
survey
+ 258
online)

RTA (2016)

Cleveland
OH

on-board intercept
surveys

-

9,549
(9,054
paper
and
pencil +
495
online)
992

PVTA (2016)

Pioneer
Valley, MA
Maryland

on-board intercept
surveys
phone

-

1,151

To gauge user satisfaction with
and opinions of Maryland
Department of Transportation
(MDOT) services

857

MDOT (2017)
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Out of 16 surveys, on-board survey (12 surveys) is the most common survey mode, followed by
online and phone (Figure 7). Note that some agencies employed multiple survey modes, and two
on-board survey had a mail-back option. Sample size ranges from 568 (San Francisco, 2015) to
64,000 (Chicago, 2015; Figure 8). When we exclude four largest Chicago surveys, the median
sample size is 1,341.

Figure 7. Frequency of survey modes (n=16) Figure 8. Sample size distribution (n=16)

In the 16 transit customer surveys, we observed some commonly measured items (Figure 9).
Almost every survey included the overall satisfaction on their service. Regarding in-vehicle
environment, comfort, cleanliness, and safety are common items. Among out-of-vehicle
environment, waiting area and safety are most common items. Regarding transit system,
information/communication, reliability, staff courtesy/skill, and fare are mostly asked. Lastly,
transit agencies also ask about respondents’ attributes such as trip purpose, access mode, loyalty,
ride frequency, and car ownership. Those common items can be included in our survey. At the
same time, we found only limited items being surveyed regarding the out-of-vehicle perspective.

Figure 9. Frequency of survey items
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2.3. Academic Studies
2.3.1. Transit customer experience, satisfaction, and loyalty
The customer experience can be defined as the subjective response that a customer has to any
direct or indirect contact with a company (Meyer and Schwager, 2007). Morfoulaki et al. (2010)
define it as customers’ overall experience with a service compared to their pre-defined
expectations. The customer experience is essential for all kinds of service, including
nonexperience-centric ones such as public transportation (Pine and Gilmore, 1998). Since the
Transportation Research Board (1999) published A handbook for measuring customer
satisfaction and service quality, customer satisfaction in public transport has been actively
studied for the last two decades. Transport policymakers and providers are urged to better
understand the factors that drive the travel experience and how those factors affect public
transport demand in different travel settings—such as travel sequence (out-of-vehicle time, invehicle time, transfer) and transit systems (bus, light rail, commuter rail, streetcar, etc.). Recent
literature shows that the travel experience is more complex and extended in time than traditional
transit service quality assessment measure (Carreira et al., 2014).
In recent years, a growing number of studies have switched their focus from customer
satisfaction to loyalty (van Lierop et al., 2018). Customer loyalty is defined as a customer’s
intention to use the transportation service in the future based on their prior experiences
(Transportation Research Board, 1999). Recent studies suggest that satisfaction influences
loyalty (Chou and Kim, 2009; Lai and Chen, 2011; van Lierop and El-Geneidy, 2016). Loyalty,
however, is defined as more complex than satisfaction, and debate exists about how this concept
should be measured (van Lierop et al., 2018). The idea of transit customer loyalty has two
attributes: 1) customers’ continuous behavior to purchase or use the service and 2) consumers’
emotions and attitudes towards the service on an on-going basis (Zhao et al., 2014). Reichheld
(2003) and Zhao et al. (2014) measure loyalty as 1) intended future use among the current
customers and 2) their willingness to recommend this service to others. We use these two
measures in this study and incorporate both transit rider’s satisfaction and loyalty into the
conceptual framework.

2.3.2. First-mile and last-mile problem
The first-mile and last-mile problem (FMLM) refers to the distance traveled before and after
using a transit system. Transit travelers spend a great deal of time and energy on out-of-vehicle
walking, waiting, and transfer, which plays significantly into their perceived burden of transit
travel. Lack of transit accessibility often discourages potential riders from reaching a transit
station (Park et al., 2019). A survey of millennials revealed that they prioritized maintaining and
enhancing pedestrian facilities around transit nodes (Smith, 2016). As a result, converting station
areas into walkable built environments has been an essential transportation mission across
regions (Fehr & Peers and Nelson Nygaard, 2015). FMLM strategy can extend to include spatial
improvement near a transit station, and this environmental change may contribute to more
sustainable travel behavior as well as more environmentally friendly developments (Park et al.,
2019).
In terms of pedestrian FMLM trips, the maximum distance was previously understood to be 0.25
miles from a bus stop and 0.50 miles from a rail stop in urban areas, but recently, pedestrians
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have been found to tolerate longer trips, closer to 1 mile (Hsiao et al., 1997; Loutzenheiser, 1997;
Zhao et al., 2003; Agrawal et al., 2008; Biba et al., 2010; Chia, et al., 2016; Daniels & Mulley,
2013). By enhancing transit service in general, pedestrians have been shown to be willing to
walk further to reach it (Alshalalfah & Shalaby, 2007; Kittelson & Associates et al., 2013).
As an alternative to walking, numerous cities around the world have implemented shared
mobility strategies in order to address the FMLM problem. Shared mobility encompasses
programs such as carsharing, personal vehicle sharing (peer-to-peer carsharing and fractional
ownership), bikesharing, scooter sharing, traditional ridesharing, transportation network
companies (ridesourcing), e-Hail (taxis), and flexible transit services (microtransit; Shaheen &
Chan, 2016). Integrating ridesharing with a public transit system can enhance mobility and
increase public transit ridership (Stiglic et al., 2018). Overall, shared mobility and mass transit
should complement each other; collaborating with community-based organizations is
fundamental to their success (Sand et al., 2016; Boarnet et al., 2017). In the near future, shared
autonomous vehicles, and personal mobility devices to a lesser extent, may fill gaps in FMLM
connectivity (Shaheen & Chan, 2016; Dowling et al., 2015).
While most of the prior studies keep focusing on the routes and stations, enhancing the first- and
last-mile connections and service to the existing transit network could bring more riders.
Converting station areas into walkable built environments has been an essential transportation
mission across regions (Fehr & Peers and Nelson Nygaard, 2015). FMLM strategy can extend to
include spatial improvement near a transit station, and this environmental change may contribute
to more sustainable travel behavior as well as more environmentally friendly developments (Park
et al., 2019).
Transit availability, land use, job accessibility, parking costs, quality of the pedestrian
environment, risks to pedestrians from traffic, and social characteristics like street crime, can
also influence FMLM connections. Priority should be placed on increasing safety during the
transit access trip (Kodransky et al., 2019). Accordingly, a survey of millennials revealed that
they prioritized maintaining and enhancing pedestrian facilities when asked how they preferred
transit nodes to be connected (Smith, 2016). In the San Diego region, changing the mode of
access/egress to/from stations had a greater impact on improving access to low-wage jobs than
reducing transit time or improving service headway (Boarnet et al., 2017). In Utah, UTA's public
transit accessibility was found to be generally better in downtown Salt Lake City, worsening
toward the outskirts. Provo and Orem have poor accessibility despite the good transit service
(Liu et al., 2018).
Also missing in most of the existing literature are the FMLM differences between urban,
suburban, and rural areas, with most of the studies taking place in urban areas. Kim
(unpublished) found that in the suburbs, the distance of the FMLM trips are much longer than
0.25 miles. Although riders in urban areas with lower household incomes depend more on
walking to transit than other groups, Kim (unpublished) did not find such a clear distinction in
the suburbs (Hsiao et al., 1997; Zhao et al., 2003). However, there was a significant difference
between the travel distance of experienced riders and first-time users. Thus, with better transit
information provided, the FMLM experience could be improved for new riders.
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Specifically, a manually driven vehicle would lead a fleet of (electric) autonomous vehicles
responding to transport requests of passengers in real-time. A central management server would
determine an optimized operation schedule (Hasebe et al., 2017; Paerera et al., 2018). Electricmotored personal mobility devices were studied on Australian roads; two-wheeled devices were
most effective in terms of flexibility, three-wheeled devices were fastest, and one-wheeled
devices were functional, but required much training and practice (Dowling et al., 2015).
Holistically, FMLM also includes the out-of-vehicle experience during transfers. Very few
studies address this topic specifically. However, focusing on improving perceived out-of-vehicle
travel times could increase transit use cost-effectively. Transit agencies can reduce
wait/walk/transfer burdens by addressing transfer fares, operational aspects such as headways
and on-time arrival, and the physical attributes of stops/stations. Schedule adherence is one of the
most effective ways to increase ridership; unreliable transit can cause people to lose their jobs
(Iseki & Taylor, 2009; Spieler & Higashide, 2020).
By and large, the literature to date seems to agree that various types of shared mobility systems
have the potential to solve FMLM problems, especially with local community involvement.
Additionally, accessibility could be most positively affected by creating safer pedestrian paths to
stations.

2.3.3. Experiential factors associated with transit satisfaction and loyalty
A review study by van Lierop et al. (2018) summarizes what influences satisfaction and loyalty
in public transport as well as research approaches (e.g., transit type, sample size, data source, and
analysis methods) from 21 studies. Carreira et al. (2013) establish a conceptual model on how
transit experience factors affect riders’ cognitive, sensorial, and emotional experience
components. Cheng and Chen (2015) also examine service items affecting transit experience
from the literature and classify them into accessibility, mobility, and seamless connectivity
dimensions. Building on the review papers and an extensive literature review, we summarize
experiential elements that are associate with transit satisfaction (Table 3) and rider loyalty (Table
4), respectively.
The in-vehicle dimension associated with satisfaction and loyalty includes cleanliness, comfort,
information, and safety. The system dimension includes price, ticketing experience, transit
frequency, reliability, travel time, and staff courtesy/skills. Out-of-vehicle environment includes
waiting area conditions, safety/security, access, wayfinding, ease of transfer, and station parking.
Lastly, among traveler attributes, gender, age, ride frequency, and physical activity levels are
related to transit satisfaction and loyalty. Concerning the out-of-vehicle experiences, ease of
access and distance to the station are central components of the FMLM journey; but these items
are rarely included in transit satisfaction and loyalty literature while cleanliness and
safety/security of waiting areas have gained more attention.
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Table 3. Summary of variables related to transit customer satisfaction in the literature
Category
In-vehicle

Elements
cleanliness

comfort (e.g., temperature,
vibration, seat)

information
safety

System

social environment
price (i.e., value for money)

ticketing

Carreira et al. (2014) (not significant); Weinstein (2000);
Githui et al. (2010); Das et al. (2013)

frequency

Stuart et al. (2000); Weinstein (2000); Iseki and Taylor
(2010); Cheng and Chen (2015); Burkhardt (2003);
Krizek and El-Geneidy (2007); Tyrinopoulos and
Antonius (2008); Githui et al. (2010); Githui et al.
(2010); de Ona et al. (2013); Nwachukwu (2014);
Mouwen (2015)
Stuart et al. (2000); Weinstein (2000); Iseki and Taylor
(2010); Cheng and Chen (2015); Burkhardt (2003);
Krizek and El-Geneidy (2007); Tyrinopoulos and
Antonius (2008); Githui et al. (2010); Das et al. (2013);
de Ona et al. (2013); Grujicic et al. (2014); Susilo and
Cats (2014); Mouwen (2015); Kim (unpublished)
Stuart et al. (2000); Cheng and Chen (2015); Krizek and
El-Geneidy (2007); dell'Olio et al. (2011)

on-time
performance/reliability

travel time

Out-ofvehicle

Studies (authors and year)
Carreira et al. (2014); Stuart et al. (2000); Weinstein
(2000); Krizek and El-Geneidy (2007); Tyrinopoulos and
Antonius (2008); dell'Olio et al. (2011); Das et al.
(2013); de Ona et al. (2013); Grujicic et al. (2014);
Nwachukwu (2014); Mouwen (2015)
Carreira et al. (2014); Weinstein (2000); Burkhardt
(2003); Krizek and El-Geneidy (2007); Githui et al.
(2010); dell'Olio et al. (2011); Das et al. (2013); de Ona
et al. (2013); Nwachukwu (2014); Susilo and Cats
(2014); Mouwen (2015)
Carreira et al. (2014); Weinstein (2000); Burkhardt
(2003); Krizek and El-Geneidy (2007); Mouwen (2015);
Das et al. (2013)
Stuart et al. (2000); Weinstein (2000); Iseki and Taylor
(2010); Burkhardt (2003); Krizek and El-Geneidy
(2007); Tyrinopoulos and Antonius (2008); Githui et al.
(2010); Das et al. (2013); de Ona et al. (2013);
Nwachukwu (2014); Mouwen (2015)
Carreira et al. (2014) (not significant)
Stuart et al. (2000); Burkhardt (2003); Tyrinopoulos and
Antonius (2008); Githui et al. (2010); de Ona et al.
(2013); Grujicic et al. (2014); Mouwen (2015)

staff’s friendliness or
professional skills
waiting area condition

Carreira et al. (2014); Stuart et al. (2000); Weinstein
(2000); Burkhardt (2003)
Carreira et al. (2014) (not significant); Weinstein (2000);
Burkhardt (2003); Krizek and El-Geneidy (2007);
Tyrinopoulos and Antonius (2008); Githui et al. (2010);
dell'Olio et al. (2011); Nwachukwu (2014); Susilo and
Cats (2014)
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safety/security
access
wayfinding
distance to origin/destination
transfer time; ease of transfer
station parking
traveler
attributes

gender
ride frequency
age

physical activity level

Weinstein (2000); Iseki and Taylor (2010); Krizek and
El-Geneidy (2007); Susilo and Cats (2014); Mouwen
(2015); Kim (unpublished)
Iseki and Taylor (2010); Cheng and Chen (2015)
Iseki and Taylor (2010); Krizek and El-Geneidy (2007);
Tyrinopoulos and Antonius (2008); Nwachukwu (2014)
Weinstein (2000); Cheng and Chen (2015); Krizek and
El-Geneidy (2007); Tyrinopoulos and Antonius (2008);
Susilo and Cats (2014)
Weinstein (2000); Krizek and El-Geneidy (2007); Githui
et al. (2010);
Das et al. (2013); Susilo and Cats (2014); dell'Olio et al.
(2011); Kim (unpublished)
Cheng and Chen (2015); Das et al. (2013); Tyrinopoulos
and Antonius (2008); dell'Olio et al. (2011); Kim
(unpublished)
Cheng and Chen (2015); Das et al. (2013); Susilo and
Cats (2014); Tyrinopoulos and Antonius (2008);
dell'Olio et al. (2011); Krizek and El-Geneidy (2007);
Kim (unpublished)
Cheng and Chen (2015)

Table 4. Summary of variables related to transit customer loyalty in the literature
Category
In-vehicle

Elements
cleanliness

Studies (authors and year)
Carreira et al. (2014); Minser and Webb (2010); Figler et
al. (2011); Lai and Chen (2011)

comfort (e.g., temperature,
vibration, seat)

Carreira et al. (2014); Mahmoud and Hine (2013);
Minser and Webb (2010); Zhao et al. (2014)

information

Carreira et al. (2014); Lai and Chen (2011); Zhao et al.
(2014)
Mahmoud and Hine (2013); Minser and Webb (2010);
Figler et al. (2011); Lai and Chen (2011); Kim and
Ulfarsson (2012); Zhao et al. (2014); Simsekoglu et al.
(2015)
Carreira et al. (2014) (not significant)
Mahmoud and Hine (2013); Simsekoglu et al. (2015);
Imaz et al. (2015); Zhao et al. (2014); Kim and Ulfarsson
(2012); Lai and Chen (2011); Figler et al. (2011); Minser
and Webb (2010)
Carreira et al. (2014) (not significant)
Mahmoud and Hine (2013); Figler et al. (2011); Lai and
Chen (2011); Simsekoglu et al. (2015)

safety

System

social environment
price (i.e., value for money)

ticketing
frequency
on-time
performance/reliability
travel time

Mahmoud and Hine (2013); Minser and Webb (2010);
Figler et al. (2011); Kim and Ulfarsson (2012); Zhao et
al. (2014); Imaz et al. (2015)
-

17

Out-ofvehicle

staff’s friendliness or
professional skills
waiting area condition
safety/security

traveler
attributes

Carreira et al. (2014); Figler et al. (2011); Lai and Chen
(2011); Kim and Ulfarsson (2012); Zhao et al. (2014)
Carreira et al. (2014); Mahmoud and Hine (2013); Figler
et al. (2011); Lai and Chen (2011)
Chowdhury and Ceder (2013); Mahmoud and Hine
(2013); Figler et al. (2011)

access
wayfinding
distance to origin/destination
transfer time; ease of transfer

Mahmoud and Hine (2013)
Mahmoud and Hine (2013)
Mahmoud and Hine (2013); Figler et al. (2011); Imaz et
al. (2015)

station parking
gender

Mahmoud and Hine (2013)
Chowdhury and Ceder (2013); Kim and Ulfarsson
(2012); Imaz et al. (2015)

ride frequency

Chowdhury and Ceder (2013); Lai and Chen (2011);
Kim and Ulfarsson (2012); Zhao et al. (2014)

age

Kim and Ulfarsson (2012); Imaz et al. (2015);
Simsekoglu et al. (2015)
Lai and Chen (2011)

physical activity level

According to the literatures, sample sizes vary greatly from 88 (Burkhardt, 2003) to 180,000
participants (Mouwen, 2015). The difference in data sources, that some researchers collaborated
with transit agencies and others just collect the data by themselves, often caused the variation of
sample size (van Lierop et al., 2018). Previous instruments of these surveys employed various
survey modes including on- and off-board surveys, online surveys, and telephone interviews. A
majority of studies conducted a survey at stations or on-board, which means a sample bias—only
people who decided to use transit service (i.e., more-likely frequent riders) are selected.
The literature uses diverse forms of analytic methods, including regression models, structural
equation modeling (SEM), importance-satisfaction analysis, and factor analysis. Especially, a
path analysis, a specific form of SEM, is an appropriate tool to explain complex relationships
among variables. For example, the relationship between individual experiential elements—
exogenous variables in a path analysis—and loyalty—endogenous variable—is mediated by
transit satisfaction—another endogenous variable (Figure 10). A path analysis enables to figure
out a direct effect of individual experiential variables on loyalty and an indirect effect (through
satisfaction) separately.
Another useful analytic framework is Importance-Satisfaction (I-S) analysis (Iseki and Taylor,
2010). By figuring out areas where customer satisfaction is low and importance to customers is
high, an I-S analysis can help transportation planners and managers evaluate the relative priority
they should place on various options (Iseki & Taylor, 2010). Thus, transportation agencies use
the tool to maximize the impacts of new investments on customer satisfaction (Tennessee
Department of Transportation Office of Strategic Planning, 2016). For example, an I-S analysis
from Iseki & Taylor (2010) shows that safety at night, average wait time, schedule adherence,
availability of emergency contact method, and availability of public restrooms were most in need
of improvements. A four-quadrant scatter plot can further visually summarize the relationship
between the relative importance and level of satisfaction and categorize different experiential
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elements into four types—importance to maintain, most in need of improvement, less
importance, and exceeding expectations.
Based on the literature review, we establish a conceptual framework of customer experience,
satisfaction, and loyalty among transit riders (Figure 10). Experiences with in-vehicle and out-ofvehicle environment and transit system constitute overall customer experience, and customer
experience factors contribute to the overall satisfaction of the transit journey. Personal attributes
of each traveler may moderate the relationship between experience factors and satisfaction. In
other words, satisfaction levels of some riders are more (or less) affected by certain experience
factors (e.g., an infrequent rider may concern safety more). Accumulated travel experiences and
the level of satisfaction then influence a customer’s intention of future use and willingness to
recommend the service to others (i.e., loyalty). The conceptual framework becomes the basis of
our survey design and data analysis. This research is distinctive from the literature in terms of 1)
balanced focus among in-vehicle, system, and out-of-vehicle environments and 2) inclusion of
both transit satisfaction and loyalty, enabling an analysis of the complex relationship through
path analysis modeling.

Figure 10. Conceptual framework of transit rider satisfaction and loyalty
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3. Methods
3.1. Survey design
The survey aimed to assess customer satisfaction and loyalty and related experiential elements,
focusing on out-of-vehicle environments. Before designing a questionnaire, we first reviewed 16
existing transit customer surveys. Realizing the importance of customer experience to the transit
service provision, many transit agencies had surveyed their riders (and occasionally non-riders).
Out of 16 surveys from multiple regions (e.g., Chicago, New York, Washington, D.C., San
Francisco/Bay Area, Los Angeles, Denver), on-board survey (12 surveys) is the most common
survey mode. Sample size ranged from 568 (San Francisco) to 64,000 (Chicago). Previous
instruments employed various survey modes including on- and off-board surveys, online
surveys, and telephone interviews. A majority of studies conducted a survey at stations or onboard, which might generate a sample bias toward frequent riders.
Almost every survey we reviewed included assessments of the overall satisfaction with transit
services. Regarding the in-vehicle environment, comfort, cleanliness, and safety were common
items. In evaluating an out-of-vehicle environment, waiting area and safety were the factors
mostly (and only) asked about. Regarding transit system, information/communication, reliability,
staff courtesy/skill, and fare were factors most often measured. mostly observed. Lastly, transit
agencies also asked about survey respondents’ attributes such as trip purpose, access mode,
loyalty, ride frequency, and car ownership.
The questionnaire for this study consisted of 50 questions, including the topics of (1) satisfaction
and importance of in-vehicle, out-of-vehicle, and system factors, (2) loyalty, and (3)
traveler/travel attributes (gender, age, ride frequency, vehicle ownership, physical activity, trip
purpose, etc.; about ten questions). Among the transit riders, we asked about their most common
(or most recent) transit ride. In particular, we asked them to list all travel modes in the exact
order from their home to the destination (i.e., one-way trip). The survey questionnaire can be
found in Appendix A.
Utah Transit Authority (UTA) provides public transportation throughout the Wasatch Front in
Utah. UTA operates fixed route buses, flex route buses, express buses, ski buses, three light rail
lines (TRAX), one streetcar line (the S-Line), and one commuter rail train (FrontRunner) from
Ogden through Salt Lake City to Provo. A total of 2.5 million people resides in seven counties
served by UTA, which are Salt Lake, Utah, Davies, Weber, Box Elder, Summit, and Tooele
counties. The minimum sample size becomes 664 with a 99% confidence level and a 5% margin
of error. As a result, we surveyed 943 residents in seven service counties served by UTA—443
through mail survey and 500 through an online survey. The survey was provided in two
versions—English and Spanish.
The survey was sent via mail and online (postcards and emails with a link to the online survey,
respectively) to individuals within UTA-serving counties. For the postcard sample, random
mailing addresses were drawn from each county in UTA’s service area. For the email survey, the
survey firm distributed the online sample through their trusted panel partners, and the individuals
volunteered to be a part of these panels. As an incentive, ten $100-value prizes were given
through a drawing. For the online sample, 88% of the respondents who started the survey
completed it. For the postcard sample, the response rate was 2.1%, which aligns with other mail20

based surveys. We first conducted a pilot survey in July 2019 and then a final survey from
September to November 2019. As a result, a total of 943 complete responses were received—664
riders and 279 non-riders.

3.2. Analysis methods
First, we analyzed the survey responses through descriptive statistics and exploratory analyses.
Our focus includes representativeness of the sample, transfer modes involved in a transit journey,
and trip chains. Then, Importance-Satisfaction (I-S) analysis helped to figure out areas where
customer satisfaction was low and importance was high (Iseki and Taylor, 2010). Transportation
agencies use the tool to maximize the impacts of new investments on customer satisfaction (e.g.,
Tennessee Department of Transportation Office of Strategic Planning, 2016). A four-quadrant
scatter plot can further visualize the relationship between the relative importance and level of
satisfaction and categorize different experiential elements into four types: importance to
maintain, most in need of improvement, less importance, and exceeding expectations. In the
survey, we asked two questions—“please indicate how satisfied you were with each of the
following items during your trip” and “please indicate how important each of the following items
is to your transit use”—for satisfaction and importance, respectively.
Then, we used path analysis to explain complex relationships among transit ride experience,
satisfaction, and loyalty. Path analysis is an appropriate modeling approach when a mediator
exists in your conceptual framework. The relationship between individual experiential elements,
exogenous variables in a path analysis, and loyalty, endogenous variable, is mediated by transit
satisfaction (Figure 10). A path analysis enables the determination of a direct effect of individual
experiential variables on loyalty and an indirect effect (through satisfaction) separately. We
hypothesized that the individual experiential factors affect overall satisfaction on the use of
transit service, and subsequently, the overall satisfaction affects customers’ loyalty to the service.
We ran a path analysis in R 3.6.1. Software with lavaan package (sem function).
In the survey, we asked two loyalty questions. The first loyalty question was “how likely are you
to use UTA service (including TRAX, S-Line, FrontRunner, and bus) in the future?” in fivepoint Likert scale, and the second loyalty question was “how likely are you to recommend UTA
service (including TRAX, S-Line, FrontRunner, and bus) to a friend or colleague?” in ten-point
scale. Two loyalty measures were standardized and averaged to create one composite variable.
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4. Results
4.1. Descriptive statistics of first-mile and last-mile travel
Table 5 shows the demographics of survey respondents (n=943) compared with that of the
population in the UTA’s seven-county service area. The population data comes from the Census
American Community Survey (ACS) 2012-2015 five-year estimates. Overall, the survey
respondents represented the underlying population in most categories. But our sample tended to
over-represent older age groups and underrepresent the Hispanic population. The majority group
in the sample was infrequent riders (few times a month or less; 54.4%), non-riders (30.0%) and
frequent riders (15.6%). Among the transit riders (n=660), a primary trip purpose involving
transit use was social/recreation (41.5%), followed by work (30.8%) and school (8.3%).
Table 5. Demographics of survey respondents and UTA service areas (n=943)
Category
Total respondents/
population
Sex

Age group

Employment status

Income

Race/ethnicity

Vehicle ownership
Physical disability

Number of
respondents

Percentage of
respondents

UTA service area

943

100%

2,417,544

530
412
1
35
63
150
189
173
162
171
132

56.2%
43.7%
0.1%
3.7%
6.7%
15.9%
20.0%
18.3%
17.2%
18.1%
14.0%

49.7%
50.3%
10.3%*
11.3%
20.7%
18.4%
14.2%
12.5%
12.6%
30.8%

477

50.6%

49.8%

253
28
213
350
192
105
55
817
42
84
43
227
425
243
5
60

26.8%
3.0%
22.6%
37.1%
20.4%
11.1%
5.8%
86.6%
4.5%
8.9%
4.6%
24.1%
45.1%
25.8%
0.5%
6.4%

19.4%
4.2%
30.3%
36.2%
17.3%
11.9%
77.7%
14.7%
7.6%
4.3%
25.0%
42.2%
28.6%
4.9%

Female
Male
Other
16-18
19-24
25-34
35-44
45-54
55-65
Older than 65
Employed part-time
Employed full-time/
self-employed
Unemployed/retired
Less than $10,000
$10,000 to $49,999
$50,000 to $99,999
$100,000 to $150,000
Over $150,000
Don’t know
Non-Hispanic White
Hispanic/Latino
Others
0
1
2
3 or more
Don’t know
Yes
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(ACS 2012-2017)

Frequent (more than a
few times a week)
Ride frequency
Infrequent
Never ride or don’t
know
Work
School
Trip purpose
Social/recreation
Others (shopping,
healthcare, etc.)
* From Census ACS, this group represents age 15-19.

147

15.6%

-

513

54.4%

-

281

30.0%

-

203
55
274

30.8%
8.3%
41.5%

-

137

20.8%

-

Nearly half of the respondents (47.1%) live within 10-minute walking distance from a transit
stop (Figure 11). But almost 20% live further than 20 minutes from the nearest stop location.
Among the riders, the travel distance between the destination and the nearest transit stop is
relatively short: more than two-thirds of responses indicated that it is within 10 minutes by walk
(Figure 12).

Figure 11. Walking time (home to stop) (n=943)

Figure 12. Walking time (stop to destination) (n=660)

Among the transit riders (n=660), we asked about their most common (or most recent) UTA ride
with all travel modes in the exact order from their home to the destination (i.e., one-way trip). In
particular, we requested them to list all travel modes in the exact order from their home to the
destination (i.e., one-way trip). Driving was the most common mode to start the transit-involved
trip (69.7%), followed by walking (23.9%) (Figure 13). On the other hand, walking is the most
common mode to end the trip (n=481; 72.9%), while the use of personal vehicles (6.7%) is as
low as that of biking (6.2%) or others (Figure 14).

Figure 13 First travel mode from home (n=660) Figure 14. Last travel mode to the destination (n=660)
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Respondents used more transportation modes for the first-mile (before riding transit during the
journey) than for the last-mile (after the last transit trip). The number of travel modes before
riding a transit was 1.59 on average, with 14.4% of trips (n=95) involving more than two modes
(Table 6). On the other hand, 82.6% of the last-mile trip involved only one mode—most likely
walking (see Figure 15 above). This may indicate that some people are willing to transfer
multiple times among transportation modes (e.g., walking, biking, driving, carpool/ride-hailing)
to get to the transit station from home (first-mile), but not for the last-mile travel near the
destination.
Table 6. Number of travel modes for the first mile (before riding transit) and the last mile (after the last
transit trip)

1 mode
2 modes
3 modes
4 modes
5 modes
6 modes
average

First-mile
Number

435
130
53
22
15
5
1.59

Last-mile
Percentage
Number
65.9%
19.7%
8.0%
3.3%
2.3%
0.8%

545
52
30
21
9
3
1.34

Percentage
82.6%
7.9%
4.5%
3.2%
1.4%
0.5%

Our further analysis highlights the complexity of first-mile and last-mile travel patterns,
compared with the common assumption of a simple trip chain made up of walking-transitwalking. Two primary types of trip chains were 1) driving → transit (once or more) → walking
and 2) walking → transit (once or more) → walking (Figure 15). A variation of the first type was
one involving carpool or ride-sourcing (Uber/Lyft) and one ending with driving. Bicycleinvolving trips were less common. An interesting finding is that the remaining 21.7% of
respondents used multiple transportation modes—mostly more than three (e.g., driving + carpool
+ transit + biking)—for the one-way trip from home to a destination.
In addition, frequent riders were most likely to walk for their first mode (41% walk vs. 22%
drive), while most infrequent riders chose driving (16% walk vs. 79% drive). Given the large
number of infrequent riders (those who ride less than once a month = 402), they are likely
outweighing the more regular riders in the total. The previous study was looking at more
frequent riders.
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Figure 15. Common trip chain types for transit travel (n=660; Note: Double-headed arrow means the
order between two modes could be switched.)

4.2. Analysis of non-riders
Ride frequency seems to be negatively related to the distance to the nearest transit stop from
home. While two-thirds of frequent riders live within 10 minutes from a transit stop, the
percentage drops to 40% for non-riders (Table 7). And almost ¼ of non-riders don’t know how
far the nearest transit stop is located from home. This result implies the positive relationship
between transit access and ridership.
Table 7. Ride frequency and distance to the nearest transit stop (n=52)

Ride
frequency
frequent
rider
infrequent
rider
non-rider
total

Less than 10 10-20
More than
Don’t know total
minutes
minutes
20 minutes
96
33
15
3
(65%)
(22%)
(10%)
(2%)
235
131
115
32
(46%)
(26%)
(22%)
(6%)
112
49
54
64
(40%)
(18%)
(19%)
(23%)
443
213
184
99

147
481
279
939

For non-riders, additional travel time (compared with driving a car; mean score = 4.35) had the
most impact on their non-ride of public transit, followed by transfer time and comfort (3.68),
bus/train frequency and waiting time (3.68), and distance to bus/transit stops from home (3.49)
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(Table 8). By category, the system-related variable scored highest (3.25 on average), followed by
out-of-vehicle variables (3.06) and in-vehicle (3.05). This result shows that non-riders may
prioritize mobility and secondarily, be affected by lack of physical accessibility (and
transferability) to transit service, conforming findings from RSG (2015) study.
Table 8. Impacts on not riding transit (for non-riders; n=255)

Category Question on the survey
Invehicle
Out-ofvehicle

System

Cleanliness of the bus/train
Comfort on the bus/train (e.g. seat, crowding)
Safety on the bus/train
Information about schedule and route
Waiting area condition (e.g. seat, crowding)
Safety/security at bus/train stops
Wayfinding (e.g., signage, visual cues to find
a bus/train stop)
Distance to bus/train stops from your home
Walking route condition (e.g., sidewalk)
Traffic safety on walking routes
Crime safety on walking routes
Transfer time and comfort
Parking (car/motorcycle/bike)
On-time performance of bus/train
Bus/train frequency and waiting time
Fare price (value for money)
Ease of ticketing
Staff courtesy/skills
Overall travel time (compared with driving a
car)

impact on not riding rank
transit (5-point scale)
3.06
9
2.96
13
3.02
10
3.17
6
3.08
8
3.02
11
2.78

17

3.49
2.97
2.80
2.86
3.68
2.87
3.29
3.68
3.13
2.60
2.48
4.35

4
12
16
15
2
14
5
3
7
18
19
1

4.3. Importance-Satisfaction (I-S) Analysis
Table 9 shows the average response to importance and satisfaction for each element of the transit
ride experience. Customer satisfaction was highest at “safety on the bus/train,”, “on-time
performance of bus/train,” and “staff courtesy/skills” and lowest at “overall travel time
(compared with driving a car),” followed by “distance to bus/train stops from your home” and
“bus/train frequency and waiting time.” On the other hand, importance to transit use was highest
at “safety on the bus/train,” “on-time performance of bus/train,” and “safety/security at bus/train
stops” and lowest at “waiting area condition,” “walking route condition (e.g., sidewalk),” and
“parking (car/motorcycle/bike).”
Importance-Satisfaction (I-S) analysis helps to figure out areas where customer satisfaction is
low, and importance is high. Table 9 and Figure 16 (a four-quadrant scatter plot) summarize the
relationship between the relative importance and level of satisfaction and categorize different
experiential elements into four types. An I-S analysis from our survey shows that five areas—
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“safety/security at bus/transit stops,” “crime safety on walking routes,” “traffic safety on walking
routes,” “fare price (value for money),” and “frequency and waiting time”—are most in need of
improvements. And “information on schedule and route” and “transfer time and comfort” could
be also considered for improvement. This result shows the relative urgency of improving out-ofvehicle environments—in particular, crime and traffic safety both at transit stops and on access
routes. Providing a better transfer experience might be also in higher priority.
Table 9. Importance-Satisfaction analysis results of UTA service (n=658; 1 is lowest, and 5 is highest)

Question on the
survey
Cleanliness of the
bus/train
Comfort on the
bus/train (e.g. seat,
crowding)
Safety on the bus/train

Category

Importance

In-vehicle

4.16
4.03
4.52

Information about
schedule and route
Waiting area condition Out-of-vehicle
(e.g. seat, crowding)
Safety/security at
bus/train stops
Wayfinding (e.g.,
signage, visual cues to
find a bus/train stop)
Distance to bus/train
stops from your home
Walking route
condition (e.g.,
sidewalk)
Traffic safety on
walking routes
Crime safety on
walking routes
Transfer time and
comfort
Parking
(car/motorcycle/bike)
On-time performance System
of bus/train
Bus/train frequency
and waiting time
Fare price (value for
money)

4.35
3.86
4.41
3.99
4.01
3.88
4.15
4.35
4.15
3.91
4.49
4.38
4.24
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Satisfaction

Classification

3.99 Important to
maintain
3.90 Exceeding
expectation
4.07 Important to
maintain
3.91 Important to
maintain
3.72 Less
importance
3.86 Most in need of
improvement
3.91 Exceeding
expectation
3.56 Less
importance
3.88 Less
importance
3.86 Most in need of
improvement
3.79 Most in need of
improvement
3.76 Less
importance
3.96 Exceeding
expectation
4.03 Important to
maintain
3.67 Most in need of
improvement
3.69 Most in need of
improvement

Ease of ticketing

4.04

Staff courtesy/skills

3.94

Overall travel time (compared with
driving a car)
Mean
Median

4.03
4.15
4.15

3.99 Exceeding
expectation
4.03 Exceeding
expectation
3.23 Less
importance
3.83
3.88

Figure 16. Importance-Satisfaction quadrant of UTA service (Note: Seven elements in or near “most in
need of improvement” category are labeled.)
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4.4. Path analysis of customer satisfaction and loyalty
We asked transit riders an “overall satisfaction” question and two loyalty questions. On average,
the overall satisfaction score was 3.92 (out of 5) (Table 10). Two loyalty measures—future use
(3.82 out of 5 on average) and recommendation to others (8.02 out of 10 on average)—were
standardized and averaged to create one composite variable.
Table 10. Ride frequency and overall satisfaction and loyalty to UTA service

Ride frequency
frequent riders
infrequent
riders
non-riders
total

N
147
513
279
939

Overall
Satisfaction
(5-point)

3.90

Loyalty:
future use
(5-point)

Loyalty:
recommendation
(11-point)
4.34
8.39

3.92

3.68

7.92

3.92

1.90
3.28

5.33
7.22

We found no significant difference in overall satisfaction on UTA between frequent riders and
infrequent riders (Table 10). When it comes to loyalty questions, however, there is a strong
pattern—the highest level of loyalty in frequent riders and lowest in non-riders.
According to Net Promoter Score® (NPS), our respondents from the pilot survey consist of 46%
of detractors, 31% of passives, and 23% of promoters (Figure 17). When broken down by ride
frequency, the percentages of detractors vary from 26% (frequent riders) to 74% (non-riders);
those of promoters vary from 39% (frequent riders) to 8% (non-riders).

Figure 17. Net Promoter Score® distribution (n=939; detractors: a score of 0 to 6, passives: 7 and 8,
promoters: 9 and 10)
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For the next step, we ran a path analysis to model customer satisfaction and loyalty in terms of
individual experiential factors and traveler attributes. We hypothesize that the individual
experiential factors affect overall satisfaction on the use of UTA transit service. Then the overall
satisfaction affects customers’ loyalty to the service. In this sense, the level of satisfaction works
as a mediator between individual factors and loyalty. Table 11 presents descriptive statistics of
individual experiential factors, overall satisfaction, and two loyalty-related questions.
Table 11. Descriptive statistics of experiential variables

Question on the survey

N

Mean

S.D.

Cleanliness of the bus/train
Comfort on the bus/train (e.g. seat, crowding)
Safety on the bus/train
Information about schedule and route
Waiting area condition (e.g. seat, crowding)
Safety/security at bus/train stops
Wayfinding (e.g., signage, visual cues to find a
bus/train stop)

658
656
654
654
650
649
645

3.99
3.90
4.07
3.91
3.72
3.86
3.91

.83
.86
.83
.93
.94
.91
.88

Distance to bus/train stops from your home
Walking route condition (e.g., sidewalk)
Traffic safety on walking routes
Crime safety on walking routes
Transfer time and comfort
Parking (car/motorcycle/bike)
On-time performance of bus/train
Bus/train frequency and waiting time
Fare price (value for money)
Ease of ticketing
Staff courtesy/skills
Overall travel time (compared with driving a
car)
Overall satisfaction
Loyalty: future use

646
641
637
622
623
593
651
651
643
643
582
653

3.56
3.88
3.86
3.79
3.76
3.96
4.03
3.67
3.69
3.99
4.03
3.23

1.17
.88
.91
.86
.91
.93
.90
1.04
1.01
.93
.87
1.11

657
915

3.92
3.28

.80
1.42

Loyalty: recommendation to a friend or
colleague

943

7.22

2.92

Table 12 presents the result of the path analysis to model customer satisfaction and loyalty in
terms of individual experiential factors and traveler attributes. After excluding missing data, the
valid cases were 461. As a mediator, overall satisfaction is associated with the level of loyalty to
the transit service at the statistical significance level (p < .01). Among in-vehicle elements, only
“information about schedule and route” was found to be related to overall satisfaction. Three
variables in the out-of-vehicle experience increases with satisfaction at the p < .05 significant
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level: they are “safety at transit stops,” “crime safety on walking routes,” and “transfer time and
comfort.” In the system-related variables, the overall satisfaction is associated with all but staff
courtesy and skills, such as “on-time performance,” “transit frequency and waiting time,” and
“fare price.”
Table 12. Path analysis result (note: gray shades indicate statistically significant variables at p < .05
level)

Variable

Coefficient

1. Individual factors and traveler attributes on overall satisfaction
InCleanliness of the bus/train
0.06
vehicle
Comfort on the bus/train (e.g. seat,
crowding)
0.06
Safety on the bus/train
0.03
Information about schedule and route
0.12
Out-ofWaiting area condition (e.g. seat, crowding)
-0.01
vehicle
Safety/security at bus/train stops
0.09
Wayfinding (e.g., signage, visual cues to find
a bus/train stop)
0.01
Distance to bus/train stops from your home
0.02
Walking route condition (e.g., sidewalk)
0.02
Traffic safety on walking routes
-0.08
Crime safety on walking routes
0.08
Transfer time and comfort
0.14
Parking (car/motorcycle/bike)
-0.03
System
On-time performance of bus/train
0.07
Bus/train frequency and waiting time
0.07
Fare price (value for money)
0.08
Ease of ticketing
0.06
Staff courtesy/skills
0.02
Overall travel time (compared with driving a car)
0.16
Travel
Female (1=yes; 0=no)
0.07
attributes Senior (1=yes; 0=no)
-0.10
Low income (1=below $20,000, 0=above
$20,000)
0.15
Non-Hispanic White (1=yes; 0=no)
-0.11
Frequent rider (1=more than few times a
week; 0=no)
-0.12
Work-related trip (1=yes; 0=no)
0.08
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Standard
error

pvalue

0.04

.12

0.04
0.04
0.03
0.03
0.04

.14
.46
<.01
.80
.01

0.04
0.02
0.04
0.03
0.04
0.04
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.05

.80
.35
.55
.02
.03
<.01
.37
.04
.03
.01
.05
.47
<.01
.14

0.07

.16

0.09

.08

0.07

.10

0.06

.04

0.06

.14

2. Overall satisfaction on loyalty

0.66

Model information
N

461

Model fit

Chi-square = 63.65 (p <.01)
CFI = 0.940
TLI = 0.879
RMSEA = 0.058 (p = 0.21)
SRMR = 0.019

0.05

<.01

Among the travelers’ attributes, when everything else is equal, frequent riders showed a lower
level of satisfaction with transit service. Low-income riders seemed more satisfied with transit
service at p < .1 marginal significance level. This result implies that the UTA may not fully
satisfy a major portion of its customers—frequent riders—but do well for
minority/disadvantaged populations.
Among the experiential variables which are statistically significant, satisfaction on “transfer time
and comfort” has the highest impact on the overall level of transit travel satisfaction (Table 12).
Its coefficient is 0.14, meaning that a one-unit increase in the variable (e.g., “satisfied” to “very
satisfied”) is associated with a 0.14-unit increase in overall satisfaction. The next largest impact
is “information about schedule and route,” followed by “safety/security at transit stops” and
“crime safety on walking routes.” Overall, the result shows that the out-of-vehicle
environment—especially transfer experience and travel safety—has higher impacts. This finding
aligns with that of the Importance-Satisfaction analysis, where we highlighted areas most in need
of improvement (Figure 18).

Figure 18. Bar graph of significant coefficients for overall satisfaction on transit travel (orange: invehicle; green: out-of-vehicle; blue: system variables)
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5. Recommendations to UTA
Based on the results from our descriptive and inferential analyses, we highlight several policy
implications to improve transit experience, satisfaction, and loyalty, that UTA, UDOT, and
regional and local planning agencies could utilize. The success of these strategies depends on the
size and density of the region, types of transit (e.g., heavy rail, light rail, bus), and the operation
type (e.g., mixed traffic or a dedicated right-of-way), among other factors (National Academies
of Sciences, Engineering, and Medicine, 2019). Thus, transit improvement strategies discussed in
this paper should be implemented using context-specific, holistic, and multi-agency approaches.
Furthermore, unrushed systems planning strategies support the effective German transit strategy
of “organization before electronics before concrete” (Spieler & Higashide, 2020).

5.1. System investment on and around urban and neighborhood centers
Service levels have been held responsible for the recent national decline in ridership; in support
of this theory, transit agencies that have increased service have gained riders. During 2014-2016,
Seattle implemented significant service enhancements, increasing bus and light rail vehicle
revenue hours by 9% for the bus and 42% for the light rail. This likely contributed to a 1.3%
increase in bus ridership and a 74% increase in light rail ridership (National Academies of
Sciences, Engineering, and Medicine, 2019). Changes to the bus service route network can bring
about significant ridership changes by prioritizing service concentration over coverage—
sacrificing service to those on the peripheries in order to serve more in the central areas (Walker,
2012). This redesign approach has been applied in Pennsylvania, Washington, D.C., and Atlanta
and has begun to be executed in other regions including Los Angeles, Omaha, Austin, Columbus,
and Seattle (National Academies of Sciences, Engineering, and Medicine, 2019).
Transit services should be located where people already are, ensuring to consult accurate
population density data. Even communities regarded as suburban can be more densely populated
than some urban sites. As long as the transit lines have adequate destinations, especially along
corridors where people live and work, the ridership demand will be there, as has been shown in
Canadian suburbs (Spieler & Higashide, 2020).
Considering this national trend and the cost-effectiveness of transit investment, UTA could
prioritize transit network expansion on development centers—such as metropolitan, urban, city,
and neighborhood centers defined by Wasatch Choice 2050 (Figure 19). UTA’s proposed shuttle
service expansion could address these priority areas (Fehr & Peers and Nelson Nygaard, 2015).
Accordingly, Lochner (2013) specified the fundamental strategic needs as better service
frequency and reliability, FrontRunner commuter rail operations/connections, Downtown SLC as
an intermodal hub, active transportation accessibility, and integrated land use and transit
planning. UTA should be careful not to lean on single-purpose transit lines that look impressive
on a map without getting people where they need to go in city cores (Spieler & Higashide, 2020).
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Figure 19. Wasatch Choice Vision 2020 map: hierarchy of centers and transit expansion (Source:
https://wfrc.org/vision-plans/wasatch-choice-2050/https://wfrc.org/wasatch-choice-map/ sideBarClosed=false)
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Not only within the regional and local-level centers, however, the transit service needs to be
expanded to residential areas around these centers, ideally walkable, so as to ensure a better firstmile access to transit. The survey in this study showed that almost 20% of survey respondents
live further than 20 minutes from the nearest stop location. The first-mile trip begins primarily
with driving (70%) while the last-mile ends with walking (73%). The lack of home-transit
connectivity highlights the importance of better first-mile accessibility to transit. Programs
promoting transit-oriented developments (TOD) can increase population density near transit
stops, which ultimately improve the first-mile accessibility and increase the use of nonmotorized travel modes.

5.2. Progressive adaptation of modal integration and mobility-as-a-service (MaaS)
For seamless, satisfactory transfers among different modes, agencies could adopt multi-modal
integration and the concept of mobility-as-a-service (MaaS). MaaS is a single place to plan,
book, and pay for mobility, combining public transit, car-pooling, ride-sourcing, bike-sharing
and other services (Transdev, 2018). MaaS could be an all-encompassing pay-as-you-go or
monthly subscription service that streamlines connections between the conventional transit line
connections with ride-sourcing services and bike- and scooter-sharing programs for the user
(Jittrapirom et al., 2017; Figure 20).

Figure 20. FMLM strategies ecosystem employing MaaS (Source: Fehr & Peers and Nelson Nygaard,
2015)

Looking to the near future, this system could be integrated with autonomous vehicle services as
well. Related, yet less comprehensive, strategies include Guaranteed Ride Home (GRH), offering
occasional subsidized rides to commuters, and dynamic ridesharing systems, a network
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providing rides to any point on demand (Fehr & Peers and Nelson Nygaard, 2015). Additional
benefits of MaaS include decreased private vehicle ownership, the removal of inefficient and
underutilized bus routes, and increased amounts of car-free trip chains (Goodall et al., 2017). An
international survey shows that interest in MaaS is very high in many countries, including 72%
in Sweden and 74% in the U.S. who are either taking action toward implementing MaaS or are
interested in developing it (Transdev, 2018; Figure 21).

Figure 21. High levels of interest in developing a MaaS platform in multiple counties (Transdev,, 2018)

Our survey data showed that only 20% of people walked, biked, or carpooled for their first mile.
Also, the first-mile travels were more complex than expected; 14% of the trips comprised of
three or more travel modes. Riders might be willing to transfer multiple times among
transportation modes to reach the transit station from home (first-mile). Lochner (2013) found
similarly that nearly 40% of transit trips involve at least one transfer. Thus, UTA could establish
partnerships with bike-, scooter-, and car-sharing companies in order to make such trips more
straightforward and appealing for these riders and others. UTA is already partnering with Via, an
on-demand shared ride service, for a pilot project in Salt Lake County (“UTA on Demand by
Via,” n.d.). The transit system in Pinellas County, Florida, provides subsidies for rides in Uber,
Lyft, and taxi vehicles to selected bus stops, which has increased ridership (National Academies
of Sciences, Engineering, and Medicine, 2019). Also, Chicago, IL, has begun the process of
implementing a contract with a bike-share company operated by Lyft; this involves providing
electronic bikes and installing bike parking areas without docks (Vance, 2019; Figurer 22). In
their study of San Diego, CA, Boarnet et al. (2017) found evidence that these types of
partnerships could increase job access for those dependent on transit, especially if the services
were brought into low-income neighborhoods and if the stations were located close to transit
access/egress routes.
In our survey, more than 40% of respondents showed interests—“likely” to “definitely” for a
potential use—in a subsidy program for transfer between UTA and ride-hailing services. Since
ride-hailing could worsen traffic or compete with public transit, the on-street right-of-way should
be given to transit, as discussed below. People mostly use ride-hailing services during off-peak
hours, and assessing their usage could reveal transit frequency issues and demand (Spieler &
Higashide, 2020).
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Figure 22. Chicago's bikeshare network (Source: https://www.chicagobusiness.com/transportation/bikeshare-expansion-would-bring-divvy-all-50-wards)

An additional strategy could be designated lanes for ride shares at major transit stations (Figure
23). These could be developed for all different modes of transport except personal vehicles.
Designated lanes can move vehicles swiftly through road congestion, facilitate tighter headways,
and help prevent buses from bunching. In addition to their own lanes, buses should have signal
priority, left turn allowance from the right lane, off-board fare collection, and more generous
wheelchair boarding (Spieler & Higashide, 2020). As a result of implementing a designated lane
for the streetcar, Toronto observed increases in on-time performance, decreases in travel time,
and increases in ridership. Moreover, Boston employed bus lanes, which resulted in significant
(20-30%) decreases in travel time during peak travel times (National Academies of Sciences,
Engineering, and Medicine, 2019). Queue bypass lanes, a related strategy, offers a designated
lane via signal phasing (Fehr & Peers and Nelson Nygaard, 2015). Currently, the Salt Lake City
TRAX lines are in the middle of the road, which makes transferring inconvenient and feel unsafe
(Figure 24).
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Figure 23. Dedicated ride-hailing pick-up zone (Source: https://www.govtech.com/fs/City-Works-WithUber-Lyft-to-Designate-Rider-Pickup-Zones.html)

Figure 24. Salt Lake City TRAX lines are in the middle of the road (Source: Fehr & Peers and Nelson
Nygaard, 2015).
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5.3. Safety and amenity on walking routes and stops: urban design strategies needed
Crime safety concerns at transit stops and walking routes were significant. The literature also
highlights the importance of safety and security at stops or in vehicles (Weinstein, 2000; Krizek
and El-Geneidy, 2007; Mouwen, 2015), especially for women travelers (Susilo and Cats, 2014)
and over physical amenities of transit stops (Iseki and Taylor, 2010). But the current study is
unique as we also shed light on the riders’ safety concerns on access routes. In this regard, Crime
Prevention Through Environmental Design (CPTED) is one possible approach. CPTED changes
spaces in order to affect the behavior of both potential criminals and the public, empowering the
latter with conditions promoting safety (Figure 25). In reality, CPTED deters crime rather than
preventing it and should be implemented strategically (Jeffery, 1977; Cozens and Love, 2017).
Although the perception of safety depends on the individual (e.g., police presence could make
different people feel more or less safe), in general, non-police attendees, service centers, and
elements of the built environment such as lighting could help (Spieler & Higashide, 2020).

Figure 25. Application of CPTED principles along main streets and station areas (Source:
http://www.metrolinx.com/mobilityhubs/en/placemaking/placemaking6-1.aspx)

Warren (2014) assessed crime presence along the Salt Lake City TRAX, introducing CPTED
briefly (Figure 26). CPTED had been studied in relation to public transit spaces before Warren
(2014) as well, and site details such as lighting are theorized to increase their safety (Paulsen &
Robinson, 2009, Fehr & Peers and Nelson Nygaard, 2015). UTA needs to find priority areas by
analyzing crime rates, traffic volume, crash rates, and pedestrian crash rates near transit stops. In
order to enhance pedestrian safety from traffic accidents, UTA could utilize more curb
extensions, reduced curb radii, supplementary pedestrian crossing channeling devices, highvisibility signs and markings, roadway lighting, protected bike lanes, and bus stop shelter and
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seating. UTA users specifically preferred separated bike pathways to/from transit stations,
improved crosswalks, improved passenger waiting areas, and shuttles (Fehr & Peers and Nelson
Nygaard, 2015).

Figure 26. Overlap between burglary hot spots in the year 2000 with service areas from existing TRAX
stations (Source: Warren, 2014)

The survey respondents expressed that transfer time and comfort are most in need of
improvement, a result aligned with the previous studies (Cheng and Chen, 2015; Mahmoud and
Hine, 2013; Weinstein, 2000). Access/egress time is a significant aspect of transit travel time
(Boarnet et al., 2017) and could be addressed by applying urban design solutions. Methods for
access/egress/transfer comfort improvements include sidewalk connectivity, high-quality street
furniture, roadway narrowing, street lighting, protected bike lanes, bus stop shelter, and seating.
Ridership was found to be higher at stations with signed bike routes/lanes, the presence of
continuous sidewalks near the transit station, and availability of wayfinding signage to nearby
destinations (Fehr & Peers and Nelson Nygaard, 2015). Additionally, Lochner (2013)
emphasized the need for better active transportation accessibility to transit stations and that
physical features such as sidewalks and cut-through pedestrian access points are cost-efficient.
Efforts to improve rider experience and satisfaction will only be successful when combined with
urban design strategies for walkability and bikeability. The NACTO Transit Street Design Guide
(NACTO, 2016) provides effective design principles and strategies for building streets for people
of all ages and modes (Figure 27).
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Figure 27. NACTO Transit Street Design Guide (NACTO, 2016)

5.4. Land use—transit integration: shared parking and TOD programs
Accessible and safe park-and-ride facilities and other parking opportunities would offer major
improvements to transit experiences. Availability and ease of parking near a transit stop are
associated with transit customers’ satisfaction and loyalty, as shown in the previous studies
(Mahmoud and Hine, 2013; Krizek and El-Geneidy, 2007; Weinstein, 2000). In this study, the
most common trip chain began with driving and ended with walking. Specifically, the drivingtransit-walking trip chain may involve the use of park-and-ride facilities, especially for
commuter rails. For buses and light rail, other types of parking are likely used, such as street
parking or parking garages. Large parking lots may not feel safe or accessible; other options like
street parking and shared use parking may be preferable. Even park-and-rides bring a significant
number of pedestrians into the transit system, so accessible pedestrian infrastructure is essential
(Spieler & Higashide, 2020).
Ewing et al. (2019) analyzed parking occupancy rates at multiple station areas and found that the
various parking needs—residential, commercial, and park-and-ride—dominate different times of
the day and thus, spaces could be shared and still cover the occupancy rates. They compared
Orenco Station, on the west side of the Portland metropolitan area, with Station Park, a mixeduse development abutting a commuter rail station on the north of the Salt Lake City region, as
shown in Figure 28 below. Orenco Station represented an exemplary application of land use
diversity, with residential, commercial, and public uses, featuring public spaces, ample
sidewalks, street trees, curbside parking, small building setbacks, and other features that make it
well designed from a multi-modal standpoint. Furthermore, it minimizes distance to transit,
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provides affordable housing, thus attracting the demographics most likely to use transit and walk.
In contrast, Station Park labels itself a transit-oriented development, but projects as a giant
shopping center with a commuter rail station at one corner and a pedestrian pocket in the center,
making it more realistically a transit-adjacent development. Huge parking lots dominate the
space between the commuter rail station and other components of the development. However,
because of the various parking needs (residential, commercial, and park-and-ride) dominating
different times of day, spaces could be shared and still cover the occupancy rates. Thus, the land
used for parking could be converted to alternative features, as at Orenco Station (Ewing et al.,
2019).

Figure 28. Orenco Station study area and parking space occupancy rate (above); Station Park study area
and parking space occupancy rate (below) (Source: Ewing, Tian, Park, Stinger, & Southgate 2019)

Parking is a relatively inefficient use of space, so the conversion of vast park-and-ride lots to
mixed-use developments with shared parking spaces would encourage people to use other forms
of transport for the first-mile and last-mile trips (Figure 29). Such change would address not only
environmental concerns such as carbon emissions and traffic congestion but also economic and
social vitality in the city.
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Figure 29. Hub9 (above) and Vector (below) apartments at Orenco Station, Oregon: Former park-andride lots were redeveloped into a mixed-use apartment building. On the first floor of Vector are 125 parkand-ride stalls for transit riders (Source: http://leebarc.com/)

Programs promoting transit-oriented developments (TOD) can increase population density near
transit stops, which could improve the first-mile accessibility and increase the use of nonmotorized travel modes. Metro TOD program in Portland has many implications for UTA as
well as WFRC/MAG (Figure 30). The program aims to provide grants for projects near transit to
incentivize denser development than would otherwise be built by developers. When projects
qualify, the TOD program provides funding and support to increase the development density.
Funding amounts are based on the projected ridership increase on which such density would
have. The program currently spends just under $3 million annually on TOD capital projects.
Another facet of the TOD program is land acquisition. Metro has purchased and held land around
transit stations with the intention of promoting TOD in the future. This practice of land banking
allows Metro to hold onto land and prevent lower utilization from occurring prior to the point in
time when the market will support more intensive TOD development. In coordination with
Metro, TriMet also maintains an inventory of land for this purpose. The land acquisition by
Metro alone has amounted to over $8 million in investment from the TOD program.

Figure 30. Portland TOD typology clusters (Metro, 2016)
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6. Conclusions and areas for future research
The purposes of this study are to measure the transit-rider experience focusing on the out-ofvehicle environment and explore how their experience contributes to travel satisfaction and
loyalty. Our survey of transit trip chains reveals complex first-mile travel patterns: driving is the
most common mode to start a transit-involved trip, and one-third of transit riders transfer more
than once before riding on a transit. Then, results from the Importance-Satisfaction analysis and
a path analysis highlight that out-of-vehicle environments—in particular, safety and transfer
experience—influence customer satisfaction and loyalty more than in-vehicle and system-related
factors do. This paper concludes with practical suggestions for UTA, in cooperation with other
agencies (e.g., other transportation and planning agencies), including urban design strategies,
land use-transit integration, and multi-modal integration. In addition to these recommendations,
we urge that transit agencies and state departments of transportation need to monitor transit rider
experience, satisfaction, and loyalty on a regular basis and explore how different in-vehicle,
system, and out-of-vehicle elements are related and improved.
One limitation of this study might be the overrepresentation of infrequent riders. We attribute it
to the deliberate choice to cover the general population rather than only the onboard riders.
Nevertheless, further studies may combine onboard and general surveys to address
generalizability of the sample. Another limitation was the retrospective nature of the data.
Integrating more concurrent data from an onboard survey or other data collection methods (e.g.,
GPS, app-based survey) could enhance the results. As an extension of this study, future research
could employ a GPS-based survey to understand how micro-level environmental attributes affect
the FMLM experience.
As an extension of this study, future research could involve a pilot study of MaaS in terms of
perception, satisfaction, and barriers. In addition, a focus on FMLM trips could employ a GPSbased survey. For UTA specifically, we call for a transit street design guide including platforms,
station typologies, and TOD. Lastly, a hot spot analysis of crime and traffic safety around transit
stations, as well as design guidelines, could help to address safety concerns.
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Appendix A. Questionnaire survey
Please help UTA serve you better by completing this survey. Your responses will be kept confidential.
You will be given an opportunity for a drawing of 10 $100 Amazon gift cards.
Please think about your most common (or most recent) public transit ride when answering the
questions. Public transit includes Bus, FrontRunner, TRAX, and streetcar. From when you leave your
home to when you arrive at your destination, public transit travel includes multiple steps (see the below
image), such as access to a station, on-board, transfer, and egress from a station. Because of this, we will
ask you about specific elements of your experience.
For any questions or concerns, please contact Keunhyun Park, an assistant professor at Utah State
University, at Keunhyun.park@usu.edu
This survey will take 5-10 minutes.

1. How often do you ride UTA (e.g., FrontRunner, TRAX, bus)?
(Single select, required)
1 I ride every day
2 I ride almost every day
3 I ride a few times a week
4 I ride a couple of times a month
5 I ride less than once a month
6 I never ride
7 Don’t know
(Skip to 3 if Q1=6 or Q1=7)
2.

Considering your most common (or most recent) public transit ride, please list all travel modes
(e.g., walking, driving, public transit, etc.) in the exact order from your home to the destination
(one-way trip.)

If your trip involves fewer than seven modes, please select "Not Applicable" for the remaining
modes
(Horizontal single select, required)

Not
Ride Hailing
Public
Walking Biking Driving Carpool (Uber/Lyft/etc.) Transit Other Applicable
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2a

1st
mode

2b

1

2

3

4

5

6

7

2nd

1
2
3
4
5
6
7
mode
2c 3rd
1
2
3
4
5
6
7
mode
2d 4th
1
2
3
4
5
6
7
mode
2e 5th
1
2
3
4
5
6
7
mode
2f 6th
1
2
3
4
5
6
7
mode
2g 7th
1
2
3
4
5
6
7
mode
3. From your home, how long does it take you to walk to the nearest transit stop?
(Single select, required)
1
1-5 minutes
2
6-10 minutes
3
11-15 minutes
4
15-20 minutes
5
More than 20 minutes
6
Don’t know
(Skip to Q8b if Q1=6 or Q1=7)
4. From the last transit stop in your route, how long does it take you to walk to the
destination?
(Single select, required)

1
2
3
4
5
6

1-5 minutes
6-10 minutes
11-15 minutes
15-20 minutes
More than 20 minutes
Don’t know

5. What was the main purpose of your trip?
(Single select, required)
1
2
3
4
5
6
7

Work
School
Shopping
Social/Recreation
Healthcare
Other, please specify _[Insert text entry box] _______
Don’t know

6. How did you pay your fare?
(Single select, required)
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8
8
8
8
8
8
8

1
2
3
4
5
6
7
8
9
7.

Student or employee pass
Cash on board bus
Weekly or monthly pass
Senior pass
Disability pass
Debit/credit or cash at ticketing machine
Mobile app
Other, please specify [Insert text entry box]
Don’t know
Please indicate how satisfied you were with each of the following items during your trip.

[Repeat column headers every 5 rows]
(Single select, randomize, required)

1
2
3
4
5
6
7
8

9
1
0
1
1
1
2

Overall satisfaction
Cleanliness of the
bus/train
Comfort on the
bus/train (e.g. seat,
crowding)
Safety on the
bus/train
Information about
schedule and route
Waiting area
condition (e.g. seat,
crowding)
Safety/security at
bus/train stops
Wayfinding (e.g.,
signage, visual cues
to find a bus/train
stop)
Distance to bus/train
stops from your
home
Walking route
condition (e.g.,
sidewalk)
Traffic safety on
walking routes
Crime safety on
walking routes

Very
Dissatisfie
d
1

Satisfie
d
4

Very
Satisfie
d
5

Don’
t
know

Dissatisfie
d
2

Neutra
l
3

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6
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1
3
1
4
1
5
1
6
1
7
1
8
1
9

Transfer time and
comfort
Parking
(car/motorcycle/bike
)
On-time
performance of
bus/train
Bus/train frequency
and waiting time
Fare price (value for
money)
Ease of ticketing
Staff courtesy/skills

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

Overall travel time
(compared with
1
2
3
4
5
driving a car)
8. Please indicate how important each of the following items are to your transit use.
2
0

[Repeat column headers every 5 rows]
(Single select, randomize, required)
Very
Unimporta
nt
1
1 Overall satisfaction
1
Cleanliness of the
2
1
bus/train
Comfort on the
3 bus/train (e.g. seat,
1
crowding)
Safety on the
4
1
bus/train
Information about
5
1
schedule and route
Waiting area
6 condition (e.g. seat,
1
crowding)
Safety/security at
7
1
bus/train stops
Wayfinding (e.g.,
signage, visual
8
1
cues to find a
bus/train stop)
Distance to
9 bus/train stops
1
from your home

6

Unimporta
nt
2
2

Neutra
l
3
3

Importa
nt
4
4

Very
Importa
nt
5
5

Don’
t
kno
w
6

2

3

4

5

6

2

3

4

5

6

2

3

4

5

6

2

3

4

5

6

2

3

4

5

6

2

3

4

5

6

2

3

4

5

6

2

3

4

5

6
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1
0
1
1
1
2
1
3
1
4
1
5
1
6
1
7
1
8
1
9

Walking route
condition (e.g.,
sidewalk)
Traffic safety on
walking routes
Crime safety on
walking routes
Transfer time and
comfort
Parking
(car/motorcycle/bik
e)
On-time
performance of
bus/train
Bus/train frequency
and waiting time
Fare price (value
for money)
Ease of ticketing

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

Staff
1
2
3
4
5
6
courtesy/skills
Overall travel time
2
(compared with
1
2
3
4
5
6
0
driving a car)
8b. This question asks about barriers to using public transit. How much do following items
impact your decision not to use public transit?
[DISPLAY IF Q1 = 6 OR Q1 = 7]
[Repeat column headers every 5 rows]
(Single select, randomize, required)

1
2
3
4
5
6
7

Overall satisfaction
Cleanliness of the
bus/train
Comfort on the
bus/train (e.g. seat,
crowding)
Safety on the bus/train
Information about
schedule and route
Waiting area condition
(e.g. seat, crowding)
Safety/security at
bus/train stops

Least
Impact
1
1

Less
Impact
2
2

Medium
Impact
3
3

More
Impact
4
4

High
Impact
5
5

Don’t
know

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6
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6

Wayfinding (e.g.,
signage, visual cues to
1
2
3
4
5
6
find a bus/train stop)
Distance to bus/train
9
1
2
3
4
5
6
stops from your home
Walking route
10 condition (e.g.,
1
2
3
4
5
6
sidewalk)
Traffic safety on
11
1
2
3
4
5
6
walking routes
Crime safety on
12
1
2
3
4
5
6
walking routes
Transfer time and
13
1
2
3
4
5
6
comfort
Parking
14
1
2
3
4
5
6
(car/motorcycle/bike)
On-time performance
15
1
2
3
4
5
6
of bus/train
Bus/train frequency and
16
1
2
3
4
5
6
waiting time
Fare price (value for
17
1
2
3
4
5
6
money)
18 Ease of ticketing
1
2
3
4
5
6
19 Staff courtesy/skills
1
2
3
4
5
6
Overall travel time
20 (compared with driving
1
2
3
4
5
6
a car)
9. How likely are you to use UTA service (including TRAX, S-Line, FrontRunner, and bus)
in the future?
(Single select, required)
8

Not at all
Somewhat
I don’t
likely
Likely □ Likely
Very Likely Definitely
know
□ 1
□ 6
□ 2
□ 3
□ 4
□ 5
10. How likely are you to recommend UTA service (including TRAX, S-Line, FrontRunner,
and bus) to a friend or colleague?
(Single select, required)
Not at
all
Extremely
likely
likely
0 □ 1 □ 2
□ 3
□ 4
□ 5
6
7
8
9
10
0 □ 1 □ 2 □ 3 □ 4
5
6 7 8 9 □ 10
11. How likely are you to use a credit for a transfer between UTA and a ride hailing service
(e.g., $5 discount on an Uber/Lyft) if it were offered to you?
(Single select, required)
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Not at all
Somewhat
likely
Likely □ Likely
□ 1
□ 2
□ 3
12. Please indicate your gender.

Very Likely
□ 4

(Single select, required)
1
Male
2
Female
3
Other
13. How old are you?
(Single select, required)
1
Under 16
2
16-18
4
19-24
5
25-34
6
35-44
7
45-54
8
55-65
9
Older than 65
14. Which of the following best describe your situation?
Select all that apply
(Multiselect, required)
1 High school student
2 College student
3 Employed part-time
4 Employed full-time
5 Unemployed
6 Retired
7 Other, please specify: [Insert text entry box]
15. What is your total annual household income?
(Single select, required)
1 Under $10,000
2 $10,000 - $19,999
4 $20,000 - $29,999
5 $30,000 - $39,999
6 $40,000 - $49,999
7 $50,000 - $59,999
8 $60,000 - $69,999
9 $70,000 - $79,999
10 $80,000 - $89,999
11 $90,000 - $99,999
12 $100,000 - $150,000
13 Over $150,000
14 Don’t know
16. What is your race or ethnicity?
(Single select, required)
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I don’t
Definitely
know
□ 6
□ 5

1 White
2 African American
4 Hispanic/Latino
5 Asian
6 Native Hawaiian or other Pacific Islander
7 Native American/American Indian
8 Two or more of these
9 Other, please specify: [Insert text entry box]
17. How many cars are available for your use in your household?
(Note: if you do not have a driver’s license, the answer should be 0)
(Single select, required)
1 0
2 1
4 2
5 3 or more
6 Don’t know
18. Do you have any physical disabilities that limit the kind of transportation you use?
1
2

(Single select, required)
Yes
No
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