
Citation: Gangadharaiah, R.; Su, H.;

Rosopa, E.B.; Brooks, J.O.; Kolodge,

K.; Boor, L.; Rosopa, P.J.; Jia, Y. A

User-Centered Design Exploration of

Factors That Influence the Rideshare

Experience. Safety 2023, 9, 36.

https://doi.org/10.3390/

safety9020036

Academic Editor: Raphael

Grzebieta

Received: 23 March 2023

Revised: 23 May 2023

Accepted: 25 May 2023

Published: 26 May 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

safety

Article

A User-Centered Design Exploration of Factors That Influence
the Rideshare Experience
Rakesh Gangadharaiah 1, Haotian Su 1 , Elenah B. Rosopa 2, Johnell O. Brooks 1,*, Kristin Kolodge 3, Lisa Boor 3,
Patrick J. Rosopa 2 and Yunyi Jia 1

1 Department of Automotive Engineering, Clemson University, Greenville, SC 29607, USA;
rakeshg@g.clemson.edu (R.G.)

2 Department of Psychology, Clemson University, Clemson, SC 29634, USA
3 J.D. Power, Troy, MI 48083, USA
* Correspondence: jobrook@clemson.edu; Tel.: +1-864-283-7272

Abstract: The rise of real-time information communication through smartphones and wireless net-
works enabled the growth of ridesharing services. While personal rideshare services (individuals
riding alone or with acquaintances) initially dominated the market, the popularity of pooled rideshar-
ing (individuals sharing rides with people they do not know) has grown globally. However, pooled
ridesharing remains less common in the U.S., where personal vehicle usage is still the norm. Ve-
hicle design and rideshare services may need to be tailored to user preferences to increase pooled
rideshare adoption. Based on a large, national U.S. survey (N = 5385), the results of exploratory and
confirmatory factor analyses suggested that four key factors influence riders’ willingness to consider
pooled ridesharing: comfort/ease of use, convenience, vehicle technology/accessibility, and passenger safety.
A binomial logistic regression was conducted to determine how the four factors influence one’s will-
ingness to consider pooled ridesharing. The two factors that positively influence riders’ willingness
to consider pooled ridesharing are vehicle technology/accessibility (B = 1.10) and convenience (B = 0.94),
while lack of passenger safety (B = −0.63) and comfort/ease of use (B = −0.17) are pooled ridesharing
deterrents. Understanding user-centered design and service factors are critical to increase the use of
pooled ridesharing services in the future.

Keywords: pooled rideshare; user experience; factor analysis; transportation network companies;
user acceptance; binomial logistic regression

1. Introduction

The Society of Automotive Engineers (SAE) defines ridesharing as the formal or
informal sharing of rides between drivers and passengers with similar origin–destination
pairings [1]. Transportation network companies (TNCs) such as Uber and Lyft are formal
ridesharing services that offer personal rideshare, where a rider can choose to travel alone
or with individuals in their party, and pooled ridesharing, where a rider indicates their
willingness to potentially travel with other riders that they do not know who are traveling
towards the same direction. TNCs offer on-demand ride services where requests are made
in real time as long as the rider has internet connectivity, typically through an app on
a smartphone. Due to the rise in smartphone usage, on-demand ridesharing services
have increased. For example, from Uber’s 2019 annual report, their service is available in
more than 10,000 cities across 69 countries [2]. There was a 32% increase in the number of
bookings from 2018 to 2019. However, there was a 28% decline in 2020 due to the COVID-19
pandemic [3].

Internet-based ridesharing became available after the emergence of information and
communication technology (ICT), such as the internet and cellphones, which provided real-
time, efficient ride-matching solutions. Ridesharing services that offer pooled rides rely on
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ICT to enable dynamic, real-time communication for the delivery of their service. A critical
element of real-time ridesharing is effective communication between the driver and rider(s).
Service providers have been consistently improving ride-matching algorithms [4,5]. The
technical convergence of ICT, smartphones and GPS led to real-time ride-matching to enable
pooled ridesharing. TNCs such as Uber and Lyft also rely upon services such as Google
Maps for navigation to determine the best routes for rides [6,7]. Real-time ridesharing was
not possible until accurate information could be delivered in a time-sensitive manner [8].
Once smartphones evolved to the point that reliable location information could be provided,
the ability for ride-matching for ridesharing services became possible [9]. Over time,
advancements led to higher match rates in pooled ridesharing. Tao and Wu [10] conducted
a field trial assessment of a real-time, dynamic ridesharing system, where they identified
the essential elements for pooled rideshare service providers to have efficient operations:
target customers and a service area, service times and routes, ride-matching algorithms,
a mileage calculation, criteria of fare calculation, a payment method, the ability to know
customer’s preferences, and a means for transparent communication.

From a travelers’ perspective, one desirable feature is the ability to multi-task during
a trip in order to increase productivity during the ride, regardless of if the vehicle is a
personal vehicle or public transit [11]; their analysis suggests that the ability to use a
laptop, tablet, or notebook during a commute was a significant contributing factor when
determining transportation modality. Rideshare services can provide a convenient and
flexible transportation option without the burden of driving oneself. Several studies have
highlighted that the future fully autonomous vehicles, which are self-driving vehicles, have
the potential to be used for ridesharing services [12–14]. Shared autonomous vehicles have
the potential to allow riders to relax or be productive while traveling.

Travelers consider the safety features essential to using rideshare services. Guru-
murthy and Kockelman’s [13] shared autonomous vehicle model showed that respondents’
willingness to share rides with strangers increased by approximately 15% if there is the
capability to broadcast their location information to family or friends for safety purposes
with the expectation this location-sharing ability occurs for no additional cost. Several
researchers have suggested that service providers need to have a mechanism to conduct
criminal background checks and screenings of riders using social networking platforms in
order to increase rideshare use [13,15–17]. Social networking platforms are used to match
individuals who have common interests and/or friends. Uber uses Facebook profiles to
search for riders’ interests and mutual friends [18]. Riders have mixed opinions about this;
some feel this could help them meet new people, while others do not feel comfortable
sharing their information [19,20].

Trust is an important topic when considering ridesharing [15]. Several studies suggest
that riders feel safe using pooled ridesharing when traveling with co-workers or riders
from the same neighborhood [16,17,21]. Trust can also be established through rider reviews
and rating systems [15,22,23]. Riders with good ratings can be offered special deals or
incentives to reward good behavior. However, in some studies, respondents did not want
the service providers to include riders’ ratings [13]. Some feel that rider ratings create the
possibility of discrimination against others based on race or class [22]. Sarriera et al. [17]
documented that many riders harbor feelings of prejudice towards other riders of different
social classes and races.

A transparent pricing structure may increase the trust of the riders [16,17]. Similarly,
an efficient ride-matching algorithm which avoids detours will also positively influence
trust [22]. A driver is a significant factor when trusting a rideshare service platform. The
service providers try to ensure a positive driver credibility [24]. The service providers can in-
clude a one-button alarm/panic option to prevent drivers from unnecessary detours [23,25].
Transparent travel routes, driver ratings, and communication channels can improve safety
perception [25]. In pooled ridesharing, the vehicle detouring from one’s route needs to be
constantly updated to the riders [26].
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The needs and preferences of riders vary by the riders’ age. Gluck et al.’s [26] study
on older adults’ preferences (with average age of 85.5 years old) in a shared autonomous
vehicle showed that assistive features such as swivel seats, automatic doors, and wheelchair
accessibility for vehicle ingress and egress are essential. Riders want privacy and sufficient
storage for mobility aids. In addition, an emergency contact system or the ability to have
the vehicle drive to a nearby hospital in case of a medical emergency were also important.
Unlike the younger generations, the potential older users do not want to use smartphone
apps to book a vehicle; instead, they prefer to book a ride by making a phone call. In
addition, to supplement touch screen display, this older group of potential riders also
wants to be able to communicate through audio options.

TNCs offer specialized services aimed at meeting the needs of many consumer groups.
HopSkipDrive and Kango are companies that are dedicated to offering ridesharing services
to children for pickup and drop-off at school and other events [27,28]. Although Lift
Hero is no longer in business, they provided specialized ridesharing services for the U.S.’s
aging population [29]. In select markets, both Uber and Lyft offer special services for
individuals with disabilities [30,31]. These services may offer different types of vehicles,
such as wheelchair-accessible vehicles and/or skilled drivers to support the riders’ needs.

Pratt et al. [22] analyzed the tweets of pooled rideshare riders. The recommendations
provided to service providers included the need to ensure that the driver and riders follow
social protocols, cleanliness, maintain non-smoking environment, and ensure riders would
not ride if they had an infection, even before the COVID-19 pandemic.

Service providers need to develop robust and reliable real-time systems which help
accessibility to riders. Michalak et al. [16] suggested that pooled rideshare services need to
be available 24 h per day and offer a guaranteed ride to their home. There can be a monthly
subscription discount for long-term participation [10,32].

Pooled rideshare acceptance can potentially be increased by exploring the travelers’
requirements and identifying their concerns. There is an opportunity to use technological
advancements in several domains, e.g., ICT and vehicle automation, to enhance rideshare
vehicle designs, services, and experiences to address the barriers to using rideshare. This
study used a subset of a larger dataset which examined the survey items aimed to optimize
one’s pooled rideshare experience. Based on a review of extant literature, the present
research employed a U.S. nationwide online survey, which focused on enhancing the
overall experience of using pooled rideshare services. An exploratory factor analysis was
conducted to identify the key groupings of topical areas. Then, a confirmatory factor
analysis was conducted to further validate the factor structure. Finally, a binomial logistic
regression provided insight into the weightings of each of the factors.

2. Materials and Methods
2.1. Participants

The study included a total of 5385 participants, with 2000 recruited across the United
States and 3385 from targeted locations such as Atlanta, Austin, Chicago, Detroit, New
York City, San Francisco, and the upstate of South Carolina. The decision to expand to the
target locations was primarily driven by the potential for future modeling collaborations
with Argonne National Lab. Transportation trends guided the selection of the six cities, as
these locations presented valuable insights. In addition to these six locations, the upstate
region of South Carolina is near Clemson University. Participants were required to be at
least 18 years old, and their ages ranged from 18 to 95 years, with a mean of 46.5 years
(SD = 17.5). Of the total participants, 2803 self-identified as female and 2545 as male. This
study was approved by the Institutional Review Board at Clemson University and was
conducted between July and August 2021.

2.2. Online Survey

Participants completed an online survey. Participants were required to answer two
screener questions regarding their age and rideshare experience within the last five years.
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Those who worked as drivers for rideshare companies but had no experience as passengers
were excluded from the study. After the screener questions and providing consent, each
participant completed five sections:

• Section 1: Your transportation needs. This section assessed the participant’s typical
modes of transportation and reasons for using personal and pooled rideshare services.

• Section 2: Willingness to consider pooled ridesharing (PR). This section evaluated the
participant’s readiness to utilize PR.

• Section 3a and 3b: Would/Would-not-consider-PR. This section investigated topics
that may influence the participant’s willingness or unwillingness to consider using
pooled ridesharing.

• Section 4: Optimizing rideshare experience. This section examined topics related to
user-centered topics and service-related needs.

• Section 5: Demographics. This section gathered information about the participant and
their household.

The present study focused on questions from Section 4 of the larger survey, optimizing
rideshare experience. This section included 23 items thematically grouped by the authors
into three categories of items (mode, HMI, and route) that are related to user-centered
vehicle design and ridesharing services that may influence one’s willingness to consider
pooled ridesharing. The mode category consisted of seven items related to vehicle technol-
ogy and rideshare services provided by the TNC companies. The HMI category consisted
of 10 items related to user interaction with the vehicle and/or related rideshare services.
The route category included six items related to trip services for a ride, such as cost, time,
and the trip’s details (see Table 1). Each item was rated on a four-point Likert-type scale:
‘Strongly disagree’, ‘Disagree’, ‘Agree’, and ‘Strongly agree’.

The survey items were chosen based on an extensive literature review on the challenges
and solutions related to ridesharing, with the aim of enhancing the overall experience of
using pooled rideshare services. The literature emphasized several important elements
of user experience and rideshare service delivery. The items in the mode category ex-
plore the technology and services associated with the ridesharing experience. Previous
research [9,12–14] emphasized the importance of vehicle automation and electric vehicles
as factors influencing user preference and adoption. Additionally, the need for cleaning
and disinfecting rides, accessibility for passengers with disabilities, the ability to ride
with like-minded individuals, pre-screening of passengers, and availability of subscription
services were discussed in various studies [10,16,22,24,26]. The items in the HMI (Human–
Machine Interface) category focused on user interaction with the vehicle and associated
services. Previous research [16,17,26] emphasized the importance of easy-to-use apps,
temperature control, adjustable seating, and profile viewing of co-passengers prior to the
ride. Items regarding the availability of private spaces, alternative ride-request methods,
and sufficient storage space were discussed in various studies [26,32]. User preferences for
information and entertainment options and first-time user assistance were also mentioned
in the literature [16,22]. The survey items in the route category are related to the trip’s
details, including cost, time, and logistics. Based on previous research, the affordability of
ridesharing, 24/7 availability, the potential for co-passengers heading to the same direction
of the destination, ability to share trip and location information, clarity on ride details (cost,
route, time), and minimizing detours are important considerations for users [10,13,16,22,26].
Each of the survey items corresponds to categories that were identified in prior research as
influencing user preferences and the adoption of pooled rideshare services. Therefore, they
were included in the survey to gain a comprehensive understanding of user preferences
and areas for improvement in the current service.

2.3. Data Analysis

The current study utilized data from all participants who completed the optimizing
rideshare experience section. The 23 items from this section were used in a factor analysis
to identify underlying latent dimensions. Because the sample was representative of the
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general population, a factor analysis was used to determine if the survey items could be
grouped together based on their correlations.

Table 1. Original category and survey items from optimizing rideshare experience (Section 4).

Original Category Category Statement Survey Item Item Name

Mode

Thinking about certain aspects of
the vehicle or other riders using

the rideshare service, please state
how much you agree or disagree
with the following statements: I
would be more likely to choose a

pooled rideshare if . . .

The vehicle is automated and does not have a
human driver Mode_VehAutomated

Mode The vehicle is a battery-electric vehicle (only runs
on electricity) Mode_VehElectric

Mode The vehicle is cleaned/disinfected in between rides Mode_VehCleaned

Mode The vehicle is accessible for passengers with
disabilities Mode_DisabilityAccess

Mode I can ride with a person who is like me Mode_Co-riderLikeMe

Mode The other passenger is pre-screened by the
rideshare service Mode_Prescreen

Mode A subscription service is available (i.e., fixed
monthly cost for unlimited rides) Mode_Subscription

HMI

Considering how you might
interact with the rideshare vehicle
or service, please state how much

you agree or disagree with the
following statements: I would be

more likely to choose a pooled
rideshare if . . .

The rideshare service app is easy to use HMI_AppEaseOfUse

HMI I can adjust the temperature in the vehicle to
my liking HMI_Temperature

HMI I can see a profile of the other passenger HMI_SeeProfile
HMI I can adjust the seats in the vehicle for comfort HMI_AdjustSeat
HMI The vehicle design creates private spaces HMI_PrivateSpace
HMI I can call to request a ride instead of using the app HMI_CallToRequest

HMI There is sufficient storage in the vehicle for all my
belongings HMI_StorageSpace

HMI I can sit where I want in the vehicle HMI_SitWhereIWant

HMI The vehicle offers me information and
entertainment throughout the experience HMI_Infotainment

HMI I had someone to help me with the service during
my first time requesting a ride HMI_SomeoneToHelp

Route

Please state how much you agree
or disagree with the following

statements: I would be more likely
to choose a pooled rideshare if . . .

The cost to share a ride is more affordable than
other transportation Route_Affordable

Route A ride is available 24/7 Route_Available24/7

Route The other passenger is coming from or going to the
same event/location as me Route_NearbyRiders

Route I can provide information about my trip and
location to my family and/or friends Route_LocationShare

Route There is clear information about the ride (e.g., cost,
route, time) before I book it Route_RideInformation

Route I won’t be delayed by long detours Route_NoDelay

Descriptive statistics were calculated, and an exploratory factor analysis (EFA) was
performed. EFA is a statistical procedure that examines whether variables (i.e., items)
correlate with each other in a systematic manner [33]. This was done to determine whether
the items could be grouped together based on their correlations. Bartlett’s [34] test of
sphericity was used to determine whether the correlation matrix deviated from an identity
matrix. The Kaiser–Meyer–Olkin measure of sampling adequacy [35] was also used to
verify if a factor analysis was appropriate for the items. MSAs ≥ 0.9 suggest that the degree
of correlation among the variables is sufficiently high for factor analysis.

To extract factors from the correlation matrix, the principal axis method was used [36].
Data reduction is one of the major purposes of factor analysis, where the number of factors
extracted is typically much smaller than the number of variables. Two approaches were
used to decide how many factors to retain. Kaiser’s [37] rule specifies that the number
of factors to extract should be greater than the variance of a single variable. A parallel
analysis [33,38] was conducted to compare the eigenvalues from the original dataset to
the eigenvalues from a simulated uncorrelated dataset of similar dimensions to the actual
data. Parallel analysis is considered a more accurate method for factor retention due to its
systematic nature [33].

After factor extraction, the factor loadings were rotated using an oblique factor rotation.
The Promax rotation [39] was used to achieve a simple structure, allowing the factors to be
correlated. The psych package in R was used to conduct the EFA [40,41]. To validate the
EFA model, a confirmatory factor analysis (CFA) was conducted using the lavaan package
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in R [42]. CFA was used as a validation method to assess how well the factor model
reproduced the sample correlation matrix, providing evidence to adopt the new factor
model [43].

An 80/20 holdout validation approach was used, where 80% of the total sample
(N = 4296) was selected for the EFA model fitting and 20% of the total sample (N = 1099)
was selected for the CFA model fitting [44]. The total sample was grouped according to the
regions of participants and their willingness to consider using pooled ridesharing. In each
sample group, 80% of the samples were randomly selected for the EFA sample set and 20%
of the samples were randomly selected for the CFA sample set.

Finally, a binomial logistic regression was conducted to evaluate the influence of each
predictor on the outcome [45]. Participants’ willingness to consider pooled ridesharing
was determined using the following question: “Regardless of your past experience, would
you be willing to consider utilizing a pooled rideshare, one in which you share the ride
with people you don’t know who may join from multiple locations during the trip and
drop off at different locations? (e.g., UberPool, Lyft Shared)”. Responses to this question
were then used to determine participants’ inclination towards considering pooled rideshare
services. The responses to this question are ‘Yes’, ‘No’, and ‘Don’t know’. Participants were
categorized into two groups according to their willingness to consider pooled ridesharing
based on their responses. Participants who answered ‘Yes’ (41.0%, N = 2207) to this question
were in the would-consider-PR group. Participants who answered ‘No’ (43.7%, N = 2352)
and ‘Don’t know’ (15.3%, N = 826) were in the would-not-consider-PR group. Factor scores
from the factor analysis were used as predictors, and the willingness to consider pooled
ridesharing was used as the binary outcome.

In summary, in the present study, an EFA was conducted on 23 items from the
optimizing rideshare experience section to identify underlying latent dimensions. De-
scriptive statistics and statistical tests were conducted to determine whether the factor
analysis was appropriate for the items. The extracted factors were validated using a CFA,
and a logistic regression was used to evaluate the predictive value of the factor scores.

3. Results
3.1. Descriptive Statistics

Out of the total sample, 21 out of 23 survey items were reported as ‘Agree’ or ‘Strongly
agree’ by over 50% of the participants. The two items that fell below the 50% threshold
were ‘The vehicle is automated and does not have a human driver’, with 35.1% and ‘The vehicle
is a battery-electric vehicle (only runs on electricity)’ with 44.9%. Both items were in the
mode category. On the other end of the spectrum in the mode category, ‘The vehicle
is cleaned/disinfected in between rides’, was the statement with the greatest percentage of
participants (82.1%) responding either ‘Agree’ or ‘Strongly agree’. Using a threshold of 75%
of participants responding with either ‘Agree’ or ‘Strongly agree’, one additional item in
mode category met this criterion, ‘The other passenger is pre-screened by the rideshare service’
(76%). Only two items in the HMI category met the 75% criteria, ‘Rideshare service app is
easy to use’ (78.9%) and ‘There is sufficient storage in the vehicle for all my belongings’ (79.1%).
All of the six items in the route category met the 75% criteria. In descending order, they
are: ‘There is clear information about the ride (e.g., cost, route, time) before I book it’ (84%), ‘I
won’t be delayed by long detours’ (81.5%), ‘The cost to share a ride is more affordable than other
transportation’ (79.2%), ‘A ride is available 24/7′ (77.8%), ‘I can provide information about my
trip and location to my family and/or friends’ (77.4%), and ‘The other passenger is coming from
or going to the same event/location as me’ (76%). A descriptive summary of the responses is
located in Figure 1.

3.2. Exploratory Factor Analysis

An EFA was used to form factors/latent variables, which were not directly measured
in the survey but relevant to create different themes/topics. A series of survey items
representing various measures that can be taken to improve the willingness to consider
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pooled rideshare services were included in the survey. These survey items might potentially
be correlated by several groups. The grouping of the survey items represents the higher-
level factors demonstrated by the survey items. Mathematically, the goal of the EFA is to
determine not only the number of factors that underly the observed variables (i.e., items),
but also which items load on the higher-level factors, while optimally reproducing the
correlation matrix among the observed variables (i.e., items).
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Figure 1. Summary of the responses to the survey items from the total sample (N = 5385).

3.2.1. Correlation Matrix

First, the correlation matrix of the survey items was calculated and inspected to
ensure the data was suitable for an EFA [36]. The survey items’ response options con-
tained an ordered Likert four-point scale, and a polychoric correlation method is used
for computation [46,47]. Table 2 shows the results of the polychoric correlation matrix of
all 23 survey items. There were a substantial number of correlations above 0.50 between
survey items within the same category (e.g., route category). A high correlation between
survey items indicates that the items improve the same factor related to the willingness
to consider pooled ridesharing. Most survey items had high correlations with items from
the same category. Survey items related to the human–machine-interface aspects of pooled
ridesharing all had correlations above 0.50 with each other. Survey items related to the
routing aspects of pooled ridesharing all had correlations above 0.60 with each other.

There was only one pair of survey items from the same category with a correlation of
less than 0.20. Among items related to the service mode of pooled ridesharing, ‘The vehicle
is automated and does not have a human driver’ and ‘The vehicle is cleaned/disinfected in between
rides’ had a correlation of 0.19. This very low correlation in the same category was a clear
indication that they do not belong in the same category and the two items were diverse
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in their topic. One item was related to driving automation, and the other was related to
vehicle cleanliness.

Table 2. Polychoric correlation matrix of all variables.
M

od
e_

Ve
hA

ut
om

at
ed

M
od

e_
Ve

hE
le

ct
ri

c

M
od

e_
Ve

hC
le

an
ed

M
od

e_
D

is
ab

ili
ty

A
cc

es
s

M
od

e_
C

o-
ri

de
rL

ik
eM

e

M
od

e_
Pr

es
cr

ee
n

M
od

e_
Su

bs
cr

ip
ti

on

H
M

I_
A

pp
Ea

se
O

fU
se

H
M

I_
Te

m
pe

ra
tu

re

H
M

I_
Se

eP
ro

fil
e

H
M

I_
A

dj
us

tS
ea

t

H
M

I_
Pr

iv
at

eS
pa

ce

H
M

I_
C

al
lT

oR
eq

ue
st

H
M

I_
St

or
ag

eS
pa

ce

H
M

I_
Si

tW
he

re
IW

an
t

H
M

I_
In

fo
ta

in
m

en
t

H
M

I_
So

m
eo

ne
To

H
el

p

R
ou

te
_A

ff
or

da
bl

e

R
ou

te
_A

va
ila

bl
e2

4/
7

R
ou

te
_N

ea
rb

yR
id

er
s

R
ou

te
_L

oc
at

io
nS

ha
re

R
ou

te
_R

id
eI

nf
or

m
at

io
n

R
ou

te
_N

oD
el

ay

Mode_VehAutomated 1.00
Mode_VehElectric 0.68 1.00
Mode_VehCleaned 0.19 0.38 1.00

Mode_DisabilityAccess 0.43 0.54 0.54 1.00
Mode_Co-riderLikeMe 0.45 0.51 0.53 0.55 1.00

Mode_Prescreen 0.30 0.40 0.67 0.51 0.58 1.00
Mode_Subscription 0.53 0.59 0.43 0.61 0.54 0.47 1.00

HMI_AppEaseOfUse 0.30 0.40 0.55 0.49 0.48 0.53 0.48 1.00
HMI_Temperature 0.40 0.46 0.51 0.50 0.55 0.52 0.50 0.60 1.00

HMI_SeeProfile 0.40 0.44 0.51 0.48 0.58 0.60 0.49 0.57 0.62 1.00
HMI_AdjustSeat 0.36 0.43 0.52 0.51 0.54 0.51 0.52 0.60 0.75 0.59 1.00

HMI_PrivateSpace 0.40 0.46 0.54 0.50 0.56 0.56 0.48 0.58 0.67 0.64 0.67 1.00
HMI_CallToRequest 0.35 0.42 0.45 0.51 0.51 0.43 0.50 0.52 0.58 0.53 0.61 0.56 1.00
HMI_StorageSpace 0.30 0.39 0.55 0.49 0.51 0.54 0.47 0.68 0.67 0.58 0.70 0.64 0.58 1.00

HMI_SitWhereIWant 0.34 0.42 0.54 0.49 0.57 0.52 0.46 0.63 0.70 0.61 0.71 0.68 0.60 0.67 1.00
HMI_Infotainment 0.51 0.56 0.42 0.54 0.56 0.43 0.58 0.55 0.66 0.61 0.64 0.64 0.58 0.58 0.63 1.00

HMI_SomeoneToHelp 0.39 0.46 0.45 0.55 0.54 0.48 0.54 0.57 0.60 0.57 0.61 0.58 0.65 0.59 0.58 0.63 1.00
Route_Affordable 0.24 0.36 0.53 0.40 0.46 0.53 0.41 0.59 0.48 0.46 0.48 0.47 0.41 0.55 0.49 0.42 0.46 1.00

Route_Available24/7 0.28 0.38 0.54 0.48 0.47 0.53 0.47 0.60 0.53 0.49 0.53 0.52 0.47 0.60 0.54 0.48 0.51 0.66 1.00
Route_NearbyRiders 0.30 0.40 0.52 0.43 0.54 0.55 0.43 0.56 0.51 0.53 0.51 0.53 0.48 0.55 0.53 0.47 0.51 0.64 0.61 1.00
Route_LocationShare 0.28 0.38 0.60 0.50 0.50 0.57 0.46 0.57 0.51 0.55 0.53 0.53 0.45 0.55 0.52 0.50 0.51 0.61 0.61 0.61 1.00

Route_RideInformation 0.16 0.31 0.61 0.41 0.46 0.58 0.39 0.63 0.50 0.48 0.53 0.50 0.43 0.59 0.51 0.40 0.46 0.73 0.68 0.65 0.68 1.00
Route_NoDelay 0.17 0.27 0.57 0.37 0.42 0.54 0.34 0.57 0.48 0.43 0.49 0.48 0.40 0.56 0.50 0.36 0.42 0.66 0.64 0.64 0.62 0.71 1.00

3.2.2. Appropriateness of the Data

To determine if the data were appropriate for an EFA, the Bartlett’s test of sphericity
and the Kaiser–Meyer–Olkin test were performed. The result of the Bartlett’s test was
statistically significant (χ2(253) = 59,443.32, p < 0.001), which suggests that the correlation
matrix amongst the survey items was not an identity matrix. Rather, the survey items
were correlated with one another; therefore, the data were appropriate for an EFA. The
Kaiser–Meyer–Olkin test was used to examine the MSA of each of the survey items as well
as the entire survey sample. All individual survey items had an MSA value ≥ 0.90. The
overall MSA value for the entire dataset was 0.97, suggesting the sampling adequacy was
large enough for an EFA.

3.2.3. Exploratory Factor Analysis Model

Factor retention is a crucial process in the determination of the EFA model. There is no
individual criterion decisive for the number of factors to retain. Therefore, a combination of
results based on multiple rules is required for the factor retention process [47]. According
to Kaiser’s eigenvalues-greater-than-one rule [37], as there were three eigenvalues greater
than 1, no more than three factors should be considered in the factor analysis. With a
parallel test [38], the eigenvalues of the survey data were found to drop under simulated
data after the sixth factor, limiting the number of factors to retain at six. Combining the
findings from both tests, factor analyses were conducted for factor solutions with no more
than six factors.

The one- and two-factor solutions were rejected because the factors did not adequately
address the concepts that influence participants’ willingness to consider pooled rideshare
service; the concepts that influence one’s willingness to consider pooled rideshare service
were simply under-represented with the one- and two-factor solutions. The five- and
six-factor solutions were rejected because there were factors extracted with too few survey
items in these solutions. Typically, at least three measured indicators under a factor are
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preferable for the statistical identification of a factor [48–50]. Factors with fewer than three
survey items might be statistically insignificant.

When comparing the three- and four-factor solutions, the meaningful differences were
that the items ‘The vehicle is cleaned/disinfected in between rides’, ‘I can ride with a
person who is like me’, and ‘The other passenger is pre-screened by the rideshare service’
were isolated from the vehicle technology/accessibility factor and formed a new construct
the team named passenger safety in the four-factor solution. When examining the full
correlation matrix, ‘The vehicle is cleaned/disinfected in between rides’ had the highest
correlation (0.67) with ‘The other passenger is pre-screened by the rideshare service’,
and ‘I can ride with a person who is like me’ had the highest correlation (0.58) with
‘The other passenger is pre-screened by the rideshare service’. The strong correlations
justify combining these three survey items into the stand-alone passenger safety factor.
Furthermore, when these three survey items make up the unique passenger safety factor,
there was a clear distinction from the convenience factor.

Therefore, the four-factor solution was determined to be the strongest solution, see
Table 3. Using a four-factor solution, all survey items passed the factor loading threshold
of 0.35. Field [51] recommended that the factor loadings below 0.30 should not be used
and Guadagnoli and Velicer [52] suggested that factors with factor loadings above 0.40 can
be considered stable. Hence, a cut-off threshold of 0.35 was used. The 23 survey items
explained 64.27% of the total variance. Table 3 displays the full pattern loading matrix from
the results of the rotated four-factor solution. For each survey item, a higher factor loading
value indicates a higher contribution to the construct.

The four factors can be described as:

(a) The first factor is Comfort/ease of use. Ten items were clustered under this construct
which explained 26.02% of the total variance. The three items with the highest factor
loadings included, ‘I can adjust the seats in the vehicle for comfort’ (0.92), ‘I can sit where
I want in the vehicle’ (0.86), and ‘I can adjust the temperature in the vehicle to my liking’
(0.84).

(b) The second factor is Convenience. Six items were included in the convenience factor
and explained 18.83% of the total variance. The items with the highest factor loadings
included, ‘The cost to share a ride is more affordable than other transportation’, ‘There is clear
information about the ride (e.g., cost, route, time) before I book it’, and ‘I won’t be delayed by
long detours’ with factors loadings of 0.89, 0.88, and 0.83 respectively.

(c) The third factor is Vehicle technology/accessibility which included four items and ex-
plained 11.32% of the total variance. The items with the highest factor loadings
were ‘The vehicle is automated and does not have a human driver’ and ‘The vehicle is a
battery-electric vehicle (only runs on electricity)’ with factor loadings of 0.91, and 0.87,
respectively.

(d) The fourth factor is Passenger safety. As described above, three items were included
in this factor, which explained 8.10% of the total variance. The item with the highest
factor loading was ‘The other passenger is pre-screened by the rideshare service’ (0.77).

3.2.4. Reliability of the Exploratory Factor Analysis

The reliability assessment of the EFA solution was done by obtaining Cronbach’s alpha
value for all four factors (see Table 3 note). Cronbach’s alpha value for comfort/ease of use
was 0.93, convenience was 0.90, vehicle technology/accessibility was 0.79, and passenger safety
was 0.77. All the factors had Cronbach’s alpha value greater than 0.75, indicating high
reliability for the factors extracted by EFA.

3.3. Confirmatory Factor Analysis

A CFA was conducted with the remaining 20% of the data to validate the factors
suggested by the EFA. For the CFA, maximum likelihood estimation method was used.
The CFA results suggested a measurement model based on the pattern matrix, shown in
Figure 2. A series of goodness-of-fit metrics were calculated to evaluate the measurement
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model. The model fit yielded χ2(224) = 4179.27, p < 0.0001. The Root Mean Square Error of
Approximation of the model fit was 0.064, which fell between 0.05 and 0.08 and indicated
a reasonable approximate fit. Both the Comparative Fit Index and Tucker–Lewis Index
of the model fit were above the recommended cut-off value of 0.90, with 0.933 and 0.925,
respectively. The goodness-of-fit index was measured at 0.905, which was also above
the generally accepted 0.90 cut-off value. With suggestions from multiple metrics, it was
concluded that the CFA results supported the four-factor structure.

Table 3. Standardized loadings (pattern matrix) of the 23 survey items on the four factors.

Comfort/
Ease of Use Convenience Vehicle Technology/

Accessibility Passenger Safety

I can adjust the seats in the vehicle for
comfort 0.92 0.00 −0.07 −0.02

I can sit where I want in the vehicle 0.86 0.01 −0.12 0.06
I can adjust the temperature in the vehicle

to my liking 0.84 0.01 0.01 −0.03

There is sufficient storage in the vehicle
for all my belongings 0.75 0.22 −0.15 −0.01

The vehicle design creates private spaces 0.72 −0.03 −0.01 0.14
The vehicle offers me information and

entertainment throughout the experience 0.72 −0.05 0.34 −0.17

I can call to request a ride instead of using
the app 0.71 0.00 0.1 −0.07

I had someone to help me with the service
during my first time requesting a ride 0.62 0.08 0.18 −0.07

I can see a profile of the other passenger 0.51 −0.01 0.08 0.24
The rideshare service app is easy to use 0.50 0.39 −0.06 0.00

The cost to share a ride is more affordable
than other transportation −0.08 0.89 0.09 −0.06

There is clear information about the ride
(e.g., cost, route, time) before I book it 0.00 0.88 −0.12 0.09

I won’t be delayed by long detours 0.01 0.83 −0.1 0.05
A ride is available 24/7 0.13 0.71 0.09 −0.07

The other passenger is coming from or
going to the same event/location as me 0.07 0.65 0.14 0.00

I can provide information about my trip
and location to my family and/or friends 0.03 0.57 0.09 0.17

The vehicle is automated and does not
have a human driver −0.03 −0.04 0.91 −0.15

The vehicle is a battery-electric vehicle
(only runs on electricity) −0.10 0.05 0.87 0.00

A subscription service is available (i.e.,
fixed monthly cost for unlimited rides) 0.12 0.05 0.57 0.10

The vehicle is accessible for passengers
with disabilities 0.14 −0.01 0.39 0.30

The other passenger is pre-screened by
the rideshare service −0.05 0.12 0.00 0.77

The vehicle is cleaned/disinfected in
between rides 0.05 0.18 −0.13 0.72

I can ride with a person who is like me 0.18 −0.01 0.32 0.35

Note. The variance explained for the four constructs were 26.02%, 18.83%, 11.32%, and 8.10%, respectively.
Cronbach’s alpha for each construct were 0.93, 0.90, 0.79, and 0.77, respectively. For each item, the highest
standardized loading appears in bold font.

3.4. Binomial Logistic Regression Model

Because the total sample (N = 5385) can be grouped separately by participants who
would-consider-PR and would-not-consider-PR, a binomial logistic regression was con-
ducted using the scores on the four factors as predictors. The Pearson correlations among
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all four predictors and the willingness to consider PR are reported in Table 4. The initial
inspection of the correlations revealed that the passenger safety factor was least correlated
with willingness to consider PR (0.28). Vehicle technology/accessibility had the highest corre-
lation with the willingness to consider PR (0.40), followed by comfort/ease of use (0.32) and
convenience (0.31).

Table 4. Pearson correlation matrix of four factors and willingness to consider PR.

Comfort/Ease of Use Convenience Vehicle Technology/Accessibility Passenger Safety

Convenience 0.78
Vehicle technology/accessibility 0.79 0.56

Passenger safety 0.84 0.83 0.72
Willingness to consider PR 0.32 0.31 0.40 0.28

The regression model was statistically significant (χ2 (4) = 1151.56, p < 0.0005), with a
correct classification rate of 69.6% cases. Based on Wald tests, each factor was a statistically
significant predictor of willingness to consider PR (see Table 5). The convenience and vehicle
technology/accessibility factors were positively related to willingness to consider pooled
ridesharing. These two factors had the largest effect on the willingness to consider pooled
ridesharing, with vehicle technology/accessibility as the most important. The comfort/ease of
use and passenger safety factors were negatively related to willingness to consider pooled
ridesharing. These two factors had relatively small effects on the willingness to consider
pooled ridesharing, with comfort/ease of use having the smallest effect.
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Table 5. Binomial logistic regression result of the four factors.

B Standard
Error

Wald
(χ2 (1))

Odds
Ratio

Odds Ratio
95% CI

(Lower, Upper)
Comfort/ease of use −0.17 * 0.07 5.8 0.840 0.7, 0.9

Convenience 0.94 *** 0.06 204.2 2.562 2.3, 2.9
Vehicle technology/

accessibility 1.10 *** 0.05 380.5 3.016 2.7, 3.4

Passenger safety −0.63 *** 0.07 69.8 0.532 0.5, 0.6
Note. * p < 0.05, *** p < 0.001.

4. Discussion

This study examined 23 survey items that were related to user-centered vehicle design
and ridesharing services. The factor structure of these items was investigated using a
nationally representative sample of over 5000 respondents. Factor analysis suggested a
four-factor solution. We used the four factors (i.e., latent variables) to predict willingness
to consider using pooled ridesharing. In contrast to the four factors, the original survey
design contained only three categories: the mode category with 7 items, HMI category
with 10 items, and route category with 6 items. All of the 23 survey items were retained
after factor analyses. Based on a CFA, all item loadings were relatively high (>0.6), and
the item groupings remained largely intact. This suggests the efficient process followed
in the survey design. The HMI category in the original list was renamed entirely as the
comfort/ease of use factor. Similarly, the route category in the original list was renamed
as the convenience factor. The mode category in the original list containing seven items
was split into two factors, vehicle technology/accessibility and passenger safety. The vehicle
technology/accessibility consists of four items and the passenger safety consists of three items.
These four factors grouped with loadings give an insight into the relevance of correlation
between the items and the importance of factor analysis, which helps to predict willingness
to consider pooled ridesharing more accurately.

Comfort/ease of use consisted of 10 survey items that accounted for 26.02% of the total
variance. Comfort exhibited a substantial influence on the willingness to consider pooled
ridesharing. Survey items related to comfort: ‘I can adjust the seats in the vehicle for comfort’,
‘I can sit where I want in the vehicle’, and ‘I can adjust the temperature in the vehicle to my
liking’ received the highest factor loadings. Survey item ‘There is sufficient storage in the
vehicle for all my belongings’ related to comfort received high proportions of participants,
with 79.1% choosing either ‘Agree’ or ‘Strongly agree’ for willingness to utilize pooled
ridesharing. Comfort is the state of ease or well-being of a rider during the commute.
Comfort is perceived based on several measures such as feeling if it is safe to ride, traveling
in poor weather conditions, reliability, travel time, and ability to carry things on the ride.
A previous study found that comfort was significant when selecting the transportation
mode [11]. It could be uncomfortable to share a ride if the desired seat location is occupied
or if the rider has to sit in the middle seat or have little to no privacy [26]. Survey items
related to ease of use were also on the list with considerable influence on the willingness
to consider pooled ridesharing. Survey item ‘Rideshare service app is easy to use’ related to
ease of use received high proportions of participants, with 78.9% choosing either ‘Agree’ or
‘Strongly agree’ for willingness to utilize pooled ridesharing. Perceived ease of use is based
on the benefits of the service and the effort required to use the service. An assessment of
the mobile apps shows that the service app’s ease of use can influence the rider’s behavior
and intention to use rideshare services [53]. The perceived ease of use directly correlates
with the adoption of new technologies or services [54]. Pettigrew et al. [55] suggested that
a specific segment of the population will be early adopters of shared autonomous vehicles
based on technology acceptance theories [56].

The Convenience factor consisted of six survey items that accounted for 18.83% of the
total variance. A convenient ride is a ride in which the vehicle taken is suitable to the needs
or purpose of the commute. Convenience is perceived based on several measures, such as
the ability to run errands on the way to/from their daily commute, privacy, availability
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when needed, cost, and travel time. ‘The cost to share a ride is more affordable than other
transportation’, ‘There is clear information about the ride (e.g., cost, route, time) before I book it’,
and ‘I won’t be delayed by long detours’ had the highest factor loadings and the latter two
items received the highest response among participants, with 84% and 81.5, respectively,
choosing either ‘Agree’ or ‘Strongly agree’ for willingness to utilize pooled ridesharing.
Trip costs should be lower compared to other transportation options to consider use of
pooled ridesharing [57]. Travelers who use public transportation perceive that during their
commute, the accessibility and long waiting times in their transport is more inconvenient
than the time spent inside their transport [11]. The rideshare service has the potential to
reduce the inconvenience of accessibility and long waiting time. In the rideshare, the riders
spend most of their travel time inside the vehicle so they can use their time more efficiently.
Several studies have shown rideshare services can be more convenient than public transport
with a similar fee or marginal increase [17,25,58–60]. However, Morris et al. [23] argued
that travelers would not switch from their current transportation to ridesharing unless
there were substantial convenience benefits. The availability of the ridesharing service
all the time is an important measure of convenience for acceptance [16,17,59]. Some
respondents felt that the rideshare vehicle took too long to pick up other riders, and there
was uncertainty about the length of the ride [17]. Transparency in the travel route and
effective communication with the riders may improve rider’s perception of their own
safety [25,26].

The vehicle technology/accessibility factor consisted of four survey items that accounted
for 11.32% of the total variance. Survey items related to vehicle technology, i.e., ‘The vehicle is
automated and does not have a human driver’ and ‘The vehicle is a battery-electric vehicle (only runs
on electricity)’, received the highest factor loadings. Interestingly, these two items received
the lowest proportions of participants response, with 35.1% and 44.9% only, identifying
them as ‘Agree’ or ‘Strongly agree’. This inconsistency shows the rider may not perceive
these items as essential as the other 23 survey items. However, Gluck et al. [26] predicted
that shared autonomous vehicles can provide a more convenient method of transportation
for vulnerable populations. This suggests the need for customized features for those
riders who can benefit from them, including the aging population and/or individuals with
disabilities. This was also reflected in our study, through the survey item ‘The vehicle is
accessible for passengers with disabilities’, where 62.2% rated the topic as ‘Agree’ or ‘Strongly
agree’ for willingness to utilize pooled ridesharing. Morris et al.’s [23] research showed
that environmental consciousness does not play a significant role in pooled rideshare
participation. This complements in our survey item ‘The vehicle is a battery-electric vehicle
(only runs on electricity)’. Michalak et al. [16] found that pollution reduction was not
sufficient for ridesharing participation; rather, the service has to be reliable and satisfactory.
As recommended in the previous studies [10,32], a subscription service may significantly
impact greater rideshare usage, which was reflected in our survey item ‘A subscription
service is available (i.e., fixed monthly cost for unlimited rides)’, with 62.2% rated as ‘Agree’ or
‘Strongly agree’ in importance when considering pooled ridesharing.

The passenger safety factor consisted of three survey items that accounted for 8.10% of
the total variance. Safety can significantly influence people’s willingness to consider pooled
ridesharing. Survey items related to safety: ‘The other passenger is pre-screened by the rideshare
service’ (76.4%) and ‘The vehicle is cleaned/disinfected in between rides’ (82.1%) received the
highest factor loadings. In total, 82.1% of participants ‘Agree’ or ‘Strongly agree’ with ‘The
vehicle is cleaned/disinfected in between rides’ for willingness to utilize pooled ridesharing,
which was the participants’ highest response. As the vehicle is used to commute by several
different passengers in a day, there are hygiene and cleanliness issues which must be
addressed to provide safe transportation. The safe, clean environment during the ride has
become even more important and timely due to the COVID-19 pandemic. The rideshare
service companies had an enormous negative impact as a result of the COVID-19 pandemic.
Uber earned USD 11.1 billion in revenue in 2020, a 21% decrease compared to the previous
year [61]. The US’s Occupational Safety and Health Administration (OSHA) provided
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COVID-19 guidance for rideshare service companies [62]. The guidelines include service
companies’ need to ensure vehicle door handles and interior surfaces are routinely cleaned
and disinfected, provide drivers with disinfectants and cleaning supplies, and ensure
policies encourage drivers to report any safety and/or health concerns. Therefore, for
sustained rideshare service growth, companies need to ensure a safe and clean environment
during the ride.

Riders expect the service providers to screen the passengers and match them with
passengers of similar profiles [13,15–17]. This was reflected in our survey item ‘I can ride
with a person who is like me’, with 65.7% of participants responding with ‘Agree’ or ‘Strongly
agree’ for willingness to utilize pooled ridesharing.

Transportation network companies (TNCs) are trying to ensure that the rider’s safety
is of the utmost priority. Due to several incidents of safety hazards while using ridesharing
services, there is a demand from the U.S. public and legislators for the TNCs to enhance
the safety for their riders [63]. Personal safety is the most important factor that can
cause the riders to distrust the rideshare service [24]. There were safety concerns for
the riders of Uber and Lyft, mainly due to individuals posing as drivers or the driver
of these companies [63]. Criminals pose as drivers/passengers to take advantage of
riders. WhatsMyName Foundation [64], which advertises to improve rideshare safety,
has highlighted some of the past incidents, for example: “in March 2019, a female college
student was found dead after mistakenly boarding a vehicle, assuming it was an Uber
vehicle. In Las Vegas, NV, a woman jumped out of a moving vehicle to escape a fake
and threatening driver. In Tuscaloosa, AL, a fake driver took photos of an unconscious
woman rider. In Chicago, IL, another fake driver deceived riders for financial gain by
saying something went wrong with payments and requesting credit cards during the ride”.

A rider’s safety concern can be attributed to physical assault from other riders, getting
sick due to sharing the ride, compromised rider privacy, etc. The variety of concerns
highlight the importance of the survey items of this study and its four factors that were
focused on user-centered design of the vehicle and services. TNCs have the responsibility to
ensure safer and reliable transportation for the rideshare sustained future. Mims et al. [65]
completed a comprehensive analysis on passenger discomfort in a vehicle before the
COVID-19 pandemic. Some of the important reasons for passenger discomfort were
driver distraction, uncleanliness, and smells or odors, specifically cigarettes and body odor.
After the COVID-19 pandemic, it became more apparent that TNCs have to prioritize
maintaining the vehicle germ free, privacy, and no health hazard caused due to sharing the
ride with other passengers and driver. TNCs should ensure the passengers and the driver
follow the cleanliness guidelines, good social behavior, and adherence to the rules [10,22].
Mims et al. [65] suggested that cleanliness, odor-free environments, airflow, and ideal
temperatures does influence passenger comfort in the vehicle. Therefore, to increase the
user acceptance of pooled ridesharing, there is a great opportunity to improve the vehicle
interiors and the rideshare service.

The objective of the national study was to determine the main items/factors impacting
willingness to consider PR. After exploring the factors using factor analyses, a binomial
logistic regression was conducted to determine the four factors that influence willingness to
consider pooled ridesharing. The comfort/ease of use factor had lower statistical significance
among the would-consider-PR and would-not-consider-PR groups compared to the other
three factors. For every unit increase in the comfort/ease of use factor score, there was a 16.0%
decreased willingness to consider pooled ridesharing. This indicates that while comfort/ease
of use plays a role in an individual’s willingness to consider pooled ridesharing, there are
higher priority factors to address for widescale adoption. The passenger safety factor was
statistically significant between the would-consider-PR and would-not-consider-PR group.
For every unit increase in the passenger safety factor score, there was a 46.8% decreased will-
ingness to consider pooled ridesharing. This indicates that the safety attributes are concerns
for those unwilling to consider pooled ridesharing. The convenience factor highlights the
difference between the would-consider-PR and would-not-consider-PR group. For every
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unit increase in the convenience factor score, there was a 156.2% increased willingness to
consider pooled ridesharing. Transparent communication to the rider and reliable ride
services influences the willingness to share a ride. The vehicle technology/accessibility factor
has the highest difference between the would-consider-PR and would-not-consider-PR
groups. For every unit increase in the vehicle technology/accessibility factor score, there was a
201.6% increased willingness to consider pooled ridesharing. For the would-consider-PR
participants, the monthly subscription services and the accessibility needs for disabilities
positively influence an individual to accept a ride.

It is essential to understand that comfort/ease of use and passenger safety factors are
important for individuals when considering any form of transportation. However, in a
pooled rideshare context, where riders may share the same vehicle space with unknown
individuals, comfort and safety are perceived differently. For example, the comfort/ease
of use factor incorporates survey items such as ‘I can adjust the seats in the vehicle for
comfort’, ‘I can sit where I want in the vehicle’, and ‘I can adjust the temperature in the vehicle to
my liking’. While these items contribute to comfort in a traditional, private vehicle setting,
they may not be as easily achievable in a pooled rideshare environment. Riders may have
to compromise on their preferred seating position in the vehicle, personal space, and/or
ideal temperature due to the presence of other passengers. Consequently, individuals who
highly value these comfort aspects may be less willing to consider pooled ridesharing,
leading to a negative relationship in the model.

Similarly, the negative relationship with the passenger safety factor can be linked to the
unique characteristics of pooled ridesharing. While pre-screening of other passengers and
cleanliness between rides are perceived as essential safety measures, they might not be
sufficient for some potential users. Riders may still be uncomfortable sharing a vehicle with
people they do not know, leading to perceptions of reduced personal safety. Additionally,
the possibility of being matched with passengers of different profiles than themselves
could further exacerbate these safety concerns. Thus, those who have concerns about
passenger safety demonstrate a lower willingness to consider pooled ridesharing, thereby
contributing to the negative relationship observed in the model.

The inverse relationship with both the comfort/ease of use and passenger safety factors
and the willingness to consider PR reflects the critical barriers that service providers must
overcome to dramatically increase pooled rideshare usage. This obstacle underscores the
challenges of meeting individual preferences and ensuring personal safety in a shared
space, highlighting barriers that require further research and consideration by rideshare
service providers. Future studies should seek to develop innovative solutions that can
cater to individual comfort and safety preferences within a pooled setting, to increase the
acceptance of pooled rideshare services and promote wider adoption.

5. Conclusions

This study explored opinions about the user experience design and preferences to
address human factor barriers to user acceptance of pooled ridesharing. The questionnaire
was deployed nationwide, and responses were collected from 5385 participants. The data
were resampled into two datasets for EFA model fitting and CFA validation, respectively.
An EFA was conducted to explore factors that focused on user-centered vehicle design
and ridesharing services that influenced the willingness to consider pooled ridesharing.
Then, using the holdout sample, the CFA was performed to establish the measurement
model describing the relationships between factors and survey items. Four factors were
extracted after the factor analyses, and all 23 survey items were retained. The factors were
named comfort/ease of use, explaining 26.02% of the total variance; convenience, explaining
18.83% of the total variance; vehicle technology/accessibility, explaining 11.32% of the total
variance; and passenger safety, explaining 8.10% of the total variance. Determining the
four factors influencing willingness to consider pooled ridesharing (PR) using binomial
logistic regression suggests that convenience and vehicle technology/accessibility factors have
a positive impact. Vehicle technology/accessibility had the highest difference between the



Safety 2023, 9, 36 16 of 18

would-consider-PR and would-not-consider-PR groups, with 201.6% increased willingness
to consider PR, followed by convenience, with 156.2% increased willingness to consider
PR. Comfort/ease of use and passenger safety factors were the concerns for sharing a ride.
Passenger safety had the highest negative difference between the would-consider-PR and
would-not-consider-PR groups, with 46.8% decreased willingness to consider PR, followed
by comfort/ease of use, with 16% decreased willingness to consider PR.

6. Future Research

This study examined a subset of a larger survey, specifically Section 4: Optimizing rideshare
experience. Future research will explore the potential riders who would/would not consider
pooled ridesharing (PR), previous rideshare experiences, as well as preferences of different
demographics, socioeconomic backgrounds, and preferences from different geographical
locations. An integrated analysis of all of this information can then be used to provide
a more comprehensive understanding of the considerations, preferences, and needs of
rideshare users, in order to develop a comprehensive model to predict user acceptance of
pooled ridesharing.
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