<@ sustainability

Article

Ridesharing as a Potential Sustainable Transportation
Alternative in Suburban Universities: The Case of Najran
University, Saudi Arabia

Saad AlQuhtani

check for
updates

Citation: AlQuhtani, S. Ridesharing
as a Potential Sustainable
Transportation Alternative in
Suburban Universities: The Case of
Najran University, Saudi Arabia.
Sustainability 2022, 14, 4392.

https:/ /doi.org/10.3390/s5u14084392

Academic Editors: Junfeng Jiao,

Amin Azimian and Haizhong Wang

Received: 18 February 2022
Accepted: 5 April 2022
Published: 7 April 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

© 2022 by the author.
Licensee MDPI, Basel, Switzerland.

Copyright:

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/).

Architectural Engineering Department, College of Engineering, Najran University, Najran 66462, Saudi Arabia;
smalquhtani@nu.edu.sa

Abstract: In Saudi Arabia, car ownership rates are considered comparatively high due to the lack
of other alternatives, cheap fuel and car registration costs, and higher income. The population
relies mainly on automobiles for their daily trips and primarily commutes alone, contributing to
many negative consequences. Therefore, ridesharing is a transportation mode that is a suitable
approach in such an area, since it can increase the occupancy rates and reduce single-occupant
driving, which in turn can cut vehicle emissions, contribute to a reduction in vehicle ownership and
vehicle miles traveled, alleviate traffic congestions and accidents, and decrease the need for parking
spaces. Suburban universities are considered major trip generators and attractors. They also can offer
aniche market for ridesharing programs. Thus, data was obtained from a survey performed at Najran
University to investigate the ridesharing behavior among the university population. Following a
descriptive analysis of the commuter survey data, a binary logistic regression model was adopted
to investigate the interest in ridesharing. The estimation results show being female and non-Saudi,
as well as being students and faculty members in general (versus staff), along with the presence of
fixed (regular) work or class schedules, increase the likelihood of ridesharing. Since the probability of
most of the university population (i.e., students and faculty members) toward ridesharing is high,
the number of automobiles needed by commuters will be reduced, resulting in a higher transition to
environmentally sustainable urban mobility. In addition, the university has many motivators that can
positively affect the propensity to rideshare, such as the lack of public transportation, fixed schedules,
a longer distance to campus, and a similar social background among attendees; therefore, universities
or other large employers can take these motivators into account when planning ridesharing services.
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1. Introduction

The transportation sector is one of the most problematic sectors for public policy,
particularly regarding the negative externalities associated with widespread motor vehicle
use (e.g., traffic congestion, accidents, and greenhouse gases emissions (GHGs)). The efforts
to reduce the negative effects of automobile dependency are challenged by the inflexibility
of the existing transportation infrastructure, especially considering it is projected that
automobiles worldwide will increase to 2.8 billion and emissions from roads will double
by 2050 [1].

In Saudi Arabia, the oil boom in the 1970s caused extensive urban growth, urbaniza-
tion, and a dramatic increase in car ownership [2]. The spread-out, built environment that
characterizes many Saudi cities and suburbs also results in overdependence on the private
vehicle; Saudi cities offer neither adequate public transportation nor integrative infrastruc-
ture for pedestrians and cyclists. In other words, diversified transportation modes for daily
commuting are not common, and most of the population relies mainly on automobiles
for their daily trips [3]. Moreover, fuel prices and car registration fees in Saudi Arabia are
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among the cheapest worldwide, and roads are highly developed [4]. This makes the car
ownership rate one of the highest in the world. For example, according to the General
Authority for Statistics [5], 95% of Saudi households own cars; specifically, 65% own one
car, 23% own two cars, and 12% own three cars or more; the average car ownership in
Saudi Arabia is around 1.69 cars per household.

Furthermore, 95% of work and school trips in Saudi Arabia are made by private cars,
creating an overdependence on private cars and less sustainable travel patterns, which
are associated with many negative environmental, social, and economic consequences. In
2017, road transportation in Saudi Arabia was responsible for 28% of total Saudi Arabian
GHG emissions, second only to the electricity sector [6]. Therefore, it is important to recog-
nize the significant role of light-duty vehicles in emissions production when suggesting
transportation demand management (TDM) strategies that can offer commuters options
for single-occupant driving and reduce the number of automobiles in the streets. One of
the more cost-effective alternatives is ridesharing (i.e., carpooling and vanpooling). It is the
most successful approach in areas that are not well served by public transportation and are
not ready for walking or biking [7]. Furthermore, this program does not keep commuters
from their automobiles, but increases the occupancy rate, making it a distinctive policy [8].

According to the UN-Habitat [9], the average occupancy rate of private vehicles is well
below two passengers per car, while most of them have at least four seats for passengers
and the driver. Commuting alone continues to account for many car trips. For example,
the occupancy rate for work trips in the United States is 1.59 people per car [10], 1.45 in
Europe [11], and 1.2 people per car in Saudi Arabia [12]. In addition, many employees
drive alone to work. In the UK, 86% of commuters drove alone to work in 2012 [13]; in
the US, solo drivers accounted for 76% of all work trips [14]. In Saudi Arabia, 92.3% of
employees drive alone to work [15]. This is unsurprising, since solo driving can provide
more flexibility and privacy over destinations and schedules, while ridesharing entails
sacrifices in these areas [16].

Considering that the capacity of a standard passenger car is around five to six persons,
this means about 75% is unused capacity. Therefore, the ridesharing policy yields an
efficient use of the capacity of passengers” automobiles. The appeal of ridesharing programs
lies in their leveraging of existing infrastructure, and those programs require relatively
little investment for implementation [17]. These programs are also intermediate modes
between riding transit and driving alone. They offer numerous environmental, economic,
and social benefits, since reduced car use is associated with suppressing single-occupied
vehicles, reducing emissions, alleviating traffic congestions and accidents, decreasing the
need for parking spaces, generating commuter cost savings, and raising the mobility level
of the carless [18,19].

Studies of ridesharing have mainly focused on ridesharing in urban communities
rather than on a specific segment. Few studies are known about ridesharing determinants,
demand, aspects, consumption, and personal attributes of the population of the same place,
particularly the same university, although universities are considered trip generators and
attractors. University campuses can offer a niche market for ridesharing [20], especially
suburban universities that lack public transportation services and do not have adequate
pedestrian and bike infrastructure. A university population is usually more receptive to
ridesharing [21] than the city population at large. In addition, more of the university popu-
lation are already members of TDM programs than the population at large [22] and thus,
are more likely to be responsive to ridesharing for daily commutes to campus [19]. Fur-
thermore, university campuses present excellent application opportunities for carpooling
and vanpooling, since they accommodate a significant number of the population (faculty
members, staff, and students) who are from many different origins with a single destination
and similar behaviors and preferences, such as common mode shifts and route choices.
Many college and university planners found that ridesharing programs were very popular
among faculty members, staff, and students who value inexpensive, convenient alternatives
to driving alone every day [23].
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For these reasons, this study investigates ridesharing potential among the suburban
university population. The author analyzed the data collected from the Najran University
(NU) population on transportation patterns of commuters, with a specific emphasis on
ridesharing, particularly carpooling and vanpooling. In Najran city, the average car owner-
ship rate is 1.5 cars per household, and around 94% of people commute alone to work [24].
This city lacks most alternatives to private automobiles; it has neither public transportation
services nor a taxi or ride-hailing business model, such as Uber or Lyft. This paper also
seeks to alleviate negative transportation externalities by better understanding factors
affecting the decision to carpool or vanpool. This deeper understanding of ridesharing can
help city and campus planners develop policies, strategies, and programs to reduce driving
alone to/from campus, which is one of the main sources of GHGs and many other social
and economic concerns.

To the best of my knowledge, there are very few studies that have investigated fac-
tors affecting ridesharing programs in suburban universities. Many of these universities
are built away from residences, amenities, city centers, and services, which results in a
longer commuting time and distance to campuses and therefore, negative environmental,
economic, and social consequences, especially in areas where travelers rely mainly on
automobiles [25]. This means there are still huge gaps in the literature in this area. This
study aims to fills the gap by exploring and evaluating the important determinants and
characteristics of commuting behaviors to/from a suburban university—in this case, Najran
University—especially regarding ridesharing behavior.

After the introduction is addressed in this section, the paper is organized as follows:
in the next section, the literature review describing ridesharing is covered, followed by
introducing the study data, study area, and adopted research methodology. Next, descrip-
tive statistics, main outcomes obtained, and the interpretation of the results are presented.
Finally, the last section discusses the findings and draws some conclusions, with directions
for future research.

2. Literature Review

The purpose of ridesharing is to persuade commuters to share mobility with a number
of commuters, while trying not to restrict their vehicle-use demands [8]. It is reasonable
to consider ridesharing an appropriate strategy as an alternative mode choice, since it is
a mediating force between the reduced negative externalities of transportation and the
inclination toward retaining an automobile.

Among researchers, the term ridesharing still has a certain level of ambiguity in its
use and definitions [8,26]. The US Department of Transportation [27] defines ridesharing
programs as the practices of sharing rides, especially in the form of carpooling and vanpool-
ing. Others added that ridesharing is applied to vehicles that carry multiple commuters
when making trips with similar destinations and times [23,28]. According to Shaheen
et al. [29], carpooling includes some forms of sharing a ride, such as casual (or informal)
carpooling where no money exchanges hands, or where commuters pay a nominal amount
to reimburse drivers for actual travel expenses (e.g., tolls, fuel), and they use vehicles
interchangeably. In vanpooling, 7 to 15 passengers usually share the cost of a van or a
minibus from different locations to a similar destination [29]. However, some authors have
used ridesharing as a general term for various shared-ride practices, including carpooling,
carsharing, and the use of taxis and bicycles [30].

For the purpose of the current study, the author adopted the term of ridesharing
to include two different practices. This study considered the most common practices in
Saudi Arabia: carpooling, or what is called non-household carpools, where two or more
individuals not living in the same household commute together in a private vehicle owned
by one of them (or two or more vehicles to be used interchangeably); it is acquaintance-
based and usually for free. The second type is vanpooling, where a private driver owns
a minibus or van and picks up commuters from multiple locations to the same final
destination for a fee.
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Extensive research has covered factors and motivators affecting commuters’ decisions
to share rides, especially in urban communities, while few studies concerned ridesharing
behavior in academic institutes. The authors found that some factors could increase
ridesharing in urban communities, while others decrease the likelihood of ridesharing.
Neoh et al. [16] used meta-analysis to synthesize 22 existing empirical studies about non-
household carpooling and found that females, single people, companies with a higher
number of employees, the existence of fixed (regular) work schedules, and living in urban
areas are associated positively and significantly with carpooling. However, age had zero
impact on carpooling, and the intention to reduce traffic congestion indicates a small effect.
Kaufman [31] reported that workplaces with many employees have a large pool of potential
ridesharers.

Others found that, in urban communities, a higher income of the commuters [16,32,33],
higher education [34], younger age of commuters [16,35], professionally employed com-
muters [33], being non-citizen residents or immigrants [32,36,37] and being male [32,34,38]
increase the likelihood of ridesharing. Some authors assert that women are less likely to
carpool than men because of household commitments resulting in inflexibility with their
schedules [34], but this view is challenged in current studies [39]. Shaheen [40] added
that as carsharing program costs, walking distance to the reserved car, or car ownership
increased, carsharing decreased.

Some studies added that situational factors could influence ridesharing patterns. For
instance, carpooling is attractive in locations that lack public transportation [41]; also, there
is disagreement on whether longer travel distances encourage or discourage carpooling,
but many found ridesharing trips tend to be longer than SOV ones [16,41]. Furthermore,
Tezcan [8] confirmed that ridesharing programs tend to encompass relatively long com-
mutes, resulting in major mileage and cost reductions. However, Concas et al. [42] studied
the Puget Sound region (Washington) and found that vanpool demand became inelastic for
longer distances (i.e., more than 60 miles), while offering vanpooling subsidies doubled the
vanpooling demand.

One of the prominent ridesharing motivators is the incentive to save traveling costs
(e.g., fuel price and the cost of owning a car) [39,43], especially given that there is a growing
cost of traveling in single-occupied vehicles (SOV) [44]. It is a lucrative opportunity for the
university population, particularly students, since it can eliminate several costs associated
with commuting to campuses, such as fuel and car ownership costs and wear and tear on
vehicles. Another motivator is the intention to reduce traffic congestion [19,28,45], but Neoh
et al. [16] found that this factor has a small positive effect. The attitudes regarding negative
environmental issues increase the acceptance of ridesharing [33,40,43]. For instance, Park
et al. [46] showed that in the UK, 55% of the respondents admit they would reduce car
use due to environmental reasons. The Federal Transit Administration has identified
vanpooling programs as the greenest motorized mode in cities, and it is an effective way to
tackle GHG emissions [47]. However, Zhou et al. [48] found that environmental issues are
not the key factor in predicting the willingness to use carsharing services; instead, program
cost, reliability, and convenience were found to be the most important factors.

Acquaintanceship is a major factor in the success of carsharing and vanpooling agree-
ments [49], while ride matching either by location or time can be a major barrier to rideshar-
ing programs [28,50]. Some other researchers linked ridesharing to the desirability to
socialize, but not with strangers [51]. Social differences, differences in values [52], and dif-
ferences in races and ethnicities of other prospective partners [44] can be potential barriers
for ridesharing. However, Saudi society overall enjoys getting to know others and making
friends. The Saudi people are by nature hospitable and want to form social relations; this
in turn helps to increase ridesharing practices.

Other important factors that can be salient in ridesharing decision-making processes,
perhaps even more important than sociodemographics, are psychological factors [51].
Perceiving convenience is a very important factor in increasing ridesharing [53]; Ozanne
and Mollenkopf [54] added that as commuter attitudes (i.e., personal relative advantage
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and compatibility) increase, the desire to rideshare increases as well. Lower privacy and
personal space can put people off from ridesharing [55].

In academic institutes, Zheng et al. [21] found that the University of Wisconsin, Madi-
son, is a niche market for carsharing compared to the general market of carsharing. They
reported that undergraduate, graduate students, and foreign residents are more likely to car-
share than retired persons, faculty members, and staff; increased car ownership decreases
the likelihood of becoming a carsharer, while income does affect carsharing participation.
University members who do not use private vehicles for personal errands and who care
about fuel costs are more likely to join carsharing plans. Easy access to a shared vehicle
significantly increases the likelihood of carsharing. In addition, this study found that
women are more likely to carshare than men. However, at Ohio State University, 40% of the
university members would be interested in a carpooling program; no difference was found
between gender regarding the interest in carpooling, but the likelihood increased with
distance, being a graduate student, higher fuel costs, a guaranteed ride home, and a variety
of pick-up and drop-off times. However, the probability of carpooling decreases with an
irregular schedule, commuting with unknown partners, and wasting time waiting for other
participants [56]. Zhou et al. [48] showed that higher car ownership rates and income,
being a part-time student or worker, and employment density all reduce the likelihood of
participating in the carsharing program at the University of Texas at Austin.

Another study by Zhou [57] investigated the carsharing of UCLA employees. The
results revealed that the university campus is a niche market for carsharing, and that
carsharing rates increase among employees who use alternative modes other than driving
alone, employees whose income is lower than the median income, and female employees.
In addition, the participation of the university employees is lower than that of the students.
The other study by Zhou [19] concluded that carsharing is the most popular among UCLA
students, female employees, and bus commuters. Michigan State University’s employee
commuting patterns were also investigated by Kaplowitz and Slabosky [53], who found
only 8.3% of them carpool or vanpool to the campus. The authors also examined factors
that may affect carpooling and found a longer distance, lower parking costs for carpoolers,
and knowing potential partners greatly affected carpooling. Khattak et al. [58] examined
the travel patterns of students in four universities in Virginia, U.S., and found students’
shared rides were lower than the general population by 11 to 16%. In addition, they found
mode shares are different among the four universities, depending on personal preference,
the built environment of the campus, availability and accessibility of public transportation,
the weather, and the employment situations of the students.

University members familiar with carsharing are more likely to carshare than those
not familiar with these programs [40]. Ridesharing programs are more also useful at uni-
versities, since commuters can benefit from cutting the incremental cost of fuel and parking,
increased social interactions, stress alleviation, reduced traffic congestion, accidents, and
GHG emissions; additionally, they are a sustainable way to commute [28,45,59]. Zheng
et al. [21] added that university campuses are one of the major markets for ridesharing
programs, since they offer an amenity to the university population, project a progressive,
environmentally conscious image, and, most importantly, decrease on-campus parking
demand. Akar et al. [56], however, added that the lower level of ridesharing in universities
could be attributed to irregular or constrained schedules, lost time waiting for other pas-
sengers, and dependence on others who are not known, while other factors can encourage
carpooling behavior including fuel cost, a variety of pick-up and drop-off times, and a
guaranteed ride home.

Applying a carpooling program at the University of California, Davis, that offers a
60% discount on parking passes, provides reserved parking spaces at premium locations,
and offers drawings for prizes, increased carpooling by 30% for faculty members and 25%
among staff [60]. Likewise, in Indonesia, around 60% of Petra Christian University students
are interested in joining carpooling programs, and the major factors that influence these
students are cost-savings and attractive facilities [23]. PIRG’s ridesharing program was
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applied at Cornell University, removing around 2000 cars from the roads in six months [60].
Stasko et al. [61] revealed that each carsharing vehicle reduced 15.3 personal vehicles at the
Cornell University and Ithaca College campuses. In addition, Setiawan [23] showed that
implementing carpooling programs at Petra Christian University led to a 25.3% (796 cars)
reduction in car usage every day.

Drawing from the previous sections, ridesharing interventions could be planned
according to the commuters’ motivations. Collura [62] shows that workplaces are an appro-
priate environment for applying ridesharing programs, by the fact that both employers and
employees are motivated to reduce parking pressures, employers can act as facilitators, and
there are numerous potential participants. Furthermore, the same regular work schedule
can be a major motivator for ridesharing, especially with increased convenience due to
commuting with co-workers or classmates [63]. Habib et al. [64] also found that flexible
schedules can increase ridesharing if the commuter has already included ridesharing as
a choice in their traveling decision. However, Morency [52] noted that inflexibilities in
commuters’ schedules are seen to deter ridesharing.

To overcome concerns about the inconvenience of ridesharing, many studies found
that some employers reimburse travel expenses to the ridesharer if they have to leave for
home outside the pre-determined time [65-67]. Another useful intervention regarding the
ridesharing market is applying transportation strategies that emphasize the cost of driving
alone; this was found to be effective in switching commuters to ridesharing programs [68].
Cash incentives were also found to be more attractive and effective to carpoolers than
parking discounts [69], as were preferential parking for carpoolers when there is a shortage
of parking [43], High Occupancy Vehicle priority (e.g., HOV highway lanes), and awards
and financial incentives (e.g., cash payment to carpooler employees) [28,70]. Another very
important intervention is a ridesharing matching service; finding partners is a key factor in
the formation of ridesharing [16].

Another important concept is familiarity; being familiar with and having information
about ridesharing plays a major role in its ongoing expansion and development [71]. For
example, offering information and encouragement about ridesharing programs typically
attracts 5% to 15% of commuters, and including financial incentives in those programs (e.g.,
HOV priority and parking cash-out) attracts 10% to 30% of commuters [72].

In summarizing the literature, the ridesharing field is rich in urban community studjies,
while few studies concern ridesharing behavior at academic institutions. Thus, doubts
remain about the generalizability of the results, making it difficult for policy and decision-
makers to translate the findings into practice, especially at universities. The results of
previous studies agreed that a university campus is a niche market for ridesharing practices,
and many factors can increase or decrease ridesharing activities, while other factors have
mixed results, and others do not seems to have any impact. In terms of demographic factors
and their relationship with ridesharing, almost all studies found younger commuters, those
who are more highly educated and professionally employed, non-citizens, and immigrants
who live in urban areas are positively associated with ridesharing.

The results regarding gender and income are mixed; some found females are more
likely to rideshare compared to men, while other studies found the opposite. Similar results
were found with income, and some studies found income does not affect participation.
Students are more likely to rideshare than faculty members and staff. However, being mar-
ried, owning more vehicles, and social differences in either race or ethnicity are associated
negatively with ridesharing.

Regarding judgmental factors, probably all of them are positively associated with
ridesharing. In other words, commuters who intend to reduce traffic congestion or the
negative impact of commuting or who care about fuel costs or parking costs are more likely
to rideshare, while higher carsharing program costs reduce the likelihood of becoming a
ridesharer. Some situational factors increase the probability of ridesharing, while others do
not. Fixed work and class schedules, long travel distances, a higher number of employees,
reliability, familiarity, convenience, and knowing the potential partners are likely to increase



Sustainability 2022, 14, 4392

7 of 18

ridesharing behavior; however, lower privacy and personal space, wasting time waiting
for other participants, and unknown partners can deter ridesharing. Useful intervention
regarding the ridesharing market can play a major role in ridesharing, such as lower
parking costs for carpoolers, a guaranteed ride home, ride-matching services by either
location or time, HOV lanes, and a variety of pick-up and drop-off times.

3. Data and Study Area
3.1. Study Area

Najran University is the largest university in Saudi Arabia; it is a public university
situated on 18 km?, and it is gender-segregated with two major campuses [73]. The university
also contains many facilities (e.g., administrative buildings, support deanships, a university
hospital, sports and entertainment centers, public school buildings, and housing for students
and faculty members), as shown in Figure 1 [73]. The university population is growing fast,
currently consisting of around 12,204 students (4860 males, 7344 females). There are 1365
faculty members (900 males, 465 females) and 661 staff (489 males, 172 females) [73]. All of
these are full-time members; the staff work hours and students’ classes are mostly between
8:00 a.m. to 2:15 p.m., so the rush hours are from 7:30 to 8:30 a.m. and from 1:30 p.m. to
3:00 p.m. The number of university students are expected to increase rapidly, which will
require more staff and faculty members. As shown in Figure 1, the campus has eight gates;
only two are in use, and the main transportation infrastructure is composed of main ring
roads surrounding NU. There are two rings, one for the male campus and the other for the
female campus, as shown in Figure 1.

Parking lots

Male campus

Female campus

Faculty housing

Male dorms

Female dorms

University hospital

Administrative and
service buildings

Public schools

Stadium

Figure 1. Najran University Site Plan. Satellite image source: Esri, Maxar, GeoEye, Earthstar
Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community.
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There are around 39,750 parking spaces on the campus, meaning around three parking
spots for each person; this increases the dependency on private vehicles, especially given
that Najran city has neither public transportation, taxi services, nor carsharing programs.
NU does provide free bus services for female students; however, this service is limited for
many reasons. Thus, many female students do not prefer commuting by university buses.

3.2. Data Collection and Survey Design

No available data was found regarding the commuting behavior of the Najran Uni-
versity population. Therefore, there is a need to collect this information. One of the most
common approaches for collecting data is a survey [74]. For this study, the author prepared
the manual questionnaire survey based on the research aims and questions, and it was
designed to help identify the rideshare market potential at Najran University, as opposed
to the current observed market.

The questionnaire consists of questions relating to sociodemographic and economic
information, commuting patterns, and times to and from the campus. Then, the author
assessed the questionnaire’s validity and reliability. The questionnaire survey was avail-
able online and was conducted on the main campus of NU between 20 April 2018, and
5 May 2018. It was sent to all NU students, faculty, and staff through text message. Two
weeks later, a reminder was also sent to them through email and text message. The target
population consisted of all NU faculty, staff, and students (14,114 persons). The author was
willing to increase the sample size to ensure that the responses truly reflect the population.
The author’s larger confidence level is 99% and lower confidence interval (margin of error)
is 4%, so the sample size required is 969 responses. Throughout this period, a total of 1145
responses were completed, resulting in a response rate of around 8.1% of the campus popu-
lation. The response rate was greater than the expectation, meaning that the confidence
level was (99%), and the margin of error became £3.65%. The respondents were reasonably
well-diversified, since there are many responses from all university members. Therefore, we
can say that this sample is comprehensive and representative of the university population.

3.3. Method

Ridesharing studies have used a range of analytical methods that mainly depend
on the focus of the study. To investigate the determinant of interest in using ridesharing,
researchers have typically compared ridesharing participants to a control group to attribute
commuting pattern differences between groups, specifically regarding ridesharing systems.
To better understand how ridesharing programs are different from other modes, and to ana-
lyze and predict the relationship between some factors (e.g., demographic, social, economic,
travel behavior) and ridesharing usage, we need to use some statistical modeling. In this
study, the author adopted the binary logistic regression model to predict the questionnaire
respondents’ likelihood of ridesharing when commuting to campus. In other words, it can
analyze the determinants of interest to use ridesharing by controlling for other factors such
as distance between campus and home, car ownership, nationality, gender, age, job, arrival
and departure time, marital status, and educational qualifications. A better understanding
of determinants of interest in using ridesharing helps planners develop policies, strategies,
and programs to reduce driving alone to/from campus.

Based on the utility theory, it has been assumed that the decision maker selects the
alternative that provides the maximum utility attainable for them [75]. In this study, the
choice set is binary, and it is based on the ridesharing to the university campus context:
being a ridesharer (i.e., carpooler or vanpooler) to/from campus versus commuting alone
to/from campus. Being a commuter alone to campus is set as the base case. The probability
[P] of being a ridesharer for traveler [1] is given by the following:

Pa(i) = Pr(Un(i) > un(j)) )
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where [U] represents the utility of given, alternative, and [i] and [j] correspond to the
choices of being a ridesharer or not. Equation (2) represents the utility [U,, ;] of being a
ridesharer for traveler [n]. In this study, there are two alternatives: [i] being a ridesharer
and [j] driving alone to campus:

un(i) = ,Bixni + €ui ()

where [U,(;)] and {Un(]-)} represent the utility function [x,,] is the observed variable that

related to the individual; [B;] is a vector of unknown coefficients; and [e,;] is the random
error. The binary logistic function can be written as follows:

1

Pu(i) = 1+ el-Conj=%ni)

®)

4. Results and Discussion
4.1. Survey Results

As stated earlier, this study uses the most common practices of ridesharing in Saudi
Arabia: carpooling and vanpooling. Ridesharing programs in Saudi Arabia are not
organization-based. Almost all carpooling practices are acquaintance-based, where two
or more individuals (e.g., workers, faculty members, university students) not living in the
same household commute together in a private vehicle owned by one of them (or two or
more vehicles to be used interchangeably). The second type is vanpooling, where a private
driver or a retired person owns a minibus or van and picks up commuters (primarily for
women, either students or staff) from multiple locations to the same final destination for a
fee. All vanpooling practices are solo attempts by individuals who want more income.

During the survey, women were still not allowed to drive in Saudi Arabia due to
some cultural and religious factors, which strongly affected travel behavior characteristics.
However, a decree was issued allowing women to drive as of May 2018. Table 1 provides
the basic descriptive statistics for the survey sample. Chi-square tests were utilized to
compare the means of ordinal and categorical variables, while one-way ANOVA tests
were used for continuous variables. All variables show statistically significant differences
between the means of members who commuted alone and who carpooled or vanpooled.
The survey results showed that 722 (63%) of the respondents commuted alone to campus,
and 423 (37%) carpooled or vanpooled. The proportion of members commuting as groups
can be considered high, since many females were not allowed to drive, and they commuted
with others. The survey showed that 64.2% of females and 17.4% of males carpooled or
vanpooled to campus. Around 45.1% of single members and 28% of married members
carpooled or vanpooled to the campus; the low percentage of married members who
rideshare can be attributed to other trips they do on their way to the campus, such as
dropping off or collecting children from schools, using cars for other personal business, or
because of personal security or general convenience.

Table 1. Descriptive Statistics for the Survey Sample.

Commuting

Alone Ridesharing N p-Value
Sample 722 423 1145
Status (job) 0.000
Student 304 254 558
Faculty 152 34 186

Staff 266 135 401
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Commuting  p:4esharin N -Value
Alone & r
Nationality 0.052
Saudi 548 342 890
Non-Saudi 174 81 255
Gender 0.000
Male 551 116 667
Female 171* 307 478
Age (years) 0.000
16-19 43 48 91
20-29 309 248 557
30-39 218 62 280
4049 99 46 145
50-59 50 16 66
60 or more 3 3 6
Marital status 0.000
Single 330 271 601
Married 392 152 544
Educational Qualification 0.000
High school 254 215 469
Diploma 57 23 80
Bachelor’s 155 74 229
Master’s 92 46 138
Doctorate 164 65 229
Arrival time to campus 0.000
Before 8 a.m. 307 229 536
Between 8 and 9 a.m. 353 183 536
Between 9 a.m. and 12 p.m. 62 11 73
Departing time from campus 0.000
Before 2 p.m. 133 95 228
Between 2 and 3 p.m. 387 278 665
After 3 p.m. 202 50 252
Avg. car ownership 1.60 2.09 0.000
Avg. distance to campus (km) 39 4421 0.001

* They were driven alone with relative or private driver.

Surprisingly, the proportion of Saudi members who rideshared to the campus was
greater than the non-Saudi members, despite non-Saudis exhibiting lower car ownership
and lower income and living in similar neighborhoods. Around half of the members
aged 16 and 29 rideshared to campus, while around 75% of members above 30 years old
commuted alone to campus; this is likely because most older members had some duties to
accomplish on their way to campus and because of more general convenience and security.
Of the respondents, around 46% of the students, 34% of the faculty members, and only
18% of the staff rideshare to the campus; this is similar to what was found in most studies,
that students rideshare more than faculty and staff members, and they are best suited to
participate in ridesharing commuting patterns to/from universities [19,21,57].

Around 46% of members who had high school diplomas (most of them undergraduate
students) and 31% of members having bachelor’s degrees or higher carpooled or vanpooled.
Probably because of fixed (regular) work and class schedules and it being more convenient
to carpool or vanpool with co-workers or classmates, 38% of respondents coming to
campus before 9 a.m. and 42% of respondents departing between 12 and 3 p.m. carpooled
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or vanpooled. Finally, the average distance between home and campus for respondents

driving alone was 39 km and 44.2 km for carpoolers and vanpoolers.

4.2. Predictive Modeling

As stated above, the binary logistic regression model was used to identify significant
explanatory variables while controlling for other variables. The process went as follows:
Independent variables were entered sequentially in groups, as displayed in Table 2. Cate-
gorical and ordinal variables have separated coefficients and odds ratios for each value;
zero was the reference category. Some of the insignificant variables were eliminated except

those that literature suggested were important to be retained in the model.

Table 2. Binary Logistic Regression Results for Najran University Commuters.

Intercept B Exp(B)
Explanatory variables (categorical)
. . Saudi=0
Nationality Non-Saudi = 1 0.485 * 1.625
Male =0
Gender Female = 1 1.960 *** 7.101
. Single =0
Marital status Married = 1 0266 0.766
Explanatory variables (continuous or ordinal)

Distance to campus - 0.001 1.001
Car ownership - 0.138 * 1.148
Arrival time to Before 8 a.m. =0

campus Between8and 9a.m. =1 —0.195 0.823
P Between 9 am. and 12 p.m. =2 —0.766 ** 0.465
. Before 2 p.m. =0
fogrftc‘;ﬁt‘ie Between 2 and 3 p.m. = 1 0.682 *+* 1.977
P After 3 p.m. =2 0.057 1.058
Student =0
Job Staff =1 —0.530 * 0.588
Faculty =2 0.616 ** 1.852
16-19 year =0
2029 year =1 —0.124 0.884
Ace 30-39 year =2 —0.574 % 0.563
& 40-49 year =3 ~0.189 0.828
50-59 year = 4 —0.072 0.931
60 or more =5 1.398 ** 4.047
Table 2. Cont.
Intercept B Exp(B)
High school =0
. Diploma =1 —0.296 0.744
Ej;fgg’t?;i Bachelor’s = 2 ~0.262 0.770
! Master’s = 3 —0.903 ** 0.405
Doctorate = 4 —1.068 ** 0.344

N = 1145. Nagelkerke R? = 0.553. * significant at the 0.10; ** significant at the 0.05 level; *** significant at the 0.01

level zero is the reference category.

The model produces some interesting and surprising findings. The marital status
variable was not significant in the model, and the sign of married was negative, meaning
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being married decreases the likelihood of becoming a carpooler or vanpooler. As stated
by Zheng et al. [21], married people usually drop off or take children from schools, have
errands to run, and may have shopping trips, which decreases the likelihood of them
becoming ridesharers. Furthermore, the distance from campus to home variable was not
found to be significant. This is an unexpected result, but the lack of significance is likely
caused by the fact that as the distance from the campus increases, commuter locations may
disperse to a massive area, and finding a carpool or vanpool partner may become more
challenging; from the survey results, university members live in 29 out of 80 districts within
Najran city. In almost all of the previous studies, a longer distance is associated positively
with ridesharing [16,53,56].

Many other variables were significant, however. Female and non-Saudi members
were positively associated with being carpoolers or vanpoolers. Although the statistical
significance of the coefficient for many variables in the model is strong, the magnitude of
the female coefficient is the largest in the model. Females had 7.1 times the odds of being
carpoolers or vanpoolers than male members; those who are non-Saudis had about 1.6 times
the odds of being carpoolers or vanpoolers. The positive association of female members
was because females were prohibited from driving cars, so they commuted as groups with
either a male member of the family or by having a private driver; even now, most females
still rideshare, even after being allowed to drive, since most of the women cannot own cars,
and they require a long period of time to learn how to drive. This finding is consistent
with some previous studies investigating university populations [16,19,21], while it is
inconsistent with others, e.g., [32,34,38,40]. However, some studies found that ridesharing
results are similar for men and women [38]. Despite the popularity of ridesharing among
women, they may be less likely to rideshare due to the fear of strangers and physical
harm [76]. For instance, a study in Bangladesh found that as ridesharing services become
more widespread, security concerns also increase, since many women commuters face
problems related to reckless driving, bullying, threats, and robbery [77]. Almost all of the
previous studies found foreign or immigrant commuters are more likely to rideshare than
citizen commuters; this result is consistent with many of the previous study results, such
as [21,32,36,37]. Non-Saudi commuters to campus are faculty members or international
students, so they prefer not to own cars, since they have temporary accommodations
and can commute with their friends or classmates who own cars. Despite ridesharing
benefits for foreign students and faculty members, Sarriera et al. [76] stated that one of the
major disadvantages of ridesharing is that many ridesharers harbored feelings of prejudice
toward commuters of different classes and races; this, in turn, can discourage ridesharing
practices.

One of the surprising results of the study is that the coefficient of car ownership was
positive and statistically significant, presenting a higher probability of being a carpooler
or vanpooler. A one-point increase in car ownership was associated with 1.15 times the
odds of carpooling and vanpooling. This is the opposite of most of the literature findings,
where most studies found ridesharing decreases as car ownership increases [21,33,48,78].
Almost 94% of the university members have a car, so this probably would not affect
the ridesharing market, since the commuters may want to reduce VMT, GHG, and the
cost of gasoline and maintenance; they may also want to increase convenience, social
interaction, and productivity. Thus, it is a good opportunity to apply acquaintance-based
carpooling. However, other factors associated with a higher rate of car ownership can affect
ridesharing programs negatively. For example, some commuters prefer to commute in a
quiet environment, avoid strangers or rude passengers, are worried about irresponsible
drivers, or prefer more privacy, so they drive alone to campus; ridesharing programs might
not be suitable for those commuters.

As expected, those who leave campus between 2 and 3 p.m. are more likely to
rideshare than those who leave before 2 p.m.; those who leave after 2 p.m. are twice as
likely to be ridesharers as those who leave campus before 2 p.m. This may result from
the fact that fixed schedules can be a motivator to encourage commuters to carpool and
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vanpool. Many studies found fixed schedules have a major positive impact on ridesharing
behavior [16,56,79]. Fixed student and worker schedules are among the most important
factors for successful ridesharing, so that commuters can go to and leave the campus
simultaneously. However, ridesharing takes a lot of freedom or flexibility away from
ridesharers [80]. Since passengers commute together, they usually have to go and leave
work at the same time, so it will be more difficult to do errands, leave work earlier, or go
out for lunch because the passenger has to wait for other commuters [81].

Conversely, those who are staff, aged between 30 and 39 years, hold a master’s or
Ph.D., or arrive at campus between 9 a.m. and 12 p.m. are significantly less likely to carpool
or vanpool to campus. This indicates that those variables carry a negative OR. Being staff
decreases the odd of carpooling or vanpooling by 41.2%. Staff members are less likely
to rideshare compared to students. This difference may be because most university staff
live in different districts located far from campus, so they cannot find a partner, and most
of them own cars and are married. As stated in many studies, one major drawback of
ridesharing is that rideshare crew should live nearby, or the driver might have a hard time
finding carpoolers or vanpoolers. Finding ridesharers results in additional vehicle miles
traveled and traffic congestion, leading to a rise in more GHG emissions and accidents [82].
In addition, the tardiness of a passenger can be another drawback of ridesharing; the
unreliable passengers may cause problems for all ridesharers, since all of them will get
to work or university campus late [83]. A longer commuting distance and waiting time
involve more vehicle wear and tear and more fuel consumption, which usually ends up
costing drivers more money; it is also difficult.

As stated in several of the previous studies, students are more likely to rideshare
than other groups [19,21]. Being a university member aged 30 to 39 years decreases the
odds of carpooling or vanpooling by 43.7%; in other words, those members are less likely
to rideshare compared to members aged 16 to 19 years. This result is consistent with
the findings of Gérling et al. [35] and Neoh et al. [16], where younger members have a
higher probability of ridesharing than older commuters. However, irresponsible drivers
can be a major problem negatively affecting ridesharing. The driver is responsible for his
passengers, so he has to drive carefully in order to avoid accidents [83], and he has to make
sure all passengers get to their destination on time to avoid being late [81].

In addition, coming to campus between 9 a.m. and 12 p.m., having a master’s degree,
and holding a Ph.D. decreased the odds of carpooling or vanpooling by 53.5%, 59.5%, and
65.6%, respectively. In other words, respondents coming to campus between 9 a.m. and
12 p.m. were less likely to become ridesharers, compared to those who come to campus
before 8 a.m. This probably means that the members had irregular schedules, including
some students and faculty members; this is consistent with Akar et al.’s [56] findings that
irregular schedules hinder ridesharing at universities. Meanwhile, respondents with a
master’s degree or holding a Ph.D. are less likely to carpool or vanpool to campus than
those who have a high school diploma. Many of the university population who have a
master’s degree or hold a Ph.D. are faculty members or are professionally employed, so
they have a higher income and thereby, are more likely to own a car, or they do not have a
fixed schedule, resulting in reduced ridesharing since they did not find ridesharers who
match their schedules. When the magnitudes of the two coefficients (a master’s degree or
Ph.D.) are compared, respondents having a master’s degree play a stronger role. Moreover,
some commuters refrain from ridesharing because they do not like their colleagues at work,
or they are concerned about spreading diseases (e.g., viruses and colds).

However, being a faculty member was positively associated with the choice to car-
pool or vanpool; the odds of faculty members carpooling or vanpooling to campus were
1.85 times higher than for those who were students. In NU, faculty members most often
come to the campus daily and have regular schedules. As stated by Tezcan [8], frequent
campus commuters are more likely to share rides to campus. The higher coefficient and
statistical significance of the coefficient for the variable may be an indicator of environ-
mental, vehicle maintenance, and traffic congestion concerns, as well as the desire for
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social interaction and convenience. Shaheen and Rodier [33] reported that highly educated
members were more likely to participate in ridesharing.

Other variables, including arriving to campus between 8 and 9 a.m., departing campus
after 3 p.m., being aged 20 to 29 years or 40 to 59 years, and holding a diploma or bachelor’s
degrees did not have a significant association with ridesharing plans. To conclude, the
main factors that can affect the interest in the use of ridesharing include being female, being
single, being a student, being foreign, having fixed class or work schedules, and showing a
high rate of car ownership.

5. Conclusions

This research examined the ridesharing behavior of the population of a suburban
university, Najran University, through the use of survey data. This research adds to
the existing literature on commute trip reduction strategies, particularly on university
campuses. The major results of this study show that many university members commute
as groups, especially females and non-married members. Around 50% of the university
population who were younger than 30 years old rideshared to the campus, and many of
them were students. As the education level increases, rideshare interest decreases; however,
staff in general are less likely to rideshare than students and faculty members. Fixed
schedules have a major positive impact on ridesharing behavior. A higher likelihood of
using ridesharing is in line with higher sustainability. In other words, as the interest in the
use ridesharing increases, the numbers of vehicles on the roads and VMT will decrease,
resulting in a lower level of pollution and CO, emissions associated with vehicle use. Even
though ridesharing programs have countless benefits, they have downsides as well. There
remains the issue of the distance between ridesharers’ residences; passengers who are
willing to rideshare to a similar destination should live in proximity to each other; if they
live in remote areas, it will result in additional VMT and traffic jams, which are associated
with some negative impacts, such as increasing GHG emissions and accidents. This also
increases the costs to drivers.

This research indicates that NU offers a niche market for ridesharing because of the
presence of many motivators that facilitate applying rideshare-oriented strategies. These
factors can reduce commuting alone to campus, thereby mitigate the issues related to
traffic congestion, accidents, and pollution, while decreasing the need for parking spaces
and saving on commuting costs. For example, a lack of public transportation in the
city, fixed schedules for most university members, and the long distance to the campus
are very important motivators that can be considered unique factors in encouraging the
implementation of ridesharing policies. However, tardiness of one commuter can affect the
entire ridesharing crew traveling in the same vehicle; they may all get to work late. Thus,
implementing ridesharing programs requires that passengers to be responsible and reliable,
or ridesharing programs can be quite annoying and may affect passengers negatively.

In addition, other major ridesharing motivators are that most of the university pop-
ulation are students who are low income, single, and from similar social backgrounds,
and most of them know their potential partners. In addition, increased car ownership is
associated positively with ridesharing; this can be a major motivation that can encourage
the university population to apply acquaintance-based carpooling. Even though women
now are allowed to drive, many of them still commute as groups with friends or cowork-
ers, since they cannot own cars and they need more time to learn to drive; this is a great
motivator to apply ridesharing programs. On the other hand, carpoolers and vanpool-
ers may commute with strangers (where some of them are rude, have mental issues, or
may be racists), reckless drivers, sick passengers or drivers, and unpleasant coworkers or
classmates, causing problems in the long run and thereby reducing the safety of shared
mobility.

Recognizing unique factors affecting potential ridesharing at universities and large
employers and knowing the variables that can be strong influencers in encouraging or
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discouraging the university population to rideshare will help transportation practitioners
plan policies that improve ridesharing participation.

From a policy perspective, the university needs to adopt several useful interventions
regarding ridesharing programs. The university should discourage solo driving trips
to campus and incentivize ridesharing trips; thus, several policy implications can be
based on the results. The university may carefully consider parking policies by providing
parking incentives such as lower parking costs and priority parking for carpoolers and
vanpoolers and adding parking fees for SOV trips, considering that these trips are now
free, and in light of the fact that Najran University is a gated campus. The university also
needs to coordinate with Najran Municipality to allocate some parcels as park and ride
facilities, especially in wards with a greater number of commuters to the campus, and
may also allocate special lanes for carpoolers and vanpoolers (HOV lanes). This action
is easy to implement, especially given that Najran city is currently not ready for a public
transportation system. In addition, the university needs to work on the negative effects or
disutility of the implementation of ridesharing to discover solutions or alternative options
for the successful integration of ridesharing.

Last but not least, utilitarian incentives do not guarantee a mode switch by commuters;
if interventions are to be effective, their needs and goals must be understood by the
commuters. For example, authorities need to explain the benefits of ridesharing in regards
to reducing traffic accidents, congestion, carbon emissions, and commuting costs. This can
be done through training courses or in classes.

Despite the previously discussed findings and concerns, future studies can be im-
proved by collecting more information that is expected to be significant, such as information
about income, traveling cost savings, environmental awareness, the reduction of congestion
and pollution, and locating potential partners, moving away from variables found by most
previous studies to have an insignificant impact on ridesharing decisions. Although our
study compared ridesharers to those who commute alone to campus, future studies can in-
clude a parallel survey of members of another university or community college as a control
or comparison group for this study. Control and comparison groups can help describe how
ridesharing services are received and used across different groups. Furthermore, future
studies should compare ridesharing patterns of women in this study, who were not yet
allowed to drive, and those of the same women after being granted driving privileges. In
addition, it would be interesting for further studies to develop some indicators for assessing
the effectiveness of ridesharing programs in reducing the number of vehicles on the road,
traffic congestion, and GHG emissions levels. Additional research should further explore
the impact of the current ridesharing program on other modes of transportation (e.g.,
driving alone, walking, biking) and compare it to future studies after applying ridesharing
policies. Finally, some future studies should focus on negative variables (disutility) that can
affect the probability of implementing ridesharing programs in order to overcome barriers
and discover solutions or alternative options.
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