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Abstract: Despite the growing share of ridesourcing services in cities, there is limited research about
their impacts on other transport mode choices in the large cities of the Middle East and North Africa
(MENA). There is a debate about whether ridesourcing affects the frequent use of sustainable modes
like public transport. This study uses the results of a large-scale series of face-to-face interviews in
Tehran and Cairo to study the relationship between the regular use of ridesourcing and the frequency
of public transport use. Descriptive statistics and logit regression are used to analyze this association.
The findings indicate contradictory correlations between the regular use of ridesourcing and the
frequent use of public transport in Tehran and Cairo. The regular use of ridesourcing has a positive
correlation with the probability of frequent public transport use in Cairo. In contrast, this correlation
is negative in Tehran, which means that the regular ridesourcing users are less likely than the
non-regular users to use frequently public transport. The reasons for these different correlations
are studied in terms of socioeconomic variables, accessibility, and the citizens’ perception of public
transport in both cities.

Keywords: ridesourcing in the MENA region; public transport; transport mode choice analysis;
impacts of ridesourcing on mobility behavior

1. Introduction

With the emergence of smart transport modes like ridesourcing in cities of the global south like
the region of the Middle East and North Africa (MENA), it is essential to study their impacts on
the mobility behaviors of the citizens. This paper studies the association between the regular use of
ridesourcing and the frequency use of public transport in two large MENA cities, which are Tehran in
Iran and Cairo in Egypt.

Information and communications technology (ICT) influences the trip generation, travel purposes,
and costs by changing the concept of connectivity and distance and causing related adjustments
in individual and social lifestyles [1-4]. ICTs have formed new shapes of the mobility modes
like ridesourcing and ridesharing, which connect the main components of the transport system
(travelers, transport mode, transport facilities) systematically through online platforms to provide
real-time and efficient mobility services.

Ridesourcing (also known as ride-hailing or transportation network company (TNC) services)
provides mobility services for travelers who request a ride by online platforms like smartphone
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apps and assigns the nearest drivers to travelers. Ridesourcing improves the availability of vehicles
in real-time and appropriate locations by matching the locations of drivers and travelers through
GPS and online platforms. Moreover, ridesourcing offers passengers more services like e-payment,
selecting a car class and rating, and reviewing drivers. Rayle et al. defined this new transport service as
ridesourcing because travelers can “source” a ride from a driver pool [5]. Unlike traditional car travel
by private cars or traditional taxies, ridesourcing increases the functional and financial efficiency of car
travel. Ridesourcing and ridesharing have the potential to impact the emissions of urban transport
and, consequently, the urban environment by changing car ownership in the cities [6-9]. However,
traffic congestion and transport difficulties are commonplace in big cities, as a result of high car
dependence [10]. There is a concern that ridesourcing encourages citizens to shift from their sustainable
travel modes, like public transport, to the car travel by offering relatively convenient door to door
services. This would cause an increase in vehicle-kilometers traveled (VKTs) and, consequently,
the traffic congestion in the cities. There is an argument that ridesourcing causes the Jevons paradox,
which means its operational efficiencies may increase rather than decrease car usage and overall VKTs
in cities [11]. William Stanley Jevons (a 19th-century economist) explained that improvements in the
efficiency of consumption might increase instead of decrease the amount of consumption. This might
happen because of rebound effects that offset the expected savings through efficient technologies [12,13].
Ridesourcing uses cars efficiently because it decreases deadheading kilometers, which also decreases
the cost per person-kilometer. This cost reduction may increase in car travel demand, which is
a rebound effect. Because, although it is expected that ridesourcing reduces VKT by its efficiency,
it increases car travel demand, and consequently, it increases the total VKT. Rayle et al. indicated that
8% of ridesourcing users would not have traveled if ridesourcing services had not been available in
San Francisco [14]. Henao (2017) found that 12.2% of ridesourcing trips in Denver would not have been
taken if Uber and Lyft had not been available [15]. Clewlow and Mishra reported that ridesourcing
might increase vehicle miles traveled in seven big American cities [16]. Moreover, some literature
suggests that ridesourcing has both complementary and supplementary effects on public transport in
the countries of the global north [12,17]. As complementary effects, ridesourcing bridges the temporal
and spatial gap in public transport. For example, the American Public Transportation Association
(APTA) reported that ridesourcing was more often used during weekends and late nights when public
transport was less available [18]. Moreover, ridesourcing might solve the first mile/last mile problems
of public transport by improving its accessibility and availability [17]. However, ridesourcing could
compete with public transport, particularly in large cities. Rayle et al. indicated that in San Francisco,
33% of the ridesourcing users would have taken public transport if ridesourcing services like Uber
and Lyft were not available [14]. Henao (2017) found that 22.2% of the ridesourcing users in Denver
would have traveled by public transport if Lyft/Uber were not available [15]. Clewlow and Mishra
indicated that ridesourcing attracts people from the public bus and light rail [16]. Regarding these
different studies in the global north context, there is a possibility that the adaptation of ridesourcing as
a regular mobility mode may cause a new form of car dependence with a lower tendency toward public
transport use. It is essential to study how ridesourcing affects the frequency of public transport use to
understand the association between ridesourcing and car dependence. There is extensive literature
on the relation between car dependence and public transport [19-21]. The term “car dependency”
is characterized by different levels, such as macro and micro [22]. The macro-level refers to high
amounts of automobile travel per capita and automobile-oriented land use [23]. The micro-level
describes the level of private car use [24,25]. Some researchers emphasize a significant correlation
between car dependency and car ownership, even in public-transport-dominated cities. Cullinane
(2003) indicated that in Hong Kong, once people buy a car, despite the availability of good public
transport networks, they remark it to be an essential part of their lifestyle [26]. Although the major
reasons for car purchases are to save time, as well as carry things, cars are used for all travel purposes
regardless of the need to carry things. In addition, some researchers have studied the psychometric
parameters of car-dependent travelers, and they indicated that regular car use is strongly correlated
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with the intrinsic psychometric characteristics of travelers rather than the attributes of mobility modes.
For example, frequently, car use is associated with feelings of independence and convenience [27-29].
As it was mentioned, the impacts of ridesourcing on mode choice behaviors of citizens have been
studied in the global north cities but less in agglomerations of the global south countries. In Cairo and
Tehran, ridesourcing is developing with a sharp growth rate. Uber reported that it had 4 million users
and 157,000 drivers in Egypt in 2017 [30]. In Iran, the ridesourcing sector has encountered a market
boom since the first online ride-hailing company called “Snapp” launched in 2014. In 2016, Snapp
had 0.5 million users and 120,000 active drivers with 70% growth in rides per month in Tehran [31,32].
These figures indicate the potential impact of these new travel modes on travel behaviors in Cairo
and Tehran.

This paper tries to shed light on the knowledge gap, which is how the regular use of ridesourcing
impacts the probability of public transport use in Cairo and Tehran. Therefore, the main objective of this
paper is to study whether there is a significant difference in the probability of frequent public transport
use between regular and non-regular users of ridesourcing. This study is based on the assumption that
the frequent use of one transport mode affects mobility behaviors which influence other transport mode
choices [33]. Therefore, a traveler type is defined as “regular ridesourcing users” who use ridesourcing
as their regular mobility mode for at least one of their daily travel purposes. Then, their socioeconomic
parameters (like age, gender, income) and their frequency of public transport use are compared
with non-regular users. Moreover, we defined a binary variable “regular ridesourcing use” as the
independent variable and a binary variable “frequent public transport use” as the dependent variable.
Then, we used logistic regression to compare the odds of frequent public transport use between regular
and non-regular users of ridesourcing. This analysis was done by using the data of the 4711 face-to-face
surveys in Cairo and Tehran in 2017.

2. Materials and Methods

This study tries to answer three questions in Tehran and Cairo: (1) Are there significant differences
in the socioeconomic variables of the regular and non-regular ridesourcing users? (2) Is there a significant
correlation between the regular use of ridesourcing and the frequent use of public transport? (3) What
are the main reasons for not using public transport among regular ridesourcing users?

Regarding the literature review, the public transit ridership is affected by various factors:
socioeconomic [34,35]; travel behavior; spatial [36-39]; and qualitative factors, such as comfort [40,41].
Therefore, the questionnaire was designed to contain the relevant factors to the public transport
mode choice. The interviews were conducted in Tehran and Cairo in the spring and summer of 2017
in 12 neighborhoods. Regarding the study about the urban forms in Tehran and Cairo, the land
use parameters and accessibility of public transport in these cities have an association with the
periods of urban development [42]. This association indicates that the neighborhoods which have been
developed recently have less accessibility to public transport than older neighborhoods. Therefore,
to gather appropriate samples in two cities in terms of the accessibility-level of public transport,
we selected six neighborhoods in each city in three different urban forms, which were developed in
three different periods. For each city, three urban forms are newly developed (after 1980), old (historical),
and in-between (transitional) urban forms. The old (historical) neighborhoods in Tehran and Cairo
have a discernible center with a compact urban form and a high level of accessibility to the public
transport modes like bus, minibus, and urban rail transits. In-between (transitional) urban forms were
developed between 1930 and 1980 and have lower population density and compactness as well as less
accessibility to public transportation than the old parts of Tehran and Cairo. The newly developed
parts (after 1980) are centerless neighborhoods and located in the peripheral parts of Tehran and Cairo.
They are more car-oriented neighborhoods with lower accessibility to public transportation than the
other two urban forms. Therefore, the collected data were representative at the neighborhood level.
Figures 1 and 2 show the location of the selected neighborhoods in Tehran and Cairo, respectively.
The full details of the survey have already been published [42]. The total sample size of this study is
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4711 interviews, which includes 2456 for Tehran and 2255 for Cairo. The questions were organized
into two main sections: socioeconomic variables and mobility behavior variables. The socioeconomic
parameters in this survey include age, gender, monthly household income, monthly household living
cost, number of household cars, and possession of a driving license. The monetary variables like
income and living costs were asked in the currency of Egypt and Iran, and then the answers were
converted to euros, based on the exchange rate of their central banks in 2017.

Based on the questions in the socioeconomic section, two additional variables were defined as
the household income-living cost ratio and the household car-driving license ratio. The household
income-living cost ratio indicates the economic situation of the households as well as the savings
of the households and their flexibility to adopt new living costs. The car—driving license ratio is the
number of household cars divided by the number of household members who have a driving license,
which shows the accessibility of a car for the respondents. The mobility behavior section includes
three subsections: (1) the work/study trips and their main mobility mode; (2) the nonwork/study trips,
including trips inside and outside of the respondents’ neighborhood, and the regular mobility mode
for each of them; and (3) the frequency of public transport use and the reasons for not using public
transport modes.

For the questions about the main mobility mode, the interviewees were asked to select only one
option as their regular mode for each of the mentioned travel mode. In this study, public transport
mode includes public bus, minibus, metro, light rail train, and tram. The frequency of public transport
use was asked by the question “How often do you use public transit? “with five options: every
day, a few times per week, a few times per month, rarely, and almost never. We dichotomized the
answers into “frequent use” with the code 1 for responses of “every day, a few times per week,”
and non-frequent with code 0 for responses of “a few times per month, rarely, and almost never”.
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Figure 1. The location of the six selected neighborhoods in Tehran [42].
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Figure 2. The location of the six selected neighborhoods in Cairo [42].

2.1. Traveler Types

A categorical variable “ridesourcing use” was defined to categorize the respondents into
two categories: (1) regular ridesourcing users and (2) non-regular ridesourcing users. The category of
regular ridesourcing users is defined as the travelers who regularly use ridesourcing as their main mode
for at least one of their everyday travel purposes. This study focuses on three common travel purposes:
commuting to work/study, nonwork/study trips inside the neighborhood, and nonwork/study trips
outside the neighborhood. Another category is defined as non-regular ridesourcing users who do
not use ridesourcing as their main mode for the three aforementioned common travel purposes.
By this classification, the variable of ridesourcing use is defined as a binary categorical variable that
is mutually exclusive and collectively exhaustive in both samples of Tehran and Cairo. This means
that this variable categorized all observations of the samples in two groups of regular and non-regular
users of ridesourcing, and there is no same observation in these two groups.

2.2. Analysis Methods

2.2.1. Comparison of the Demographic Variables between Regular and Non-Regular Users

Two hypotheses are about the significant correlation between the variable of ridesourcing use and
two binary variables of gender and having household cars, separately, in the samples of Tehran and
Cairo. We applied the Chi-square test of independence to test these hypotheses by two-sided p-values
at significance level 0.05 and a confidence level of 95%. Furthermore, the continuous demographic
parameters of the regular ridesourcing users are compared with the non-regular users to study the
significant differences. We applied the Kolmogorov-Smirnov test to check whether the continuous
variables (age, monthly household income, monthly household living cost, household income-living
cost ratio) have a normal distribution. The test result for each of them shows a p-value lower than
0.001, which indicates that their distributions are not normal. Hence, the nonparametric tests like the
Mann Whitney U test and the median test were used at significance level 0.05. The null hypothesis
for the Mann Whitney U test is that the distribution of the mentioned variable is the same across
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two values (groups) of the variable “regular ridesourcing use”. The null hypothesis is defined for the
median test that the medians of the given variable are the same among regular and non-regular users
of ridesourcing.

2.2.2. Binary Logistic Regression

We employed binary logit regressions to compare the probability of frequent public transport
use between regular ridesourcing users and non-regular users in Cairo and Tehran, separately,
at confidence levels of 95%. The odds of frequent public transport use are defined as the dependent
variable, which is the ratio of the probability of frequent use over the probability of not frequent public
transport use. The conversion from probability to odds is a monotonic conversion, which means the
odds decrease as the probability decreases or increase by the probability increases.

The independent variables were chosen to control possible confounding effects and to prevent
high multicollinearity between independent variables. Therefore, the independent variables in the
binary logit model are the regular ridesourcing, gender, age, household income-cost ratio, household
car—driving license ratio, frequency of nonwork/study trips per week, and the average work/study trip
distance per day. We checked the correlation matrix and the variance inflation factor (VIF) to examine
whether there is a high risk of multicollinearity among independent variables. If a correlation coefficient
between two independent variables is above 0.90, then it suggests high multicollinearity between
these independent variables [43,44]. Moreover, Hair et al. (2010) suggested that multicollinearity
is problematic if the VIF value is higher than 5 [44]. The values of VIF are less than 3.0 for the
mentioned independent variables in the samples of Cairo and Tehran, which means that there is no
high multicollinearity for this combination of independent variables.

The omnibus test was applied to evaluate whether the regression with the explanatory variables
is an improvement over the baseline model without them. It uses a Chi-square test to check whether
there is a significant difference between the log-likelihoods of the baseline and the model with the
explanatory variables. We applied the Hosmer and Lemeshow test to evaluate the goodness of fit.
The Pearson Chi-squared in this test examines the null hypothesis that the model is appropriately
specified and fits the data well. If the p-value is less than 0.05, then we can reject this null hypothesis,
which means the model is not accurately specified and does not fit the data well [45]. Moreover,
the Cox and Snell R squared and the Nagelkerke R squared were calculated for each logit model of
Tehran and Cairo.

3. Results

3.1. Demographic Profile

Among the 2255 interviews in Cairo, 151 respondents regularly use ride-sourcing services for
at least one travel purpose among work/study travels, shopping, and entertainment travels inside
and outside of living vicinity. Among 2456 interviews in Tehran, 88 respondents are classified
as regular ridesourcing users. Tables 1 and 2 show the socioeconomic parameters, including age,
being employed/student, gender, household income, household living cost, household car ownership
for regular and non-regular users of ridesourcing services in Cairo and Tehran.

For the Cairo sample, the Chi-square test of independence suggests that there is a significant
correlation at 0.001 level (p < 0.001) between the dummy variable of regular ridesourcing use and
gender. It means that women are significantly more likely to regularly use ridesourcing services
than men in Cairo. Moreover, the Chi-square test of independence shows the significantly different
car ownership rate between regular and non-regular resourcing in Cairo. Around 85% of regular
users of ridesourcing have at least one car in their households, while 67% of non-regular users have
a household car. Furthermore, the results of the Mann Whitney U test reject the null hypothesis for
age, household income, household living cost, and the household income—cost ratio at 0.001 level
(p < 0.001). Furthermore, the nonparametric median test shows that the aforementioned continuous
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variables have significantly different medians for regular and non-regular users of ridesourcing at 0.001
level (p < 0.001). The median and mean of regular users’ age are 25.0 and 27.9, respectively, which are
significantly lower than non-regular users. Moreover, the median of the household incomes of regular
users (9000 euros) is significantly higher than non-regular users (6000 euros).

Table 1. Demographic profile of the respondents in Cairo.

Cairo Regular Users Non-Regular Users
Total Sample N =151 N = 2104 p-Value
N = 2255 Count % Count %
<19 15 9.9% 109 5.2% <0.001 ***
19 < Age <25 52 34.4% 427 20.3%
25 < Age <35 60 39.7% 611 29.0%
Age Group 35 < Age <45 15 9.9% 403 19.2%
45 < Age <55 3 2.0% 276 13.1%
55 < Age < 65 5 3.3% 226 10.7%
65< 1 0.7% 52 2.5%
Female 96 63.6% 809 38.5% <0.001 ***
Gender Male 55 36.4% 1295 61.5%
Activi No Work/Study 38 25.2% 523 24.9% 0.930
ctivity
Work/Study 113 74.8% 1581 75.1%
Having a No 23 15.2% 692 32.9% <0.001 ***
Household Car v, 128 84.8% 1412 67.1%
Mean Median Mean Median ﬁ/-[‘\l/sl{]l; p-value MT
Age 27.87 25.00 35.55 32.00 <0.001 *** <0.001 ***
Household Income 11,542.22 9000.00 6940.44 6000.00 <0.001 *** <0.001 ***
Living Cost 9393.06 8000.00 6180.74 5000.00 <0.001 *** <0.001 ***
Income—Cost Ratio 1.29 1.11 1.18 1.00 <0.001 *** <0.001 ***
*p <0.05;** p <0.01; ** p < 0.001, MWUT is Mann Whitney U test, and MT is median test.
Table 2. Demographic profile of the respondents in Tehran.
Tehran Regular Users Non-Regular Users
Total Sample N =88 N = 2368 p-Value
N = 2456 Count % Count %
<19 1 1.1% 87 3.7% 0.261
19 < Age <25 7 8.0% 279 11.8%
25 < Age < 35 29 33.0% 655 27.7%
Age Group 35 < Age < 45 25 28.4% 600 25.3%
45 < Age <55 18 20.5% 433 18.3%
55 < Age < 65 3 3.4% 218 9.2%
65< 5 5.7% 96 4.1%
Female 53 60.2% 1157 48.9% 0.036 *
Gender Male 35 39.8% 1211 51.1%
Activi No Work/Study 31 35.2% 746 31.5% 0.461
ctivity
Work/Study 57 64.8% 1622 68.5%
Having a No 2 2.3% 251 10.6% 0.002 **
Household Car Yes 86 97.7% 2117 89.4%
Median ~ Median Mean Median K/-[‘\//lelll"T" p-value MT
Age 38.37 35.00 38.31 37.00 0.920 0.926
Household Income 1813.02 1403.00 1327.24 1169.00 <0.001 *** <0.001 ***
Living Cost 1374.69 1169.00 1065.81 935.00 <0.001 *** <0.001 ***
Income—Cost Ratio 1.32 1.17 1.29 1.14 0.064 0.291

*p <0.05;** p < 0.01; ** p < 0.001, MWUT is Mann Whitney U test, and MT is median test.
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These findings suggest that regular users of ridesourcing are younger with higher household
income than non-regular users in Cairo.

Table 2 indicates the demographics of the regular and non-regular users of ridesourcing in Tehran.
The Chi-square test of independence shows that there is a significant correlation at 0.05 level (p < 0.05)
between the dummy variables of regular ridesourcing use and gender. Therefore, Tehranian women
regularly use ridesourcing significantly more than men. Moreover, the Chi-square test of independence
shows the significant different car ownership rates between regular and non-regular resourcing in
Tehran at the 0.01 level (p < 0.01). Around 98% of regular ridesourcing users have at least one household
car, while 89.4% of non-regular users have a household car. Like the sample of Cairo, the results of the
Mann Whitney U test reject the null hypothesis for household income and household living cost at
0.001 level (p < 0.001). Moreover, the median test shows that the medians of these aforementioned
variables are significantly different between regular and non-regular users of ridesourcing. However,
these tests do not reject null hypotheses for the variable of age at 0.05 level. Therefore, unlike the Cairo
sample, the median age of regular users is not different from non-regular users. Moreover, the median
of the household incomes of regular users (1403 euros) is significantly higher than non-regular users
(1169 euros).

3.2. Frequency of Public Transport Use

We asked the respondents how often they use public transport to compare the frequency of use of
public transport between regular and non-regular users of ridesourcing. As it is explained, the answers
to this question are dichotomized into frequent and non-frequent use of public transport. The results
of this question are shown in Figures 3 and 4 for Tehran and Cairo, respectively. In Tehran, 45.5% of
regular ridesourcing users use public transport frequently, and 54.5% use this mobility mode almost
never, rarely, or a few times per month; 52.7% of non-regular ridesourcing users use public transport
frequently (every day or a few times per week), which means non-regular users of ridesourcing are
more frequent users of public transport than regular ridesourcing users. The result of this question
for the Cairo sample is in contrast with the Tehran sample. Regular ridesourcing users use public
transport frequently (68.9%), more than non-regular ridesourcing users (62.8%). Hence, the results
suggest that Cairene regular users of ridesourcing use public transport (PT) more frequently than
Tehranian regular users.

45.5% 54.5%

52.7% 47.3%

(]

Figure 3. Frequency of use of public transport (PT) among regular and non-regular users of ridesourcing
in Tehran.

68.9% 31.1%

62.8% 37.2%

[}

Figure 4. Frequency of use of public transport among regular and non-regular users of ridesourcing
in Cairo.
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3.3. Reasons for Not Using Public Transport

A multiple-choice question was asked to understand the reasons of regular ridesourcing users for
not using public transport: “If you do not use public transit frequently, what is the reason?”. The answer
to this question indicates the respondents’ attitudes and perceptions of public transport use. The choices
of this multichoice question were designed based on the review of the studies in the field of mobility
behaviors in the context of the MENA region [46-50]. The options include six reasons which are “I prefer
my own car”, “It is expensive”, “It is not comfortable”, “No accessibility to public transportation”,
“Social problems”, and “It is slow”. The respondents should choose only one option as the main reason
for this question. We designed the options in the present form to gather subjective reasons associated
with the way people decide not to use modes of public transport in their cities. The subjective factors
are usually highly associated together and constitute a package of reasons for a decision. However,
we asked them to select one reason because we tried to find the dominant subjective barrier in the
mind of the respondent to using public transport, which may be useful for experts to understand
which obstacles are more influential on the public perception. The reason “I prefer my own car” is
related to lifestyle as Cullinane (2003) explained that the person is car-dependent and prefers using a
car regardless of the quality of the public transport network. This reason might be correlated with
the reason of “public transport is not comfortable”. However, if the comfort of public transport is
improved, the person who mentioned “it is not comfortable” is more likely to use public transport than
the person who mentioned, “I prefer my own car”, which is related to his or her lifestyle. The reason of
social problems addresses social barriers for outside activities of women, fear of possible harassment,
and inconvenience in public places. The answer “No accessibility/no public transportation” means that
the public transport stations are not accessible or too far from the neighborhood or daily destinations
of the respondent. The findings are shown in Figures 5 and 6 for two groups of the binary variable
“ridesourcing use” which are regular and non-regular users in Cairo and Tehran. The Chi-square test
of independence indicates that in the Tehran sample, there is a significant association at 0.05 level
(Pearson Chi-Square = 14.33 and p-value = 0.014) between the dummy variable “ridesourcing use” and
the categorical variable “reasons for not using public transport” with the six mentioned categories.
The findings in Tehran show that the major reasons of regular users of ridesourcing for not using
PT are “not comfortable”, “slow transportation”, and “I prefer my own car”, which 56.4%, 15.4%,
and 12.8% of regular users mentioned, respectively. The non-regular users reasoned, “I prefer my
own car”, “not comfortable”, and “slow transportation” at proportions of 37.3%, 32.6%, and 15.6%,
respectively. This finding shows that the subjective perceptions of comfortability and preference for
using private cars instead of modes of public transport are the main reasons of regular and non-regular
ridesourcing users for not using PT, but with significantly different percentages of the observations in
the Tehran sample.

1.8%
Non-regular users |ﬂ_ﬂ PN

Regular users | EIRSIONNSIN 56.4% L 103%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

H Expensive M| prefer my own car B No accessibility Not comfortable ™ Slow ™ Social problems

Figure 5. Reasons of regular and non-regular ridesourcing users for not regularly using PT in Tehran.
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0.5%

Non-regular users 44.5% 3.3% 36.6% --
Regular users 450% 10:2% 51.0% _

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Expensive | prefer my own car No accessibility Not comfortable ®Slow ™ Social problems
Figure 6. Reasons of regular and non-regular ridesourcing users for not regularly using PT in Cairo.

In the Cairo sample, the Chi-square test of independence shows that there is a significant correlation
ata 0.001 level (Pearson Chi-Square = 49.26 and p-value < 0.001) between the binary variable of regular
ridesourcing use and the categorical variable “reasons for not using public transport”. The main reasons
of regular ridesourcing users for not using PT are “not comfortable” (51%), “social problems” (28.6%),
and “no accessibility” (10.2%). The non-regular users reasoned “I prefer my own car”, “not comfortable”,
and “social problems” with 44.5%, 36.6%, and 9.4%, respectively. Like the Tehran sample, the reason
“not comfortable” is the most observed reason among regular users, while most non-regular users
reasoned their preference for using a private car instead of public transport.

The comparison of Figures 5 and 6 indicates that 12.8% of regular ridesourcing users in Tehran
mentioned the reason “I prefer my own car” considerably more than Cairene regular users (4%), which is
the lowest observed reasons among regular users in Cairo. In addition, the reason “social problems” is
mentioned more among regular ridesourcing users in Cairo than Tehran. The regular users did not
answer the reason “It is expensive” in either city.

3.4. The Binary Logit Models

We applied binary logistic regression to compare the odds of frequent use of public transport
between regular ridesourcing users and the non-regular users for the sample of Tehran and Cairo.
The non-regular user of ridesourcing is defined as the reference category for the variable of ridesourcing
use in the logit model. The omnibus test indicates significantly different log-likelihoods at a 0.001 level
between the model with explanatory variables and the baseline model for the samples of Cairo and
Tehran with the Chi-square 173.662 and 375.694, respectively. The non-significant Chi-square in the
Hosmer and Lemeshow test suggests that the model is a good fit to the data for Tehran with the p-value
0.105, and for Cairo with p-value 0.333. Table 3 shows the results of the omnibus test, the Hosmer and
Lemeshow test, the Nagelkerke R squared, and the Cox and Snell R squared for the logit models of
Cairo and Tehran.

Table 3. The results of the Hosmer and Lemeshow test and the omnibus test.

Tests Cairo Tehran

Omnibus Tests of Model Coefficients

Chi-square 173.662 375.694
p-value <0.001 <0.001
—2 Log-likelihood 920.844 1958.855
Cox and Snell R Square 0.180 0.200
Nagelkerke R Square 0.251 0.266
Hosmer and Lemeshow Test

Chi-square 9.114 13.201
p-value 0.333 0.105

Overall Percentage of Correct Prediction 71.9% 70.2%
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The coefficients of estimators for the models of Tehran and Cairo are mentioned in Tables 4
and 5. Examining the odds (probability of frequent PT use/probability of not frequent PT use) reveals
the influence of each variable. Therefore, each estimator contributes to predicting the probability of
frequent public transport use. Each exponentiated coefficient is the change in odds (odds ratio) by
the multiplicative scale for a unit increase in the related estimator when other estimators are constant.
An odds ratio bigger than 1 indicates that by holding other independent variables constant, the odds
of frequent PT use increases by an increase of the independent variable, and vice versa decreases by
a decrease of this independent variable. When the odds ratio is around 1, it means that a change of
the independent variable does not change the odds of the dependent variable considerably. The odds
ratio of less than 1 for one estimator means that by holding other estimators constant, the odds of the
dependent variable decrease by an increase of this estimator.

Table 4. Binary logistic regression for the Tehran sample.

Independent Variable: Frequent PT Use B S.E. Wald Sig. Exp(B)

Regular Users =1,

Non-Regular = 0 —-0.863 0.290 8.854 0.003 0.422

Ridesourcing Use

Gender Female=1Male=0  0.521 0.114 20.967  <0.001 1.684
Age -0.040 0.005 69.892  <0.001 0.960
Income—Cost Rate -0.476 0.171 7.710 0.005 0.621
Household Car-Driving License Rate -1.036 0.200 26.730  <0.001 0.355
Work/Study Trip Distance Meter 0.000 0.000 105592  <0.001 1.000
Frequency Nonwork/Study Trips Per Week 0.134 0.020 43212 <0.001 1.144
Constant 1.301 0.330 15562  <0.001 3.675

Table 5. Binary logistic regression for the Cairo sample.

Independent Variable: Frequent PT Use B S.E. Wald  p-Value Exp(B)

Regular Users = 1

Non-Regular = 0 1.148 0.494 5.408 0.020 3.153

Ridesourcing Use

Gender Female=1,Male=0  0.799 0.200 16.006  <0.001 2.223
Age —-0.044 0.008 34.777  <0.001 0.957
Income—Cost Rate —-0.423 0.193 4.826 0.028 0.655
Household Car-Driving License Rate -1.950 0.246 62.848  <0.001 0.142
Work/Study Trip Distance Meter 0.000 0.000 5.070 0.024 1.000
Frequency Nonwork/Study Trips Per Week 0.092 0.048 3.715 0.050 1.097
Constant 3.831 0.428 80.064  <0.001  46.086

The model for Tehran indicates five statistically significant estimators at the 0.001 level,
which are gender, age, household car-driving license rate, work/study trip distance, and frequency
of nonwork/study trips per week. Moreover, this model suggests that the variables of ridesourcing
use and household income-cost rate are significant at a level of 0.01 (p-value = 0.003). The variable
of ridesourcing use is categorical. Hence, its coefficient indicates the odds ratio of PT use for regular
users relative to the non-regular rider sourcing users. Relative to the reference category (non-regular
users), the odds of frequent PT use for the regular users are 58% (1-0.42) less than these odds for
non-regular users. It means that by holding other independent variables constant, the odds of frequent
PT use for the non-regular ridesourcing users are 2.38 times greater than regular users. Therefore,
the results suggest that regular ridesourcing users are less likely to use public transport frequently
than non-regular users of ridesourcing. The model reveals that women have 1.7 times greater odds
of frequent PT use than males. Each unit increase of frequency of nonwork/study trips increases
the odds of frequent public transport use by 14.4%. Therefore, the Tehranians who have a higher
frequency of nonwork/study trips are more likely to use public transport frequently. On the other hand,
each unit increase in age decreases the odds of frequent public transport use by 4%, which means
younger people are more likely to use public transport regularly than older generations. Additionally,
each unit increase of the household car—driver license ratio reduces the odds of regular PT use by
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64.5%. Therefore, the households that have more available cars for their family members who possess
a driver’s license are less likely to use public transport frequently.

Table 5 shows the binary logistic regression for Cairo, which includes three statistically significant
estimators at the 0.001 level, which are age, gender, and household car—driving license rate. Additionally,
three variables are significant at the 0.05 level: ridesourcing, income—cost ratio, and work/study trip
distance. The frequency of nonwork/study trips per week is marginally significant, and its p-value
is 0.054. The model reveals that the odds of frequent PT use for the regular ridesourcing users are
3.15 times greater than non-regular users. This means that regular ridesourcing users are significantly
more likely to use public transport frequently than non-regular users. This result is in contrast with
the Tehran model, where frequent users of ridesourcing are less likely to use public transport than
non-regular users. Each unit increase of the household income—cost ratio and the household car-driving
license decreases the odds of frequent PT use by 34.5% and 86%, respectively, while holding other
variables constant. In other words, the Cairene households who have a higher income—cost ratio or
more available cars for their driving license holders are less likely to use public transport regularly.
The exponentiated coefficient of the variable age indicates that each unit increase in age reduces the
odds of frequent PT use by 4.3%. Furthermore, each unit increase of frequency nonwork/study trips
increases the odds of frequent PT use by around 10%. Like the Tehran model, women have 2.22 times
greater odds of frequent PT use than men.

4. Discussion

The research in the field of urban mobility behavior often comes from high-income countries,
while developing countries and emerging markets like those in the MENA region have a small share.
The findings of such studies are context-specific, which are influenced by behaviors and preferences
associated with the regional context. On the other hand, with a sharp growth rate of new ridesourcing
services in the modal split of the large MENA cities, it is essential to study their effects on the mobility
behavior of people in this region. Tehran and Cairo are two big MENA cities from the two most populous
countries in this region. These two cities have some similarities in urban development, for example,
both have more car-oriented than transit-oriented urban forms [42]. Moreover, the ridesourcing
companies started providing services at the same time (after 2014) with a similar growth rate. Therefore,
this paper studied the association between ridesourcing and the public transport mode choices to
compare the different impacts of ridesourcing in these two cities as case studies in the MENA region.
This study used two large samples in Tehran (2456 interviews) and Cairo (2255 interviews) to study
the impact of regular ridesourcing use on the frequency of public transport use. The methodology of
this study is different from the previous research in the West and the MENA context, which studied
the modal shift from public transport to ridesourcing by some counterfactual questions [14-16,51-53].
They generally asked, “Which mobility mode would you have used if ridesourcing services had
not been available?”. The respondents should think backward and imagine the manipulated past
supposedly to respond to this question. However, in this study, we defined the group of regular
ridesourcing users who adopted ridesourcing as their regular mode for their daily travel purposes.
Then, we derived their current frequency use of public transport by the think-forward question in the
present tense, “How often do you use public transit?”. Therefore, we studied the relationship between
the regular use of ridesourcing with the current frequency use of public transport, instead of the modal
shift in the past between these two mobility modes. In addition, we compared the socioeconomic
characteristics as well as the preference for public transport use between regular and non-regular users
of ridesourcing.

4.1. Socioeconomic Characteristics

The gender comparison between the regular users of ridesourcing shows that women are more
regular users than men in Tehran (60.2%) and Cairo (63.6%). This finding is similar to other studies in
the context of the global south, like in the MENA [54,55] and the African context [56]. One of the reasons
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is that women feel more secure in the ridesourcing travels than other modes, which is reported in other
studies by Rizk et al. (2018) in Egypt [54] and Tirachini (2017) in Chile [17]. Additionally, the findings
indicate that regular ridesourcing users have significantly more monthly household income than
non-regular users in Cairo and Tehran. This finding is in the same direction as other similar studies in
the Western context [4,16,51,52,57,58]. Concerning car ownership, the findings reveal that, in Cairo,
the percentage of the regular ridesourcing users who do not have a household car is around 15%,
which is remarkably greater than the percentage of regular users without a car in Tehran (around 2%).

Regarding the International Association of Public Transport (UITP) report in 2016, the number of
cars per 1000 citizens in Tehran is 370 and in Cairo is 119 [59]. Therefore, the different percentage of
non-car owners among regular users in this study is related to the big difference in the indicator of
vehicles per capita between Tehran and Cairo. In addition, the Cairene regular users of ridesourcing
who do not own a household car have a significantly higher income than non-regular users.
Hence, ridesourcing is more likely to be regularly used instead of private cars by higher-income
households in Cairo than Tehran. However, the impact of ridesourcing on car ownership needs
to be studied in greater detail in terms of the socioeconomic parameters and social perception in
further studies.

Our findings in the year of the survey show that Tehranians and Cairenes with lower household
income and without a car were less likely to be regular users of ridesourcing. There are two possibilities
that these economic classes will adopt ridesourcing as their main mobility mode. First, if the average
fares of ridesourcing decrease through the competition among their companies, then the lower-income
citizens are more likely to become regular users. Second, if the ridesourcing companies provide shared
ridesourcing services like Lyft line and uberPool in these two cities, it would decrease the service fare
and become more affordable for lower-income households. Brown (2017) showed that in Los Angeles,
the ridesourcing services were used more in lower-income areas, with a higher percentage of families
with no cars [60]. However, some social perceptions of shared ridesourcing should be considered,
such as women may not prefer to share their ridesourcing with strangers in these two cities as it is
reported in the other similar studies in Brazil and the American cities [17,61,62].

The age comparison in the Cairo sample indicates that the regular ridesourcing users are
significantly younger (mean 28, median 25) than non-regular users. This finding is similar to other
studies in the global north context regarding the age of ridesourcing adopters [5,52,63,64]. However,
in Tehran, the age of regular users is not significantly different from the age of non-regular users.

4.2. Reason for Not Using Public Transport

The respondents were asked their main reason for not using public transport to understand the
subjective barriers for using public transport among regular users of ridesourcing. The percentage of
regular ridesourcing users in Tehran who prefer their private car instead of using public transport
is around three times higher than Cairo. In contrast, regular users in Tehran mentioned the reason
“lack of accessibility to public transport” less than in Cairo. This finding indicates that regular
ridesourcing users in Tehran are more likely to be car-dependent than in Cairo, as Cullinane (2003),
Sohn, and Yun (2009) explained: despite appropriate access to public transport, citizens prefer to use
their private cars [26,65].

Moreover, the findings suggest that regular ridesourcing users have a significantly more subjective
perception of discomfort in public transport than non-regular users in both cities. The discomfort
in public transport is associated with high levels of crowding, psychological-social distances,
and perceived risk and insecurity [66—68]. Furthermore, regular users in both cities reported social
problems as the reason for not using public transport remarkably more than non-regular users.
These two findings are related to another finding that women are more regular users of ridesourcing in
both cities, and they feel less comfortable in public transport modes. So, they prefer to use uncrowded
mobility modes in these two cities, which is reported in other studies [54,69].
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4.3. Regular Use of Ridesourcing and Frequency of Public Transport Use

The findings suggest that regular ridesourcing users use public transport more frequently than
non-regular users in Cairo and less frequently than non-regular users in Tehran. We used binary
logistic regression to understand the relationship between regular use of ridesourcing and public
transport by controlling the socioeconomic variables. The results indicate that the odds of frequent use
of public transport for regular users are 3.15 times greater and 0.58 percent less than non-regular users
in Cairo and Tehran, respectively. In other words, the probability of frequent use of public transport is
positively correlated in Cairo and negatively correlated in Tehran with the regular use of ridesourcing.
The findings in Cairo are in the same direction as the studies in Canada [70], Santiago de Chile [71],
and Las Vegas [72] which supported the positive correlation between ridesourcing and public transport.
However, the results of Tehran are similar to the studies in Denver [15], California [73], New Delhi [74],
and in seven major American cities [16], which reported that ridesourcing users reduced their public
transport use.

This contradictory correlation in Tehran and Cairo might be related to the differences in the
accessibility of public transport, socioeconomic parameters, and social preference. Regarding the report
of UITP in 2016, Cairo, with a population of around 19 million people, has 113 buses and 4 km of urban
rail transit per one million population [59]. This report mentioned that Tehran has around 9 million
population with 569 buses and 20 km of urban rail transit per one million population. According to
these indicators, Tehran has a better public transport system than Cairo. Therefore, the findings suggest
that although the public transport system in Tehran is better than Cairo, the regular ridesourcing users
in Tehran are less likely to use public transport than in Cairo. This result in Tehran is in the same
direction as the study of Cullinane (2003) in Hong Kong, which indicated a high car dependency of the
citizens, even though they have appropriate access to the public transport system [26]. This result is
also supported by the finding of another part of this study about the perception of public transport.
The finding suggests that Tehranian regular users of ridesourcing prefer to use their private cars instead
of public transport significantly more than Cairene regular users.

Moreover, the average age of regular users in Cairo is significantly below regular users in Tehran,
and it is suggested in many studies that younger people tend to be more multimodal travelers [75].
By considering these reasons, the results suggest that regular ridesourcing users in Tehran are more
car-dependent, and they are less likely to use public transport than non-regular users. However,
regular ridesourcing users in Cairo are more multimodal travelers, and they are more likely to use
public transport than non-regular users.

4.4. Limitations and Further Research

The percentages of the regular ridesourcing users in both cities were lower in comparison to
the percentages of non-regular users in our study. The interviews were conducted randomly among
citizens of 12 neighborhoods in Tehran and Cairo, and we asked their main mobility modes for
their daily travels. Then, based on their answers, we identified the regular users of ridesourcing
in both cities. The percentage of respondents who used ridesourcing regularly was lower than the
percentage of non-regular users who used the other dominant mobility modes in 2017. Therefore,
for further research, we propose to make a larger sample size of the regular ridesourcing users to
study the impact of ridesourcing on their mobility behavior. Moreover, we did not have access
to precise data about the accessibility of each respondent to public transport like bus, microbus,
and transit stations. Therefore, to have a representative sample of the city to cover three levels of public
transport accessibility (high, medium, low), we used the assumption of the association between the
public transport accessibility and period of neighborhood development. Therefore, we suggest further
research to gather more precise data of the public transport accessibility at individual and neighborhood
levels in Tehran and Cairo to study the impact of this indicator on the public transport mode choice
behaviors among ridesourcing users. As the correlation between regular use of ridesourcing and
public transport could affect the VKTs in these two cities, further research is suggested in the field of
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ridesourcing impacts on the VKTs. In this study, the group of non-regular users includes the regular
users of other modes, so that they could be categorized based on their mobility behaviors into different
groups. Therefore, more research is proposed to compare and study the mode choice of public transport
between regular users of ridesourcing and other transport modes separately.

5. Conclusions

With the increasing share of ridesourcing services in the modal share of the large MENA cities,
it is necessary to study the impacts of this new emerging transport mode on the mobility behaviors and
mode choices of the citizens. However, there is little research on whether ridesourcing has positive
or negative impacts on the sustainability of urban transport in the MENA region. The evaluation of
ridesourcing as a sustainable or unsustainable transport mode depends on whether it supports or
replaces other sustainable modes like public transport and nonmotorized modes [17,76]. This paper
tried to give an insight into the relationship between ridesourcing adaptation and the frequency of
public transport use in two cities of the MENA region. The principle of this study is based on the
assumption that regular use of one transport mode affects other mode choices.

The findings suggest that the association between the regular use of ridesourcing and public
transport use depends on the context, the objective parameters, and the social perception of the urban
transport system in the cities. This study indicates that the regular use of ridesourcing in the two big
cities of the MENA region has a contradictory correlation with public transport use. It shows that in
Cairo, the regular use of ridesourcing has a positive correlation with the probability of frequent public
transport use. In contrast, this correlation is negative in Tehran, where the regular ridesourcing users
are more car-dependent than Cairenes. The results indicated that although Tehran has a better public
transport system than Cairo, regular users of ridesourcing in Tehran are significantly less likely to use
public transport than in Cairo. Moreover, we mentioned that the association in each of these two cities
is similar to particular cities in the global north. This different correlation was studied in terms of
socioeconomic factors, travel parameters, and the citizens’ perception of the public transport system
in these two cities. In both cities, regular users have significantly more monthly house income than
non-regular users, and women regularly use ridesourcing more than men. Moreover, the study shows
that in both cities, the regular ridesourcing users have substantially more perception of discomfort in
public transport than non-regular users. Therefore, comfort in public transport should be improved to
attract this type of commuters. Moreover, it is recommended that the transport policymakers encourage
the ridesourcing companies to integrate their services with the public transport system to provide
first/last mile services. Additionally, these companies could offer some discounts for passengers who
use ridesourcing in connection with public transport as a complementary mode. These policies have
been implemented in some global north cities [17,77]. In addition, the policy of adding a special
charge on ridesourcing fares could be useful to encourage regular ridesourcing users to use more
public transport.
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