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Abstract

Over the last decade, the popularity of Transportation Network Companies
(TNCs) as a mode of travel has been increasing at a steady pace. This trend
highlights the importance of identifying the determinants that influence trans-
portation users to adopt TNCs as a preferred mode choice and the impacts of
such preferences on their travel patterns and transportation network operation.
This paper reports on a recent study undertaken in Birmingham, AL aiming
at understanding and documenting the factors that influence transportation
users to select TNCs (such as Uber/Lyft) for completing typical day trips. In
doing so, a travel diary questionnaire survey was developed in accordance with
the Institute of Transportation Engineers (ITE) Manual on Transportation
Engineering Studies using the Qualtrics Research Core platform. The ques-
tionnaire was used to survey over 450 transportation users in the Birmingham
Metro area. The survey participants provided detailed trip information for a
typical 24-hr day along with demographic data and travel preference informa-
tion. The survey responses provide high-resolution micro-level indicators of
travel preferences and behaviors in a TNC-served area, which is a much-needed
type of information for researchers and transportation planning agencies.
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1. Introduction

In the recent years, Transportation Network Companies (TNCs) such as Uber/Lyft
have led to an expansion of on-demand app-based ride sourcing transportation
options [1]. Despite the rapid growth of several TNC markets, analysis of poten-
tial and actual impacts of TNCs presence on preferences and daily travel patterns
of TNC-aware transportation system users are still very limited. Such analyses
are hindered by the lack of availability of detailed data due to privacy concerns,
as well as technical and financial feasibility issues.

The objective of this study is to understand current travel preferences and prac-
tices of transportation users in the Birmingham Metropolitan Area and document
their attitudes toward TNC use as a travel mode of choice. To meet this objec-
tive, we developed a comprehensive travel diary questionnaire survey and used it
to survey a TNC-aware population sample of 451 respondents in the Birming-
ham Metro Area. The survey requested participants to report detailed trip in-
formation for a typical day (Ze, 24-hr travel diary) including origin and destina-
tion of each trip, travel time, trip purpose and travel mode used. Demographic
data were also obtained and used in the analysis and interpretation of survey
findings. The analysis helped to identify indicators that contribute to the use of
TNCs and, thus, can create a shift in the travel pattern of TNC-aware popula-

tions when TNC services are available in a region.

2. Literature Review

Transportation Network Companies (TNCs) services were introduced in 2009,
as an app-based ride sourcing platform to connect passengers with drivers auto-
mate reservations, payments, and customer feedback [1]. In the initial stage, TNCs
offered only ride-hailing options [2], but later ride-sharing options were added
thus expanding the scope of the service and adding a cost-saving incentive for
users. In 2013, the California Public Utilities Commission defined such services
as Transportation Network Companies, which provides both ride-hailing (such
as Uber/Lyft) and ride-sharing (such as Uber Pool/Lyft-share) options [3].

Examination of the TNC users’ demographic characteristics is very important
for determining the users’ reasons behind using the TNCs. The literature review
revealed several earlier studies that examined the demographics of TNC users
across United States [4]-[12]. A common characteristic of those users is that they
mostly belong in the 18 - 34 years old age group and most of them are highly
educated. Though it was initially expected that people with low incomes would
be a significant proportion of users of TNCs give the lack of vehicle ownership,
studies proved this to be a misconception as the surveys confirmed that TNC
customers represent a variety of income levels [4]-[12]. So, the literature review
provided some evidence that TNC use is not directly related to income level but
rather age, education, as well as the traffic conditions of the region.

Users’ perspectives towards transportation modes are a significant identifier

of mode selection. A 2019 study on user perspectives showed that “perceived
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value” and “perceived risk” have respectively positive and negative impacts on
the travelers’ decision about choosing TNCs as their daily mode of travel [13].
Several other studies examined trip purpose and stated that the main purpose of
ride-sharing trips in their region was “social/leisure”, while other reasons cited
related to parking or users’ unwillingness to drive [4] [7] [8] [14].

The growth of TNCs has been seen by many skeptics as contributing to traffic
congestion as well as threatening the viability of taxi and public transit services.
In New York, during peak hours about 7.5% of trips are performed by TNCs
whereas only 4% are performed by taxis [15]. The literature confirms that tech-
nology-enabled services can affect travel behavior in dynamic ways by providing
more travel options, reducing travel uncertainty, and potentially replacing other
modes [16]. Research by Sivak (2014) states that the percentage of zero-vehicle
households may also increase as a result [17]. Moreover, another study states that
40% of TNC users in San Francisco, CA reported that they use their private ve-
hicle less due to the adoption of on-demand mobility sharing services [2]. In Bos-
ton, MA, a recent report by the Boston Metropolitan Planning Organization con-
cluded that introducing TNCs in the Boston area resulted in transit substitution
at a rate of 54% with 12% occurring during the morning or afternoon commute
periods [18].

In sum, the literature review provided some useful insights on TNC use and
its impacts on mode choice and travel demand. However, the review also con-
firmed that case studies on TNC use and impacts are still limited and findings
from earlier studies are localized and reflect that characteristics of users in the
particular local. Thus a need was identified to conduct a study of travelers” per-
ceptions and use of TNCs in Birmingham. The study was used to document us-
ers’ attitudes, choices, and behavioral trends and inform about the potential in-
fluence of identified technologies on travel behavior and demand. At the time of
survey administration, the Birmingham metro area had two Transportation
Network Companies providing their services to this region, namely Uber and
Lyft. Uber was first launched in this region in January 2015 [19] thus expanding
the transportation mode options in the Birmingham market. Two years later, in
February 2017, Lyft came to the Birmingham service area [20]. However, both
companies only offer ride-hailing services to the users, while ride-sharing ser-

vices are not yet introduced to this region.

3. Methodology and Data Collection

This paper discusses the use of a survey to identify awareness, usage, and proli-
feration of identified technologies among transportation system users in Bir-
mingham, AL. To capture such data, an online questionnaire survey was de-
signed and used to collect travel preferences, typical trips, and demographic data
in accordance with the ITE Manual on Transportation Engineering Studies (ITE,
2011) [21]. First, an approval was obtained from the Institutional Review Board

(IRB) for Human Use to proceed with the survey. The Qualtrics Research Core
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tool [22] was used to prepare the questionnaire as it provided a user-friendly
platform. The questionnaire was modified at various stages and was pretested
and fine-tuned prior to use to ensure that it was easy for responders to under-
stand the questions and provide answers.

The questionnaire asked transportation users about their preferences towards
using TNCs, the frequency of use, reason for selection along with demographic
information such as gender, age, annual income, education level, and vehicle
ownership. The criteria for collecting the demographic data were adopted from
the Census criteria. Moreover, the questionnaire solicited detailed 24-hr trip in-
formation of the respondents on a typical day. In the determination of the exact
locations of origin and destination of the trips on 24-hr travel diary, we used
Google maps API key application. This allowed respondents to easily insert the
location of their origins and destinations.

The survey was administered in the Birmingham, AL region between Decem-
ber 2018 and January 2019. The study site comprises of the cities of Birming-
ham, Homewood, Vestavia Hills, Mountain Brook, and Hoover. Figure 1 shows
the 29 residential ZIP codes that we selected as our survey zones along with the
exact location of each study respondent. Given a population of 1,141,309 capita
in the Birmingham Metro Area as per the 2016 Census data [23], a sample of 400
responses was deemed sufficient according to the formula shown in the Equa-

tion (1) for calculating standard population sample size.
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Figure 1. Survey area showing ZIP codes (by number), and respondents locations (by
dot).
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where n is the sample size, z is the z-score for the corresponding confidence in-
terval, e is the margin of error, Vis the population size as per latest Census re-
ports, and pis the standard deviation (assumed to be equal to 0.5).

The research team through a detailed data verification to process to check the
responses received using ArcGIS software [24], built-in tests, and through close
manual observation. Several responses were deducted from the database and
new responses were collected to replace those that did not pass validation tests
or showed mismatch of reported data. A final database of 451 responses from
Birmingham Metro Area was used in the analysis of this paper. A brief about the
database is given on Table 1.

4. Results and Discussions

Among the 451 responders considered in the analysis, 342 were women and the
remaining were men. The overrepresentation of women in the survey was noted
but is not alarming as many surveys reported higher numbers of survey partici-
pants as being female. The responders provided details for 1023 trips performed
over a 24-hr period. Analysis of the data showed that approximately 6.37% of the
reported trips were conducted by TNCs, with 73% of TNC trips performed by
female responders. Taking exposure into consideration, the finding indicates
that TNCs are used almost at the same rate among female and male transporta-

tion users in the Birmingham region.

4.1. Preferences towards TNCs

To understand the survey participants’ mode choices and their exposure to modes
of transportation other than automobile we asked them whether they have used
TNCs, public transit, bicycle, ride-sharing program, etc. in the past year. As
shown in Figure 2, approximately 45% of survey participants indicated that they
have used TNCs in the past year. This is an important finding given that only
21% reported use of public transit during the same period and 12.6% of bicycle.

To understand the frequency of TNC use, the respondents were asked when
was the last time that they used TNCs in the Birmingham region. Analysis of
survey responses revealed that 50% of the TNC users used TNCs within the past
month and half of those (about 24.3%) used TNCs at least once within the 7 days
preceding the survey.

Additional analysis was performed to determine the potential impact of age
on TNCs selection. Table 2 provides a cross-tabulation of survey results indi-
cating the frequency of TNC use by age bracket. It can be observed that 25 to 34
years old survey participants use the TNCs the most (about 27.14%) followed by
18 to 25 years old responders (19.5%). It can be also observed that use of TNC
drops steadily as age increases when considering middle aged and elderly users.
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Responders were also asked to note the reason(s) for using TNCs in the past.
In order to identify the most influential reasons for selecting TNC services as a
mode of transportation, we factorized each reason to take a value of 1 if selected,
and 0 if not selected. Table 3 documents the mean and standard deviation selec-
tion according to the survey responses. The results show that convenience was
reported as the main driving force for the selection of TNCs as a mode of trans-
portation. Safety/avoiding driving when intoxicated and lack of automobile
availability were cited as the second and third most important reasons for use of

TNCs in the survey of Birmingham users.

TNCs I 45.01%
Public Transit I 21.06%
Bicycle mmmm— 12.64%
Organized ride sharing program mmm 5.10%
None of the above I 40.35%

0% 10% 20% 30% 40% 50%
Figure 2. Modes used in the past year by the survey participants.

Table 1. Summary of survey responses data.

Item

Data Collection Period

Details

Nov 2018-Jan 2019

Total Responses 451
Total Numbers of Trips 1023
Number of TNC Trips 69

Average Travel Time per Trip

25.64 minutes

Table 2. Frequency of TNC using at different age level.

Age versus TNC Within the Within the Within the  Within .the Within the
Use Frequency past seven past 30 days past two past six past year Total
days months months

18 to 24 years 6.67% 3.81% 0.95% 6.19% 1.90%  19.52%
25 to 34 years 4.76% 8.57% 5.71% 5.24% 2.86%  27.14%
35 to 44 years 3.33% 3.81% 1.43% 5.24% 3.81% 17.62%
45 to 54 years 5.24% 4.29% 1.43% 1.43% 3.81%  16.19%
55 to 64 years 1.90% 4.29% 0.00% 2.86% 1.43% 10.48%
65 to 74 years 2.38% 2.38% 0.48% 1.43% 1.43% 8.10%
75 years and over 0.00% 0.00% 0.00% 0.48% 0.00% 0.48%
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Table 3. Mean (Standard Deviation) of the factors affecting the TNC preference.

Within the past Within the past Within the past Within the past Within the

Reasons seven days thirty days two months six months past year Total
Convenience 0.13 (0.33) 0.15 (0.36) 0.07 (0.25) 0.14 (0.35)  0.07 (0.26) 0.56 (0.5)
Safety/to avoid driving under the influence 0.07 (0.26) 0.09 (0.29) 0.03 (0.17) 0.06 (0.23) 0.05 (0.22) 0.30 (0.46)
Car is not available 0.07 (0.26) 0.06 (0.24) 0.05 (0.22) 0.06 (0.24) 0.02 (0.15) 0.27 (0.44)
Destination has little or no parking availability 0.06 (0.23) 0.08 (0.27) 0.02 (0.14) 0.06 (0.23) 0.03 (0.18) 0.24 (0.43)
Cheaper than other alternatives 0.05 (0.22) 0.05 (0.22) 0.01 (0.12) 0.07 (0.25) 0.02 (0.15) 0.21(0.41)
Parking at destination is expensive 0.06 (0.24) 0.05 (0.21) 0.01 (0.12) 0.05 (0.21) 0.01 (0.12) 0.19 (0.39)
Transit is not accessible 0.02 (0.14) 0.01 (0.12) 0.01 (0.10) 0.01 (0.10)  0.00 (0.07) 0.06 (0.23)
Transit is not reliable 0.02 (0.14) 0.01 (0.10) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.03 (0.17)
Other reason 0.01 (0.10) 0.01 (0.10) 0.00 (0.07) 0.00 (0.07) 0.00 (0.07) 0.03 (0.18)
Other modes are not available 0.00 (0.00) 0.01 (0.10) 0.00 (0.07) 0.00 (0.07) 0.00 (0.07) 0.02 (0.15)

4.2. Transportation Network Companies (TNCs) Trip Characteristics

Cross tabulation of trip purpose to trip mode in Table 4 shows that most of the
trips conducted by TNCs are trips to work or to home. This is consistent across
the other available modes, including the automobile. The results also indicate that
responders use TNC services often for dining out and late-night entertainment.
In fact, when accounting for the number of trips performed by each mode, the
percentage of trips made for eating out/take out/nightlife with TNCs was found
to be 22%, far greater than the same reported for automobile trips (11% of total).
This shows a stronger preference for use of TNCs over automobile for dining
out and entertainment trips among the Birmingham survey responders. This is
consistent with findings in the literature suggesting that the greatest levels of
TNC use are on Friday and Saturday evenings and the busiest time in most cities
is between 7 pm and midnight [25].

The documentation of trips undertaken during a typical day 24-hr travel diary
by the 451 Birmingham questionnaire survey respondents provide trip details for
1023 trips. As shown in Table 4 over 85% of these trips were conducted by pri-
vate automobile and 6.3% by TNCs (i.e., Uber and Lyft). The data are consistent
with earlier large-scale surveys in the Birmingham region by Sisiopiku [26] [27]
which reported that over 88% of UAB employees and 82% of UAB students com-
mute to UAB by private automobile.

We also broke down the results according to the percentage of TNC users and
non-users as shown in Table 5. We observed that nearly 78% of TNC users own
a vehicle, just 3% less that the 81% of non-TNC users that reported vehicle own-
ership.

Figure 3 represents the distribution of TNC trips by purpose and available TNC
option. Two TNC companies operate in Birmingham, namely Uber and Lyft. TNC
users in the Birmingham Metro Area reported using Uber for more than 80% of

TNC trips. This is expected, given that Uber services have been available for longer
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Table 4. Trip purpose vs trip mode.

Trip Purpose to Trip Mode Car TNCs Carpool/Vanpool  Car Rental  Taxi  Transit  Bike Walk
Home 27.2% 1.6% 0.5% 0.3% 0.4% 0.5% 0.1% 0.4%

Work 18.4% 2.4% 0.4% 0.0% 0.2% 0.7% 0.1% 0.4%

School 2.8% 0.3% 0.1% 0.0% 0.0% 0.4% 0.1% 0.6%
Eat/Take-out 6.7% 0.5% 0.4% 0.1% 0.0% 0.0% 0.1% 0.4%
Nightlife/Bar 1.2% 0.4% 0.2% 0.2% 0.0% 0.0% 0.0% 0.0%
Shopping-Grocery 8.8% 0.3% 0.2% 0.0% 0.0% 0.1% 0.0% 0.8%
Shopping-Retail 6.9% 0.3% 0.0% 0.0% 0.0% 0.2% 0.0% 0.1%
Services (e.g. bank, post office) 7.1% 0.2% 0.4% 0.0% 0.1% 0.3% 0.0% 0.2%
Pick-up passenger 3.4% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0%
Drop-off passenger 2.8% 0.4% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0%
Total 85.3% 6.3% 2.3% 0.5% 0.6% 1.9% 0.3% 2.8%

Table 5. Car Availability vs TNC use.

TNC TNC
Car Availabilit
7 User Non-user
I do not own or have regular access to a car 10.95% 5.81%
Ih: 1 t hicle that Ise i household
ave regular access to a vehicle that someone else in my househo. 11.43% 13.28%
owns
ITowna car 77.62% 80.91%
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Figure 3. Trip purpose of the TNC trips and the preferred company.
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time in the Birmingham region than Lyft. The finding is also consistent with na-
tional data reporting that Uber has largely dominated the market since its 2009
inception, accounting for over 80% of the market share, though recently this pro-
portion has dropped below 75% [28].

As mentioned earlier, TNC availability in a transportation market is believed
to have a potential impact on the public transportation use. Studies of six indi-
vidual locations across North American found that between 13.5% and 54% of
carsharing participants take public transit more frequently. However, one study
of approximately 9500 participants across North America found a slight shift
away from public transit ridership [29]. To understand the connection between
auto ownership, transit users and TNC use, we classified the TNC trips reported
in the Birmingham survey by vehicle ownership/availability and trip purpose.
The results are depicted in Figure 4.

It can be observed that 52% of TNC users that completed the Birmingham sur-
vey own a vehicle and still use TNCs for select trip purposes. Another 25% re-
ported that they do not own an automobile, but one is available in their house-
hold, while the remaining 23% of TNC users reported no vehicle ownership or
access. These majorities of this 23% TNC users were public transit users before
the introduction of TNCs in Birmingham Metro Area. Thus, distinct types of mode
users including the private car users and public transit users are adapting and

preferring TNCs as their trip mode.

35%
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Figure 4. Car availability of TNC users.
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A factor that was considered as a potential determinant of TNC use was the
trip distance. According to the characteristics of the TNC trips reported in our
study, TNC users use TNC services for trips under 10 miles. A comparison be-
tween TNC and non-TNC trips revealed that the average trip length performed
by TNC was 5.19 miles, far lower than the average trip length of automobile trips
(9.28 miles) in the region. Further analysis indicated that the longest TNC trips
involved drop-off of a passenger or trips to work or home. The average trip
length per trip purpose for TNC trips is shown in Figure 5.

Similarly, analysis of travel times reported in the survey of the Birmingham
transportation system users indicated that the average trip by TNC was 25.64
minutes long, whereas automobile trips averaged 28.38 minutes. This is consis-
tent with findings of the 2013 American Community Survey commuter data for
the Birmingham-Hoover Metro Area, which reported average commute in the
Birmingham metro of 25.7 minutes.

If we further breakdown the day-time trips and night-time trips into waiting
time and available vehicle showing on the app, the responses received show that
88.46% of TNC users that responded to our survey noted that only 1 - 2 vehicles
were available (Table 6). This indicates the limitation of TNC service on Bir-
mingham metro area, which differentiates TNC use in the region compared to
large metropolitan areas that performed similar studies such as San Francisco,
Boston, and New York to name a few. When considering waiting time, most of
the TNC Birmingham riders noted that they had to wait 0 - 5 minute for a vehicle
to arrive but one third of all TNC riders reported waiting for 6 - 10 minutes.

The findings of the survey also helped us to define the profile of the typical
TNC user in the Birmingham region as a 25 - 34 years old that is using the ser-
vice for commuting trips or for entertainment purposes for short to medium range

distances (or average of 5 miles).
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Figure 5. TNC trip distance (miles) for various trip purposes.
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Table 6. Correlation of TNC trip time with waiting time and vehicle availability on app.

Available vehicles on App 1-2 3-5 Total
Day-time trips 38.46% 11.54% 50.00%

0 - 5 minute 19.23% 5.77% 25.00%

11 - 15 minutes 3.85% 3.85% 7.69%

6 - 10 minutes 15.38% 1.92% 17.31%
Night-time trips 50.00% 0.00% 50.00%

0 - 5 minute 32.69% 0.00% 32.69%

6 - 10 minutes 17.31% 0.00% 17.31%
Total 88.46% 11.54% 100.00%

5. Conclusions and Recommendations

The analysis of 451 questionnaire surveys of Birmingham transportation system
users shed light on users’ awareness, and use of TNC services in the region. Ex-
amination of over 1000 reported trips indicated that approximately 6.3% of those
trips were performed using TNCs, with Uber having 80% of the TNC market
share. Determinants that make TNCs a preferable mode to travelers include con-
venience of use, and reduction of concerns for traffic safety (especially for late
night trips to bars and eating establishments). Lack of parking availability at desti-
nation was also listed as a reason for selecting TNCs as a mode of travel.

Examination of respondents’ demographics and cross tabulation analyses pro-
vided evidence that TNC users cover a wide range of age groups, with younger
users being overrepresented compared to elderly. Lack of vehicle availability was
associated with only a quarter of all reported TNCs, thus indicating that the ma-
jority of TNC users select TNC services as a mode of choice for certain trips.

The analysis also confirmed that the market share of TNC trips is small (6.3%
of trips reported). This is consistent with expectations, given that Uber and Lyft
were recently introduced in the region and that transportation users in the Bir-
mingham Metro still largely embrace the automobile-dependent commuting cul-
ture. Still, 45% of survey responders reportedly have used TNC in the past year,
an indication of awareness of TNC service availability. This population segment
can be targeted with marketing plans and incentives to encourage mode switch-
ing to shared modes, including TNCs.

This paper is the first attempt to document the preferences, attitudes, and
choices of transportation users in the Birmingham area in the presence of TNC
services. The study highlights links between TNC service availability and travel
choices among adults in the region, where the auto-dependent built environ-
ment likely influences these links. This study is also significant for providing trans-
portation agencies the means to better-plan mobility as a service (MaaS) where
car/ride-sharing platforms are active. Moreover, study findings can inform TNC-
and other shared-mode services about the needs and opportunities of the local

market and enable them to better understand how the travel behavior, mode-choice,
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and travel demand might affect the use of TNCs in the future. The results re-
ported in this paper are also expected to help transit agencies, and TNC compa-
nies to coordinate their efforts towards achieving integrated system operations
that could attract new customers and benefit both types of transportation ser-
vices in the future.

Future studies can expand the survey sample size and include new and emerging
modes like UberPool and LyftShare. In particular, some attention should be given
to “Via”, a new TNC option for dynamic ride sharing that was introduced to
Birmingham as a pilot program after the completion of this survey. “Via” covers
a small radius of service in the Birmingham region and is an app-based vanpool
program that operates on a small fee. Analysis of “Via” service information and
comparison of Uber and Lyft ridership data before and after the introduction of
“Via” could provide valuable information about the interest of Birmingham trans-
portation users for a service like “Via” and its substitution effect on TNC trips in
the region. It is further recommended that future studies perform a spatial auto-

correlation analysis to confirm that the survey responses are not spatially biased.
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