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Many cities in Iran, including the metropolis of Shiraz, are increasingly car-oriented, resulting in traffic congestion and related
issues. Considering the current conditions of Iran, an automated transit network (ATN) can be one of the available solutions to
this problem. ATN is an advanced type of public transit consisting of automated vehicles moving passengers on a network of
dedicated guideways. As a combination of public, personal, and private transport, ATNs may decrease the use of cars and address
related problems. In order to design effective policies aimed at achieving the benefits of ATN, it is necessary to have a better
understanding of how people accept an ATN system, especially car users. This research aims at advancing future research on the
effects of ATNs on travel behavior through identifying the characteristics of users who are likely to accept ATN services, by
examining the heterogeneity in the preferences of these people. To achieve this goal, a stated choice survey was conducted and
analyzed using multinomial logit (MNL) and mixed logit (ML) models. The results showed that the parameters of trip purpose,
owning a hybrid car, and the level of education affect the preferences toward the ATN system. Additionally, from the comparison
of the results of the MNL and ML models, it was found that despite the greater ability of the ML model in estimating possible
heterogeneities, likely the MNL model can also help to record some heterogeneities more realistically. In the end, the meth-
odological limitations of the study were also acknowledged. Despite the potential hypothesis bias and the status quo bias, the
results captured the directionality and relative importance of the attributes of interest.

1. Introduction

Many cities in Iran are facing the problem of their residents
being car-oriented [1], and the city of Shiraz is also not an
exception and facing increasing traffic congestion [2, 3].
Meanwhile, the car is the most used mode in this city with
a 50% share of all travel modes [4]. In addition, the Shiraz
Traffic Masterplan in 2001 declared that the rate of car
ownership per household for inner, middle, and outer re-
gions was 0.36, 0.45 and 0.53, respectively. According to the
latest data collected in the winter of 2016 by the Transport
and Traffic Research Center (TTRC) at Shiraz University, the

average rate of car ownership per household is 1.59, which
shows rapid growth of 24% every year. It should be noted
that the inner, middle, and outer regions of Shiraz refer to
areas within 0 to 5, 5 to 10, and 10 to 20 km of the central
business district (CBD) [5]. 88.5% of the households living in
the outer region of Shiraz have a car, and 13.3% of the
mentioned households have 3 or more cars, which is higher
than households living in the middle and inner regions [5].
The lack of a citywide metro network in Shiraz, and espe-
cially the absence of active metro lines in the outer region,
the low quality of the bus fleet, and high fares of taxi and
ride-sourcing systems for long distances have caused that the
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residents of the outer region of Shiraz rely on cars more than
the residents of other areas of this metropolis. Since many
governmental and non-governmental organizations and
offices, hospitals and medical centers, universities and ed-
ucational centers, shops, restaurants, entertainment places,
etc. are located in the CBD, many residents of Greater Shiraz
must travel to this area for various purposes.

Autonomous vehicles (AVs) can reduce costs related to
congestion on the one hand [6], and on the other hand, even
the use of shared autonomous vehicles (SAVs) can increase
levels of flexibility similar to cars [7] and cause a decrease in
car ownership [8]; therefore, it is possible to consider au-
tonomous vehicles as a suitable solution to moderate the car
orientation of cities in Iran. It is worth mentioning that
autonomous vehicles also require the infrastructure to have
certain requirements [9], but Iran and many developing
countries are still far from building such infrastructure.
Therefore, perhaps automated transit networks (ATNs) and
similar systems in countries such as Iran can be a bridge
from current city transportation to autonomous vehicles on
dedicated networks. By accepting these facts and sub-
sequently creating useful and effective transportation poli-
cies, it is necessary to know what characteristics and
preferences the potential users have and how and under
what conditions they would use the ATN system. Although
examining research conducted in different geographical
areas indicates the attractiveness of the ATN option for
a wide range of people, it is important that heterogeneity in
the preferences of potential ATN users be examined in detail
and extensively. In this regard and based on the literature
reviews as well as to the best of the authors’ knowledge, so far
no research has extensively investigated the heterogeneity in
the preferences of potential users regarding the use of ATN
as a travel mode. This study aims to investigate the het-
erogeneity in the preferences of residents of two towns
located in the northwestern region of Shiraz and examines
the effect of the ATN system on their travel behavior, using
a stated preference survey and analyzing it by discrete choice
models.

The structure of this paper is as follows. In Section 2, the
definition and nature of the ATN system as well as the
research related to passenger acceptance will be investigated.
Explanations of the process of designing a questionnaire and
collecting data are given in Section 3. Section 4 analyzes the
collected data and investigates the findings and possible
causes of them. In Section 5, the main findings are reviewed,
the policy implications are derived, and finally, the limita-
tions of the research are addressed together with
conclusions.

2. Automated Transit Network (ATN)

The idea of ATN dates back to 1950, but the first ATN
system reached the operational stage in 1975 at the Uni-
versity of West Virginia in Morgantown, USA. In the
following decades, other cities built and operated ATN
systems and many of these systems around the world are
currently in operation as well as study, design, and ex-
perimental stages. ATN is an advanced type of public
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transit consisting of automated vehicles moving passengers
on a network of dedicated guideways. ATN cars can be
available at all stations 24/7 on-demand. These cars typi-
cally have a carrying capacity of 4 to 6 people [10].

ATN system can provide relatively high service levels
compared to more conventional transportation systems,
especially as it can also be considered a solution to the first/
last mile problem [11, 12]. In addition, the operation of ATN
systems, which are inherently on-demand in comparison to
conventional guided public transport types, can be cheaper.
This fact along with other features such as being highly
accessible, user-responsive, and environmentally friendly
has made this system a sustainable and economical
solution [13].

The ATN system is more flexible than light rail transit
(LRT), which, along with passengers’ shared use of the
system vehicles, has caused the ATN systems to be a com-
bination of public, personal, and private transportation [14]
and is thus well received by both public transport and car
users. These ATN characteristics result in a reduction in the
use of cars [15] and consequently address congestion
problems, poor air quality, and social exclusion and com-
plement existing forms of public transport [13]. ATN sys-
tems also have weaknesses. For example, since many
guideways of ATN systems are constructed elevated, they
raise concerns from an aesthetic point of view and affect the
face of the city [11].

In recent years, among the research that has examined
various aspects of ATN systems [11, 13], some have ex-
amined how passengers accept the system. For example, Kim
et al. with the help of logistic regression models investigated
the characteristics that can determine the travel mode choice
for a short-distance trip. Analysis of the survey data showed
that the factors of travel purpose and weather conditions,
compared to other considered factors, significantly affect the
travel mode choice of respondents for the ATN system [16].
In another research aimed at estimating the initial ridership
of an ATN system, a questionnaire was set up to answer
under what conditions people would use the ATN system.
Results showed a wide range of factors including the trip
frequency and sensitivity of ATN ridership to fare. For
example, it was found that non-working trip-making is
sensitive to cost [17]. Findings on the relationship between
travelers’ sociodemographic characteristics and attitudes
toward ATN systems have also been reported. In a study
aimed at developing an advanced airport ATN shuttle
service connecting parking to the airport terminal, a ques-
tionnaire was set up and distributed to discover users’ ex-
pectations about the services of this system [18].

In the past decade, other research has been conducted to
predict changes in the mode choice behavior of respondents
by checking their willingness to pay (WTP) [19, 20]. One of
the most comprehensive research studies evaluating ATN
systems, called Evaluation and Demonstration of Innovative
City Transport (EDICT), showed that not only was the
concept of ATN welcomed by the public in all the cities that
participated in the project, but also people would be willing
to pay a fare of two to three times the amount set out in the
project survey because this system offered additional benefits
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compared to conventional public transport modes [13].
Research conducted at the time of the COVID-19 pandemic
recorded travel mode choices before, during, and after
COVID-19 and showed that more than 50% of people will
use an ATN system when the performance is normal, but
during emergencies, passengers were willing to pay more
fares for safer travel modes [21]. It should be noted that one
of the other objectives of this study was to identify a safe and
disaster-resilient public transportation system to meet the
needs of car users. One factor affecting decisions is the
perceived value of time (VoT). For instance, Li et al. showed
that the monetary value of waiting time (VoWT) at the ATN
station for passengers would be 10 Euros per hour [22]. It
should be noted that the extra cost that an individual is ready
to pay in order to save time is considered the VoT [23].
Apart from WTP or VoT, some of the features of the ATN
system may also have a negative or positive value. For in-
stance, traveling at an altitude of 5 meters above the surface
carries a low negative value (-7 cents) or having an ATN
station where there is a human operator has a high positive
value (0.5 USD) compared to stations that do not have
a human operator [24].

Other research has conducted surveys examining how
many passengers and trips will be transferred to ATN if
implemented [17, 25, 26]. In this regard, Jain et al. in-
vestigated the travel demand for an ATN system using the
stated preference technique and binary logit models,
showing that 36.6% of all trips would shift from the available
modes to this system and most of these shifts will belong to
the car user group (38.8%) [27]. Another study to determine
the share of public transport showed that after providing
a citywide ATN network, the share of the ATN mode would
be dominant and the share of private transportation in-
cluding cars and motorcycles will be reduced to below 15%
[28]. This research also shows that if there is a citywide ATN
system with comparable fares, the share of public trans-
portation will be dominant with a significant increase, and
car-oriented trips will be insignificant. In this regard, other
research results showed that 25% to 30% of car users are
ready to shift to an extended ATN system [29].

In a master’s thesis that was published in the winter of
2020, the propensity level of current private car users to shift
to the ATN system was studied [30]. In this research, the
heterogeneity was investigated only with the help of the
multinomial logit (MNL) model. In an article based on the
mentioned thesis, no covariates were used and the hetero-
geneity in the preferences of potential users of ATN was not
examined [31].

To the best of our knowledge, no research has extensively
studied the heterogeneity in people’s preferences toward the
ATN system.

3. Methodology

The data were collected using an online survey (see Sup-
plementary Materials (available here)) in August and Sep-
tember 2020, consisting of 408 respondents who were car
drivers and living in two towns located in the northwestern
region of Shiraz called Golestan and Beheshti (see

Figures 1(a) and 1(b)). There were two reasons for con-
sidering the residents of the Golestan and Beheshti towns in
this study. First, both these towns are located in the outer
region of Shiraz. Second, there were some differences be-
tween these two towns and the other towns located in the
northwestern area of Shiraz. For example, Golestan was the
most populated town in the northwest of Shiraz and local
investigations showed that the residents of Beheshti town
had the highest monthly income in comparison to the
residents of other towns located in the same area. Therefore,
it was likely that these differences would affect residents’
preferences. In addition, the reasons for selecting car users
(driver only) for surveying were as follows. (1) Non-car
modes were not popular among the residents of these two
towns for travel to the CBD. (2) Since the cost of traveling by
mass public transportation (such as buses) was insignificant
(about 0.04 USD), there was virtually no option to compete
with it. (3) The reason for considering only those car users
who were drivers was a test survey conducted before the
main survey showing that car passengers either did not have
any idea about some of the required variables of this research
(such as the car travel cost, car access/egress time, and access
to free parking) or if they did, their information was in-
sufficient. About the first reason, it is necessary to mention
that public transit such as buses is available only in Golestan
town and Beheshti town does not have any public transit
system. Therefore, it was impossible to consider public
transit as one of the options of the choice sets. Furthermore,
since these two towns are far from the CBD of Shiraz, very
few people use taxis, and that too on special occasions,
because the taxi fare will be very high. Therefore, the resi-
dents of these two towns cannot use taxis regularly, and for
this reason, taxis were not also considered as one of the
available options in the choice sets.

To ensure that respondents were aware of the area of the
Shiraz CBD, a picture of the area and boundaries of the CBD
were shown to each of the respondents before the survey began
(see Figure 1(c)). Then, they were asked whether they had
traveled from their town to the CBD or vice versa in the last/
current week by car, and only if the respondent answered the
question positively, the survey was continued. The survey
consisted of two parts. In the first part, a questionnaire was
distributed to collect personal and socioeconomic information.
The second part of the survey consisted of a stated choice
experiment, during which respondents were asked if they were
willing to use the ATN instead of a car on a recent trip from
their town to the CBD or vice versa.

3.1. Personal and Socioeconomic Characteristics. In this
study, the personal and socioeconomic characteristics of
respondents were collected about gender, age, level of ed-
ucation, job, owner/tenant, area of the house, number of cars
in the house, and make and model of each of them. Since
many people in Iran do not wish to declare their income, this
study tried to estimate respondents’ affordability indirectly
by asking questions about their house and car(s). It is worth
mentioning that using factors of the area of the house and
the number of cars in the house and the make and model of



Journal of Advanced Transportation

FIGURE 1: (a) Aerial image of Shiraz and the suburbs. (b) Golestan and Beheshti towns. (c) Shiraz CBD.

each of them is an approach that Iran’s government itself
sometimes uses to indirectly estimate people’s real income
and therefore their affordability.

3.2. Stated Choice Experiment. In general, the stated choice
experiment had three stages.

3.2.1. Questions of Revealed Preference. This part of the
experiment collects information about the trip that re-
spondents had made in the last/current week. This in-
formation included the trip purpose, the departure time, the
total travel time, the access/egress mode and time, the origin
and destination of the trip, the distance traveled by car, the
respondents’ car being hybrid or not, having access or not to
free parking in the CBD, and the cost of the trip. In this
research, hybrid cars are meant to be both gasoline and
compressed natural gas (CNG). Since hybrid electric vehi-
cles (HEVs) are not yet common in Iran, this type of bi-fuel
car is the most common among other hybrid vehicles in the
country.

3.2.2. Awareness of ATN. In this stage, to familiarize re-
spondents with the ATN system, a video clip showing how to
use the ATN from the moment of buying a ticket and getting
into its vehicle until getting out of it was displayed to each
respondent. Also in this video clip, the features of the ATN

system were emphasized as fully as possible. As an example,
it was shown that the ATN vehicles are completely auton-
omous, can carry 4 to 6 passengers, become available
according to passengers’ demands, and move on their
network of dedicated guideways.

3.2.3. Questions of Stated Preference. In the final stage of the
stated choice experiment, each respondent had to respond to
3 choice sets and choose one of the two mobility options. The
reason for selecting 3 choice sets per person was that
according to the pretests, most respondents either gave up in
the middle of answering the fourth and fifth choice sets and
refused to continue the survey because they felt tired or
admitted that after the third choice set, they were confused
and could no longer make the right choice. Therefore, this
study determined only three choice sets for each respondent
in order to maintain the accuracy and quality of the answers.
A sample of these choice sets is shown in Figure 2. The
experiment was designed by the fractional factorial method.
This design also used orthogonal arrays. In addition to the
main effects, two-way interactions are also included. Due to
the high number of final discrete choice experiments,
blocking has also been done by the software. All stages of the
design of the experiment were done by SAS software [32].

(1) Alternatives. In each choice set, respondents were faced
with two alternatives and had to choose one of them: (1)
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ATN

In-vehicle time (minute)

30

Access/Egress time (minute)

5

Travel cost (Toman)

12,500

Stop

yes

o

/

/
O CAR

In-vehicle time (minute)

40

Access/Egress time (minute)

0

Travel cost (Toman)

10,000

o /

FiGure 2: Format of the choice sets.

ATN—obviously, this option was hypothetical and did not
exist and respondents were made clear that in this option,
passengers will share the vehicle with others; (2) car—that is,
the same vehicle that the respondents had previously
completed their trip with.

(2) Attributes of the Alternatives and the Attribute Levels. At
first, a total of five attributes were considered to define the
alternatives. These attributes were in-vehicle time, access/
egress time, waiting time, and stop and travel cost. The in-
vehicle time was defined as when passengers are inside the
vehicle and not including waiting time and access/egress
time. The access/egress time was the time that passengers,
both in their place of residence and in the CBD, had to walk
to get to the vehicle or final destination they wanted. Waiting
time was defined as the time when the passengers were
waiting at the station. This attribute was meaningless for the
car on the one hand, and on the other hand, the waiting time
of the ATN system is very short and usually in the range of 1
to 3 minutes; hence, the respondents in the experimental
surveys did not consider this attribute as an impactful one
that could influence their decision to choose the alternatives.
Therefore, the waiting time attribute was removed from the
choice sets. The stop attribute indicated that the vehicle was
stopping during the trip to pick up or drop off passenger(s).
It should be noted that this attribute was defined only for the
ATN system and the reason for studying the effect of this
attribute on people’s preferences is that the performance of
the ATN system will be more optimized when the vehicles
stop en route to pick up or drop off passenger(s) [33]. The
cost of the trip represented the fare that a person had to pay
for using a particular vehicle to carry out their desired trip.

The attribute levels for the car option in all choice sets
were constant and equal to the information that the re-
spondents had previously stated about their trip, but these
levels were changeable for the ATN option during different
choice sets. In order to estimate the ATN in-vehicle time,
first of all, the distance traveled by the ATN vehicle for each
respondent in particular according to the origin and des-
tination of his/her trip and based on the ATN network
(designed by the PRTsim software) was calculated. As-
suming a speed of 45km/h and depending on whether the
ATN vehicle stops en route or not and after multiplying in
one of the three levels of 0.75, 1, and 1.25, ATN in-vehicle
time was estimated for each respondent and displayed au-
tomatically to him/her. ATN access/egress time levels were
selected so that they could be considered as the result of the
sum of access time at the origin and egress time at the
destination to prevent respondents from encountering
a multiplicity of attributes and thus complex scenarios. The
mentioned levels were 5, 10, and 15 minutes. It should be
noted that the cumulative issue of access time at the origin
and the egress time at the destination was notified to the
respondents.

Although there are different scenarios for ATN vehicles
to stop [33], this study aimed to prevent respondents from
facing complex scenarios and defined only two levels of Yes
and No for the stop attribute. While the level of the stop
attribute was Yes, this meant that the ATN vehicle will stop
at least 1 time and up to 2 times for passenger(s) to board or
disembark. In this case, the respondent’s in-vehicle time, in
addition to multiplying in one of its three levels that were
previously stated, was also multiplied by 1.2. The reason for
this was the prolongation of the travel time due to the



possible deviation from the direct path to the destination of
the respondent, as well as stopping to pick up or drop oft
passenger(s). Therefore, besides the fact that the stop at-
tribute with the help of its levels could naturally influence the
decision of the respondents, it also affected the in-vehicle
time attribute. It should be noted that the issue of the
number of stops and longer in-vehicle time due to possible
redirection as well as stopping to pick up or drop off other
passengers was informed to the respondents in the
questionnaire.

The cost attribute for the ATN option had three levels of
7500, 10,000, and 12,500 Tomans (0.33, 0.43, and 0.54 USD,
respectively). For the car option, if the respondents had an
estimate of the monetary cost of their trip, their estimate
would be placed in the choice sets, but if the respondents
were unable to estimate the cost of their trip, since car
owners often do not know the real cost of driving, the re-
search used the costs in an index called total cost of own-
ership (TCO) to obtain an accurate estimate of the car travel
cost per kilometer.

The total cost of ownership means estimating and cal-
culating all direct and indirect costs associated with the use
of an asset during its life cycle [34]. To achieve this goal, the
costs applied by Gilmore and Lave [35] in estimating the
total cost of ownership index were used. These costs were
capital cost for a new vehicle, maintenance cost, repair cost,
insurance and driving license costs, technical examination
cost of a vehicle, tax cost, and fuel cost. Since the sample of
this study was made up of car users, it was assumed that all
people constituting the sample had cars and driving licenses
at the time of the survey and they did not need to spend
money to get a car and a driving license (for the first time).
As a result, the capital cost for a new car and the cost of
obtaining a driving license for the first time were excluded
from other costs.

To estimate the car travel cost per kilometer, three cars
named Pride (Saipa 131), Peugeot 206 (1.4liters and
1.6 liters), and Peugeot 405 (XU7) were considered. Each of
these three cars was the basic model of its group. The reason
for considering these cars was that all of them were among
the most frequent cars in Iran. The mentioned costs were
calculated for each of the three cars per kilometer, and the
cost of each vehicle per kilometer was estimated by algebraic
sum. Then, the average of the three numbers obtained was
calculated and considered as the travel cost of a car per
kilometer. The car travel cost per kilometer in each gasoline
and hybrid sector was 569 and 435 Tomans (or 0.03 and 0.02
USD), respectively. It should be noted that to estimate the
fuel cost of the hybrid sector, it was assumed that each
person puts his car in 70% of the route in CNG-burning
mode and the remaining 30% in gasoline mode.

4. Data Analysis and Discussion

4.1. Sample Composition. During the survey process, 408
questionnaires were collected from the residents of the two
mentioned towns. Some information related to the personal
and socioeconomic characteristics of respondents is re-
ported in Table 1. The questionnaire of this research was
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TaBLE 1: Sample frequencies of personal and socioeconomic
variables.

%Variable

Gender (female, male)

Age (years) (18-29, 30-49,

50-64, 65-74, =75)

Level of education (<high school diploma,
high school diploma, associate degree,
bachelor’s degree, master’s degree, PhD
degree)

Position in residence (owner, tenant)
Number of cars (1, 2, 3, >4)

Distribution (%)
(49, 51)

(33,42, 13,11, 1)

(5, 25, 18, 30, 18, 4)

(81, 19)
(43, 41, 11, 5)

online. To ensure the quality of the data, answering all
questions were required to submit the questionnaire and if
all questions were not answered, the respondent was not able
to submit the questionnaire. Due to adopting this approach,
this research did not face any missing respondents.
According to the total population of the age groups con-
sidered in this research, the population frequencies of people
in the age groups of 20-29, 30-49, 50-64, 65-74, and >75
were 24%, 43%, 24%, 7%, and 2%, respectively. For the
sample, 49% of the respondents were females and 51% were
males. Furthermore, 81% of the respondents were owners
and 19 were tenants. All the respondents held a driving
license and they regularly had access to a car as a driver.
Moreover, 43%, 41%, 11%, and 5% of the respondents had 1,
2, 3, and >4 car(s) in their houses, respectively.

4.2. Reference Trip Specification. A summary of the re-
spondents’ reference trip specifications is shown in Table 2.
The access/egress mode of all respondents was walking. The
average car access/egress time of the respondents was
6.2 minutes. Six different trip purposes were identified, with
the absolute and relative frequency of each of them shown in
Table 3. The work purpose with 65% had the highest share
among other trip purposes. 43% of respondents had com-
pleted their trip by hybrid car and 57% of them by
gasoline car.

4.3. Stated Choice Analysis. According to each of the 408
respondents encountering 3 choice sets, finally, 1224 valid
observations were stored in the database. Each of the car and
ATN options was selected 579 and 645 times, respectively.
The data obtained from the stated choice experiment were
analyzed using MNL and mixed logit (ML) models.

4.3.1. Model Formulation and Modeling Procedure.
Discrete choice models describe the choice of decision
makers from all available options. The basic assumption of
discrete choice models is that when the decision maker is
faced with a choice, his/her individual preference for each
option can be expressed by a utility or attractiveness cri-
terion [23]. The utility function of the jth option for person g
is expressed as Uj =V, +¢, According to the
jeCy if Uj>U,Vm# ] relationship, the decision
maker chooses the option in the choice set C, that has the
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TaBLE 2: Reference trip characteristics.

Travel distance by

Statistics private car (km) Travel cost (Toman) In-vehicle time (min) Access/egress time (min)
Ist quartile 18.18 9500 39 5
Median 20.35 10000 41 5
Mean 20.20 10424 42 6
3rd quartile 22.10 11500 45 10
Std. dev. 2.58 1495 6 4
TaBLE 3: Trip purpose frequencies.
P, = | Ly (B f (BB, )

Trip purpose Absolute frequency  Relative frequency (%)

Office work 51 4
Educational 150 12
Leisure 30 3
Shopping 84 7
Medical 90 7
Work 798 65
Return home 21 2
Total 1224 100

most utility over other options. In these relationships, U;
represents the utility of choosing the jth option by person g,
Vjq is a fixed term of the utility of choosing the jth option by
person g, and ¢;, is the random term of the utility of
choosing the jth option by person g. The probability of
person g choosing jth option is P, =P(U; 2U,,)
V.#j€C, and therefore equals P, =P(enq—¢j,
<Vig = Vmg)Vm# j € C;. The MNL model is the simplest,
most basic, and most widely used discrete choice and spe-
cifically generalized extreme value (GEV) model [36]. As-
suming an independent and identical distribution (IID) or
Gumbel distribution in all options for the random part of the
utility function, the MNL model is defined as

er q

p =—
z i evmq >
m#jcC,

)9

(1)

in which Pjg is the probability of choosing the jth option
by person g. MNL models can capture taste variations,
but only with limitations. In particular, tastes that change
systematically according to the observed variables can be
included in MNL models, while tastes that change with
unobserved or completely random variables cannot be
examined. However, MNL may be able to discover av-
erage tastes well even when tastes are random, as the
MNL formula seems to be relatively robust against
misspecifications. Ultimately it has been suggested that
the ML model can be used instead of the MNL model to
incorporate the random taste variation appropriately and
thoroughly [23]. The ML model is one of the most flexible
discrete choice models that with its help, almost any
other structure in random utility models can be esti-
mated [37]. The probability function of the ML model is
an integral of the choice probability function of the MNL
model on a density function of parameters [23]. In
general, this probability function has a definition of the
form

in which P; is the probability of choosing the jth option by
person g and L;; (f) is the probability of choosing the jth
option by person ¢ in the logit model which is a function of 3
parameter and is expressed as

Vi l®

Lig(B) = Ved B (3)
m#jcC,€
In this relationship, f () is the density function of
parameter and V;, () is the observed term of the utility
function of choosing the jth option by person g, which
depends on 5 parameter. Finally, the choice probability
function of the ML model is written as

e
Py = J(* (ﬂ)>f<ﬁ>d/3. ()

Zma&jche

Layering the selected random parameters in the ML
model can have several predefined functional forms or
distributions [38]. In this study, the normal distribution,
which is one of the most widely used distributions in ML
models, was used to estimate the random parameters. The
density function in this distribution is expressed as

f(x) _ 1 e((x—y)Z/ZJZ)x—l

o\2m

It should be noted that to ensure the actuality of the positive
sign of the heterogeneity value in estimating the mean pa-
rameters of ATN in-vehicle time x the work trip purpose and
ATN access/egress time x the work trip purpose, normal dis-
tribution of the in-vehicle time parameter was replaced with the
proposed distributions by Hess et al. [39] i.e. bounded distri-
butions such as Triangular and Johnson's Sp, and the ML
model was executed for each of these two distributions as well. It
is worth mentioning that in the two mentioned distributions,
bounds are estimated from the data used. However, the use of
these distributions did not change the sign of the mean values of
the mentioned parameters, and therefore, the normal distri-
bution was used again for the in-vehicle time parameter. In this
research and its ML model, the variables of cost, in-vehicle time,
and access/egress time for both car and ATN are considered
random parameters. In contrast, the stop variable is considered
a non-random parameter. In addition, all parameters were
considered alternative-specific to investigate the effect of vari-
ables according to the type of respondents’ vehicles.

x € (—00, +00). (5)



There are two approaches for investigating the hetero-
geneity of respondents’ preferences through the MNL
model. In the first approach, the representative variable of
each group is used as a dummy variable in utility functions.
The sign and coefficient value of this variable can indicate
how the relevant group behaves in choosing the travel mode.
In this approach, it is assumed that different groups have the
same effect from other variables. But such a hypothesis is
a little far from reality and interaction between variables is
used to get closer to reality. In this case, the effect of each
variable is seen separately on the target group. To determine
the possible sources of any possible heterogeneity through
the ML model, the interaction of any random parameter
with other characteristics or variables that a person suspects
that is likely to be the heterogeneity sources of preferences is
investigated [38]. In other words, introducing an interaction
between estimating the random parameter mean and a co-
variate is equal to revealing the presence or absence of
heterogeneity around the mean parameter estimation. If this
interaction is not statistically significant, it can be concluded
that based on the observed covariates, there is no hetero-
geneity around the mean, but that does not mean that really
there is no heterogeneity around the mean but only shows
that we have not been successful in revealing its presence
[40]. In this regard, in the utility function of U}, = Bx;, + &,
in which g, is the coefficient matrix, x;, is the vector of the
explanatory variable, and ¢, is the error, the result of the first
two parameters, i.e., B,x;,, is the deterministic part of the
utility function and the random parameter of f3, is not
constant and changes between individuals to detect het-
erogeneity. Therefore, when the random parameter 3, in the
mentioned utility function expands to f, = f+ 7z, + 0,
where f is mean and y is the standard deviation of the
random parameter of 3, z,, vector consists of heterogeneity
and has a mean and standard deviation of 0 and 1, re-
spectively, and 6, is the f error term [41].

4.3.2. Results and Discussion. Table 4 shows the results of the
MNL and ML models. The overall MNL model is statistically
significant (chi-square value of 767.1115 with 17 degrees of
freedom), and the overall model fit for this model obtained
from the pseudo-R? is 0.452 which is statistically acceptable
for this class of model. In this model, the mean of all random
parameters, ie., in-vehicle time, access/egress time, and
travel cost for both car and ATN options at the 1% level, was
statistically significant. However, the non-random param-
eter of stop (which is only specific to ATN) is not statistically
significant. The sign of the mean value of all random pa-
rameters is in accordance with expectations and negative.
The variables of access/egress time and in-vehicle time in
the MNL model show that by increasing the amount of each
of them, the utility and probability of choosing and using the
relevant travel mode will decrease. In addition, increasing
the ATN access/egress time compared to increasing the car
access/egress time has a more negative effect on the utility
and probability of using that travel mode. In other words, car
users in the CBD are more willing to walk to their final
destination from the car park or back compared to when
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they want to walk from the ATN station to their final
destination or back. According to the data about the walking
time of people to access/egress car and ATN, one of the main
reasons for this propensity can be the shorter walking time of
people to access/egress their car compared to ATN. In
addition, people’s willingness to drive can also be considered
as another possible reason for their greater desire to access/
egress cars compared to ATN. This tendency is rooted in
topics such as emotions evoked while driving [42, 43] such as
the feeling of pleasure [44] and symbolic functions of a car as
a means of the expression of the self and social status
[45, 46]. Of course, given that ATN vehicles were shared in
this research and the passengers shared their trip and the
vehicle with others, perhaps topics such as independency
and privacy of cars [5, 47] can be considered as another
reason for this.

However, the effect of variables of ATN and car in-
vehicle times is not so different, indicating that the increase
in in-vehicle time, both in the ATN and in the car, from the
respondents’ point of view will have almost the same effect
on the utility and probability of using that mode. Although
a lot of research assumes that the in-vehicle time, regardless
of the travel mode, will be equally valued [48, 49], a review of
other research shows otherwise. For example, Wardman
showed that for car users, the value of car in-vehicle time is
more than the value of public transport in-vehicle time [50].
In this research, based on the coefficients of in-vehicle time
and travel cost, VoT estimates for ATN in-vehicle time and
car in-vehicle time are 3936 and 5515 Tomans per minute (or
0.17 and 0.24 USD), respectively. Probably, the proximity of
the attributes and characteristics of the ATN system to the
car has led car users in the sample of this study not to put
much different value on the in-vehicle time of the car and
ATN, and hence the increase in this time, both in ATN and
in the car, has the same effect on the probability of choosing
them by the respondents. In general, both ATN in-vehicle
VoT and car in-vehicle VoT are very low which may be due
to low VoT in Iran according to the poor economy. This
means that people tend to sacrifice a lot of time to save just
a little bit on costs.

Increasing the cost of travel in accordance with expec-
tations has a negative effect on the utility of both options,
and this effect on ATN is more than the car. This finding is in
line with the results of research about AV, in which the cost
of traveling by AVs is more negatively valued than the cost of
traveling by car [51]. Regarding the present research, one
explanation may be that many respondents who mentioned
that they are capable of estimating their car travel cost
underestimated their true cost of driving. Furthermore, it is
also likely that paying for travel in the form of ATN fares,
compared to paying the operating costs of the car, is more
tangible for individuals and therefore has a more mental
impact on them. As a result, the increase in the travel cost
has a more negative effect on choosing the ATN option by
individuals.

The statistically insignificant stop parameter shows that
the stopping of ATN vehicles en route to pick up or drop off
passenger(s) does not affect the utility of this system and, as
a result, the probability of people using it. Perhaps one of the
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most likely reasons why the stop parameter is not important
for respondents is the shared taxi system in Iran that people
are used to. This means a system in which each taxi does not
only pick up a passenger or a group of passengers with the
same origin and destination but may stop many times on the
way to pick up or drop off passenger(s).

Examining the interaction between the random param-
eters of ATN in-vehicle time, ATN access/egress time, and the
ATN travel cost and covariates of the trip purpose, owning
a hybrid car and the level of education by the MNL model
show that the multiplication of each of the dummy variables
of having a high school diploma and owning a hybrid car in
ATN travel cost variable is statistically significant at 10% level.

For those respondents whose highest educational
qualification was a high school diploma (low literacy), the
increase in ATN travel cost has a more negative effect, by
10.27%, compared to others, on the utility of the ATN
option. A possible reason that made travel cost more im-
portant for these people compared to other respondents [52]
is their lower income as a result of their lower education level
[53]. In addition, since people with only a high school di-
ploma are less literate than others, the benefits of sustainable
transportation systems (such as ATN) are not so important
for them compared to other people [54]. Therefore, they are
willing to pay less for environmentally friendly options
[55, 56], and thus this has likely caused the ATN travel cost
to have a more negative impact on them than other groups.
In addition, some studies such as the research conducted by
Vij et al. have shown that the level of education of in-
dividuals has a direct relationship with the probability of
using on-demand transportation systems [57], so people
with higher education levels are more likely to frequently use
on-demand transportation.

In addition, for people whose car is hybrid, the increase
in ATN travel cost will have a higher negative effect on
choosing the ATN option compared to those whose car is
gasoline by 8%. Since some research conducted both in
developed and developing countries indicated that one of the
reasons people use hybrid cars is their lower fuel costs
compared to gasoline cars and not environmental concerns
[58-60], and these people are likely more sensitive to the cost
compared to gasoline car owners. As a result, this sensitivity
has caused the increase in the ATN travel cost to have a more
negative effect on them than the owners of gasoline cars. It is
worth mentioning that this result may be somewhat in-
teresting, as some other research has shown that one of the
reasons people buy hybrid cars is their environmental
concerns [61] and these concerns indirectly increase people’s
WTP for renewable energy even in a developing country
[62]. Therefore, based on this logic, it was perhaps expected
that these people, due to their environmental beliefs, would
accept the increase in the ATN travel cost, which is a clean
and sustainable transportation system, and this increase
would have less negative effect on them.

The lack of statistically significant interaction between
other random parameters and covariates indicates that these
interactions, based on the MNL model estimation, will not
affect the utility of ATN and the probability of people using
this system.
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The overall ML model is also statistically significant (chi-
square value of 575.97670 with 20 degrees of freedom). The
overall model fit for this model obtained from the McFadden
pseudo-R? is 0.3394439 which is statistically acceptable for
this class of model. In this model, the mean of all random
parameters except the car in-vehicle time was statistically
significant at the level of 1%, and similar to the MNL model,
the stop variable has not been statistically significant again.
The sign of the mean value of all random parameters is in
accordance with expectations and negative.

The results of this model show that by the increase in the
amount of access/egress time variable, the utility and
probability of using both ATN and car options will be re-
duced almost equally. This indicates that for individuals,
walking to access a car or ATN or to egress these two vehicles
has not much different negative effect on their decision to
choose either of these two options. Research has shown that
while the value of walk time is higher for car users than for
public transport users [63], this time is equally valued by
users of the metro and train which are both rail systems [50].
Therefore, similar to the in-vehicle time parameter in the
MNL model, here it is again likely that the proximity of
attributes and characteristics of the ATN system to the car
has caused the increase in access/egress time for both of
these options to have the same effect on their utility.

Additionally, the increase in the ATN in-vehicle time
will have a negative effect on the utility of this option and
reduce the probability of using it, which is obvious, because
people usually choose the transportation mode that has the
shortest in-vehicle time [64, 65].

Similar to the results of the MNL model in this model as
well, the effect of the travel cost variable on the utility of both
options is negative, but here the amount of this effect for the
car option is more than ATN. Perhaps one of the main
reasons is that considering the similarity of many car at-
tributes and characteristics with the ATN system as well as
considering the advantages of ATN as a sustainable trans-
port compared to the car by respondents has caused the
travel cost to have a more negative impact on the utility of
the car option compared to ATN. For instance, regarding
AVs, the cost will become less significant as the perceived
benefits of travel time in an automated vehicle increase [66].

The statistically insignificant stop parameter, as in the
MNL model, indicates that the stopping of ATN vehicles en
route to pick up or drop off passenger(s) will not affect the
utility of this system and, as a result, the possibility of people
choosing it as a mode of travel.

The random parameters of the ATN in-vehicle time,
ATN access/egress time, and ATN travel cost have statis-
tically significant dispersion and spread, which indicate the
existence of heterogeneity. According to this result, it is
obvious that we see statistically significant results of in-
teraction of these random parameters with the covariates of
travel purpose, owning a hybrid car, and education level.

Heterogeneity in estimating the mean parameter of the
ATN in-vehicle time x the work trip purpose at the 1% level
is statistically significant and it has a positive sign which is
against expectations. This finding is in line with the results of
some research conducted in developed countries. For
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instance, Jain and Lyons indicated that since travel time is
perceived in many different ways and is context-dependent,
it is difficult to reduce it to a monetary value. According to
this fact, travel time can in some cases be seen and expe-
rienced as a gift rather than a burden, at least for the pas-
senger [67]. Furthermore, they found out that travel time is
an ideal time for a lot of individuals in many cases and is an
opportunity for them to deal with their daily activities and
job-related responsibilities. For instance, some people
consider the time spent traveling to work as a chance to
think and plan out the upcoming activities, but they consider
the time spent traveling back as a time for relaxing and
letting go of the day’s stresses in order to avoid bringing bad
moods home and to create a clear gap between each day.
Moreover, passengers generally would accept longer travel
times if there is a chance for work during the trip or they
would choose the slower travel mode if this mode has better
conditions for working [67, 68]. Similarly, some other re-
searchers discovered that people do not always try to have
a shorter commute time and might rather seek to experience
a longer trip if the trip duration is less than a desired
minimum [69, 70]. This shows that traveling may have a role
other than just moving from point A to point B and that
people might truly enjoy it or use it for a specific reason [53].
In this regard, research conducted in the past on travel time
has examined zero elasticity in Singapore [71] or positive
elasticity in the USA [72] and there are interesting state-
ments from the public about this issue. For example, some
people believe that in the morning, their travel time allows
them to do what they are supposed to do on the day or they
have stated that they would rather take more than an hour to
travel than have a 5-minute commute or have even said that
their travel time is an opportunity for decompression [73].
Some other studies have examined a situation in which travel
is not considered a byproduct of activity but rather itself
constitutes that activity and thus argue that it is likely that
this issue explains the evidence of excess travel, i.e., trips
with more than the absolute necessary travel time, which can
be seen even in the context of a mandatory journey [69]. In
general, there are two possible reasons for excess travel. The
first reason is the presence of unobserved objective factors,
i.e., the case in which the negative marginal utility of the
travel time increase is compensated by the utility of the
activities performed simultaneously. The second reason is
the presence of unobserved subjective factors, for example,
the feeling of pleasure when driving a car, coupled with
a positive social perception of having and using it, may
justify the presence of additional trips [74]. According to this
issue, the new and innovative ATN system for residents of
a developing country such as Iran can be considered as one
of the unobserved mental factors that by creating a feeling of
pleasure and positive social perception in these people will
justify additional trips.

Moreover, heterogeneity in estimating the mean pa-
rameter for the ATN in-vehicle time x owning a hybrid car
at the level of 1% is statistically significant and its sign is
positive. In this regard, it can also be said that since it is often
not possible to clearly determine the impact of conjoint
activities or travel experience factors, there is a significant
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risk of a biased estimate of the travel time coefficient. In such
circumstances, model makers must acknowledge the po-
tential impact of unobservable items on their estimates and
accept the limitations of their model [39].

Based on the ML model, the marginal utilities and, as
a result, the sensitivity of people with only a high school
diploma (low literacy) to the increase in the ATN in-vehicle
time are not different compared to other people.

The ATN access/egress time x work trip purpose which
has a negative sign and is statistically significant at the 1%
level indicates that people with work trip purpose, regarding
their access/egress time, are different in terms of marginal
utility compared to others. In other words, an increase in this
time creates more sensitivity in these people and negatively
affects their decision to use the ATN system. This finding is
in line with the results of research on public transportation
in both developing and developed countries that has in-
vestigated the effect of passengers’ travel purpose on their
sensitivity to the increase in the time to access the station
[75-77]. Since both in developing and developed countries
the VoT for work trips is higher compared to the VoT in trips
with other purposes [63, 78], it is obvious that the increase in
walking time to access/egress ATN will create more sensi-
tivity for people who travel with the purpose of work. This
finding again reinforces the possibility of correctness that the
reason for the positive sign of heterogeneity in estimating the
mean parameter for the ATN in-vehicle time x work trip
purpose is not because of this issue that respondents do not
value their time in work trips but instead, it is due to the
presence of unobserved objective and subjective factors.

On the contrary, the marginal utilities and sensitivity of
people whose educational qualification is a high school
diploma or owning a hybrid car to the increase in ATN
access/egress time are not different compared to others.

The heterogeneities in the mean parameters for the ATN
travel cost x the work trip purpose and the ATN travel cost x
owning a hybrid car have negative signs and are statistically
significant at the 1% level. This shows that people with
a work trip purpose or a hybrid car tend to have individual
specific estimates for ATN travel cost parameter that are
closer to zero. This means that these people are less sensitive
to the increase in the ATN travel cost because people who
travel for other purposes or whose car is not a hybrid tend to
have a marginal utility greater than zero. This finding about
the less sensitivity of work trips to the increase in ATN travel
cost is in line with the results of research conducted by Matas
et al. about public transportation [79] and the findings of
other research in Iran that showed workers are less sensitive
to travel cost than non-workers [80]. Furthermore, research
conducted on the ATN system by Adler et al. also showed
that users whose trips are non-working are sensitive to cost
[17]. Perhaps more VoT in work trips can be considered as
the likely reason for people’s less sensitivity to travel cost.
However, the finding of the ML model that people with
hybrid cars are less sensitive to the ATN travel cost is exactly
the opposite of the finding of the MNL model. Based on the
ML model result, one possible explanation is that since ATN
is among the environmentally friendly and sustainable
transportation systems and people’s environmental
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concerns are one of the reasons for buying hybrid cars and
environmental concerns indirectly increase people’s WTP
for renewable energy, these individuals will incur an increase
in the ATN travel cost and be less sensitive to this cost
increase. Since people in low-income countries (such as
Iran) have fewer environmental concerns compared to high-
income countries [81] and also in recent years, the pur-
chasing power of Iranians due to bad economic conditions
has decreased a lot, the result of the MNL model seems more
realistic in this field. It should be noted that the sensitivity of
low-educated people to the increase in the ATN travel cost is
not different compared to others.

From the comparison of the above two models, the ML
model is more capable of capturing heterogeneity (ie.,
differences in people’s behavior that can be attributed to
differences in their tastes and decision-making process in the
population) than the MNL model, and this result is in line
with the findings of other researchers such as Train [23]. In
general, when the tastes associated with the observed var-
iables change systematically in the population, this variation
can be included in the MNL models; if the variety of tastes is
at least partially random, MNL is a misspecification.
However, it is also not a must and approximately MNL may
be able to achieve average tastes even when tastes are also
random, as the MNL formula is fairly robust against mis-
specification. Therefore, researchers may use MNL for
simplicity, even when they know that tastes have a random
term. Although researchers finally consider the ML model as
the superior model for investigating and capturing het-
erogeneity compared to the MNL model, as the present
study showed about heterogeneity in the mean parameter for
ATN travel costx owning a hybrid car, it is likely that the
MNL model can in some cases contribute to more re-
alistically capturing some heterogeneity.

5. Conclusions

The majority of Iranian cities, including Shiraz, are be-
coming more and more car-oriented, which causes traffic
congestion and other related problems. An ATN system
would be a viable option to address this issue given the
current conditions in Iran, since ATNs may decrease the car-
oriented rate and handle related issues by combining public,
personal, and private transport. A deeper knowledge of how
people, particularly car users, accept an ATN system is
required in order to develop effective policies aimed at
taking advantage of the benefits of ATN. The main goal of
this study is to advance future research on the effects of
ATNs on people’s travel behavior through identifying the
users’ characteristics who probably accept the ATN system,
by studying the heterogeneity in the preferences of these
potential ATN users. Therefore, the results of the present
study help to expand the existing literature about how people
accept ATN systems.

For this purpose, a stated choice survey was conducted in
which respondents were asked whether they were willing to
use ATN instead of a car on a recent trip from the town
where they live to the Shiraz CBD or vice versa. Additionally,
various kinds of information about the mentioned recent
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trip and respondents’ personal and socioeconomic charac-
teristics were also collected. During the survey process, 408
questionnaires were collected from the residents of the
Golestan and Beheshti towns. The survey then was analyzed
using MNL and ML models.

The findings showed that for people with only a high
school diploma or a hybrid car, the increase in the ATN
travel cost had a more negative effect on utility and therefore
on choosing the ATN option, compared to other people. In
addition, the increase in ATN access/egress time creates
more sensitivity in people who travel for work purposes than
others and negatively affects their decision to use the ATN
system and people with a work trip purpose are less sensitive
to the increase in ATN travel cost. Moreover, by comparing
the results of MNL and ML models, it was found that despite
the greater ability of the ML model to estimate possible
heterogeneity, it is likely that the MNL model can in some
cases help to more realistically capture heterogeneity.

From this research, several policy implications can be
derived. The findings show that the use of the ATN system is
different among different demographic groups. Addition-
ally, individuals’ travel characteristics as well as their per-
sonal and socioeconomic characteristics affect the decision
to use this mobility mode. Since there are not many job
opportunities in a majority of towns and cities around the
metropolises of Iran, they are just being used as dormitories
for the workforce. Therefore, it is necessary to pay attention
to the priorities and needs of commuters who travel for work
purposes. In addition, due to the poor economic conditions
of the people in Iran and the results of this study, it is
necessary to be careful in determining the affordable travel
fare for the ATN system.

Due to the hypothetical nature of the stated choice
experiment, there may be a hypothetical bias in the data, i.e.,
the results obtained in this study may have limited value in
the real environment. In this regard, although the results
may not exactly reflect the preferences of decision makers,
they can be useful in identifying people’s directionality
toward their attributes of interest and the relative impor-
tance of these attributes for them. The results of this study
may have been exposed to a status quo bias. This is due to not
only the hypothetical but also the futuristic nature of the
ATN system for residents of a developing country such as
Iran. Therefore, it is possible that the preferences elicited
from respondents to the stated choice survey may not ac-
curately reflect users’ preferences when the ATN system is
implemented and put into operation. Therefore, although
the results now show the directionality and relative im-
portance of different attributes of interest, it is necessary to
refine the stated choice methods by considering hypothetical
and status quo biases to predict the effects of ATN on
people’s travel behavior in a more precise manner.

To further improve our knowledge about people’s
preferences toward the ATN system in developing countries,
this study recommends conducting attitudinal research in
these regions. These attitudinal studies can cover topics
related to the inherent attributes of ATN such as its comfort,
safety, security, and visual barriers. In addition, to
strengthen the body of literature related to how the ATN
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system is accepted by people in developing countries, similar
research can be conducted among other developing nations.
It should be noted that all available transport modes that can
compete with the ATN system should be considered in the
survey in order to prevent biased results.
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