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Impact of Automated Vehicles on Travel
Mode Preference for Different Trip
Purposes and Distances

Peyman Ashkrof1, Goncxalo Homem de Almeida Correia1,
Oded Cats1, and Bart van Arem1

Abstract
Because of technology penetration in the transportation system, the automated vehicle (AV) is set to be a future mode of
transport. Given the major implications of AVs, investigation of the potential impact of these vehicles on travel behavior is
vital for a wide range of purposes, especially for policy making. In this study, we report the results of a stated preference sur-
vey distributed in the Netherlands in which respondents had to choose between conventional cars, public transportation,
and AVs for different travel distances and trip purposes. Having collected information from 663 respondents we conducted
an integrated study incorporating classic trip attributes (such as travel time and travel costs), attitudinal factors, and socio-
economic variables to understand people’s choices. We studied a particular form of AVs, automated driving transport service
(ADTS), which we defined as an automatically controlled door-to-door transport service provided by a vehicle with similar
dimensions to a conventional car, albeit driverless. Results suggest that travelers’ mode preferences vary significantly for dif-
ferent travel distances and purposes. We found that conventional cars and public transportation are perceived as being the
least attractive alternatives in relation to in-vehicle travel time on short- and long-distance commuting trips, respectively.
Preference for ADTS lay between the car and public transportation, neither the best nor the worst alternative in all scenar-
ios. Our findings suggest that ADTS adopters are likely to prefer this mode for long-distance leisure trips rather than short-
distance commuting trips.

Advanced technologies have revolutionized many
aspects of human life in various sectors including the
transportation system. In fact, the transportation system
is one of the essential areas which has been significantly
affected by digitalization and technology development.
Technological advancement in transportation, in particu-
lar automation, aims to make trips safer, faster, sustain-
able, and more efficient.

In recent years, the concept of automated driving has
been introduced as an outstanding platform for the next
generation of driving systems that is expected to improve
safety, traffic flow efficiency, capacity, accessibility, and
reduce congestion through the application of some new
technologies such as vehicle to vehicle and vehicle to
infrastructure communication. Using cameras, sensors,
global positioning systems, adaptive cruise control, light
detection and ranging, and advanced driver assistance
systems, automated vehicles (AVs) can steer the vehicle
and drive it automatically while passengers delegate con-
trol to a computer. Ultimately, by replacing the driver
role with an automated driving system, AVs are able to

totally free up passengers under automation levels 4 and
5 (1). In other words, AV users can mostly behave like
passengers inside the vehicle, which implies that they will
be able to multitask and be productive by allocating the
travel time to do other activities such as sleeping, work-
ing, reading, eating, drinking, watching movies, monitor-
ing the environment, and so forth. Thus, the
aforementioned capabilities might motivate the shift
from conventional (humanly driven) cars to AVs (2, 3).

There is a growing body of literature that recognizes
the importance of travel behavior studies that position
AVs in the future mobility market, to investigate how
travelers respond to this technologically advanced mode
of transport. AVs could potentially change the market
composition and travelers’ mode choices (2, 4–11). Given
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that travel mode choice and the built environment are
interlinked (12), AV adoption could also influence land
use and urbanization patterns. Therefore, a clear under-
standing of the potential travel behavior changes might
assist policy makers in managing the positive and nega-
tive implications of AVs.

Early studies focused on the classic alternative-specific
attributes, including travel time and travel costs, for cap-
turing travelers’ preferences amongst different AV forms
such as private automated vehicles (PAVs) and shared
automated vehicles (SAVs), when compared with other
modes (5–8). Arentze et al. believe that although travel
time and travel costs are initially assessed by travelers
when establishing a trade-off between the alternatives,
travel distance can play an important role in their final
choice (13). Whereas most of the studies have only con-
sidered short-distance trips (4, 5), AVs might be more
attractive for long-distance trips because users can
employ their travel time more efficiently and be more
productive (8). Travel purpose is another influential fac-
tor that may affect mode preference and travel behavior
(14, 15). In addition, surveys such as those conducted by
Yap et al. (4), Zmud et al. (8), and Haboucha et al. (11)
have shown that psychological factors and attitudes
might have a significant impact on whether an individual
is inclined to choose AVs as a mode of transport.
However, previous research has established that substan-
tial uncertainties exist about AV adoption as well as the
possible effect of automation on travel behavior (2, 11).
A large body of travel behavior research asserts that tra-
velers value different travel-time components including
in-vehicle time, walking time, waiting/searching time,
and also consider travel cost constituents such as ticket
costs, fuel prices, and parking costs. However, to date,
only a few studies have integrated all the mentioned
attributes in a survey related to AV (4, 5, 11).

To the best of our knowledge, this is the first study
that has attempted to simultaneously examine the
impact of travel distance (long- and short-distance
trips) and travel purpose (commuting and leisure trips)
on travelers’ mode preferences in relation to automated
driving transport service (ADTS). ADTS is a driverer-
less vehicle similar to a conventional car, albeit con-
trolled automatically by a computer or a remote
operator as a door-to-door transport service, in compe-
tition with conventional cars and public transportation.
This is a centrally controlled fleet of driverless vehicles
that transport travelers on demand. This definition is
presented so that respondents can easily imagine and
relate to the ADTS, thus minimizing the risk of con-
fused perceptions of how these vehicles might look and
operate. Additionally, classic attributes including
travel-time components and travel costs as well as atti-
tudinal factors and the social demographic

characteristics of the respondents are included in the
study to comprehensively identify choice determinants.

Since ADTS has not been introduced to the market
yet, a stated preference (SP) experiment was designed to
present this hypothetical alternative to respondents. The
next section presents the details of the study specifica-
tions, survey design, and model formulation followed by
the results of the models and conclusions.

Methodology

Study Specifications

Inspired by the work of Azari et al. (14) and Shiftan
et al. (15) who suggest that selecting the mode of trans-
port and a place to park is dependent on the trip pur-
pose, we incorporate the trip purpose in the study as a
context variable to explore its effect on travelers’ mode
choice. To minimize the number of choice sets, we con-
sidere commuting and leisure trips, which represent the
majority of trip purposes in the Netherlands (16).

As mentioned, travel distance might also affect the tra-
velers’ mode choice (4, 13, 17). Hence, various scenarios
are considered based on trip distance to investigate its
influence on travel behavior. To simplify the choice sets,
we categorize trips into two groups, short distances of
10 km and long distance trips of 40 km long. The modal
alternatives, attributes, and attribute levels are specified
accordingly.

Conventional car, public transportation (i.e., bus,
tram, and train), and ADTS as a door-to-door service
provided by an AV are presented as the modal alterna-
tives. Statistics show that 93% of trips are undertaken by
car, train, and bicycle, although travelers mostly use the
bicycle for trips up to 5 km in the Dutch context (16).
Consequently, owing to the travel distance assumptions
(10 km and 40km in this study), the bicycle is not
included as an alternative in the choice sets. The access
and egress legs of public transport trips are assumed to
be made on foot to prevent an increase in the number of
alternatives and attributes.

The automated driving system could have been intro-
duced in different forms such as PAV and SAV. Through
the literature we observed that PAV would increase the
distance traveled, which opposes sustainability policies,
despite the probability that AV prices might be much
higher than conventional cars. Thus policy makers might
not be enthusiastic to widely support this type of motor-
ized alternative. Moreover, SAV may not be popular
amongst travelers on account of the lack of privacy
afforded by sharing the system. We, therefore, decided to
present another form of AV, the ADTS. Furthermore,
the concept of ADTS could be easily and impartially pre-
sented to respondents who had not experienced AVs.
One of the advantages ADTS adoption might be the
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possibility of shifting mobility from an ownership-model,
as in the case of a private car, to an on-demand service.

Acknowledging that survey respondents have not
experienced AVs, an SP experiment is selected as the
data collection strategy. It is desirable that attributes and
attribute levels in the SP experiment are based on real
circumstances to which respondents could easily relate.
Travel time is decomposed into in-vehicle, walking, wait-
ing, and searching time for parking for the car to explore
the difference between time spent inside and outside of
the vehicle. Attribute levels are pivoted on the statistical
data for the mobility characteristics of travelers in the
Netherlands (16) as well as data obtained by some trip
planners, for the hypothesized trips per distance cate-
gory. The attribute levels of ADTS are specified identi-
cally to those of the conventional car, except for walking
time, which is set to null because ADTS is defined as a
door-to-door transport service. Furthermore, walking
time is assumed negligible (i.e., no need to park the vehi-
cle), whereas car drivers would have to park their cars
and then walk to their final destination.

The instructions were written with care to ensure that
the respondents could imagine the conditions as accu-
rately as possible, given the nature of an SP experiment.
Table 1 provides an overview of all attributes and the
corresponding attribute levels per trip distance category.

In addition to the classic attributes, travelers’ prefer-
ences might be affected by attitudinal factors such as
‘‘trust in AVs,’’‘‘concern about the environment,’’‘‘AV
functionality,’’ and so on (4, 11). Since attitudes as latent
variables cannot be directly observed, 22 indicators are
created and adapted from other studies to capture the
level of agreement of the respondents by using a five-
point Likert scale. Table 2 presents the statements as well
as their sources.

Survey Design

An online SP survey designed was distributed among a
sample of the Dutch population by a survey panel provi-
der in the Netherlands. The data of 663 respondents were
used after checking the screening questions and the

minimum time of completion. Several questions were
embedded at the beginning of the survey to filter respon-
dents who did not fulfill the criteria: respondents needed
to be older than 18 years old, own a driver’s license, and
use a car at least once a month. As an additional screen-
ing measure, several contradicting statements were intro-
duced to examine whether respondents paid attention to
the survey or not. For example, subjects that had given
the same answer to the contradicting questions, ‘‘I enjoy
driving’’ and ‘‘I do not enjoy driving’’ were screened out.
Finally, if a survey was completed within less than
7.5min, the corresponding questionnaire was not incor-
porated into the dataset.

The questionnaire consists of four parts: (i) transport-
related attitudes, which included the aforementioned
indicators; (ii) current individual mobility behavior, for
instance, the frequency of using existing modes and driv-
ing short- and long-distance trips; (iii) six choice sets per
respondent, and; (iv) socio-economic questions at the
individual and household levels such as gender, age, edu-
cation level, household size.

The choice sets presented in Section iii of the survey
are orthogonally designed using the software package
NGENE (25) with the aim of decreasing respondent task
effort. Orthogonal design is selected because of the lack
of in-depth knowledge about AV acceptance to deter-
mine the priors for a D-efficient design, and because
orthogonal design is the most widely used (26).

In total, 54 treatment combinations were arranged in
nine different blocks of six choice sets, which were then
randomly distributed amongst the respondents. The choice
sets consisted of three scenarios for short- and three for
long-distance trips. Additionally, each respondent was
faced with selecting two choices, one for commuting and
one for leisure trips per choice task. To illustrate the set-
up, an example of a choice set is depicted in Figure 1.

With regard to the order of the different parts of the
survey, we embedded the choice sets in the third section
since the first and second parts could shed light on auto-
mated driving so that the subjects would already be
aware of its prospect prior to making mode choice
decisions.

Table 1. Overview of Attributes of the Choice Alternatives Used in the SP Experiment

Attributes/Alternatives

Conventional car Public transportation (PT) ADTS

Short distance Long distance Short distance Long distance Short distance Long distance

In-vehicle travel time (min) 15, 20, 25 50, 55, 60 20, 25, 30 55, 60, 65 15, 20, 25 50, 55, 60
Waiting time/ Searching

time for parking (min)
0, 5, 10 0, 5, 10 5, 10, 15 10, 15, 20 0, 5, 10 0, 5, 10

Walking time (min) 0, 4, 8 0, 4, 8 4, 8, 12 8, 12, 16 na na
Travel costs (euro) 4, 6, 8 12, 14, 16 2, 3, 4 8, 10, 12 4, 6, 8 12, 14, 16

Note: ADTS = automated driving transport service; na = not applicable.
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Discrete Choice Models

The random utility maximization framework, a discrete
choice model (DCM), is one of the most applicable
approaches to study traveler preferences for transport mode

choice. It hypothesizes that alternative i is chosen by indi-

vidual n when the associated utility is the highest compared

with the other options (27, 28). The utility functions for all

alternatives are defined using Equation 1.

Table 2. The List of Indicators Used in the Exploratory Factor Analysis (EFA)

No. Statement Source

1 I believe an automated vehicle would drive on populated streets better than conventional cars Casley et al. (18)
2 I would be comfortable entrusting the safety of a close family member on an automated car Casley et al. (18)
3 I am concerned that an automated vehicle is not reliable enough to make a safe takeover Jensen et al. (19)
4 Using an automated vehicle could make me nervous at night time Created for the present study
5 I would rather take manual control of the automated vehicle on some occasions Casley et al. (18)
6 I believe that an automated vehicle would have a better fuel efficiency than regular ones Casley et al. (18)
7 My productivity will be increased by using an automated vehicle Casley et al. (18)
8 I am afraid that there will be no car available when I request and I will have to wait for a while Jensen et al. (19)
9 I am concerned to share my location and phone number for taking an automated vehicle Created for the present study
10 It is more fun to take an automated vehicle compared to a conventional car Jensen et al. (19)
11 I do what I can to contribute to reducing global climate changes, even if it costs more

and takes time
Jensen et al. (19)

12 I rarely worry about the effects of pollution on myself and my family Ewing and Sarigöllü (20)
13 It is important for me to follow technological development Jensen et al. (19)
14 New technologies create more problems than they solve Jensen et al. (19)
15 I often purchase new technology products, even though they are expensive Jensen et al. (19)
16 I believe that an automated vehicle might produce fewer pollutant emissions. Casley et al. (18)
17 I like the sound and power of a conventional car engine Jensen et al. (19)
18 I prefer to drive myself rather than others driving me Kim et al. (21)
19 I enjoy driving Devarasetty et al. (22)
20 It makes me uncomfortable to ride on public transit with strangers Rubin (23)
21 I believe that people use public transit when they don’t have any other choice (last priority) Rubin (23)
22 I feel safe taking public transit Abou-zeid et al. (24)

Figure 1. Example of a choice set for a short distance trip.
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Ui =
X

m

bim:xim +
X

k

bik:xik + ei ð1Þ

where the first component of the utility function corre-
sponds to the classic alternative-specific attributes
depicted in Table 1: in-vehicle travel time, waiting/
searching time, walking time, and travel costs. bim is a
vector of coefficients that indicate the importance of the
exploratory variables xim. Alternative-specific coefficients
are estimated for each travel time component, whereas
the travel costs coefficient is assumed to be generic.

The second component is associated with the factors
that are intrinsic to the individuals, including attitudes
and socio-economic variables. Previous studies found
that individual-related variables are fundamental deter-
minants of mode choice. bik is a vector of coefficients
that implies the importance of various socio-economic
variables and attitudinal factors derived from an explora-
tory factor analysis (EFA).

The EFA is applied to reduce the number of variables
and classify them under the minimum required number
of components to explain most of the variance. Based on
the parallel analysis run in SPSS, the number of compo-
nents is determined and the factor scores are incorpo-
rated in the DCM. This type of model is also known as a
hybrid choice model because it estimates the integrated
choice and latent variable either in a sequential or simul-
taneous way. It should be noted that sequential estima-
tion postulates that the latent variables are error-free.
Although a joint estimation is able to reflect the com-
plexity of the relationship between psychological factors
and socio-economic variables, it requires a substantial
increase in estimation time and more complex modeling.
We therefore opted for the sequential method, as it was
found sufficient to investigate whether travelers’ attitudes
influence their choices (4, 11).

The final component in the utility function in
Equation 1, the error term, represents unexplained varia-
tion. The assumption about the distribution of the error
term results in different model specifications. By restrict-
ing all covariances to be zero, the simplest logit model is
the multinomial logit model (27, 28). This model assumes
that the random variables are independently and identi-
cally distributed following extreme value type 1. Hence,
it neglects taste heterogeneity amongst individuals as well
as the correlation between choices made by the same
individual across time. To overcome these restrictions,
more complex models with higher degrees of freedom,
including nested logit, cross-nested logit, mixed logit,
and hybrid mixed logit (HMXL) models were estimated
in this study. The hybrid mixed logit model with panel
effects resulted in the best model fit. Following an itera-
tive process, two final models are reported for long- and
short-distance trips. The sample size and attributes are
the same for both, enabling direct comparison. To gain a

more in-depth insight into the impact of trip purpose, we
checked whether it interacts with in-vehicle travel time,
by incorporating the coefficients of the interactions
between alternative-specific parameters of in-vehicle
travel time and trip purpose: commuting and leisure trips
in the utility function.

PythonBiogeme (29) was used to perform the maxi-
mum likelihood estimation of the DCM, and EFA was
conducted in SPSS (Statistical Package for the Social
Sciences). In the next section, the results of the models
are presented and discussed.

Results

Exploratory Factor Analysis (EFA)

SPSS was used for the EFA to reduce the number of
variables by categorizing highly correlated statements.
Various methods including eigenvalue greater than 1
(K1), scree plot, and parallel analysis were applied to
determine the minimum number of required compo-
nents. Although K1, the most widely used method, is the
default setting of many software packages, parallel
analysis (PA) is one of the most highly recommended
techniques and has shown greater accuracy in results
(30–33). This process resulted in the extraction of five
components, bundling 16 out of 22 indicators by PA
with the following specifications. The direct oblimin
rotation method was initially tested to investigate any
strong correlations between the components. However,
the results indicated that an orthogonal design could be
applied and thus the varimax method was utilized.
Indicators with communality . 0.4 as well as factor load
. 0.50 were included in the final EFA.

Table 3 presents the latent variables, associated indi-
cators, and the respective factor loads. The latent attitu-
dinal factors can be denominated as trust in AVs, public
transport interest, driving interest, positive viewpoints
toward AV efficiency, and environmentally friendly atti-
tudes. The corresponding factor scores are incorporated
in the utility function detailed in the next section.

DCM Model Estimation Results

The results of the final two models are summarized in
Table 4 including the model fit, coefficient estimates,
standard deviation of random variables, and the level of
significance (t-value). Overall, 36 and 33 variables were
estimated for long- and short-distance trip models,
respectively, by the hybrid mixed logit model with panel
effects and 2000 Halton draws.

In the Table 4, ASC represents the alternative-specific
coefficients that translate the mean unobserved prefer-
ences toward the associated alternatives. B and SIGMA
indicate the estimated mean and the standard deviation
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of each random parameter, respectively. Finally, the suf-
fixes CAR, PT, and ADTS indicate the utility function
under which the variable has been placed.

Results show that the signs and values of all estimated
coefficients are plausible. As expected, travel-time compo-
nents and travel costs lead to disutility, with the associated
coefficients having negative signs in both models. In-vehi-
cle travel time denoted as ‘‘INV’’ in the table, which is
defined by the time spent inside the vehicle, is hypothesized
to interact with travel purpose. In general, the marginal
value of in-vehicle travel time is less negative for leisure
trips than commuting trips for the same travel mode
regardless of the travel distance. This is arguably because
leisure trips are more pleasant for travelers. With the same
trip purpose and travel mode, in-vehicle travel time is val-
ued more negatively on short- than long-distance trips.
This shows that the disutility of in-vehicle travel time
might be generally lower when traveling further, which is
in line with Zmud et al.’s findings (8).

In the case of short-distance trips, the conventional
car has the most negative value amongst all modes for in-
vehicle travel time in commuting trips (–0.149). Car-
related issues such as traffic congestion and finding a
parking space might be the sources of the intense dislike
when performing short-distance commuting trips, which

are normally made in dense urban areas. However, public
transportation has the highest disutility (–0.0948) for
travel time on long-distance commuting trips, presum-
ably caused by the higher likelihood of delays, line chang-
ing, seat unavailability, and longer walking distances.
However, public transportation has the lowest in-vehicle
travel time disutility for leisure trips for both short- and
long-distance trips. These results seem to indicate that
the combination of different travel distances and pur-
poses can significantly influence travelers’ preferences.

Moreover, ADTS is positioned between the car and
public transportation as it is perceived as being neither
the best nor the worst alternative in all scenarios. ADTS
is evaluated favorably in relation to in-vehicle travel time
for long-distance leisure trips (–0.0599), whereas it is per-
ceived as less attractive for short-distance commuting
trips (–0.139).

Comparing the estimated coefficients of in-vehicle
travel time, we can conclude that in-vehicle travel time
for long-distance commuting trips in ADTS is perceived
to be around 8% less negative than public transporta-
tion; no difference is derived between ADTS and the
conventional car for this trip category. In contrast, on
short-distance commuting trips, travelers might experi-
ence more pleasant time inside an ADTS than

Table 3. Results of the Exploratory Factor Analysis

1 2 3 4 5

Using an automated vehicle could make me nervous at night time 0.802
I am concerned that an automated vehicle is not reliable enough

to make a safe takeover
0.764

I believe that a conventional car would drive on populated
streets better than automated vehicles

0.713

I would be comfortable entrusting the safety of a close family
member on an automated car

20.681

I would rather take manual control of the automated vehicle in
some occasions

0.574

It is more fun to take an automated vehicle compared to a
conventional car

20.536

It makes me uncomfortable to ride on public transit with
strangers

0.789

I feel safe taking public transit 20.734
I believe that people use public transit when they don’t have any

other choice (last priority)
0.684

I enjoy driving 0.810
I like the sound and power of a conventional car engine 0.723
I prefer to drive myself rather than others driving me 0.568
I believe that an automated vehicle would have a better fuel

efficiency than regular ones
0.857

I believe that an automated vehicle might produce fewer
pollutant emissions

0.765

I do what I can to contribute to reduce global climate changes,
even if it costs more and takes time

0.819

I rarely worry about the effects of pollution on myself and my
family

20.751
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conventional cars, although time spent on public trans-
portation is preferred over ADTS.

Waiting/searching and walking time play essential
roles in determining utilities. That is why we incorpo-
rated them in the experiment with alternative-specific
coefficients. The results show that waiting and walking
time are indeed significant for all alternatives in both
models. It is worth emphasizing that ADTS is assumed
to be a door-to-door service, so walking time is irrelevant
for this mode. On both long and short-distance trips,
walking time for public transportation, which is access/
egress time, is valued more negativly than the duration
of walking from parking the conventional car to the final
destination.

On long-distance trips, waiting/searching time was
perceived as approximately equal for all alternatives.
Conversely, on short-distance trips it is about 20% and
50% more negative for ADTS than the conventional car
and public transportation, respectively. This implies that
travelers are more sensitive to waiting for the envisioned
AV service than for the alternatives.

Cost of travel is a strong determinant of travel mode
choice. The estimated generic coefficients, unsurpris-
ingly, were negative for both models, owing to the intrin-
sic disutility of cost. Moreover, the parameter value was
roughly equal in both models, which shows that passen-
gers were equally sensitive to cost in the two travel dis-
tance categories.

Table 4. Results of the Mixed Logit Models

Long-distance trips Short-distance trips

Coefficient Estimated value t-value Estimated value t-value

ASC_AV 20.507 20.39 20.751 20.91
ASC_PT 22.27 21.17 20.729 20.73
B_INVADTSCOM 20.0876 25.66 20.139 26.7
B_INVADTSLEI 20.0599 23.55 20.13 25.76
B_INVCARCOM 20.087 25.62 20.149 28.33
B_INVCARLEI 20.0496 22.98 20.108 26.18
B_INVPTCOM 20.0948 24.06 20.129 26.31
B_INVPTLEI 20.0495 22.13 20.0939 24.87
B_WAITADTS 20.0944 26.37 20.128 27.99
B_SEARCHPARKCAR 20.0969 26.53 20.099 26.86
B_WAITPT 20.0931 24.05 20.0609 23.51
B_WALKCAR 20.0751 24.05 20.0917 24.64
B_WALKPT 20.13 22.29 20.175 24.4
B_TC 20.351 210.25 20.328 28.8
B_TRUST_ADTS 0.969 8.23 0.881 7.99
B_AVEFF_ADTS 0.593 4.96 0.495 3.09
B_CARINT_ADTS 20.335 22.63 20.419 23.77
B_ENVFRIEND_ADTS 0.148 1.43 0.294 2.31
B_CARUSER_CAR 0.212 1.97 0.253 2.32
B_PTUSER_PT 0.495 5.92 0.159 3.06
B_TAXIUSER_CAR 20.27 22.38 20.246 21.88
B_LDPASSANGERINTEREST_CAR 20.737 23.43 2 2
B_GENDER_MALE_CAR 20.519 22.42 2 2
B_AGE_ADTS_PT 20.553 22.09 20.423 22.18
B_EMPLOYED_ADTS 0.939 4.01 0.665 2.21
B_CARHH_CAR 0.0195 0.11 2 2
SIGMA_ADTS 0.0607 0.16 1.98 1.79
SIGMA_CAR 2.19 9.27 20.361 21.42
SIGMA_INVAVCOM 20.012 22.42 20.103 24.61
SIGMA_INVAVLEI 0.0362 5.07 20.0852 24.05
SIGMA_INVCARCOM 20.0229 25.05 0.0791 6.42
SIGMA_INVCARLEI 0.0352 7.21 0.141 6.94
SIGMA_INVPTCOM 0.0243 3.9 0.0733 7.01
SIGMA_INVPTLEI 0.0341 4.88 0.081 6.96
SIGMA_PT 3.53 7.73 2.09 9.95
SIGMA_TC 0.388 8.47 0.408 6.05
Number of observations 663 663
Number of draws 2000 2000
Number of estimated parameters 36 33
Final log likelihood –3027.26 –3191.876
Rho-squared 0.34 0.24

Ashkrof et al 7



As discussed in the previous section, factor scores of
the latent variables are incorporated in the final models.
The results show that three and four out of the five latent
variables are significant in the models estimated for long
and short-distance trips, respectively. Trust in AVs is the
most significant latent variable in relation to its t-value
and magnitude compared with the other factors. This is
in line with the study conducted by Molnar et al. that
concludes that trust in AVs is the strongest component
in explaining potential AV adoption (34). Our findings
suggest that trust in AVs, positive view toward AV effi-
ciency, and environmentally friendly attitudes could
decrease the disutility of ADTS, whereas having an inter-
est in driving leads to an increase in the disutility of AVs
in both models.

Regarding the estimated coefficients of the current
mobility characteristics of travelers, we conclude that
individuals who currently use their car at least two to
three times per month (labeled as car users in Table 4)
are more likely to select the conventional car as the mode
of transport, especially for short-distance trips.
Interestingly, public transport users (at least two to three
times per month) are around 70% more willing to choose
this mode when undertaking a long- than a short-
distance trip. Furthermore, taxi users and those who pre-
fer to be a passenger on long-distance trips are more
likely to use either ADTS or public transportation; how-
ever, these variables are not significant for short-distance
trips.

The data in Table 4 also indicate that only a few
socio-economic factors including employment status,
age, and gender are found to be significant determinants.
People aged 18 to 40 are more willing to use the conven-
tional car, whereas working people prefer ADTS.
However, men are more likely to favor ADTS for long-
distance trips; gender is not a significant factor in short-
distance trips.

Conclusion

This study aimed to investigate traveler mode choice by
setting up scenarios in which AVs are an integral part of
the mobility market. More specifically, we examined
how mode choice determinants differ for different travel
distance and trip purpose categories. DCMs are esti-
mated using data collected in an SP experiment concern-
ing alternative-specific and individual-specific classic
attributes, socio-economic factors, mobility patterns,
and attitudes.

In summary, the results show that the various scenar-
ios incorporating different travel distances and purposes
can significantly affect travelers’ mode preferences. The
conventional car and public transportation are perceived
as the least attractive alternatives in relation to in-vehicle

travel time on both short- and long-distance commuting
trips, respectively. Furthermore, prospective ADTS
usage is perceived to be more favorable for long-distance
leisure trips, and valued as less attractive for short-
distance commuting trips.

The importance of trust in AVs, and other attitudinal
factors, are reaffirmed as determinants of modal choice
in this study, and therefore for AV adoption generally.
Our findings suggest that trust in AVs is the most signifi-
cant component for travelers to use AVs. Other factors
are having positive views toward AV efficiency, and
environmentally friendly attitudes, both of which could
reduce the disutility of ADTS; whereas having an interest
in driving yielded an increase in the disutility of AV.

As an aside, we found that, regardless of travel dis-
tance, in-vehicle travel time is valued less negativly for
leisure trips than commuting trips using the same travel
mode. At the same time, it is perceived more negatively
for short- than for long-distance trips, independent of
the travel purpose. These findings could be attributed to
the intrinsic value of leisure trips over commuting, and
long-distance trips in contrast with short-distance trips.

This study has several policy implications. In general,
adoption of ADTS is likely to be highly dependent on
the travel purpose, travel distance, travelers’ attitudes,
and their sociodemographic characteristics. Our findings
imply that market penetration is expected be the highest
amongst middle-aged males who have environmentally
friendly attitudes and undertake longer-distance leisure
trips. Therefore, ADTS operators could focus on cater-
ing to the demands of this user group in the early stages
of operations to attract early-adopters. Furthermore,
improving travelers’ trust in AVs is identified as a critical
factor for the eventual adoption of ADTS.

There are two notable limitations in this research. The
first is inherent to SP experiments. As the respondents
have not experienced riding AVs, their answers relied on
how they envisaged the ADTS alternative. The second
issue refers to the hybrid choice model structure. Latent
variables can be incorporated either in a sequential or
simultaneous way in the utility function. A joint estima-
tion (simultaneous) allows investigation of the correla-
tion between attitudinal factors and socio-economic
variables through a complex calculation. This has been
left for further research as the sequential estimation was
sufficient to address the current research questions.

This research raises several interesting avenues for fur-
ther research. Firstly, travel purpose could be expanded
to encompass more categories including shopping trips,
maintenance trips (e.g., taking children to/from school,
visiting doctor, going to the bank, etc.), and the possibil-
ity of changing the daily activity pattern following AV
adoption might also be explored. Secondly, the effect of
AVs on other aspects of travel behavior, including route
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and destination choices could be investigated. Thirdly,
considering other forms of AVs, including PAVs and
SAVs as alternatives competing with ADTS might be an
interesting research topic.
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