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Living in a City Where Automated Taxis
are Operating and Using Them: Does
This Affect Consumers’ Preferences?

Hao Yin' , Elisabetta Cherchi' , and Daniel Nettle?

Abstract

In this paper we study the impact of having used an automated taxi (AT) or simply living in a city where ATs are operating on
users’ preferences for and attitudes toward ATs. This paper aims then to contribute to the research on ATs and on the
impact of experiencing innovations. Data were collected in three major cities in China where ATs were in operation (AT cit-
ies), and other major cities where only normal taxis (NTs) were operating (NT cities). A stated choice (SC) experiment was
built that included level-of-services attributes, specific AT in-vehicle features, levels of AT adoption and customers’ reviews. In
addition, a set of attitudinal statements was included to measure injunctive norms, hedonic motivation and trust. Hybrid
choice models were estimated accounting for intra-individual correlation. Results show that living in a city where AT are
operating does not affect the willingness to pay for travel and waiting time, which is an expected result. But those living in AT
cities compared with those living in NT cities are willing to pay just half the amount to have the in-vehicle feature “change
destination during the trip” and around three times as much for good reviews about ATs for trips less than 30 min.
Interestingly, trust has a positive and significant impact on the choice of AT only for those living in NT cities, while hedonic
motivation is significant only for those living in AT cities. Finally, we did not find differences between those who had used an
AT and those who had never used it.

Keywords
automated taxis, stated choice experiment, knowledge of AVs and ATs, AT operating, willingness to pay

With the rapid development of driving technologies (wire-
less communications, sensors, vehicle-to-infrastructure
and vehicle-to-vehicle recognition systems communica-
tion, mapping and navigational technology), autonomous
vehicles (also known as self-driving vehicles, driverless
vehicles, automated vehicles, or robotic vehicles) are lead-
ing to a revolutionary change of the current transport sys-
tem (/-3). In general, autonomous vehicle (AV) means a
highly or fully automated vehicle which requires no man-
ual steering. That is, it meets SAE Level 4, where the
vehicle is capable of controlling all functions, but the
driver can choose whether to switch the vehicle into this
mode, or Level 5, where the automated driving requires
absolutely no human attention and a steering wheel is
optional (4). The application of AVs may become a real-
ity in the future and, as stressed by many researchers (/,
5-7), in particular automated taxis (ATs) have the poten-
tial to become a market player in the transport system.

Compared with normal taxi (NT) services, AT services
are on-demand mobility services with the potential to
improve growing externalities of road traffic in modern
cities (8, 9): substantially enhancing environments, reduc-
ing requirements for parking space and increasing road
capacity.

Nevertheless, if ATs are not adopted in the way that
simulation studies assume they will be (all possible
impacts are based on different assumptions on the levels
of penetration rates), it will be less likely that all the esti-
mated benefits that ATs would bring to current trans-
port systems would occur. For example, according to
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Mena-Oreja et al. (7), the impact of ATs on road capac-
ity turns to positive only when the penetration rate
reaches an appropriate threshold value. The potential
benefits of ATs on current transport systems crucially
depend on how successful ATs will be in attracting
customers.

Even though ATs have been tested and deployed in a
relatively small scale around the world, as an emerging
and highly innovative new mode of local passenger trans-
port, they are still in the trial stage and AT services are
not available for most of the public at the current stage.
Consumers do not have much knowledge of ATs (or AVs
in general) and have never (or very rarely in some trials)
experienced them personally. As such, they have no pre-
ferences yet for this technology and this poses the ques-
tion about the role of knowledge and experience (direct
and indirect) in shaping consumers’ preferences and how
to measure preferences for new products.

The literature on this topic is however very limited.
The impact of direct and indirect experience on the pre-
ferences for innovations has been studied for the case of
electric vehicles (EVs). Jensen et al. (/0) collected stated
choice (SC) data and psychological statements before and
after respondents had tried an EV for three months and
found that after the direct experience users showed higher
preference for range, for example, but less skepticism,
among other effects. Cherchi (117) still using data collected
with an SC experiment showed that indirect experience
(i.e., the experience reported by others who have used the
EV) also affected customers’ preferences for EVs and
their characteristics. Among the AV-related literature,
some have focused on the change in psychological fac-
tors. After a field experience of a Level 3 AV by 300 stu-
dents, Xu et al. (/2) tested the changes of the students’
psychological factors toward using Level 5 AVs and re-
ride Level 3 AVs, finding that this experience increased
students’ trust and their perceptions of usefulness and
ease of use of AVs. With regard to ATs, although no
comparative results were reported, Dai et al. (/3) mea-
sured the psychological determinants of continuous use
intention among users who had experienced ATs and the
results showed that perceived usefulness, perceived ease
of use and service satisfaction, which were mediated by
positive attitude toward use, played vital roles in inten-
tion to use ATs among experienced AT users.

In China, AT systems are commercially operating in
Guangzhou and under trial operation in Changsha and
Shanghai. To the best of our knowledge, however, no
research has studied customers’ preferences for ATs in
these contexts. Other than the direct and indirect experi-
ence, we envisage that also simply living in a city where
ATs are operating could have an impact on customers’
preferences, even if they have not tried the ATs and have
not received information from those who tried them.

Just living in the city could represent a cue to respon-
dents. In this paper we study the impact of having used
an AT or simply living in a city where ATs are operating
on users’ preferences for and attitudes toward ATs. This
paper aims then to contribute to the research on ATs
and the impact of experiencing innovations. Extensive
research has been conducted to analyze the impact of
attitudes on the intention to purchase and/or use AVs,
but much less research has been done on using ATs.
However, in general the constructs tested are those
included in theoretical models such as the Technology
Acceptance Model (TAM), the Theory of Planned
Behavior (TPB) and their extensions. Within these the-
ories, in this paper we focus in particular on injunctive
norms, trust and hedonic motivation. According to
Ribeiro et al. (/4), these three latent constructs in particu-
lar play a role in the primary appraisal stage in the accep-
tance of AVs, that is, when individuals are analyzing the
relevance and significance of using AVs for travel.

Finally, it is worth mentioning that while there is a
relatively vast literature that reports willingness to pay
(WTP) for owning AVs, few papers have instead dis-
cussed WTP for AVs used as shared vehicles. Among
these studies, Yap et al. (/5) computed the WTP for sav-
ing egress travel time when using AVs after multimodal
train trips in the Netherlands. Also in the Netherlands,
Correia et al. (/6) analyzed and compared WTPs for sav-
ing travel time using two types of in-vehicle interiors:
office-interior and leisure-interior. Kolarova and Cherchi
(17) investigated the heterogeneous role of two psycholo-
gical factors in calculating WTP for travel time saving
when using AVs for commuting trips in Germany. In
China, some scholars have investigated factors affecting
preferences for AVs or shared autonomous vehicles
(SAVs) (18, 19) but these studies did not compute WTP.

The remainder of this paper is structured as follows.
The next two sections present the survey instrument and a
detailed analysis of the data collected. The fourth section
describes the structure of the mathematical model used
and the fifth section reports a discussion of the results of
the model estimation and the computed WTP values. The
final section summarizes the major conclusions.

Survey Instrument

The survey instrument consists of a questionnaire built
to collect information that would allow identifying what
affects consumers’ choice between a fully automated taxi
(AT) and a normal taxi (NT). The questionnaire was
organized in the following five major sections:

Section 1: Introduction to the survey and screen-out
questions.
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Section 2: Questions related to the knowledge of AVs
and ATs.

Section 3: Questions related to a current trip and a
customized SC experiment.

Section 4: Socioeconomic and travel information.
Section 5: Psychological statements.

The survey was intended for taxi users, the screen-out
questions in Section 1 were set up to include only respon-
dents who have used a taxi in the last year and are more
than 18years old. A set of questions was included in
Section 2 to measure the level of familiarity with AVs in
general and in particular with the AT system operating in
China. In this section, respondents were also given a
description of what an automated vehicle is and the dif-
ferent levels of automation. On knowledge of automated
vehicles, the questions included aimed to measure not
only the level of knowledge but also from whom or where
respondents gained the knowledge. In particular, respon-
dents were asked the following four questions: (i) if they
have heard of AVs, (ii) how familiar they were with the
five levels of automation, (iii) if they heard of ATs being
tested or operating in China and (iv) from whom/where
they heard of ATs being tested or operating in China.

The SC experiment in Section 3 represents the core of
the questionnaire. To customize the design, respondents
were asked first to describe the last trip they made by
taxi. This includes: origin and destination of the trip,
purpose, what time and where they took a taxi, travel
time, how they booked the trip, and so forth. The SC
experiment consists of a binary choice between an AT
and a NT, and it includes seven attributes. These are
three level-of-service attributes (waiting time, travel time
and fixed journey fare); two specific AT in-vehicle fea-
tures attributes (namely the opportunity to talk with an
operator and the opportunity to change the destination
after having started the trip); and two attributes to mea-
sure the impact of social influence (number of customers
and customer rating). Figure 1 reports an example of the
task presented. More information on the attributes can
be found in Yin and Cherchi (20).

To customize the SC design based on the last trip by
taxi described by the respondent, a heterogeneous
Bayesian efficient design was built for the following three
segments: 5Skm trips (for short trips between 2.5km and
7.5km), 10km trips (for medium trips between 7.5km
and 12.5km) and 15km trips (for long trips between
12.5km and 17.5km). Each respondent was then pre-
sented with the scenarios of the segment that corre-
sponded to the length of the last trip by taxi described.

For the heterogeneous Bayesian efficient design, each
segment was weighted by a factor equal to 0.75 (for the
5km segment), 0.2 (for the 10 km segment) and 0.05 (for
the 15km segment). These factors were computed based

YOUR TAXI DETAILS

BT
7 minutes Waiting time 1 minute
21 minutes Travel time 16 minutes
¥32 Fixed journey fare ¥38
123 Number of customers who have chosen 240

this type of taxis in the last hour

During the trip you can

by talking with the driver by pressing a button

Chat with an operator (Yes)

Change trip destination ey
(within a radius of 10km)

Customer rating yesterday

Customer rating yesterday

Figure |. Example of choice task presented to survey
participants (translated from Chinese).

on the real travel distance distribution of the trips by taxi
in China. To obtain the Bayesian priors, three fractional
factorial orthogonal designs (one for each segment) were
built and tested with a sample of 48 taxi users in China.
A uniform distribution was used for all parameters to
avoid extreme parameter values. Ngene (2/) was used to
generate the experimental design. This consisted of 12
scenarios for each segment randomly divided into two
blocks of six scenarios each.

Section 4 focused on respondents’ socio-demographic
and travel characteristics. These include gender, age,
level of education, employment status and personal
monthly disposable income, as well as frequency of using
taxis, frequency of talking with the driver, if they like
driver’s help with luggage, if they can use the taxi with-
out help and whether they enjoy talking with the taxi
driver. Finally, Section 5 was dedicated to the psycholo-
gical statements identified to measure the three psycholo-
gical constructs of interest: injunctive norms, trust and
hedonic motivation. The following three statements,
taken from Cherchi (/7), were used for the injunctive
norm (the second item was reversely scaled):

IN1: People who are important to me (friends, family)
would approve of me using a fully automated taxi.
IN2: People who are important to me (friends, family)
would think that using a fully automated taxi is not
appropriate.

IN3: People who are important to me (friends, family)
would think that more people should use fully auto-
mated taxis.

The following three statements were adapted from
Venkatesh et al. (22) to measure the impact of hedonic
motivation (the third item was reversely scaled):
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HMI1: I believe using a fully automated taxi will be
fun.

HM2: I believe using a fully automated taxi will be
pleasant.

HM3: I believe using a fully automated taxi without
driver will be boring.

The following four statements were instead adapted
from Choi and Ji (23) and Liu et al. (24) to measure the
impact of trust (the first three items were reverse scaled):

T1: Overall, I do not trust fully automated taxis.

T2: I do not trust that fully automated taxis will be
adequately supervised.

T3: 1 do not trust that a computer can drive a vehicle
without assistance from the driver.

T4: 1 trust that I can relax while riding in a fully auto-
mated taxi without driver.

All statements were presented in a random order and
some statements were reversely scaled. For all these state-
ments, a seven-point Likert response scale was used, rang-
ing from “strongly disagree” to “strongly agree.” The
sample was implemented in SurveyEngine (25).

The sample was collected between March and April
2021 in China. A total of 633 participants joined the sur-
vey; 89 participants were screened out as they did not sat-
isfy the requirements: (i) more than 18 years old and (ii)
have used a normal taxi (NT) in the last year. A further
59 participants were excluded as they did not reply to the
entire questionnaire. The final valid sample consists of
485 respondents. The completion rate for the survey is
76.6%. The final sample includes 151 respondents who
lived in cities where ATs did not operate (defined as NT
cities) and 334 respondents who lived in the cities of
Guangzhou, Changsha and Shanghai where AT services
were in operation. Among these latter, 299 respondents
had not used ATs (this group of respondents is defined
as AT cities) and 35 had used ATs (this group is defined
as AT users). The final sample was largely recruited using
the panel provided by SurveyEngine (about 70% of the
participants) and a small proportion self-recruited parti-
cipants (about 30%). The sample was initially selected
randomly, and later the researchers tried to reach out
specifically to those who had tried an AT, but this is still
a niche group, and it was very difficult to contact them.
A total sample of 2,910 pseudo-observations were avail-
able for modeling purposes.

Data Collection and Sample Characteristics

Table 1 illustrates a summary of the sample characteris-
tics and the information collected. The sample has a high
representation of young and educated people (the major-
ity of participants are below 30years old, have a

bachelor’s degree and are full-time employed), but in the
cities where AT is operating, the proportion of 30 years
or older is twice (80%) that in the cities where AT is not
operating (41%). Among those who tried an AT, two-
thirds are female, compared with half of those who had
never tried an AT even though they live in a city where
ATs is operating and one-third of those who had never
tried an AT and live in a city where AT is not operating.
Finally, taxis in our sample are used more by university-
educated people, and this effect is even more pronounced
for AT users (more than 91% of AT users have a univer-
sity degree compared with around 70% of non-AT
users). The level of education is instead not significantly
different among non-AT users whether they live in a city
where AT is operating or not (p-value 0.371 > 0.05).

With regard to travel characteristics, there is a signifi-
cant difference between respondents depending on
whether they live in cities where ATs operate or not. In
particular, the proportion of respondents who use taxis
frequently (at least once a week) and make long trips
(30 min or longer) is higher in cities where ATs are oper-
ating than in the other cities. This effect is probably
caused by the size of the cities. All the cities selected for
recruitment of the sample in this study are large cities,
but those where ATs are operating are even larger.

As expected, respondents living in AT cities have
much more knowledge of AVs and ATs than those living
in NT cities, and this difference is significant at 99%.
Very few respondents (14%) have not heard of AVs at
all (against 30% of the respondents living in cities where
ATs are not operating). However, surprisingly, almost
48% of those living in cities where ATs do operate are
not aware that the system is operating in their city.

Model Specification

The proposed model framework is illustrated in Figure 2.
A hybrid choice model (HCM) was used, where the dis-
crete choice part is a mixed logit (ML) that allows us to
account for the trade-off between attributes and includes
panel effects, while the latent variable (LV) part allows us
to account for the impact of the three latent constructs.
Let Uy, be the utility that individual ¢ assigns to alterna-
tive j = [NT, AT] in the scenario 7 [1, 2, ..., 6]:

_ c S,
U, = AT (ASCj + BX + BSE,
+QSEX + BILY, + n,q) + g (1)
where

X = {LOSjyt. Vjgr, SCigu, Knwy, TrChy }
B = {B/ "B BB @
¢ = {ATcities, NTcities }
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Table I. Sample Characteristics
Group A Group B Group C X2 test
AT users AT cities NT cities B-C (p-value)
Sample size 35 299 151
Sociodemographic characteristics N (%) N (%) N (%)
Gender
Female 24 (68.6) 145 (48.5) 57 (37.1) 4.926 (0.028)
Male 11 (31.4) 154 (51.5) 95 (62.9)
Age
Below 30 7 (20.0) 65 (21.7) 89 (58.9) 68.493 (0.000)
Between 30 and 59 20 (57.1) 173 (57.9) 57 (37.8)
60 or above 8(22.9) 61 (20.4) 5(3.3)
Education level
Below bachelor’s degree 3 (8.6) 77 (25.8) 45 (29.8) 0.832 (0.371)
Bachelor’s degree or above 32 (91.4) 222 (74.2) 106 (70.2)
Current work status
Full-time employee 30 (85.7) 203 (67.9) 92 (60.9) 2.156 (0.143)
Non-full-time employee 5(14.3) 96 (32.1) 59 (39.1)
Travel characteristics
Self-reported travel time of a recent trip
Short (10 min or less) 7 (20.0) 51 (17.1) 67 (44.4) 43.839 (0.000)
Medium (around 20 min) 20 (57.1) 112 (37.5) 51 (33.8)
Long (30 min or more) 8 (22.9) 136 (45.5) 33 (21.8)
Activities before taxi trip
Commuting or business 11 (31.4) 88 (29.4) 55 (36.4) 6.900 (0.032)
Leisure (e.g., shopping, pub) 16 (45.7) 112 (37.5) 38 (25.2)
Others (visiting friends, etc.) 8 (22.9) 99 (33.1) 58 (38.4)
Trip purpose
Commuting or business 12 (34.2) 96 (32.1) 56 (37.1) 1.501 (0.472)
Leisure (e.g., shopping, pub) 11 (31.4) 119 (39.8) 52 (34.4)
Others (visiting friends, etc.) 12 (34.3) 84 (28.1) 43 (28.5)
Enjoy talking with taxi driver
Always 7 (20.0) 27 (9.0) 8 (5.3) 1.961 (0.375)
Sometimes 25 (71.4) 220 (73.6) 115 (76.2)
Never 3 (8.6) 52 (17.4) 28 (18.5)
Frequency of talking with the driver
Very infrequently 2(5.7) 32 (10.7) 22 (14.6) 3.227 (0.521)
Somewhat infrequently 2(5.7) 43 (14.4) 20 (13.2)
Occasionally 14 (40.0) 168 (56.2) 87 (57.6)
Somewhat frequently 13 (37.1) 46 (15.4) 20 (13.2)
Very frequently 4 (11.4) 10 (3.3) 2 (1.3)
Frequency of using taxis
At least once a week 26 (74.3) 156 (52.2) 37 (24.5) 44.845 (0.000)
Once a week < > once a month 8 (22.9) 104 (34.8) 60 (39.7)
Once a month < > twice a year I (2.9) 36 (12.0) 46 (30.5)
At most twice a year 0 (0.0) 3 (1.0) 8(5.3)
Like driver’s help with luggage
Yes 24 (68.6) 205 (68.6) 86 (57.0) 5.917 (0.016)
No 11 (31.4) 94 (31.4) 65 (43.0)
Take a taxi without help
Yes 35 (100.0) 298 (99.7) 149 (98.7) na
No 0 (0.0) 1 (0.3) 2 (1.3)
Knowledge of AVs and ATs
Heard of AVs
Yes 35 (100.0) 257 (86.0) 105 (69.5) 17.189 (0.000)
No 0 (0.0) 42(14.0) 46 (30.5)
Familiar with five levels of automation
Not at all familiar 0 (0.0 37 (124) 50 (33.1) 49.853 (0.000)
Slightly familiar 6 (17.1) 69 (23.1) 55 (36.4)
Moderately familiar 6 (17.1) 118 (39.5) 37 (24.5)
Very familiar or above 23 (65.7) 65 (25.1) 9 (5.9)

(continued)
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Table |. (continued)

Group A Group B Group C X2 test
AT users AT cities NT cities B-C (p-value)
Heard of ATs operating in China
Yes 35(100.0) 156 (52.2) 49 (32.5) 22.710 (0.000)
No 0 (0.0 101 (33.8) 56 (37.1)
Not heard of AVs at all 0 (0.0) 42 (14.0) 46 (30.5)
Heard of ATs operating from those who
Have used ATs 24 (68.6) 39 (13.0) 10 (6.6) 16.089 (0.000)
Have only heard about ATs 11 (31.4) 117 (39.1) 39 (25.8) 0.432 (0.569)*
Not heard of ATs operating in China 0 (0.0 143 (47.8) 102 (67.6)

Note: AT = automated taxi; AV = autonomous vehicle; na = not applicable.

“The chi-squared test is computed only between the “have used ATs” and “have only heard about ATs”, without “not heard of ATs operating in China.”

Individual-related
characteristics

Latent variables

Hedonic
Motivation

T

Individual-related Alternative related
characteristics characteristics
| AT cities
| Frequent use of taxis }
Heard of AT in
China
. Fixed journcy fare \
| Travel time l
/ =S
Waiting t ]»"/
longtnps (230 bbbt i
I Option “Change the destination’

I Option “Chat with an operator”

]

|

i
i

Familiar with Slevels of | | |

\ automation i

\ Heard of ATs from those

=

Customer reviews yesterday

Heard of ATs from those
who never used ATs

taxi choice

* Number of customers in the 1ast
hoyr

| NTcities

e ]

Figure 2. Conceptual framework for taxi choice decision accounting for presence of automated taxis (ATs).

and
BX = BfOSLOSJ'qt + BJI'VI Vige + BJSCSqut
+ B Knw, + B/ TrCh,

(3)
where LOS is a vector including the level-of-service attri-
butes (travel cost, travel time and waiting time); IV is a
vector including the in-vehicle features (change the desti-
nation, and chat with an operator, dummy variables
whether the feature is active or not in the AT); SCis a
vector including the normative conformity attributes
(descriptive norm and customer reviews); SE is a vector
of socioeconomic characteristics (e.g., age, gender, etc.);

Knw is a vector including the attributes related to the
level of knowledge of AVs and ATs (e.g., familiarity with
the five levels of automation, etc.); 7rCh is a vector
including travel characteristics (e.g., frequency of taxi
usage, etc.).

AT is an indicator to make the coefficients specific
between AT cities and NT cities. 4SC; are the alternative
specific constants. B is a vector of coefficients associated
to all these characteristics, except the SE characteristics
whose coefficients are BSE 6, is a vector of coefficients of
the interactions between SE and the vector X, that
accounts for systematic heterogeneity in the preferences
for the X characteristics; m,, is the error term distributed
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as normal (0, o4,), accounting for the correlations among
scenarios for the same individual and g, is the error
term iid Expected Value Type I.

The structural equation of the latent variables is
defined as:

m __ m m m m —
LV = o™ + N"ICh] + oy m = {IN,HM, Trust}

4)

where o™ is the constant for each latent variable; ICh;" is
a vector of individual-related characteristics that can be
different from the vectors of SE, TrCh and Knw in
Equation 3; N is the vector of corresponding coefficients
and o7 is the normally distributed error term with mean
zero and standard deviation of ¢!. The measurement
equation is defined as:

INDI, =&+ 07LV" + " r=1,.,R (5

where IND{;, is the r indicator of the mth latent variable
for individual ¢; 8" is the constant for indicator r; 7" is
the coefficients associated with the mth latent variable;
1, is the error term normally distributed with mean zero
and standard deviation o7)'.

The distributions of the mith latent variable and of its

indicators are:

1 LV™ — (o™ + N"ICh™
Jir = —(D< i q));
T T
| /IND™ — (" + "LV™)
Jivp = —(D< . . ) (6)
0'1,71 0-1)"”

where @ is the standard normal distribution function.
For theoretical identification, for each m latent variable
(IN, HM and Trust), it is defined 8)' = 0 and 67" = 1 (for
first indicator). Then the unconditional probability is the
integral of the SC conditional probability over the distri-
bution of w and n:

T
Py = J j T Py ) ()
o Jn

t=1

M R
1T Ao @) TT fivop (@) (@)de (7
m=1 r=1

Models are estimated by maximum simulated likelihood

estimation, using PythonBiogeme (26).

Model Results

The final dataset used for the model estimation consists
of 2,910 pseudo-observations. Table 2, Table 3 and Table
4 report the model results for a ML model with panel
effects, estimated as a reference model, and a HCM esti-
mated using the specification presented in the previous

section. All coefficients were tested specifically between
AT cities (i.e., for respondents living in cities where ATs
are operating) and NT cities (i.e., for respondents living
in cities where ATs are not operating). Table 2 and
Table 3 report only those coefficients that are signifi-
cantly different at more than 80%. The other coefficients
were defined as generic between the two groups.

We first note that the model only includes the effect
of AT cities and NT cities. This is because we could not
find any significant differences between AT users and
AT cities, that is, between those living in cities where the
AT is operating, whether they have used AT or not. This
result was not expected, but since the subsample of AT
users is small, it is not possible to conclude with certainty
that having used an AT does not affect customers’ pre-
ference. Looking at the models in Table 2, we note that
the mixed logit and the HCM return the same estimates
except for the ASC and the category of respondents who
had heard of ATs operating in China. This makes sense
because the latent variables in the HCM are summed
into the utility of AT, which of course directly affects the
ASC and any category that has a direct impact on the
preference for one alternative over the other. Apart from
that, all other results are identical. Comments will then
be reported only for the HCM.

As expected, the existence of AT services in the city
where respondents live does not have any impact on the
marginal utility (MU) of the level-of-service attributes
(travel cost, travel time and waiting time). Interestingly,
but not expected, living in a city where ATs operate does
not have an impact either on the preference for the in-
vehicle feature “chat with an operator” (the HO is rejected
at 28% in a two-tailed test). This may be because the
ATs currently operating in China still have a safety
driver, so there is a physical person in the car even
though they are not actually driving. On the other hand,
respondents living in NT cities have much lower (around
half) MU for the option “change the destination” than
those living in AT cities (the MU is different at 88% in a
two-tailed test, t-test = 1.56). Those living in AT cities
are more familiar with both AVs in general and ATs spe-
cifically than those living in NT cities. They use also taxis
more frequently. They might also be familiar with tradi-
tional taxis and may be less likely to have the need/inter-
est to change the destination selected during the trip.

Interestingly, the descriptive norm “number of cus-
tomers in the last hour” was significant only for the
respondents who had heard about AT from someone
who has tried it. We expected a different impact between
AT and NT cities, but we did not find any statistically
significant difference. It seems that the intention of cur-
rent adoption depends on word of mouth but not on
having the AT services operating in the city where a par-
ticipant lives.
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Table 2. Model Estimation Results: Discrete Choice Component

ML HCM
Discrete choice model Value Rob. t-test Value Rob. t-test
ASC (AT) —0.677 —4.27 —5.520 —12.00
Sigma (AT) X AT cities 1.130 9.94 0917 7.83
Sigma (AT) X NT cities 1.910 8.84 1.360 6.99
Level of service
Travel cost (GBP)* —0.588 —8.00 —0.590 —8.09
X Long trip (30 min or more) —0.257 —2.37 —0.251 —2.33
Travel time (minutes) —0.031 —5.20 —0.031 =521
Waiting time (minutes) —0.075 —9.39 —0.075 —9.36
X Age60_more 0.027 1.70 0.028 1.75
AT features
Change the destination
X AT cities 0.156 2.23 0.158 2.25
X NT cities 0.371 3.46 0.352 3.46
Chat during the trip 0517 5.20 0518 5.25
Social conformity
Number of customers in the last hour/100
X Heard of ATs from those who used ATs 0.239 3.05 0.242 3.00
Good review yesterday
X AT cities 0.525 5.41 0.530 5.39
X NT cities 0.188 1.83 0.181 1.81
X Long trip (30 min or more) 0.547 3.93 0.549 391
Systematic heterogeneity in AT alternative
Agel8_29 —0.446 —2.67 - -
Frequently use taxis (at least once a week)
X AT cities 0916 5.66 0.562 3.46
X NT cities - - - -
Heard of ATs operating in China 0.679 4.40 0.259 1.86
Latent psychological constructs
IN: Injunctive norms (AT) - - 0.490 5.09
HM: Hedonic motivation (AT) - - - -
X AT cities - - 0.495 5.31
T: Trust (AT) - - - -
X NT cities - - 0.564 5.55

Note: ASC = alternative specific constant; AT = automated taxi; AV = autonomous vehicle; NT = normal taxi; Rob. t-test = Robust t-test.
*The unit of travel cost was converted from yuan to pounds sterling at a conversion rate of | GBP=8.43 CNY.

Table 3. Model Estimation Results: Latent Variable Component

IN_China HM_China T_China
Latent variable model Value Rob. t-test Value Rob. t-test Value Rob. t-test
Structural model
Constant 4.690 44.13 4.930 64.15 4.640 4537
Standard deviation of error term 0.021 0.32 —0.111 —1.64 0.396 9.12
Agel8_29 —0.597 —4.57 —0.406 —-2.39
Frequent use of taxis (at least once a week) 0.374 3.18 0.345 3.35
Familiar with 5 levels of automation 0.395 2.47 0.538 4.12
Heard of ATs from those who used ATs 0.645 4.19 0.236 2.04
Heard of ATs from those who never used ATs 0.261 1.81
Measurement model
Constant in indicator N2 1.750 4.85 —0.708 —1.50 0.329 1.31
Constant in indicator N3 —0.054 —0.19 1.980 432 0.562 242
Constant in indicator N4 3.060 11.00
Coeff. in indicator N2 0.473 6.13 I.110 12.90 0.879 16.85
Coeff. in indicator N3 0.968 17.57 0.482 5.36 0.897 19.94
Coeff. in indicator N4 0.396 7.25

(continued)
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Table 3. (continued)

IN_China HM_China T_China
Latent variable model Value Rob. t-test Value Rob. t-test Value Rob. t-test
Standard deviation indicator NI —0.200 —-3.07 —0.208 —3.01 —0.242 =3.11
Standard deviation indicator N2 0.441 14.59 —-0.371 —4.72 0.049 0.76
Standard deviation indicator N3 —0.198 —-3.39 0.406 12.48 0.007 0.11
Standard deviation indicator N4 0.257 7.92

Note: AT = automated taxi; IN = injunctive norms; HM = hedonic motivation; T = Trust; Rob.t-test = Robust t-test.

Table 4. Model Estimation Results: Summary of statistics

Summary of statistics ML HCM
Number of draws 500 500
Log-likelihood market share —1,895.77 —14451.35
Maximum log-likelihood —1,654.33 —9580.61
Rho-squared 0.127 0.337
Adjusted Rho-squared 0.118 0.333
Akaike information criterion 3,344.662 19,279.223
Bayesian information criterion 3,452.228 19,631.801

Number of individuals 485 485
Number of observations 2910 2910

Interestingly, “AT cities” (i.e., living in a city where
ATs are operating) was found to have a significant
impact on the MU of “good review yesterday.” The
assumption that the MU of good review between AT cit-
ies and NT cities is equal is rejected at 99% (t-test =
—2.56), and the MU of good review yesterday in AT cit-
ies is about 2.5 times that of NT cities. This result makes
sense because respondents from AT cities have of course
a higher possibility to access and use ATs, as an alterna-
tive travel mode. Even if they have not used an AT per-
sonally, customer reviews provide them with stronger
hints or cues to assess and compare the quality of these
two types of taxi services, because they know that this
review comes from real customers in their cities.

Finally, the results in Table 2 show that the impact of
having heard of AT operating on the preference for AT is
not different whether respondents live in AT cities or NT
cities (HO is rejected at 23%). This result is not in line with
the assumption that living in a city where ATs are operating
provides stronger cues, as discussed for customer reviews.
However, the difference is that a review implies an evalua-
tion (positive or negative) while having only heard of it from
others is a piece of “neutral” information. The other three
variables measuring knowledge of AVs and ATs (heard of
AVs, familiarity with five levels of AVs and from whom
they heard about ATs) were no significant in the entire
Chinese sample, nor among respondents living in AT cities
or NT cities. Additionally, the direct impact of presence of
AT service on the preference for AT use was tested but it
was not significant at 95%.

As shown in Table 2, we found that those who used
taxis at least once a week had a higher preference for
ATs than for NTs. However, after including the impact
of AT presence, results show that only those respondents
from AT cities who frequently use taxis have a signifi-
cantly (99%) positive preference for ATs. This is in line
with the results from the crosstab descriptive analyses
which report that 65% of those who used taxis at least
once a week in AT cities choose ATs while less than 50%
of those who live in NT cities would choose ATs.

Finally, for the three latent psychological constructs,
we note that injunctive norms are highly significant for
respondents living in both AT and NT cities, but not sig-
nificantly different between them (t-test for generic
injunctive norms coefficients between AT cities and NT
cities is rejected at 9%). On the other hand, the other
two latent constructs are significantly different from zero
only for one category: hedonic motivation is significant
only for respondents living in AT cities, while trust is sig-
nificant only for those living in NT cities. It is plausible
that those who live in NT cities do not have the possibil-
ity to see ATs operating, and then perceived trust as
important. On the contrary, those living in AT cities
have probably seen ATs circulating, though they have
not used them in person, and could directly see that ATs
can be trusted.

Table 5 reports the mean value of WTP computed for
all the attributes estimated with the HCM reported in
Table 2. It also reports t-tests and confidence intervals.
These are computed using Monte Carlo simulations with
5,000 draws from a multivariate truncated normal distri-
bution. We note that all WTPs are highly significant at
more than 95% with the exception of “good review” in
NT cities.

Looking at the WTPs that are different between AT
cities and NT cities, we note that respondents from NT
cities, compared with respondents from AT cities, are
willing to pay more than twice the amount to have in the
taxi the option to “change the destination,” which is
equivalent to saving about 11.5min of travel time. For
“good review yesterday,” we can see that for short or
medium trips, respondents from AT cities are willing to
pay almost three times (£0.90/unit) more than
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Table 5. Willingness to Pay: Mean Values, T-Tests and Confidence Levels

Mean value T-test 95% confidence level
AT cities NT cities AT cities NT cities AT cities NT cities
Short or medium trips (<30 min)
Level of service (GBP/hour)
Travel time 3.31 4.24 [1.78, 4.84]
Waiting time X Age < 60 7.77 5.89 [5.18, 10.35]
Waiting time X Age = 60 5.00 2.50 [1.08, 8.93]
In-vehicle features (GBP/unit)
Change the destination 0.27 0.64 2.10 3.12 [0.02, 0.52] [0.24, 1.04]
Chat during the trip (AT) 0.64 3.20 [0.25, 1.04]
Social conformity (GBP/unit)
Number of customers in the last hour/100 X 041 2.84 [0.13, 0.70]
Heard about ATs from those who used ATs
Good review 0.90 0.32 432 1.75 [0.49, 1.30] [—0.04, 0.69]
Long trips (= 30 min)
Level of service (GBP/hour)
Travel time 2.34 3.85 [1.15, 3.54]
Waiting time X Age < 60 5.49 4.97 [3.32, 7.65]
Waiting time X Age = 60 3.54 2.43 [0.69, 6.38]
In-vehicle features (GBP/unit)
Change the destination 0.19 0.45 2.09 3.00 [0.01, 0.37] [0.16, 0.75]
Chat during the trip (AT) 0.62 3.85 [0.31,0.94]
Social conformity (GBP/unit)
Number of customers in the last hour/100 X 0.29 2.70 [0.08, 0.50]
Heard about ATs from those who used ATs
Good review 1.31 091 431 3.48 [0.72, 1.91] [0.40, 1.42]

Note: AT = automated taxi; NT = normal taxi.

respondents from NT cities. This is equivalent to the
amount of money they are willing to pay to save about
16 min of travel time. For long trips, respondents from
AT cities are willing to pay £1.31 to use taxis with good
reviews, this value is equivalent to save 33 to 34 min of
travel time, which is about 44% higher than the amount
that respondents from NT cities are willing to pay to use
taxis with good customer reviews.

Looking at the WTP for travel time, we note that this is
not different between AT and NT, but it decreases with the dis-
tance traveled. This is because we found that the MU of travel
cost (fixed journey fare) is higher (in absolute value) for long
trips (30 min or longer) than for short trips (less than 30 min).

The WTP computed in our Chinese sample (£2.34 for
saving one hour of travel time in long trips and £3.31 in
shorter trips) is lower than the values found in the litera-
ture (15, 27), but we note also that these do not refer to
Chinese contexts. It is interesting to note that WTP for
saving travel time in AVs or SAVs varies considerably
among studies probably because of different contexts
and different definitions of AVs (some studies focus on
AT, others on SAVs, etc.). Kolarova and Cherchi (17)
compared WTP for using privately-owned AVs and
SAVs in Germany, finding that the computed average
value of travel time savings for privately-owned AV is
slightly higher (about 18% or 28% depending on whether

the two psychological constructs are considered) than for
SAVs. Another reason can also be the designs; studies
use different alternatives and different levels and these
affect the WTP estimated (28). Finally, differences in the
WTP also probably occur because AVs are new alterna-
tives, unknown by the respondents, and this might carry
some bias in the estimation. More discussion on the value
of travel time savings and the value of waiting time sav-
ings can be found in Yin and Cherchi (20).

Conclusion

This paper has addressed the important research ques-
tion whether having used an AT or simply living in a
city where ATs are operating and available to the pub-
lic has impacts on the preference for ATs and their
characteristics, as well as users’ attitudes toward ATs.
Indirect experience refers to the experience made by
others and communicated to the respondents either via
word of mouth, or official information channels or
other forms. In this research, we extended this analysis
by considering the impact of simply living in a city
where ATs operate. We hypothesize that, even if
nobody provides participants with the necessary infor-
mation, just living in the city could represent a cue or
hint to respondents.
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Results confirm that there is an impact, though not as
pronounced as we would originally expect. First of all,
we note that having used an AT does not seem to change
consumers’ preferences for ATs and their characteristics.
This might be attributable to the small sample of AT
users available or the current ATs operating in China
having a safety driver which probably makes the experi-
ence of driving in an AT similar to driving in a NT. On
the other hand, AT users are early adopters, it is expected
their preferences will be different from non-AT users, in
particular those who live in a city where ATs are operat-
ing but choose not to use an AT. Further research in this
area is needed to test if our initial results are confirmed,
after controlling for the various aspects (early adopters,
safety driver, etc.) that might have an impact on the
users’ preferences.

Results confirm, however, that even simply living in
a city where ATs are operating does have an impact on
the preference for some specific features of the ATs,
like having the option to change the destination after
having started the trip (if the AT trip is pre-booked
changing the destination might not be an option) and if
the AT services have good reviews. Results show that
those who live in cities where ATs are operating value
the option “change destination during the trip” only
half as much as those living in cities where ATs are not
operating. This specific result is probably not from the
cue provided by having ATs in the city, but more that
those who live in AT cities use NTs more often than
those who live in NT cities and probably do feel more
confident in the destinations they select. These results
confirm the role of indirect experience in the adoption
of innovation, and open up a new area of research,
showing initial evidence that even without providing
them with specific information, the simple existence of
the innovation in the city has an impact on users’ pre-
ferences. In the same line of the research carried out in
this paper, other characteristics of the AT service that
would be interesting to test are, for example, safety
within the AT and between ATs and pedestrians or
normal cars.

The impact on the preference of good reviews is
instead attributable to the cue provided by simply living
in a city where ATs are operating. If reviews are good,
respondents from AT cities are willing to pay almost
three times as much as respondents in NT cities to use
ATs if the trip is less than 30 min and approximately 1.5
times if the trip is 30 min or longer. Respondents from
AT cities have of course a higher possibility to access
and use ATs. Even if they have not used ATs personally,
customer reviews provide them with a stronger hint or
cue to evaluate and compare the quality of these two
types of taxi services, because they know that the reviews
come from real customers in their city.

Finally, it is interesting to note that having ATs
operating in the city where participants live seems also
to have an effect on users’ trust in ATs and their hedo-
nic motivations. Results clearly show that trust has a
positive and significant impact on the choice of AT
only for those who live in NT cities, while hedonic
motivation is significant only for those living in AT cit-
ies. In this paper, we speculated that trust could
increase by simply being close to the innovation even
without having directly or indirectly experienced it.
This effect could be linked to the level of knowledge of
ATs, or to other apparently unrelated factors, such as
previous experience with accidents. Further research
should be conducted to investigate better the reasons
behind the different impact of trust and hedonic moti-
vation in AT and NT cities.

Finally, on the three latent psychological constructs,
we note that injunctive norms is highly significant for
respondents living in both AT and NT cities, but not sig-
nificantly different between them (t-test for generic
injunctive norms coefficients between AT cities and NT
cities is rejected at 9%). On the other hand, the other
two latent constructs are significantly different from zero
for only one category: hedonic motivation is significant
only for respondents living in AT cities, while trust is sig-
nificant only for those living in NT cities. It is plausible
that those who live in NT cities do not have the possibil-
ity to see the ATs operating, and then perceived trust as
important. On the contrary, those living in AT cities
have probably seen AT circulating, though they have not
used them in person, and could directly see that AT can
be trusted.
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