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ABSTRACT 1 

The anticipation of automated vehicles (AV) has resulted in diverse research topics, including 2 

understanding the adoption and usage of this emerging mode. The study's primary objective is 3 
threefold: first, using attitudinal indicators, the paper identifies prevalent types of attitudes towards 4 
AV; second, it explores the variation of those attitudes across different demographic groups; third, 5 
the report quantifies the influence of these attitudes on the preference for AV. The paper uses a 6 
stated preference survey data collected among respondents of Chicago in 2019. The exploratory 7 

factor analysis of the attitudinal indicators identifies four factors, namely “Cautious Travelers”, 8 
“Hedonists”, “Utilitarians”, and “Safety-First”. Next, the paper develops an integrated choice and 9 
latent variable model to test the influence of these four types of attitudes on the preference for AV. 10 
The result indicates that the cautious travelers associate higher VOTT to AV and enthusiasts 11 
associate lower VOTT to AV than a base model without such attitudes.  12 

 13 

Keywords: Automated Vehicle, Value of Travel Time, Attitude, Latent Variable, Integrated 14 
Choice and Latent Variable Model  15 
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1. INTRODUCTION 1 

The connected and automated vehicle (CAV) technology is supposed to bring changes in 2 

every aspect of the transportation system, including traffic flow characteristics, travel behavior, 3 
land use, and system-level control mechanism. The imminence of CAV has pronged a wide range 4 
of research among travel behavior modelers. Initial research has looked at the adoption intention 5 
of CAV technology (Bansal & Kockelman, 2017). Researchers have also explored the preference 6 
for shared versus private automation (Nazari et al., 2018) and general attitude towards CAV 7 

technology [3]. Researchers have been exploring the public attitude towards CAV technology 8 
too(Hudson et al., 2019). According to the previous research, private autonomous vehicles (AV) 9 
preference is different from those for a private non-AV vehicle due to the difference in the adoption 10 
cost, time value of travel (VOTT), and attitudes towards AV. The AV VOTT is presumed to be 11 
different compared to the existing private modes of travel due to the novel operational 12 

characteristics (such as redemption from driving, opportunity to engage in extraneous activities, 13 

and so on) of this emerging mode (Pudāne et al., 2018). Previous research has produced 14 
inconclusive evidence about the travel time valuation for AV travel (Rashidi, Najmi, et al., 2020; 15 

Rashidi, Waller, et al., 2020). While most research has predicted lower travel time valuation for 16 

AV travel (Gao et al., 2019), the opposite is also speculated, especially for non-mandatory travel 17 
(Ardeshiri et al., 2020).  18 

In the past decade, researchers have conducted considerable research to understand the 19 

general attitude towards AV adoption – Rahimi et al. (Rahimi et al., 2020) provide a helpful review 20 
of the studies that explored attitudinal proclivity around CAV adoption and usage. Apprehension 21 

regarding new technology (Haboucha et al., 2017), safety concern (Nazari et al., 2018), pro-AV 22 
(Payre et al., 2014), service reliability (Yap et al., 2016), productive use of travel time (Lavieri & 23 
Bhat, 2019), and environmental concern (Haboucha et al., 2017) are a few of the attitudinal factors 24 

identified to be influential for the AV users.  25 
The paper's primary goal is to extend the research on individual attitudes towards 26 

automated vehicles (AV). The article also explores the influence of AV-related attitudes on the 27 
preference of this mode. The paper has three-pronged objectives. First, we explored the AV-related 28 

attitudinal indicators to identify the latent factors important for AV usage decisions. Second, we 29 
explore how the attitudes vary across different demographic groups. Next, we develop an 30 

integrated choice and latent variable (ICLV) model to investigate the relationship between the 31 
latent factors and AV preference. The VOTT values are calculated from this model and compared 32 
against a base model that does not capture attitude. 33 

The paper utilizes a discrete choice experiment (DCE) survey conducted among ~1,000 34 
respondents of the Chicago metropolitan region in the summer of 2019. The DCE participants 35 
received eight travel options with seven travel modes (privately owned car (non-AV), privately 36 

owned AV, taxi, rideshare/TNC, bus, train/tram, walk and cycle). The survey also collected 37 
respondents' attitudes towards AV on a Likert scale. The attitudinal indicators included general 38 

characteristics of travel such as attitude towards operating and maintenance cost, paring cost, 39 
energy efficiency, environmental friendliness, safety aspects such as reliability, accident 40 
propensity, and general apprehension and anxiety related to AV travel. 41 

The paper employs a hybrid choice model (HCM) – commonly referred to as the integrated 42 
choice and latent variable model (ICLV) in the literature. HCM provides a rigorous framework to 43 

capture the heterogeneity in the latent factors measured using attitudinal indicators reported by the 44 
respondents. HCM can capture the choice model's heterogeneity as functions of exogenous 45 
variables and the latent factors (Ben-Akiva et al., 2002). Though the ICLV framework has been 46 



Enam, Ardeshiri, Rashidi, and Auld  

4 

 

the work-horse for investigating the influence of latent variables on the decision-making processes 1 

(Bhat & Dubey, 2014; Daziano, 2015; Kim et al., 2014), researchers have also criticized the ICLV 2 

framework's ability to capture intra-individual variability, especially from cross-sectional choice 3 
samples (Chorus & Kroesen, 2014). However, in-depth systematic analysis by researchers (Vij & 4 
Walker, 2016) has proven the superiority of the ICLV framework over traditional random utility 5 
models (RUM) due to its ability to lend structure to unobserved heterogeneity. Therefore, we 6 
believe that ICLV would be a suitable framework to investigate the AV-related attitude given the 7 

longitudinal data and the decision process's novelty. 8 
The paper develops a base multinomial logit (MNL) model without any latent factors and 9 

a series of ICLV models with four distinct attitudes to quantify attitude influence. The first set of 10 
ICLV models only include latent variable-specific constants in the choice model – i.e., no 11 
interaction of the latent variable with the travel time or travel cost coefficient is allowed in this 12 

formulation. The second set of ICLV models add interaction between the latent variables and the 13 

travel time and the travel cost coefficients. Two underlying hypotheses have inspired the 14 
development of these two sets of ICLV models. The first set of models assume that AV attitude 15 

only impacts general choice propensity but does not directly influence the sensitivity towards 16 

travel time or travel cost. The second set of ICLV models assume that the respondents' attitude 17 
impacts the general propensity towards choice and the sensitivity towards travel time/cost. This 18 
interaction has also been tested for AV and the rest of the modes, assuming attitude towards AV 19 

can potentially impact the competitive modes' time/cost sensitivity alongside the AV modes.  20 
We organized the paper as follows. Section 2 presents the stated preference survey and the 21 

exploratory analysis of the collected information. Section 3 describes the ICLV model framework 22 
used in the study. Section 4 analyzes the model estimation results and highlights the differences in 23 
VOTT across different ICLV models. The fifth section summarizes the contributions and the 24 

limitations of the current work and concludes the paper. 25 
 26 

2. DATA COLLECTION and PRELIMINARY ANALYSIS 27 
2.1 Survey Design 28 

We developed the survey as a discrete choice experiment - a widely accepted format for 29 
understanding users’ trade-offs between multiple attributes that drive the choice decisions (Bansal 30 

& Daziano, 2018). Following a literature review and expert consultation, we used 12 attributes to 31 
define the six travel modes - privately owned AV, taxi, bus, train, rideshare/TNC, and privately-32 
owned car – excluding AV. Table 1 presents the 12 attributes and their corresponding levels.  33 

 34 
TABLE 1 Attributes and Associated Levels Used in DCE 35 

Attributes Alternatives Levels 

Travel type All alternatives 
1- Mandatory 

2- Non-mandatory 

Wait time (mins) 

Taxi, Bus, 

Train/tram, 

Rideshare/TNC 

 5, 10, 15, 20  

Access Time (mins) 

Bus, 

Train/tram, 

Rideshare/TNC 

 5, 10, 15, 20  

Travel time (mins) All alternatives  10, 20, 30, 45, 60, 90 ,120  

Parking cost 
Privately 

owned AV & 
 $2.5, $4, $5.5, $7 
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Privately-

owned car 

(excluding 

AV) 

Traffic condition 

All alternatives 

excluding the 

Train/tram 

mode 

1) Free Flowing 

2) Light traffic 

3) Heavy traffic 

Crowding 

  

Bus and Train 

1) Plenty of seats free and do not need to sit next to anyone. 

2) A few seats free but need to sit next to someone. 

3) No seats free and a few others standing. 

4) No seats free and densely packed with standing people. 

Rideshare/TNC 

1) One other person is sharing with you. 

2) Two other people are sharing with you. 

3) Three other people are sharing with you. 

4) With you in the vehicle all the passenger seats are taken. 

Activities you engage with 

while traveling will help you 

earn money 

All modes 
1) Yes 

2) No 

Activities you engage with 

while traveling will help you 

reduce daily workload 

All modes 
1) Yes 

2) No 

Activities you engage with 

while traveling will help you 

engage in other activities after 

work  

All modes 
1) Yes 

2) No 

Market penetration 

Privately 

owned AV & 

Rideshare 

1) 10 out of 100 people are currently using this mode 

2) 20 out of 100 people are currently using this mode 

3) 30 out of 100 people are currently using this mode 

4) 40 out of 100 people are currently using this mode 

Travel cost (excluding parking 

costs) 

  

  

  

  

Privately 

owned AV 
 $4, $8, $12, $16, $20, $24, $28, $32 

Taxi  $15, $40, $65, $90, $115, $140, $165, $190 

Bus & Train  $2, $5, $8, $12 

Rideshare  $10, $25, $40, $55, $70, $85, $100, $115 

Privately 

owned car 

(excluding 

AV) 

 $2, $5, $8, $12, $15, $18, $21, $24 

 1 
As mentioned in section 1, each respondent answered eight choice tasks. The study used 2 

NGENE software to generate the choice tasks based on D-efficiency design, producing 3 
significantly better results than traditional orthogonal design (Scarpa & Rose, 2008). The final 4 

design included 160 choice tasks. The respondents were always allowed the walk or bike option 5 
in addition to the six explicit travel options presented to them. Figure 1 represents one of the typical 6 
choice experiments presented to the respondents. 7 

 8 
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 1 
Figure 1 Typical Discrete Choice Experiment (DCE) presented to the respondents 2 

 3 
2.2 Summary of Demographics: Comparison with Census Data 4 

The research team administered the survey among 1002 respondents of Illinois, the USA using a 5 
web-based online platform. Table 2 presents the comparison of the distribution of the key 6 

demographic characteristics of the survey respondents against the census data (2018-1% Public 7 

use microdata sample (PUMS)). The survey was administered only among 18+ individuals. 8 
Consequently, we restricted the PUMS sample to the same age group of people. According to the 9 

table, the survey over-represents the people belonging to 25 to 34-year-age and underrepresents 10 
55+ age groups. Specifically, the 65+ age group is highly underrepresented in the survey. Gender 11 
distribution seems to match well, with females being slightly overrepresented. In terms of race, 12 

Black Americans seem to be under-presented by ~3%. Regarding household income, the survey 13 
overrepresents middle-income households (HH income between 50k to 100k) compared to high-14 

income households. Young adults, i.e., 25 to the 34-year-age group, are also overrepresented in 15 
the survey. There is a 10% over-representation of the employed individual in the survey. There is 16 
also an overrepresentation (underrepresentation) of university graduates (high school graduates). 17 
Over-representation of highly educated people can be a caveat of administering the survey on the 18 
web-based platform. In the case of household vehicles, the data overrepresents 1-vehicle 19 

households at the expense of underrepresenting 3+ vehicle households, which can be due to the 20 
survey respondents' low average age.          21 
 22 
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TABLE 2 Descriptive Statistics 1 

 2 

Variable 
Chicago PUMS 2018 

(n=1002) (1% Sample) 

Age groups   

        between 18 and 24 17.00% 11.98% 

        between 25 and 34 31.10% 17.77% 

        between 35 and 44 19.60% 16.74% 

        between 45 and 55 16.40% 18.24% 

        between 55 and 64 9.90% 15.15% 

       65 and plus 6.10% 20.13% 

Gender   

        Female 53.60% 51.45% 

        Male 45.90% 48.55% 

Race   

        White 71.40% 73.26% 

        Black 17.10% 14.00% 

        American Indian 0.60% 0.24% 

        Asian 4.20% 5.86% 

        Other 6.80% 6.87% 

Household structure   

         Husband-wife family with children 38.80% 34.84% 

         Husband-wife family only 17.00% 21.53% 

         Male household, no wife present 10.00% 4.03% 

         Female household, no husband present 10.90% 3.12% 

         Household living alone 12.20% 14.55% 

         Other 11.20% 21.92% 

Income   

        below $50k 30.60% 33.00% 

        between $50 and $100K 38.20% 30.89% 

        more than $100k 25.20% 35.75% 

        not specified 6.00% --- 

Employment   

        Full time 58.10% 
62.94% 

        Part time 14.40% 

        Unemployed  10.30% 3.52% 

        Other 17.20% 33.54% 

Education   

        University degree 48.90% 32.73% 

        Associate's or some college degree 33.60% 33.00% 

        High school graduate and below 17.50% 34.05% 

Household vehicle ownership   

        No vehicle 8.50% 10.56% 

        1 vehicle 39.00% 24.98% 
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        2 vehicles 35.40% 38.14% 

        3+ vehicles 17.10% 26.33% 

Dwelling type   

        House 71.40% 68.62% 

        Apartment 10.20% 26.41% 

        Other 19.40% 4.97% 

Tenure type   

        Owner 66.70% 67.98% 

        Renter 30.70% 29.06% 

        Other 2.60% 2.96% 

 1 
2.3 Summary of Attitudinal Indicators: Exploratory Factor Analysis 2 
The survey asked the respondents to indicate their (dis)agreement on sixteen attitudinal indicators 3 

on a 5-point Likert scale. The Likert scale varied from disagreeing strongly to agree strongly. 4 
Before presenting the attitudinal indicators, the survey inquired about the perceived familiarity 5 

with the AV. Seventy-three percent of respondents reported that they are familiar with AV. We 6 
started by exploring the distribution of the attitudinal statements' responses for both familiar and 7 

non-familiar respondents separately. Fewer percentages of the non-familiar respondents disagreed 8 
with the first four indicators than the familiar respondents' percentages (please refer to Table 3 for 9 
the list of sixteen indicator variables).  Familiar respondents consistently scored high (i.e., agreed 10 

to the statements) on the rest of the twelve indicators than the non-familiar respondents.  11 
 12 

TABLE 3 Exploratory Factor Analysis of Attitudinal Indicators 13 
 14 

Indicator 

No. 

Indicators Cautious 

Travelers 

Hedonists Utilitarians Safety 

First 

1 I am afraid that automated vehicle will not be 

fully aware of what is happening around 

0.8604 --- --- --- 

2 I am afraid that automated vehicle will 

malfunction 

0.873 --- --- --- 

3 I do not like the fact that I have no control over 

the automated vehicle 

0.778 --- --- --- 

4 I dislike the idea of automated vehicle 0.6304 --- --- --- 

5 I am comfortable entrusting the safety of a close 

family member to an automated vehicle 

--- --- --- --- 

6 I like the fact that the automated vehicle can park 

the vehicle at a cheaper parking spot away from 

my destination 

--- --- --- --- 

7 Automated vehicles are more prestigious --- 0.5495 --- --- 

8 Automated vehicles are more environment 

friendly 

--- 

0.4024 

--- --- 

9 Automated vehicles have better design and styling --- 0.7406 --- --- 

10 Automated vehicles are more durable --- 0.6395 --- --- 

11 Automated vehicles reduce the risk of car to car 

accidents 

--- --- --- 

0.6778 

12 Automated vehicles reduce the risk of car to 

pedestrian accidents 

--- --- --- 

0.7931 

13 Automated vehicles are more energy efficient --- --- 0.6777 --- 

14 Automated vehicles have lower operating and 

maintenance costs 

--- --- 

0.6763 

--- 
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15 Automated vehicles are more reliable for daily 

trips 

--- --- 

0.5777 

--- 

16 Automated vehicles are more reliable for inter-

city road trips 

--- --- 

0.524 

--- 

 1 
 Next, we conducted an exploratory factor analysis (EFA) to identify the latent factors 2 
underlying the sixteen indicators. The paper ran factor analysis on the familiar and the non-familiar 3 
users separately and together. It was comparatively challenging to capture the latent structure 4 

underlying the indicator variables for the non-familiar respondents. Moreover, the latent structure 5 
identified from the entire sample was quite similar to the familiar respondents-only sample 6 
structure. Hence, given the small sample size of the non-familiar users, we decided to group the 7 
familiar and the non-familiar users for the rest of the analysis. Table 3 presents the exploratory 8 
factor analysis results. The table suppressed the factor loadings that are less than 0.4 for better 9 

readability. It was evident that the attitudinal indicators emanated from four underlying latent 10 

variables. However, the 5th and the 6th indicators related to family members' safety and the parking 11 

convenience did not load significantly on any of the four latent factors. We consequently dropped 12 
these two indicators from the rest of the analysis. For convenience, we have labeled the 1st latent 13 

(originating from 1st to 4th indicator variables) as “cautious travelers”, the 2nd latent (originating 14 
from 7th to 10th indicator variables) as “AV enthusiast: hedonists”, the 3rd latent (originating from 15 

13th to 16th indicator variables) as “AV enthusiast: utilitarians” and the 4th latent (originating from 16 
11th to 12th indicator variables) as “AV enthusiast: safety first”. The study labeled all the 17 
respondents who scored high on the 2nd, 3rd and 4th latent factors as AV enthusiasts; however, the 18 

reasons for proclivity were various for the three groups. For example, in the case of the 2nd latent 19 
variable, the liking is driven by individual comfort that helps to harness personal pride and prestige. 20 

Whereas, in the 3rd latent, the higher the latent score, the more the person would value an AV's 21 
functionality, such as reliability, cost, and energy efficiency. Lastly, safety features have drawn 22 

the respondents showcasing a high score on the 4th latent variable. 23 
 24 

3. MODEL FRAMEWORK 25 
 Figure 2 presents the ICLV model structure adopted for the current analysis - the rectangles 26 
represent latent variables, and the ovals represent observed variables. The dataset contains 8,016 27 

observations from 1,002 respondents – therefore, the paper adopts a panel specification where the 28 

latent variables capture the correlations across respondents' multiple selections.  29 
 30 
Equation (1) below presents the structural equation model of the latent variables.  31 
 32 

𝑧𝑖𝑘
∗ =  𝜌𝑖

′𝜔𝑘 +  𝜂𝑖𝑘           ∀ 𝑖 = 1,2,3,4           (1) 33 

Where 𝑧𝑖𝑘
∗  represents the 𝑖𝑡ℎ latent variable for 𝑘𝑡ℎ individual, 𝜔𝑘 represents the vector of 34 

exogenous variables (demographics) associated with 𝑖𝑡ℎ latent variable, and 𝜌𝑖 is the 35 

corresponding vector of coefficients to be estimated. 𝜂𝑖𝑘 is the random error assumed to be 36 

independent and identically normally distributed across individuals with mean 0 and standard 37 

deviation 𝜎𝑖. 38 
 39 
The study treated the attitudinal indicators as ordinals due to the relatively fewer categories (5) 40 
used to collect the responses. Therefore, each of the four latent variables' measurement equation 41 
is assumed to follow the ordered probit framework. 42 
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 1 

𝑦𝑖𝑘
∗ = 𝑑𝑖𝑧𝑖𝑘

∗ +  𝜀𝑖𝑘  and 𝑦𝑖𝑘 =  𝑗𝑘 if 𝜏𝑙𝑜𝑤,𝑖𝑘 < 𝑦𝑖𝑘
∗ <  𝜏𝑢𝑝,𝑖𝑘         ∀ 𝑖 = 1,2,3,4  (2) 2 

In equation (2), 𝑦𝑖𝑘 represents a vector (of size 4, 4, 4 and 2 respectively for 1st, 2nd, 3rd and 4th 3 

latent variables) of ordinal indicator for latent variable i, 𝑦𝑖𝑘
∗  is the vector of continuous variable 4 

underlying the ordinal vector 𝑦𝑖𝑘 for individual k. 𝑑𝑖 is the vector of factor loading, 𝜀𝑖𝑘 is the vector 5 
of random error term that is assumed to be normally distributed with zero mean and covariance 6 

matrix, 𝛴𝑦𝑖
∗. 𝛴𝑦𝑖

∗ is assumed to be a diagonal matrix. For latent variable i, the factor loading and 7 

the standard deviation corresponding to one indicator are fixed to 1 to identify the latent variable's 8 

scale. j = {1,2,3,4,5} represents the category of the ordinal indicator of all the 14 indicators. 𝜏𝑙𝑜𝑤,𝑖𝑘 9 

and 𝜏𝑢𝑝,𝑖𝑘 vectors are obtained by stacking the lower and the upper thresholds of the ordinal 10 

indicators. Six threshold parameters are needed to capture the 5-category distribution of the ordinal 11 
indicators. In the model, we fixed the 1st, 2nd and 3rd indicators to -ve infinity, 0 and +ve infinity 12 

respectively – the remaining three thresholds are estimated. 13 
 Equation (3) below expresses the utility, U of alternative m for the observation t of the 14 

individual k. 15 
 16 

𝑈𝑚𝑘𝑡 = 𝛾𝑚
′ 𝜔𝑘 +  𝛽𝑚

′ 𝜗𝑚𝑡 +  𝜆𝑚
′ 𝑧𝑖𝑘

∗ + 𝛼𝑚
′ 𝜗𝑚𝑡𝑧𝑖𝑘

∗ +  𝜖𝑚𝑘𝑡  ∀ 𝑚 = 1,2,3,4,5,6 & ∀ 𝑖 = 1,2,3,4  17 

 (3a) 18 

𝑥𝑘𝑡 =  {
1                     𝑖𝑓 𝑈𝑚𝑘𝑡  ≥   𝑈𝑛𝑘𝑡 ∀ 𝑛 ≠ 𝑚 
0                                                   𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (3b) 19 

Where 𝛾𝑚 is the parameter to the demographic variables. 𝜗𝑚𝑡 is the vector of the level of service 20 

(LOS) variables, 𝛽𝑚 is the corresponding vector of parameters, 𝜆𝑚 is the parameter to the latent 21 

variable specific constant, 𝛼𝑚 is the parameter to the interaction between exogenous LOS variables 22 

(e.g. travel time, travel cost) and latent variable 𝑧𝑖
∗. 𝜖𝑚𝑘𝑡 is the random error term assumed to be 23 

independent and identically Type I extreme value distributed across individuals and choices. The 24 

latent variable, 𝑧𝑖𝑘
∗  does not vary across observations i.e. across t = {1,2,3,…,8} of the same 25 

individual k and therefore introduces the correlation between multiple observations of the same 26 
individual. The study used the Likelihood function presented in equation (4) to jointly estimate the 27 

parameters of the latent variable and the choice model presented in equations (1) through equation 28 

(3). In equation (4), 𝑃𝑚𝑘𝑡
𝑐ℎ𝑜𝑖𝑐𝑒 represents the choice probability and 𝑃𝑘𝑡

𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 represents the 29 

probability distribution function of the measurement equations – both sets of probabilities depend 30 

on the latent variable error 𝜂𝑖. Therefore, the paper employed maximum simulated likelihood 31 
estimation technique to estimate the model parameters. We tested with an increasing number of 32 
normal Halton draws; however, no significant change was observed in the estimated parameter 33 

values beyond 200 Halton draws.  34 
 35 

𝐿𝑘 = ∫ ∏ ∏ 𝑃𝑚𝑘𝑡
𝑐ℎ𝑜𝑖𝑐𝑒(𝑥𝑚𝑘𝑡 = 1|𝜂𝑖𝑘)𝑥𝑚𝑘𝑡  𝑃𝑘𝑡

𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟(𝑦𝑖𝑘 =  𝑗𝑘|𝜂𝑖𝑘)

𝑚= 7

𝑚=1

𝑡= 8

𝑡=1

𝜑(𝜂𝑖)𝑑𝜂𝑖   
𝜂𝑖= ∞

𝜂𝑖= −∞

 36 

    ∀ 𝑖 = 1,2,3,4           (4) 37 
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FIGURE 2  Integrated choice and latent variable model framework 

Choice, x 

Cautious 

Traveler, Z1 

Hedonists, 

Z2 

Utilitarians, 

Z3 

Safety First, 

Z4 
Level of Service 

Variables, 𝜗 

Demographics,  𝜔  Utility, U 



4. RESULTS and DISCUSSION 1 

4.1 Latent Variable: Measurement Model 2 

 Table 4 presents the measurement equation model results of the four latent variables. For 3 
each latent variable, we constrained all the indicators' thresholds to be equal since there was 4 
insignificant variation in the estimated thresholds across various indicators of the same latent 5 
variable. The factor loadings of all the indicators came out to be positive and significant lending 6 
validity to constructing the latent variables. In general, the standard deviation of all the indicators 7 

was close to 1. The threshold parameters were estimated to be strictly increasing as expected.  8 
  9 
TABLE 4 Latent Variable Model Results  10 

Measurement Equation Model Results 

Loading on Indicators Loadings Thresholds Std. Deviation 

Cautious Travelers Indicator 01 1.00 (Fixed) Tau1: 0.53 (18.2) 

Tau2: 1.09 (25.9) 

Tau3: 1.88 (30.7) 

1.00 (Fixed) 

Indicator 02 1.07 (57.6) 0.97 (33.6) 

Indicator 03 1.17 (44.1) 1.08 (26.8) 

Indicator 04 0.71 (32.4) 0.91 (28.1) 

AV Enthusiasts: Hedonists 

 

 

Indicator 07 1.00 (Fixed) Tau1: 0.52 (18.5) 

Tau2: 1.58 (31.9) 

Tau3: 1.58 (31.9) 

1.00 (Fixed) 

Indicator 08 1.14 (32.5) 0.89 (31.7) 

Indicator 09 0.97 (33.1) 0.85 (34.4) 

Indicator 10 0.94 (31.6) 0.83 (34.4) 

AV Enthusiasts: 

Utilitarians 

Indicator 13 1.00 (Fixed) Tau1: 0.65 (17.3) 

Tau2: 1.82 (30) 

Tau3: 2.63 (34.8) 

1.00 (Fixed) 

Indicator 14 0.76 (41.2) 0.98 (37.7) 

Indicator 15 0.82 (40.8) 1.05 (34.1) 

Indicator 16 0.81 (36.9) 1.08 (32.6) 

AV Enthusiasts: Safety 

First 

Indicator 11 1.00 (Fixed) Tau1: 0.67 (17.6) 

Tau2: 1.53 (29.4) 

Tau3: 2.34 (34.4) 

1.00 (Fixed) 

Indicator 12 0.95 (40.9) 1.02 (41) 

Structural Equation Model Results 

 Cautious Hedonists Utilitarians Safety First 

Constant 1.73 (9.71) 0.5 (4.38) 0.83 (5.39) 1.06 (9.48) 

Gender: Male -0.26 (-4.41) 0.15 (3.12) 0.33 (5) 0.4 (6.07) 

Age: 18 to 24 years -0.56 (-3.34) 0.5 (4.26) 0.29 (1.84) --- 

Age: 25 to 34 years -0.44 (-2.68) 0.6 (5.63) 0.61 (4.14) --- 

Age: 35 to 54 years -0.17 (-1.03) 0.46 (4.47) 0.48 (3.32) --- 

Age: 55 to 64 years -0.08 (-0.45) 0.25 (1.93) 0.23 (1.3) --- 

HH Inc.: Less than 25k --- --- --- -0.2 (-1.42) 

HH Inc.: 25 to 50k 0.11 (1.27) --- --- -0.28 (-2.24) 

HH Inc.: 50 to 100k 0.12 (1.55) --- --- -0.16 (-1.36) 

HH Inc.: 100 to 200k 0.17 (1.92) --- --- -0.14 (-1.12) 

Familiarity with AV: Yes -0.29 (-4.73) 0.09 (1.78) 0.12 (1.72) --- 

Student: Yes --- 0.19 (1.94) 0.24 (1.91) --- 

Retired: Yes 0.28 (1.88) --- --- -0.45 (-3.42) 

HH Vehicles: Zero -0.19 (-1.84) --- 0.16 (1.33) --- 

Race: White --- -0.1 (-1.89) --- --- 

Note: (a) The 1st, 2nd and last thresholds are fixed to -ve infinity, 0 and +ve infinity respectively 11 
          (b) t-statistics are reported in the parentheses 12 
 13 
4.2 Latent Variable: Structural Model 14 
 The second part of Table 4 presents the results of the structural equation model of the latent 15 
variables. 16 
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4.2.1 Cautious Travelers  1 

 Remember that the higher (lower) the value of the first latent variable, the more (less) 2 

cautious the respondent is towards AV. Therefore, it is intuitive that a familiar user will be less 3 
cautious, as revealed by the pessimistic estimate of the familiar user indicator parameter. Similarly, 4 
people belonging to young age groups (18 to 34-year-old) seem to be less cautious than the people 5 
belonging to senior age groups (above 55-year-old). The retired people seem to be more cautious 6 
– an indication of the significant role of lifecycle on the perception towards AV. In terms of 7 

income, people belonging to middle-income groups (household income between 25k and 200k) 8 
were more cautious compared to the people belonging to low-income households (yearly income 9 
less than 25k) and high-income households (yearly income more than 200k). Males were less 10 
cautious compared to females. Interestingly, people reporting having no access to the privately-11 
owned vehicles were less cautious than those owning one or more privately owned vehicles. In 12 

general, the structural equation model parameters of the "cautious travelers" produced quite 13 

exciting and intuitive insights and improved the latent variable's perception.  14 
 15 

4.2.2 AV Enthusiasts: Hedonists 16 

 Unlike the first latent variable, the higher the latent variable's value, the more enthusiastic 17 
the respondent is towards AV. As expected, familiar respondents scored a high value on this latent. 18 
Students and male respondents also pitched a high value on this factor compared to non-students 19 

and females. As expected, the age variable's impact on this factor was opposite from the last factor 20 
- young age people scored high on this latent than the senior age group (greater than 65 years old). 21 

White respondents scored lower on this factor than the respondents from other races.    22 
 23 
4.2.3 AV Enthusiasts: Utilitarians 24 

 Like the second latent variable, students, male and AV-familiar respondents scored a high 25 
value on this latent compared to the non-students, females and AV-non-familiar users. Among 26 

different age groups, middle-aged people (belonging to the 25 to 54-year age group) scored highest 27 
on this latent variable, which seems intuitive given the latent variable's utilitarian perspective. 28 

Interestingly, people owning zero household vehicles scored higher on this factor than the people 29 
holding household vehicles – this observation corroborates the utilitarian aspect of this latent 30 

variable.  31 
 32 
4.2.4 AV Enthusiasts: Safety First 33 

 Unlike the first three latent variables, not many exogenous variables were significantly 34 
related to this latent variable, making it comparatively challenging to comment on the respondents' 35 
demographic characteristics favoring this attitude. However, like the previous two “AV enthusiast" 36 

latent variables, male respondents scored high on this latent and retired respondents scored low. In 37 
general, the age variable did not significantly influence this latent variable. Familiarity with AV 38 

technology did not significantly impact this latent variable either. Respondents belonging to high-39 
income households assumed a high value on this factor than the respondents belonging to low-40 
income households.   41 

 42 
4.3 Choice Model: Influence of Exogenous Variables 43 

Table 5 presents the choice model results. The influence of exogenous variables on mode choice 44 
varied across the base model and the ICLV models in terms of absolute magnitude – however, the 45 
relative magnitudes and the direction of the influence remained stable. According to the base 46 
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model, all else being equal, a car is the most preferred mode of transport, followed by AV and 1 

Train. Bus and TNC are more preferred options compared to a taxi. We decided to go with a 2 

generic cost coefficient and alterative specific travel time coefficients in the base and ICLV models 3 
upon testing various specifications. However, travel time sensitivity was not significantly different 4 
across TNC and taxi. In addition to the in-vehicle travel time, the model included separate 5 
parameters to capture sensitivity towards access time and wait time for transit and TNC modes. 6 
As expected, individuals were considerably more sensitive towards access time and wait time than 7 

in-vehicle travel time. Specifically, people highly penalized the bus's wait time and the access time 8 
for TNC compared to the train. The models also tested alternative specific parking cost for AV 9 
and non-AV private cars – however, AV's parking cost coefficient was not significant.      10 
 The study did not find any significant gender difference in choosing a taxi and TNC. 11 
Females preferred AV and transit more than males. Asians showed a higher preference for AV, 12 

TNC, and train than active modes such as walk and bike. Black people showed the least preference 13 

for transit modes such as bus and train, and car. The car was the most preferred among the 14 
individual who is above 64 years old. However, the direct influence of age on car utility subsided 15 

after the inclusion of latent variables in the utility function. On the other hand, AV was the most 16 

preferred mode among the individual belonging to the middle-age group (those who are between 17 
35-to-54 years old). This preference held strong even after the inclusion of latent variables in the 18 
utility equation. TNC was least preferred among the 55-to-64-year age group. Its preference seems 19 

to be somewhat lower among the young age people (those who are between 18 to 34 years old) 20 
compared to among the middle age group (those who are between 35 to 54 years old). Taxi was 21 

preferable among the young age group than among the above 55 years old. Middle-aged people 22 
(35 to 55-year-old) showed a higher preference for transit than the younger and older age groups. 23 
 As expected, the individuals belonging to low-income households reporting less than 25k 24 

yearly income had the least preference for the car. Similarly, compared to the highest-income 25 
households (yearly income above 200k) lower-income households showed less preference towards 26 

AV. However, the disinclination decreases with the increase in household income even within the 27 
lower-income households - this observation seems to hold across the base model and the ICLV 28 

models. Similarly, preference for the taxi, TNC, and train was low among the lower to middle-29 
income households than among the highest-income households. Income did not play a prominent 30 

role in the choice of bus.  31 
 32 



TABLE 5 Choice Model Results: Base Multinomial Logit Model 1 

Parameters Private car Private AV Bus Train  TNC Taxi 

Level of Service Variables 

Constant 3.09 (13.7) 2.59 (10.7) 1.77 (8.34) 2.31 (8.45) 1.83 (4.2) 0.431 (1.02) 

Cost -0.0047 (-2.63) -0.0047 (-2.63) -0.0047 (-2.63) -0.0047 (-2.63) -0.0047 (-2.63) -0.0047 (-2.63) 

Parking cost -0.0216 (-1.36) 

 

-0.0127 (-0.85) 

 

--- --- --- --- 

In-vehicle travel time -0.0058 (-5.63) -0.0049 (-5.16) -0.0025 (-2.52) -0.0045 (-4.38) -0.0053 (-2.35) -0.0053 (-2.35) 

Wait time --- --- -0.0154 (-2.8) -0.0069 (-1.28) -0.0123 (-1.66) -0.0123 (-1.66) 

Access time --- --- -0.0144 (-2.52) -0.0063 (-1.17) -0.0219 (-2.02) --- 

Crowding in vehicle --- --- -0.134 (-6.62) -0.134 (-6.62) -0.15 (-2.8) --- 

Demographics 

Gender: Male -0.84 (-10.7) -0.519 (-6.98) -0.285 (-3.38) -0.27 (-3.25) --- --- 

Age: 18 to 24 year -1.84 (-14.5) --- --- --- -0.407 (-2.14) 1.08 (4.34) 

Age: 25 to 34 year -1.33 (-12.3) --- --- --- -0.338 (-2.03) 0.903 (3.72) 

Age: 35 to 54 year -0.693 (-5.03) 0.435 (4.11) 0.311 (2.74) 0.385 (3.43) --- 0.814 (3.11) 

Age: 55 to 64 year -0.394 (-3.32) --- --- --- -1.75 (-4.05) --- 

Race: White 0.636 (3.7) 0.797 (4.81) 0.168 (0.99) 0.324 (1.88) 0.781 (2.5) 0.614 (2.31) 

Race: Black -0.366 (-1.93)  -0.347 (-1.89) -0.506 (-2.67) 0.23 (0.68) 0.389 (1.4) 

Race: Asian 0.384 (1.18) 0.838 (2.69) 0.388 (1.2) 0.751 (2.37) 1.21 (2.59) 0.515 (1.12) 

Income: Missing -0.848 (-4.24) -1.44 (-6.28) -0.513 (-2.57) -1.63 (-6.04) -1.69 (-4.83) -2.36 (-5.6) 

Income: Less than 25k -1.08 (-7.46) -1.8 (-9.34) -0.567 (-3.96) -1.45 (-6.51) -2.18 (-7.07) -1.84 (-6) 

Income: 25k to 50k -0.43 (-3.48) -1.73 (-9.44) -0.378 (-2.92) -1.15 (-5.45) -2.35 (-7.89) -1.76 (-5.97) 

Income: 50k to 100k --- -0.827 (-5.64) --- -0.541 (-3.02) -1.69 (-6.63) -1.13 (-4.29) 

Income: 100k to 200k --- -0.919 (-6.06) --- -0.748 (-4) -1.05 (-4.13) -0.963 (-3.54) 

 2 
Note: (a) t-statistics are provided in the parentheses 3 
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TABLE 6 Choice Model Results: Integrated Choice and Latent Variable Model 1 

Parameters Private car Private AV Bus Train TNC Taxi 

Latent Variable: Cautious Travelers 

Constant -3.73 (-3.02) 3.61 (3.35) 2.29 (2.07) 1.95 (1.68) 1.69 (1.5) 1.79 (1.67) 

Latent * Constant 2.71 (3.32) -1.71 (-2.21) -0.55 (-0.71) -0.325 (-0.4) -0.996 (-1.26) -1.26 (-1.67) 

Cost -0.0023 (-0.95) -0.0023 (-0.95) -0.0023 (-0.95) -0.0023 (-0.95) -0.0023 (-0.95) -0.0023 (-0.95) 

Latent * Cost --- -0.0286 (-3.99) --- --- --- --- 

Parking cost -0.0463 (-1.78) --- --- --- --- --- 

In-vehicle travel time -0.0049 (-1.47) -0.0036 (-1.08) -0.0011 (-0.35) -0.0029 (-0.88) -0.0056 (-1.41) -0.0056 (-1.41) 

Wait time --- --- -0.0157 (-2.89) -0.0054 (-0.98) -0.0139 (-1.84) -0.0139 (-1.84) 

Access time --- --- -0.0166 (-2.56) -0.0083 (-1.55) -0.0213 (-2.15)  

Crowding in vehicle --- --- -0.145 (-6.28) -0.145 (-6.28) -0.149 (-3) --- 

Latent: St. Dev.  1.41 (9.67) 

Latent Variable: AV Enthusiants, Hedonists 

Constant 4.19 (3.47) -2.54 (-2.17) 0.407 (0.38) 0.716 (0.66) -1.29 (-1.15) -1.88 (-1.79) 

Latent * Constant -4.2 (-3.27) 3.63 (3.1) 1.16 (1.05) 0.81 (0.71) 1.69 (1.49) 2.05 (1.9) 

Cost -0.0064 (-1.69) -0.0064 (-1.69) -0.0064 (-1.69) -0.0064 (-1.69) -0.0064 (-1.69) -0.0064 (-1.69) 

Latent * Cost 0.0029 (1.26) -0.0115 (-2.81) 0.0029 (1.26) 0.0029 (1.26) 0.0029 (1.26) 0.0029 (1.26) 

Parking cost -0.0473 (-1.83)      

In-vehicle travel time -0.0063 (-1.73) -0.0076 (-1.67) -0.0024 (-0.69) -0.0043 (-1.21) -0.0067 (-1.57) -0.0067 (-1.57) 

In-vehicle travel time * 

latent 

--- 0.0036 (0.94) --- --- --- --- 

Wait time --- --- -0.0156 (-2.86) -0.0053 (-0.95) -0.0138 (-1.84) -0.0138 (-1.84) 

Access time --- --- -0.0169 (-2.6) -0.0083 (-1.56) -0.0215 (-2.18)  

Crowding in vehicle --- --- -0.146 (-6.3) -0.146 (-6.3) -0.147 (-2.96)  

Latent: St. Dev. 0.867 (7.07) 

Latent Variable: AV Enthusiants, Utilitarians 

Constant 14.4 (8.06) 11.6 (8.66) 6.33 (7.68) 6.7 (7.3) 7.96 (7.13) 6.55 (6.84) 

Latent * Constant -7.53 (-7.05) -4.58 (-6.09) -1.85 (-4.78) -2.04 (-4.7) -3.25 (-5.59) -2.59 (-5.34) 

Cost -0.0143 (-3.11) -0.0143 (-3.11) -0.0143 (-3.11) -0.0143 (-3.11) -0.0143 (-3.11) -0.0143 (-3.11) 

Latent * Cost 0.0061 (2.91) --- 0.0061 (2.91) 0.0061 (2.91) 0.0061 (2.91) 0.0061 (2.91) 

Parking cost -0.0354 (-1.43) -0.0184 (-1.01) --- --- --- --- 

In-vehicle travel time -0.0152 (-4.12) -0.0133 (-3.13) -0.0094 (-2.52) -0.0114 (-3.09) -0.0146 (-3.42) -0.0146 (-3.42) 
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In-vehicle travel time * 

latent 

0.0021 (1.4) 0.0036 (1.68) 0.0021 (1.4) 0.0021 (1.4) 0.0021 (1.4) 0.0021 (1.4) 

Wait time --- --- -0.0177 (-3.18) -0.0072 (-1.27) -0.014 (-1.85) -0.014 (-1.85) 

Access time --- --- -0.0164 (-2.49) -0.0083 (-1.51) -0.0219 (-2.23) --- 

Crowding in vehicle --- --- -0.153 (-6.42) -0.153 (-6.42) -0.146 (-2.93) --- 

Latent: St. Dev. 0.998 (7.24) 

Latent Variable: AV Enthusiants, Safety First 

Constant 2.64 (3.35) -1.25 (-1.59) 0.81 (1.22) 0.995 (1.48) -0.698 (-0.96) -1.12 (-1.66) 

Latent * Constant -2.68 (-3.15) 2.33 (2.97) 0.76 (1.1) 0.539 (0.76) 1.1 (1.52) 1.32 (1.92) 

Cost -0.0058 (-1.85) -0.0058 (-1.85) -0.0058 (-1.85) -0.0058 (-1.85) -0.0058 (-1.85) -0.0058 (-1.85) 

Latent * Cost 0.0019 (1.22) -0.0084 (-2.46) 0.0019 (1.22) 0.0019 (1.22) 0.0019 (1.22) 0.0019 (1.22) 

Parking cost -0.0476 (-1.84) --- --- --- --- --- 

In-vehicle travel time -0.0061 (-2.45) -0.0069 (-2.16) -0.0024 (-1.01) --- --- --- 

In-vehicle travel time * 

latent 

--- 0.0024 (0.99) --- -0.0042 (-1.79) -0.0061 (-1.83) -0.0061 (-1.83) 

Wait time --- --- -0.0156 (-2.86) -0.0053 (-0.96) -0.0138 (-1.83) --- 

Access time --- --- -0.0168 (-2.59) -0.0083 (-1.57) -0.0215 (-2.18) --- 

Crowding in vehicle --- --- -0.145 (-6.29) -0.145 (-6.29) -0.147 (-2.96) --- 

Latent: St. Dev. 1.38 (5.77) 

Note: (a) t-statistics are provided in the parentheses 1 

          (b) Parameters to the demographic variables have been suppressed to contain the size of the table 2 
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(a) Cautious (b) Hedonists 

  
(c) Utilitarians (d) Safety First 

 1 
Figure 3 Distribution of model preference assuming all else being equal (a) ICLV model 2 

with Cautious Traveler, (b) ICLV model with Hedonists, (c) ICLV model with Utilitarians, 3 
(d) ICLV model with Safety first 4 

 5 
Choice Model: Influence of Endogenous Latent Variables 6 

Table 6 present the ICLV model results. 7 
4.3.1 Influence on the general propensity 8 
 As expected, the higher the value of the “cautious travelers” the lower is the preference for 9 

AV in terms of general preference. On the other hand, higher values of the factors such as 10 
"Hedonists" and "Safety First" were associated with a higher AV preference. One of the benefits 11 

of having latent variable interacted alternative specific constants in the model is that it provides an 12 
idea about the distribution of preference for different modes while all else being equal. Figure 2 13 
presents the normalized frequency distribution of preference generated from four ICLV models 14 

estimated with four latent variables. The graphs also plot the normalized frequency distribution of 15 
the corresponding latent variables (blue line). In general, cars and AVs show the most spread out 16 
distribution of preference. At the same time, the preference for transits (both bus and train) is 17 
comparatively tighter. Also, the distribution of preference for taxi and TNC seems to be less spread 18 

out compared to transit, but more spread out compared to car and AV. 19 
 20 
4.3.2 Influence on time/cost sensitivity 21 
 In addition to testing the influence of attitude on AV's general preference, we also tested 22 
whether the sensitivity towards time and cost varied significantly along with these attitudes. 23 

Additionally, we also calculated the expected VOTT from the four ICLV models and compared 24 
those against the VOTT obtained from the base model. The first latent variable, “Cautious 25 

Travelers” did not seem to have a significant influence on the time and cost sensitivity of the modes 26 
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other than AV. For AV mode, the time-sensitivity did not seem to alter from the base value with 1 

the increase in the latent variable. However, the cost sensitivity changed significantly, resulting in 2 

a 30% increase in AV's value of travel time (VOTT) compared to the base model that does not 3 
account for attitudes. 4 
  In case of the 2nd ICLV model that accounts for the "Hedonists" attitude, the time 5 
coefficient interacted with the latent variable was marginally significant. The +ve sign of this 6 
interaction coefficient indicates that individuals with a high value on this attitude will have low 7 

time-sensitivity. As a result, the expected value of the VOTT obtained for AV while accounting 8 
for this attitude came out to be around 1/3rd of the VOTT obtained from the base model. 9 
 In the case of the 3rd ICLV model (accounts for latent variable "Utilitarians"), the VOTT 10 
shift was similar to the ICLV model accounting for attitude "Hedonists"; i.e. the VOTT for AV 11 
dropped by around 60% compared to the base model. However, in this model, the latent variable 12 

interacted time coefficient was quite significant, though the latent variable interacted cost 13 

coefficient was not.  14 
 In the last ICLV model (that accounts for the latent "safety first"), the AV VOTT saw a 15 

drop compared to the base model. The magnitude of drop was around 34%, much less than those 16 

observed for the 2nd and 3rd ICLV models. 17 
 In summary, favorable attitudes towards AV resulted in lower perceived VOTT, whereas 18 
cautionary attitudes towards AV were associated with higher VOTT for AV. Furthermore, 19 

individuals who perceived themselves to be familiar with this novel technology (and males) 20 
possessed a more favorable attitude towards AV than the retired individuals and the people 21 

considering themselves unfamiliar with the AV technology. Lower VOTT of AV among a 22 
particular group of individuals (those possessing a favorable attitude towards it) can yield high 23 
vehicle miles traveled without necessarily solving mobility-related issues for the comparatively 24 

less mobile group who possess a cautionary attitude towards this mode (Reimer, 2014).  25 
 26 

5. SUMMARY 27 
 The emergence of AV is comparable to automobile invention due to its disruptive influence 28 

on society. The utilization of privately owned AV can bring revolutionary changes in the way 29 
people think and decide about mobility options. However, due to the very different characteristics 30 

(such as relief from driving, utilization of faraway parking facilities, better safety features) of this 31 
imminent mode, it is unclear whether people will perceive this mode similarly to the existing 32 
modes. Therefore, understanding the different shades of attitudes that people possess towards this 33 

novel technology is of importance since this can provide necessary information about the adoption 34 
and the usage of this mode and help infer its implication for regional mobility, energy, and 35 
productivity.  36 

 To this end, the paper utilized an attitudinal dataset collected among the respondents of 37 
Chicago, the USA in Summer, 2019 to elicit respondents’ disposition towards AV. An exploratory 38 

factor analysis (EFA) conducted on the sixteen attitudinal indicators collected during the survey 39 
revealed four distinct attitudes towards AV. The first factor identified in the study, called "Cautious 40 
travelers" – high value of this factor was associated with negative attitude towards AV. Whereas, 41 
the rest of the three factors were associated with a positive attitude towards AV – though AV's 42 
characteristics for such a positive attitude seemed to vary across the factors. For example, in the 43 

case of the second factor ("Hedonists"), the design, styling of AV and the prestige associated with 44 
it drew people to a favorable attitude. In contrast, reliability, cost, and energy efficiency were 45 
responsible for the favorable attitude for the third group of people ("Utilitarians"). In terms of 46 
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demographic differences, gender, familiarity with the technology, and employment status stood 1 

out. Male and people claiming to be familiar with AV technology had a lower value of the first 2 

factor and higher value of the last three factors than the female and the people not familiar with 3 
the AV technology. On the contrary, retired people scored high on the first factor and low on the 4 
last three factors. This observation indicates that people with an inherent preference for risky 5 
endeavors and tech-savviness could be the first adopters of AV technology and not the individuals 6 
in need of mobility assistance such as retirees.   7 

 Next, the paper developed mode choice models using the discrete choice experiment data 8 
that accounted for the four endogenous latent variables identified above. The integrated choice and 9 
latent variable modeling approach (ICLV) adopted in the paper indicated that the latent variables 10 
were influential in mutating the general inclination towards AV and significantly impacted the cost 11 
time-sensitivity of AV. As a result, a very different value of travel times (VOTT) is obtained for 12 

AV when compared to the VOTT values of the base model that did not account for the AV attitude. 13 

The ICLV model with “cautious traveler” produced a 30% increase in the AV VOTT than the base 14 
model. Around 60% decrease in AV VOTT was observed for the "Hedonists" and "Utilitarians" 15 

latent variables. Whereas the decrease in VOTT in the case of "safety first" latent variable was 16 

around 34%. The results indicate that AV VOTT can assume quite different magnitude depending 17 
on the type of AV attributes individual weigh-in while making the travel decision. This could be 18 
one reason for the seemingly opposite VOTT shifts reported in the recent literature (Gao et al., 19 

2019; Rashidi, Waller, et al., 2020). Accounting for the AV-related attitudes or reminding the 20 
respondents about AV's multifaceted characteristics are important while eliciting AV preference 21 

from the respondents. Accounting for the AV-related attitudes will help portray a broader range of 22 
mobility trends that one might expect to evolve in the next decade. To facilitate the study of corner 23 
cases of highest and lowest AV usage, accounting for AV attitude can benefit the research 24 

community.  25 
 One major limitation of the paper is that the current study could not exploit a revealed 26 

preference (RP) data collected during a similar timeframe of the stated preference data. Therefore, 27 
though the study is useful for trend analysis, the share obtained from the mode choice model or 28 

the absolute magnitude of the VOTT values might not be suitable for direct application. The 29 
immediate next step would be to combine the survey with some RP data so that more reliable mode 30 

share and VOTT estimates can be obtained (Kolarova et al., 2018). Next, the study can also benefit 31 
from agglomerating similar SP data collected in the other parts of the USA and other parts of the 32 
world. Another shortcoming was the underrepresentation of the elderly in the survey data, which 33 

could be the automated technology beneficiaries. Future data collection efforts should make an 34 
explicit effort to ensure better representation of this age group.      35 
  36 
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