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Recent years have observed rapid developments of Autonomous Vehicles (AVs), which are capable of 

sensing their environment and navigating without human interventions. AVs could not only improve driv-

ing safety dramatically, but also be developed as a “moving home/office/hotel”, allowing drivers to make 

more efficient use of time with better feelings, in comparison to traditional vehicles. This study investi-

gates future ownership behavior of AVs and in-vehicle time use changes adapted to different levels of 

AVs and their diffusion rates in the market, etc., based on an ASP-off-RP survey approach (ASP: adap-

tive stated preference; RP revealed preference). We conducted this survey in September 2016 and collect-

ed valid data from 1,002 respondents across the whole Japan. Each respondent answered three SP profiles.  

It is found that about 48% of respondents answered to prefer an AV as their future purchase, and re-

spondents’ willingness to pay (WTP) for additional 442,762 to 869,379 Yen to buy a AV. Estimation re-

sults based on a mixed logit model indicate that additional cost and future expectation significantly influ-

ence individuals’ AVs choices. It is also revealed that respondents being elderly, with higher education 

level, and with an atttidue toward improving driving safety, are more likely to choose an AV compared to 

the conventional cars. Respondents’ preference for different levels of AVs are significantly influenced, 

especially by the penetration rate, additional cost, parking cost reduction, as well as the gaps between 

WTP and additional costs. Related to the adaptive in-vehicle time use, it is confirmed that important fac-

tors to time use for short-distance travel are WTP, gap between WTP and additional cost, attitudes toward 

car driving, and driving frequency and purpose; for long-distance travel, WTP, affective experience, sud-

den braking/handling experience and attitudes toward car driving are influential. 
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1. INTRODUCTION  
 

Thanks to the development of advanced technolo-

gies, recent years, autonomous vehicles (AVs) (or 

self-driving cars) have gradually jumped into our 

realistic life. AVs are expected to save 69 lives per 

year in U.S. alone, according to the National High-

way Traffic Safety Association (Grand View Re-

search, 2016). However, the public acceptance is 

still unclear in terms of the tradeoff between their 

advantage (e.g., relieved time, improved safety, and 

expended catchment areas) and disadvantages (e.g., 

security, privacy, and reliability) as well as addi-

tional costs, etc.  

Nowadays, a series of AVs on-site experiments 

have been launched to testify the performance of 

AVs developed by research organizations and man-

ufactories, such as Alphabet Inc., Tesla Motors Inc., 

Ford Motors Corporation, and General Motors of 

Audi, Google, Nissan, etc. Especially within the 

recent decade, a bunch of these AVs inventory 

companies have tried to testify the performance of 

their AVs through continuous driving experiment.  

By the end of 2016, the Google-car has been self-

driven for more than 2 million miles on city streets 

mostly, since they started their Google self-driving 

car project in 2009 (Dolgov, 2016). Meanwhile, an-

other active AVs experiment tester, Tesla Moters, 

Inc., announced that their Tesla autopilot has been 

driving actively for 300 million miles by November, 

2016 (Lambert, 2016). Even though the value of the 

current miles driven are still considerably far away 

from the 5 billion miles, the estimated number of 

miles that must be driven to demonstrate the lower 

fatality rate of AVs than human driver failure rate 

within the 95% of confidential level significantly 

(Kalra and Paddock, 2016), and the predicted time 

point of when the AVs at level 4 will be available in 

the market has been announced feasible in 2020 by 

the CEO of Nvidia and the head of Audi of America 

on a keynote address at CES conference (Ross 

2017). It is mentioned by the Alto(2016) in the 

analysis of Canalys shown that only 1.3% of cars 

sold in 2016 (about 1.16 million) will offer partial 

autonomy (level2) and the only cars with condition-

al or fully autonomy in 2016 are for research and 

development purpose, on the meanwhile the market 

share of AVs have also been highly expected by an 

explosive growth from the current limited share in 

2016 to 15% (about 15.4 million) vehicles on condi-
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tional/full autonomy (L3/L4) will be sold globally 

by 2025.  

Summarized from 24 accident reports of the traf-

fic accidents with AVs involved, monitored by the 

California Department of Motor Vehicles (2016),  

from 2014 to 2016, 16 accidents occurred under 

AV-mode driving, and crash types were mostly rear-

end and slide-scrap by adjacent vehicles at a relative 

low driving speed. This is consistent with an analy-

sis conducted by the Schoettle and Sivak (2015), 

about the self-driving vehicle crashes involvement 

in the real-word driving. Two highlights shown in 

the study Schoettle and Sivak (2015) are that AVs 

were not at fault in any crashes they were involved 

in, and the severity of crash-related injuries involv-

ing AVs has been lower than for conventional vehi-

cles. In Japan, in the target year of the 2020 Tokyo 

Olympics, thousands of driverless robot taxis are 

planned to run on selected road sections. In August 

2016, Nissan Motor Company have started to sell a 

small Van equipped with partially autonomous driv-

ing functions for the first time into the domestic 

market.  

Recognizing that conditional AVs have been pro-

vided in the motor vehicle market supplement and 

AVs accidents have occurred in the on-road experi-

ments, this study aims to clarify factors affecting the 

deployment of AVs by investigating AVs ownership 

and usage via an adaptive SP-off-RP survey ap-

proach, called ASP-off-RP (SP: stated preference; 

RP revealed preference), where SP attributes are 

derived from RP data at the personal level and each 

respondent’s willingness-to-pay for additional pur-

chase costs. Choice alternatives are a conventional 

vehicle reported by each respondent and several 

types of AVs. Several critical diffusion rates of AVs 

are introduced to reflect the influence of social in-

teraction, together with the above information and 

parking cost reduction. As a result, a set of SP pro-

files are derived based on a typical experimental 

design. In addition to the stated ownership of AVs, 

each respondent was further asked to report their 

possible changes in in-vehicle time use behavior 

(i.e., multitasking) adapting to different AV func-

tions, based on the reported actual in-vehicle time 

use behavior. Furthermore, changes in people’s dai-

ly lives under the AVs with full-automation were 

also investigated, together with experience of risky 

driving, affective experience during driving, driving 

liking, and individual attributes. In the survey, both 

long- and short-distance trips made by not only cur-

rent car users but also public transport users are tar-

geted. 

In the reminder of this paper, Section 2 describes 

why the ASP-RP approach is applied and the survey 

contents, followed by some typical aggregation 

analyses in Section 3. Section 4 explains the model 

structures employed in this paper. Section 5 esti-

mates the stated AVs ownership and in-vehicle time 

use behaviors. Finally, this study is concluded in 

Section 6. 

 

2.  DATA COLLECTION 
 

The SP approach has been widely applied to capture 

consumers’ preferences for not-yet-existing alterna-

tives (AVs are such an example). However, it suf-

fers from various biases due to unrealistic scenarios 

assumed in the survey. To enhance the survey relia-

bility, an SP-off-RP approach (Train and Wilson, 

2008) has been developed, where SP alternatives 

and their levels of attributes are constructed based 

on the information in an actual market setting re-

ported by respondents. In this study, AVs are treated 

as a vehicle updated from respondents’ current ve-

hicles. It is considered that respondents’ AVs choic-

es may vary with individual’s actual travel behavior 

and experience, such as short or long distance driv-

ing, experiences of unsafe driving behaviors, and so 

on. Respondents’ self-cognition on subjective safety 

stage, in terms of whether and how much the driver 

wants to improve his/her current driving safety level, 

may also affect the AVs choices. Furthermore, so-

cial interactions may play a critical role in encourag-

ing or discouraging respondents to purchase an AV. 

Vehicle types in the SP part include conditional 

AVs, high AV, Full AVs, and current vehicle type 

owned by respondent himself/herself. The above 

three types of AVs (see figure 1) are defined based 

on SAE International’s levels of driving automation 

for on-road vehicles (SAE International, 2014). For 

capturing respondents’ stated preference for AVs 

properly, each respondent was asked to report a 

change (increase, decrease, or no change) of re-

spondent’s income in the past five years. Such a 

change is assumed to continue in the future when 

they have to make a choice of buying a new car or 

not, and what types. Such income changes are ex-

pected to allow respondents to report their stated 

preference in a more realistic way.  

 

 
Figure 1: summaru of SAE international’s levels of driving 

automations level 3 to level 5 

 

As a result, five types of attributes were selected 

for the SP survey, each of which has two or three 

levels. 
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(1) Penetration rates of different types of AVs (3 

attributes): Penetration rates of conditional AVs, 

high AVs, and full AVs have been introduced 

with 3 levels for each. Considering the techno-

logical advantages and the resulting cost, there 

should be an increasing trend from the condi-

tional AVs to full AVs. Therefore, first, the 

penetration rate of fully AVs is fixed to have 

three levels: 5%, 10%, and 20%, and then, the 

levels for the rest two AVs are determined based 

on the additional increase at the three different 

levels of full AVs, separately.  

(2) Additional cost for AVs (3 attributes): Following 

the concept of penetration rate definition of dif-

ferent types of AVs, additional costs for vehicle 

types of conditional AVs and full AVs were also 

calculated based on the full AVs, by fixing addi-

tional cost of full AVs to be three levels: 700,000, 

850,000, and 1000,000 Yen, corresponding to its 

penetration rates of 20%, 10%, and 5%. Levels 

of the additional costs for the rest two AVs are 

calculated based on the additional reductions cor-

responding to the above three levels, separately. 

(3) Insurance reduction for AVs (2 attributes): Since 

there was no insurance reduction policies re-

leased by any insurance companies at the timing 

of the survey, the insurance reduction rate of 

conditional and high AVs are assumed to follow 

the same rate, and full AVs are expected to enjoy 

a higher reduction rate, considering its highest 

safety level. 

(4) Parking cost for AVs (1 attribute): With the self-

driving/self-parking function, it is expected that 

the AVs could contribute to the parking cost re-

duction by parking itself to a cheaper parking lot, 

a little far from users’ homes. Here, two levels of 

parking cost are introduced, 50% reduction and 

no reduction. The 50% parking cost reduction is 

assumed based on the calculation of Litman 

(2012) for comprehensive annual parking cost 

reduction for moving a parking space to outside 

central business district (CBD) or suburbs. 

(5) Timing of AVs release in the market (1 attrib-

ute): Respondents’ AVs choices are made under 

the assumption that all types of the AVs are 

available in market. Because the timing of AVs 

release in the actual market may be important to 

some respondents, it is introduced as an addi-

tional SP attribute with three levels: 5, 10, and 15 

years from the present.  

In total, 18 SP profiles were obtained by employ-

ing an orthogonal fractional factorial design. In the 

survey, they are equally divided into 6 groups, each 

of which has three SP profiles. 

 

3.  Data Aggregation  

 

The survey was conducted in Japan, respondents 

were recruited by considering the distributions of 

age, gender, and population size of the whole popu-

lation in the whole Japan. Concretely speaking, 

1,002 respondents were recruited with the assistance 

of a major Internet survey company: 400 from three 

megacity areas (Tokyo, Nagoya and Osaka), 300 

respondents from governmental ordinance cities, 

and 302 from other areas in Japan. Respondents 

were 15~70 years old. The number of male respond-

ents (507) was nearly equal to that of female (498). 

Each of the 1,002 respondents answered to three SP 

profiles and as a result, the total sample size is 3,006 

SP responses.  

Among all the SP responses, 52% chose to buy 

their traditional vehicle they have had, while condi-

tional AVs are preferred by 19%, high AVs by 15%, 

and the rest least 14% share goes to full AVs. SP 

responses for all the 18 assumed SP scenarios (pro-

files) are shown in Figure 2. Across the 18 scenarios 

assumed, shares of respondents’ current traditional 

vehicle selection vary from 44% to 52%. 

 

 
Figure 2. Respondents’ vehicle preferences aggregate at 

scenarios 

 

As for respondents’ WTP towards three types of 

AVs (Table 1), it is calculated that on average, re-

spondents would like to pay for additional 442,762 

Yen, about 23.2% increase from the original price of 

their current owned conventional car, for getting a 

conditional AVs. The WTP for high AVs and full 

AVs are 627,572 Yen (33.1% increase) and 869,379 

Yen (46.1% increase), respectively. 

 
Table 1: Average WTP Values and Percentage towards AVs 

  
WTP (WTP>=0) 

JPY USD Increase 

Conditional AVs 442,762 3,916 23.2% 

High AVs 627,572 5,550 33.1% 

Full AVs 869,379 7,689 46.1% 
Currency: 1 JPY=0.008844 USD;  

Increase: increase from original price of current conventional car 
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Concerning respondents’ adaptive in-vehicle time 

use behaviors, various types were reported, which 

are further divided into five types, including 

mind_focus, hand_focus, eye-focus, mix_focus, as 

well as drive focus behaviors. As shown in Figure 3, 

the mixed_focus time-use behavior, such as sleep 

and personal care inside the car show an average 

10% share. For other three types of driving unrelat-

ed behaviors (Figure 4), mind-distraction behavior 

takes a predominate role. Moreover, as high as 3 

times of times use on mind-distraction behaviors are 

identified on driver’s planed time use behaviors, 

adopting to various levels of AVs. 

 

 
Figure 3. Additional mixed time use distribution on car-

based behavior 

 

 
Figure 4. In-vehicle time use changes in AVs 

       

4.  METHODOLOGY  

 

4.1 Mixed Logit (MXL) model 

Here, a mixed logit (MXL) model with panel data 

(Hole, 2007, 2013) is employed to represent each 

respondent’s stated choice behaviors of AVs owner-

ship, repeated under three SP profiles. The utility 

that individual n chooses j choice alternative on 

choice occasion t (refers to an SP profile in this 

study) is given as follows: 

   (1)  

where, β'n is a vector of individual specific coeffi-

cient; xnjt is a vector of observed variables; εnjt is a 

random term distributed under IID extreme value. 

The density for β is denoted as  where θ are 

parameters of the distribution. The probability that 

an individual n makes choices at different time point 

t from J choice alternatives can be given by: 

        (2) 

where ynjt is a dummy variable that equals to 1 when 

alternative j is chosen by individual n at choice oc-

casion t. Then, the simulated log-likelihood function 

(SLL) can be obtained as follows, by maximizing 

the simulation under r draws (halon draws) for each 

individual from the distribution of β, where βn[r] is 

the r-th draw of individual n from the distribution of 

β. 

      (3) 

 

4.2 Seemingly Unrelated Regression Model 

The Seemingly Unrelated Regression (SUR) model 

model is used to estimate adaptive in-vehicle time 

use behavior under different AVs deployment sce-

narios (i.e., SP profiles). It is a set of separate re-

gression equations allowing for the contemporane-

ous cross-equation error correlations. Such correlat-

ed error terms reduce standard errors of the estimat-

ed parameters, consequently improve the reliability 

level of estimations, by comparing with those from 

separate regressions (Zellner, 1962; Anastasopoulos 

and Mannering, 2016). Here, in this analysis, four 

regression equations are estimated simultaneously to 

capture the percentage of each individual’s time use 

on eye-focus, hand-focus, mind-focus, and mix-

focus behaviors, influenced by a list of explanatory 

variables. 

 

5.  MODEL ESTIMATION RESULT   
 

5.1 AVs ownership behavior 

The MXL model with panel data is estimated by 

employing the STATA software (Version 13). Esti-

mation results arre shown in Table 2. McFadden’s 

Rho-squared was calculated to check model good-

ness of fit. Rho-squared value (0.21) and adjusted 

Rho-squared value (0.19) indicate that the model fit 

the data well. Detail discussions of the results are 

given below with respect to to different explanatory 
variables. 
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5.1.1 SP factors with random effects  

To capture the preference heterogeneity across indi-

viduals’ panel decision making behaviors, the SP 

factors shown in the stated preference scenario de-

sign are added into the model by imposing random 

distributions on the coefficients. In compliance with 

our expectation, statistical significance of the ran-

dom coefficients indicates that significant mixing 

occurs in these variables. In line with this considera-

tion, the importance of heterogeneity, which are ig-

nored by the conventional MNL model structure, in 

SP survey result interpretation was re-confirmed.  

It can be summarized from the MXL results that 

on average respondents are more sensitive to the 

additional cost of the AVs compared to their current 

traditional vehicles. Penetration rate and insurance 

reduction do impose a random effect on individuals’ 

preference on AVs, however, the average impact is 

not significant, statistically. Significant position in-

fluencing impact of realize time that imply that re-

spondents are more likely to select AVs when com-

paratively longer realize time period have been as-

sumed. Potential explanation is that respondents are 

still reluctant to the AVs vehicles, and expected 

longer technical development. On the other hand, 

respondents are expected to have higher affordabil-

ity for the AVs, longer time periods later.  

Parking cost also significantly influence on re-

spondents’ AV preference, however, parking cost 

reduction property of fully-automatic vehicle played 

a negative impact on drivers AV vehicle selection 

behavior compare with traditional vehicles, which is 

contradictory to our general assumption. One poten-

tial explanation on this arbitration analysis result 

might be that the realization of the fully-automatic 

vehicle is still less reliable for the current people 

and additional cost on fuel consumption of gasoline 

or electricity for the additional travel distance 

caused by the self-parking behavior of the full-auto 

AV is not clearly investigated. Aggregation analysis 

of the parking cost reduction and respondents’ AVs 

vehicle preference result is show in Figure 5.  

Figure 5. cross-aggregation of parking costand AV prefer-

ence 

At the aggregation level, parking cost reduction of 

the fully automatic vehicle will contribute to slightly 

increase of respondents’ highly and fully automatic 

vehicles preference rate, therefore, lower conditional 

automatic vehicle as well as current traditional vehi-
cles preference rate could also be observed. 

5.1.2 Willingness to pay (WTP)  

To further investigate public’s acceptance of three 

types of AVs, individual’s WTP among three types 

of AVs have been measured in responding to their 

specific additional cost designed in each scenario. 

Difference of additional cost and respondents’ WTP 

have been calculated and re-defined into two indica-

tors of low_WTP (addition cost value is higher than 

WTP) and high_WTP (addition cost value is lower 

than WTP) to capture the people’s different re-

sponses to gain and lose in decision making behav-

iors. Lose aversion property is measured by taking 

logarithm form of low_WTP, and gain property is 

measured by taking exponential form of high_WTP 

to better represent individuals’ different heterogene-

ous responses through control of variance dispersion 

of parameters.  
Model estimation result of the MXL result shown 

that respondents’ preference of AVs are more sensi-

tive to the gain property. Concretely speaking, sig-

nificant negative sign of the low_WTP indicate that 

the larger amount of the addition cost value less that 

the WTP, respondents are more likely to select the 

AVs. On the other side, significant mixing impact of 

the high_WTP could also be identified, but the im-
pact is insignificant.  

5.1.3 Individual attributes 

One of the big breakthrough of the AVs is expected 

that the self-driving property of AVs could help to 

improve non-drivers’ travel mobility, such as young, 

elderly, and disabled people. Therefore, in this mod-

el structure respondents’ age attribute is re-defined 

into 5 dummy factors, by measuring respondents’ 

age falling in to age band of 20s (15~29), 30s 

(30~39), 40s (40~49), 50s (50~59), and 60s (60~69). 

Age band of 30s was set as reference age band by 

considering the high vehicle ownership (White Pa-

per on Land, Infrastructure and Transport in Japan, 

2013) and low vehicle purchase tendency than other 

age bands (http://reposen.jp/2361/14/48.html). 

Model estimation result of the MXL result shown 

that among 5 age band, elderly person including of 

50s and 60s are more interested in select AVs than 

their current traditional vehicles. There is no signifi-

cant difference between male and female respond-

ents’ AVs preference, which is different from the 

case study conducted by Schoetle and Sivak (2014) 

in U.S., U.K, and Australia. In the meanwhile, re-

spondents with higher level education background 

(university level or higher) are more interested to 

choose AVs.  Moreover, individuals who have 

household more member of elderlies, who are older 
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than 65 years old, also responded with significant 

AVs preference. However, number of household’s 

youth member, including primary and middle school 

child, shows no significant preference between AVs 

and traditional vehicle.  Individual’s current driving 

safety improve propensity also impose no signifi-

cant influencing impact on their AVs selection be-
haviors.  

5.1.4 Future income expectation  

Similar to the WTP factor, influences of individual’s 

future (5 years later) income expectation on their 

vehicle type selection behaviors are measured by 

two separate indicators, expected income increase 

rate treated as gain and expected income decreased 

rate as lose, based on their current income value.  

Regarding to individual’s future income expecta-

tion, model estimation results show that respondents 

who have reported a smaller future income decrease 

rates are more likely to choose AVs than their tradi-

tional vehicles. Even though there is no significant 

influencing impact on respondents’ future income 

increasing rate on their vehicle preferences, the lose 

aversion property reflect from income decrease 

trends and AVs preference is in compliance with the 
lose aversion phenomenon from prospect theory.  

5.1.5 Driving experience 

Considering impacts of driver’s travel demand on 

individual vehicle type preferences, drivers’ previ-

ous driving properties have also been involved into 

the explanatory structure to interpret their future 

vehicle selection behaviors. Here, two types of driv-

ing experience, including short distance and long 

distance driving experience have been discussed, 

separately. Trip properties of sudden brake/handling 

experience, trip frequency, and trip purpose have 

been inspected in the model. 

Surprisingly, no significant influencing impact 

could be identified from drivers’ experience of short 

trip driving experience on their AVs selection be-

havior. However, different from short trip driving 

experience, drivers’ long trip driving experience of 

sudden brake/handling behavior during long trip 

driving impose an significant positive impact on 

their AVs selection behavior, it can be interpreted at 

the AVs are highly expected by the respondents in 

relieving them from monotonous and long term 

driving tasks, and therefore reduce the potential 

risks they have experience in sudden brake/handling 

behaviors previously. Moreover, the AVs are pre-

ferred by respondents with driving purposes of visit 

friend, and business for long trip driving experienc-
es. 

5.2 Adaptive in-vehicle time use behavior 

Considering of different driving characteristics, two 

types of driving behaviors have been investigated 

separately, including short-distance driving and 

long-distance driving. Definitions of the short and 

long distance here are generalized toward respond-

ents, where the short-distance driving refers to driv-

ing behaviors within individual’s daily activity cir-

cle. Then, long-distance driving is relatively longer 

than the short distance drive. Besides variables em-

ployed in vehicle ownership study in section 5.1, 

individual’s affective experience (e.g. happy,  irrita-

ble, and unhappy) while previous driving and atti-

tudes level towards car driving, e.g. like driving, 

good at driving, feel driving is dangerous, try to 

avoid driving, and want to driving more, have also 

been considered to explain individual’s perceived 

time use behavior.  

Model estimation results are shown in Table 3, 

where two separated SUR model results were inte-

grated into one table. Significant positive sign of 

“time use of fully_automatic vehicle” indicates that 

respondents who intent to buy a fully-automatic AV 

are more likely to spent more time use on eye-focus 

and hand-focus behaviors corresponding to their 

short-distance and long-distance driving behaviors, 

separately. The usage of AVs are more likely to re-

lief elderly drivers, here ageing from 60~69, from 

conventional driving tasks by conducting more eye 

and hand focus behaviors during their in-vehicle 

time. Expected increasing in personal income will 

significantly contribute to more driving unrelated 

time use, e.g. hand-focus and mix-focus in short-

distance drive, as well as hand-focus in long-

distance drive. On the other hand, losses from in-

come decreasing will leading to respondents less 

time use on mind-focus and mix focus behavior 

while driving.  

To further clarify the contributing of the explana-

tory variables, the variance proportion of each equa-

tions have been calculation for all the explanatory 

variables, shown in Figure 6 and Figure 7.  

For driver’s short-distance travel behavior in AVs, 

take the variance proportion into consideration, the 

figure shows that time use rate of respondents’ eye-

focus are donimately influenced by the gap between 

the additional cost require and their WTP towards 

the AVs. Then, factors contribute mostly to driver 

variance proportion of hand-focus behaviors are atti-

tudes towards driving and trip purpose. In the 

meanwhile, related to respondents’ time use for 

mind-focus, the variance are widely contributed by 

the attitude factors, trip purpose factors, and also 

gap attributes between additional cost and WTP for  

selected AVs.  On the other hand, factors contribute 

to the higher proportion of time use variance in mix-

focus behaviors are occupation of company workers, 
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income changing rate, current vehicle ownership of 

both individual and household, as well as attitude 

towards driving.  

On the other hand, for driver’s long-distance trav-

el behavior in AVs, factors contributing to variance 

proportion of four type of time-use behaviors are 

different from short-distance travel situation. Influ-

encing factors contributing to the higher proportion 

of variance are concentrated to factors of attitude 

toward driving, gap between additional cost and 

WTP. Moreover, contribution effects of individuals’ 

previous sudden brake/handling experiences (both 

long and short distance driving) on variance propor-

tion of people’s time use of eye-focus should not be 

ignored.  

  

6.  CONCLUSION  
 

As a new type of travel mode, AVs are expected to 

relieve drivers from driving tasks, which may fur-

ther influence road users’ potential driving habits. 

However, without strong evidence of the potential 

changes that might be induced by the AVs, it is very 

difficult to make comprehensive transportation 

planning adapted to the deployment of AVs in the 

market. Even though the social dilemma about the 

autonomous vehicles still exist, the ambivalence 

responses among the people towards the AVs still 

catch our big concerns, especially for AVs devel-

opment and promotion industries. 

In this study, an ASP-off-RP survey was conduct-

ed to investigate the Japanese people’s responses to 

the future AVs deployments, where conditional AVs, 

high AVs, and full AVs are targeted. As a result of 

an Internet survey, 3,006 SP responses were collect-

ed from 1,002 respondents across the whole Japan. 

Respondents were selected based on the distribu-

tions of age, gender property of three different ad-

ministration areas to represent the whole population, 

including the megacity area, government ordinance 

cities, and others. Heterogeneous decision making 

behaviors, especially, individuals’ WTP and future 

expectation have also been considered based on the 

prospect theory. Together with the consideration of 

additional cost influences, reliability and safety con-

cerns towards the AVs have also been considered in 

the SP scenario designs by introducing the various 

timings of releasing full AVs in market, penetration 

rates of AVs in the market and rate of insurance fee 

reductions. Different from simply ask about re-

spondents’ WTP and selection opinion towards the 

still under developing technologies, scenarios in this 

survey takes respondents’ future income expectation 

and relative prospection property into consideration.  

Revealed from the data aggregation, it is found 

that almost half (48%) of the respondents have ex-

pressed their preference for the various types of 

AVs compared to their current conventional cars, 

even though law registration and AVs related policy 

making in Japan are still unclear. On average, the 

respondents are likely to pay additional 23.2% to 

46.1%, corresponding to about 442,762 to 869,379 

Yen (about 3,918 to 7,693 US dollars), from the 

original price of current conventional cars to buy an 

AV. Comparing with the WTP value calculated by 

Bansal et al. (2016) in their Austin case study, 

where on average additional 3,300 and 7,253 USD 

could be paid for Level 3 and Level 4 automation 

vehicles, higher WTP for Level 3 and lower WTP 

for Level 4 could be observed. Japanese respond-

ents’ WTP values are lower than Americans. The 

large WTP gap between two automation levels ob-

served in the study of Bansal et al. (2016) is not in-

consistence with the Japanese case.  

Analyses based on the MXL model with panel da-

ta found that respondents’ AVs shifting behavior is 

significantly influenced by the additional cost re-

quired, where lower additional cost is preferred, a 

natural response. In addition, the significantly influ-

encing impact of the gap between individuals WTP 

and additional cost required is also emphasized. 

Concretely speaking, the larger the gap betwee the 

reported WTP and the additional cost required, the 

more likely AVs would be selected. This result 

makes sense. Meanwhile, a significant AVs prefer-

ence has been identified from respondents who are 

older than 50 years old, or with a university educa-

tion background. Lose aversion property of re-

spondents who imposed with less future income de-

crease also show significant AVs preference behav-

iors. Last but not least, significant influencing im-

pact could also be identified from respondents’ pre-

vious driving experience, e.g., sudden brake and/or 

handling behavior and various driving purposes. 

Important factors affecting short-distance drivers’ 

adaptive in-vehicle time use behaviors are WTP, 

gap between WTP and additional cost, attitudes to-

ward car driving, and drivers’ previous driving ex-

perience, i.e. driving frequency and purpose. For 

long-distance travel, impact of WTP, affective expe-

rience, sudden braking/handling experience and atti-

tudes toward car driving become influential. 

It is expected that findings in this study provide 

useful insights into the future development of law 

legislation, policy making, as well as shared auton-

omous vehicles (SAV). As a new type of travel 

mode option, the modification, realization, and 

adaption to the AVs in the new transportation sys-

tem is quite essential.  It is also important to check 

different responses from various regions and coun-

tries, to further perusing a more reliable and high 

efficient transportation system. Needless to say, 

more efforts should be made together with technol-
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ogy development and law legislation. 
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Table 2. Model Estimation results of mixed logit model with panel data for AVs ownership 
  Parameter T-value Sig. 

SP factors with Mixed effect 

Penetration rate of AVs (%): Mean -6.85  -2.71  *** 

  Variance 14.57  4.48  *** 

Additional purchase cost for AVs (10,000 Yen): Mean -0.06  -5.54  *** 

  Variance 0.10  7.86  *** 

Insurance reduction rate for AVs (%): Mean -0.50  -0.40    

  Variance 6.38  3.37  *** 

Permanent-parking cost reduction rate (%): Mean 1.63  2.07  ** 

  Variance 1.03  0.56    

Timing of AVs sale release (years): Mean 0.02  0.27    

  Variance 1.38  5.71  *** 

Gap between additional purchase cost and WTP    

Ln (Positive gap value + 1): Mean -1.41 -4.51 *** 

  Variance 2.36 6.03 *** 

Exp (Negative gap value): Mean 0.56 0.69   

  Variance 5.33 6.12 *** 

Individual Attributes 

Aged under 30s [15-29 years old] (Yes: 1; No: 0) -1.2 -0.86   

Aged 40s [40-49 years old] (Yes: 1; No: 0) 0.33 0.26   

Aged 50s [50-59 years old] (Yes: 1; No: 0) 1.68 1.11   

Aged 60s [60-69 years old] (Yes: 1; No: 0) 2.72 1.75 * 

Gender (Male: 1; Female: 0) -0.58 -0.58   

High-education (University level or above: 1; otherwise: 0) 2.6 2.55 ** 

Number of elderly members (aged 65 years old or above) in house-

hold 
-1.26 -1.66 * 

Number of primary & middle school students in household 0.92 1.53   

Safety behavioral change 

Stage of Driving Safety Improvement (Try to improve: 1; otherwise: 

0) 
1.04 1.12   

Future expectation of income 

Exp (absolute value of income decrease) -3.22 -2.44 ** 

Ln (absolute value of income increase + 1) 3.26 0.6   

Short-distance driving experience 

Sudden braking/handling (Yes: 1; No: 0) -1.3 -1.17   

Frequency (times/week) 0.26 0.79   

Driving time (minutes) -0.98 -0.55   

Commuting purpose (Yes: 1; No: 0) 0.93 0.88   

Shopping purpose (Yes: 1; No: 0) -1.3 -1.17   

Long-distance driving experience 

Sudden braking/handling (Yes: 1; No: 0) 7.2 4.13 *** 

Frequency (??) 2.03 1.53   

Driving time (minutes) 0.54 0.41   

Tourism (Yes: 1; No: 0) -0.78 -0.47   

Going back to hometown (Yes: 1; No: 0) -3.95 -2.01 ** 

Visiting friends (Yes: 1; No: 0) 3.28 1.78 * 

Business (Yes: 1; No: 0) 7.2 4.13 *** 

Initial Log likelihood -1667.56 

Converged Log likelihood -1312.66 

McFadden Rho-squared 0.21 

Adjusted McFadden Rho-squared 0.19 
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Table 3. Model Estimation results of SUR model for adaptive in-vehicle time use behavior  

8 

 

short distance driving in-vehicle time use behavior long-distance driving in-vehicle time use behavior 

Eyefocus Handfocus Mindfocus Mixfocus Eyefocus Handfocus Mindfocus Mixfocus 

Coef. sig Coef. sig Coef. sig Coef. sig Coef. sig Coef. sig Coef. sig Coef. sig 

timeuse of fully_automatic vehicle 0.07 *** 0.02   0.01   -0.04   0.00   0.04 * -0.01   0.03   

age20s [15-29 years old] (Yes: 1; No: 0) 0.04   -0.03   0.09   -0.02   -0.04   0.03   0.07   -0.04   

age40s [40-49 years old] (Yes: 1; No: 0) 0.05   0.06   -0.07   -0.03   -0.01   0.02   -0.10   0.04   

age50s [50-59 years old] (Yes: 1; No: 0) 0.07   -0.01   -0.12   -0.06   -0.09 ** -0.01   0.00   -0.10   

age60s [60-69 years old] (Yes: 1; No: 0) 0.09 * 0.08 * -0.15   -0.01   -0.07   0.03   0.05   -0.08   

Highedu 0.03   0.08 *** 0.07   -0.01   0.03   0.03   0.04   -0.10 *** 

gender 0.02   -0.05 * -0.01   -0.18 *** 0.04   -0.02   -0.03   -0.01   

companywk -0.04 * 0.01   -0.01   0.08 ** -0.04   0.04   0.00   -0.01   

housewife 0.02   -0.02   -0.17   -0.12 * 0.06   0.07 * -0.07   -0.01   

houshod_income 0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00 *** 

ln_incomeincrease 0.10   0.40 *** -0.23   0.62 *** 0.12   0.20 * 0.31   0.27   

exp_incomedec 0.17 * -0.12   -0.41 * -0.28 ** 0.06   0.01   -0.45 ** -0.12   

expwtpdeccon -0.02   0.01   -0.15   -0.01   0.03   -0.17 *** -0.02   0.11   

expwtpdec_high 0.35 *** 0.09   -0.28   0.01   0.02   0.06   -0.01   -0.15   

expwtpdec_ful 0.03   -0.05   -0.16   -0.20 * 0.16 * -0.01   -0.30   -0.29 ** 

lnwtpinc_con 0.05 ** 0.00   -0.06   -0.03   -0.01   0.03   -0.09 * -0.07 ** 

lnwtpinc_high -0.06 ** -0.01   0.08   0.02   0.00   -0.01   0.04   -0.02   

lnwtpinc_ful -0.07 *** 0.00   0.07   0.04   -0.01   0.02   0.09   0.09 ** 

premidschoolno 0.04 *** 0.05 *** -0.03   0.04 * 0.02 * 0.02   -0.04   0.01   

elderly65no -0.01   0.01   -0.03   -0.01   0.01   0.00   0.00   0.01   

couple 0.06   0.00   -0.20 * 0.00   0.05   0.00   -0.33 *** 0.00   

couplewithchild 0.04   -0.02   -0.06   -0.07   -0.04   -0.03   -0.05   0.03   

livealone 0.06   0.04   -0.03   -0.16 ** -0.04   0.07   -0.07   0.07   

hlshod_vel_ownship 0.02   -0.02   -0.15 *** -0.06 ** 0.01   0.00   -0.16 *** -0.01   

self_vel_ownship -0.03   -0.01   0.08   0.19 *** -0.03   -0.02   0.17 ** -0.03   

vehi_price 0.00   0.00 ** 0.00   0.00 * 0.00   0.00 ** 0.00   0.00 ** 

shortdis_brak -0.01   -0.05   0.07   -0.07   -0.13 *** -0.04   0.04   -0.07   

longdis_brak -0.01   0.05   0.09   0.07   0.14 *** -0.01   -0.12   0.09   

saffunction_price 0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00   

Affective experience1 0.00   0.00   -0.01 ** 0.00   0.00   0.00   -0.01 * 0.00 * 

Affective experience2 0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00   

Affective experience3 0.00   0.00   0.00   0.00 ** 0.00   0.00   0.00   0.00   

ds_freq 0.03 ** 0.04 *** -0.01   -0.03   -0.05   -0.06   -0.14   0.10 * 

driving purpose(s:commute;l:business) 0.15 * -0.17 ** -0.50 ** -0.06   0.06   0.02   -0.07   -0.04   

driving purpose(s:pickup;l:tourism) -0.03   -0.30 *** -0.03   0.02   -0.03   0.01   0.07   -0.02   

driving purpose(s:shopping;l:hometown) 0.02   -0.23 *** -0.40 ** -0.03   -0.09 * 0.01   0.03   -0.03   

driving purpose(s:restaurant;l:visit) -0.12   -0.17   -0.42   -0.05   -0.09   -0.03   -0.04   -0.15 * 

ds_entertainment 0.04   -0.21 ** -0.31   -0.18                   

ds_hobby -0.06   -0.47 *** 0.14   -0.15                   

likedrive 0.01   0.01   -0.03   -0.03   0.04 ** 0.00   -0.09 ** 0.04   

gooddrive -0.01   -0.01   0.10 *** -0.03   -0.06 *** 0.00   0.17 *** -0.05 * 

dangrdrive -0.06 *** -0.07 *** 0.09 * -0.07 *** -0.03   -0.01   0.01   0.01   

avoiddrive 0.03 * 0.07 *** 0.04   0.01   0.04 ** 0.00   0.03   0.02   

drivemore -0.01   -0.01   -0.01   0.00   0.02   -0.02   -0.01   -0.01   

_cons -0.16   0.28 * 0.91 ** 0.98 *** -0.07   0.14   0.70 * 0.48 * 
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Figure 6. Variance proportions of explanatory variables on AVs adaptive in-vehicle time use behavior (short distance) 

 

 

Figure 7. Variance proportions of explanatory variables for AVs adaptige in-vehicle time use behavior (long distance) 
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