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Abstract: Shared taxi has been increasing as an alternative to buses and trains in areas where 
demand is declining and are expected to become a new mode of transportation in recent year. 
However, local public transport receives significant government and local government 
subsidies. In the future, in local cities where the birthrate is declining and the population is 
aging, it is necessary to improve profitability and operate independently. In this research, we 
conducted a questionnaire survey in a depopulated area of Washima, Nagaoka City, Niigata 
Prefecture, and constructed a decision tree analysis and a transportation choice model to 
identify the factors involved in residents' choice of shared taxis. As a result, it was found that 
it is useful for older people over 80 years old, and especially women who choose shared taxis. 
It was also clarified that the shorter the distance the easier it is to select the shared taxi. 
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1. INTORDUCTION

In recent years, taxi operators have been unable to continue their business due to the shortage 
of drivers, and the number of areas without taxis is increasing. According to a previous survey, 
only about 1/6 of the taxi's working hours are utilized. A more efficient operation will be 
possible by shortening the remaining 5/6 vacancy time, and it will be possible to find new 
demand by reducing fares due to improving efficiency.Increased productivity helps the taxi 
business become a sustainable public transport system since only one-sixth of the time spent in 
captivity is profitable. That new strategy will help taxi operators in local cities. Therefore, We 
focused on-demand traffic as a new service by taxi in this research. 

In recent years, due to the declining population and aging population, the service level has 
declined due to the reduction or abolition of bus routes that are not profitable in local cities, and 
people who own private cars and others are going out. As a countermeasure, the number of 
cases of introduction of demand traffic that operates according to the reservation of use by 
residents increases, contributing to the elimination of blank traffic areas and the improvement 
of transportation convenience in the area. 

This study examines the new target user for social implementation of shared taxis in 
depopulated areas and find new taxi demand. so this study aims to understand the current 
situation of depopulated areas, clarify the factors that cause residents to choose taxis through 
SP (Stated Preferences) surveys, and collect primary data necessary for the future social 
implementation of shared taxis with a questionnaire survey was conducted in the Washima 
district of Nagaoka City, Niigata Prefecture.The remainder of the paper is structured as follows. 
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Section 2 provides a literature review. Sections 3 introduces the methodology, the sample, and 
the survey instrument deployed in our study. In Sections 4 and 5 we present the result of the 
survey with Decision Tree Analysis and Transport mode choice models. Our conclusion in 
Section 6. 

 
 

2.LITRATURE REVIEW 
 
Sano et al.(2020) used GPS data to clarify the actual taxi operation in Nagaoka City. The 
profitable time was improved concerning the complete reservation system's cost reduction 
effect and joint dispatch by multiple companies, improving transportation efficiency.Fukumoto 
et al.(2017) analyzed the daily report data of all taxies equipped with digital tachographs in the 
Higashimikawa region of Aichi Prefecture Japan for one year to clarify the actual conditions to 
clarify the temporal variation and geographical distribution of taxi use. In addition, the study 
showed that taxi-based public transportation policies might be more efficient than demand-
based public transportation policies in the region. Suzuki et al.(2017) conducted an awareness 
survey of people aged 60 and over in Akita City and found that non-private car owners go out 
less frequently than their cars. Therefore, they propose that a half discount taxi is a helpful 
measure for older people aged 70 and over. Yang et al.(2014) found GPS in New York City. 
An analysis conducted using data and socio-economic data, and it was shown that income and 
total employment affect taxi use.  

Susan et al.(2013) categorized rideshare matching into five phases. On the one hand, they 
mentioned that the future direction is uncertain and that the next decade may include improved 
interoperability between services.Amey et al.(2011) suggested that the ridesharing challenge is 
not a single challenge to overcome but a set of economic, behavioral, institutional, and technical 
obstacles to address.Deakin et al.(2011) conducted a study to assess the potential for dynamic 
ridesharing on trips to downtown Berkeley, California, and the University of California, 
Berkeley campus. According to this survey, about one-fifth of commuters who drive to campus 
alone are sometimes interested in using dynamic ridesharing.They prefer to arrange a shared 
ride at least the night before the trip, not just before it occurs. They also found that financial 
incentives and carpooling subsidies significantly increase interest in dynamic ridesharing when 
parking fees are relatively high and parking supplies are restricted and regulated. This study 
discovered the potential for youth ridesharing in the United States. Fujisaki et al.(2014) 
proposed a highly convenient flat-rate shared taxi at a residential complex in Tajimi City, Gifu 
Prefecture, Japan. As a result of evaluating the profitability and estimating the required number 
of vehicles from the results of the questionnaire to the residents, it was shown that there is a 
possibility that the business could be established independently without subsidies. Kato et 
al.(2019) conducted a social experiment in Toyota City, Aichi Prefecture, Japan, to examine 
the possibility of using taxis as a new form of public transportation. The study showed that 
replacing the existing bus service with a taxi service would reduce the burden on the local 
government by 85%.In addition, the study showed that heavy users in the study area were non-
private car owners in their 70s and 80s. Minami et al.(2016) investigated user awareness of 
shared taxis in Sanjo City, Niigata Prefecture. Although few users were resistant to sharing a 
ride with strangers, the results showed that they were resistant to sharing a ride with someone 
of the opposite gender or a discrepancy in the reserved time. As a result of the analysis using 
quantification two as an external criterion, users who were dissatisfied with their current fares 
and users for hospital visits were optimistic about carpooling. As a result, users who were 
dissatisfied with their current fares and those who used the service for hospital visits were 
optimistic about carpooling. As a result of calculating the amount of willingness to pay for 
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carpooling services with strangers using conjoint analysis, it became clear that the importance 
of the gender of the passenger differed significantly between males and females. Sasaki et 
al.(2012)  examined the feasibility of a system that allows free ridesharing. As a result of a 
survey conducted in the Harayama area of Hara-mura, Suwa-gun, Nagano Prefecture, Japan, 
they confirmed the balance of potential users and suppliers and the identity of the residents' 
travel destinations and time zones. They concluded that the system's suitability for 
implementation is not necessarily low if appropriate matching is conducted to ensure mutual 
reliability.On the other hand, in the region in question, since there is a high degree of identity 
in the destinations of travel, it is thought that matching can be done more quickly than in other 
regions, and it is necessary to consider regions where there is no identity in the destinations of 
travel. Rose et al.(2014) investigated factors affecting the choice and demand for taxies, a 
relatively neglected mode of transportation in urban areas, using a travel sample in Melbourne. 
A segmented modal choice model was constructed, and direct (and cross) elasticities for cost 
and service level attributes were determined.Given that the attributes included in the modal 
choice model are in the form of non-linear functions, simple estimates of average elasticities 
do not make behavioral sense. 

Sano et al. (2020) and Fukumoto et al. (2017) showed that it is possible to revitalize taxies 
by analyzing GPS and daily report data of regular taxies to understand their current status and 
by understanding their characteristics and using them to improve their efficiency. In addition, 
a study by Suzuki et al. (2017) suggested that lowering the price of supply could create new 
demand. These studies suggest that the system can be applied to carpooling taxies with high 
efficiency.In their research on carpooling taxies, Susan et al. (2013) and Amey et al. (2011) 
mentioned the history and challenges of carpooling taxies. Deakin et al. (2011) mentioned the 
characteristics of users who choose ridesharing, which was used as a reference for the SP survey 
of this study. Fujisaki et al. (2014), Kato et al. (2019), Minami (2016), Sasaki (2012) mentioned 
the potential of ridesharing in Japan. In this study, the methods of conducting and analyzing 
these surveys were used as references. 
 
 
3. RESEARCH AREA AND QUESTIONNAIRE 
 
3.1. Research Area 
 
Washima is part of the Chuetsu region of Niigata Prefecture. It is part of Nagaoka City, the 
second-largest city in Niigata Prefecture. It was incorporated into Nagaoka City in 2006. 
Before 2006, Washima was classified as an underpopulated area by law. 

The population of Nagaoka City is approximately 270,000. The population of the 
Washima district is 3,847, and the number of households is 1,319. 
The Table1 shows the population density and aging rate for the target area, Nagaoka City, 
Niigata Prefecture, Japan. 

Figure 1 shows the transportation sharing rate based on a questionnaire survey conducted 
by Nagaoka City Hall. 77% of the respondents use private cars, and only 6% use public 
transportation. Washima has a train station (22 trains per day) and one bus route(5.5 buses per 
day), but they are rarely used. 
 
 
 
 
 

3



Table 1. Population Density and Aging rate.          Table 2. Transportation Sharing Rate 

                                                       

Population density=Population/  

Aging Rate=Population/Over 65 years old of population×100 
                                            
3.2. Questionnaire Survey 
 
This questionnaire survey aimed to understand users' selection characteristics by changing the 
discount rate according to trip characteristics and incentives for reservations or carpooling. The 
questionnaire's distribution method is enclosed in a public relations magazine issued by the city 
and distributed to all households by mail. 
 

Table 3. Question Content 
Section Content 

Personal attributes Address, Age, Gender, Occupation, Driver's license 

Outing situation 
Going out status by purpose, public transportation usage 

status and satisfaction, improvement requests, etc. 
Stated Preferences Survey Transportation selection in virtual situations 

 
This SP survey suggests use four types of taxis (regular taxi, reserved taxi the day before, 

shared taxi (number of passengers: 2), shared taxi (number of passengers: 3) according to the 
distance and purpose. Table 4 shows the operating levels of each taxi. The answer marks the 
circle for a positive taxi, the cross for the negative taxi. 
 

Table 4. Taxi Services Used in the Study 
Taxi Service Regular Taxi Booking Taxi 

Deadline for booking None The day before 
Waiting time for Share 0 minutes 0 minutes 

Fare (Shopping 
situation/Hospital situation) 

¥1,640~¥2,000/ ¥3,090~¥6,340 ¥1,150 ~¥1,400/¥2,160~4,690 

Taxi Service 
Shared Taxi 1(number of 

shared taxis: 2) 
Shared Taxi 2 (number of shared 

taxis: 3) 
Deadline for booking The day before The day before 

Waiting time for Share 10 minutes or 20 minutes 20 minutes or 30 minutes 
Fare (Shopping 

situation/Hospital situation) 
¥690~¥2,140/ ¥1,560~¥1,730 ¥710~¥4,570/ ¥370~¥4,460 

  
In this survey, fixed fares and waiting times were set for regular and reserved taxis, and 

random combinations of fares and waiting times were presented for a shared taxi. 
The situation presented was based on a preliminary interview survey with residents, and the 
existing facilities often used by residents were chosen as destinations. 
 
 

 
Population 

Density(Person/  
Aging 
Rate 

Washima 122.55 38.8% 
Nagaoka City 298.91 30.7% 

Niigata Prefecture 174.86 32.8% 
Japan 332.65 28.4% 

Mode 
Sharing 

Rate 
Private Car 77% 

Bus 5% 
Railway 1% 
Bicycle  2% 

Bike 1% 
Walking 1% 
Another 13% 
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Table 5. Situation for SP survey 

 Destination Distance Time 

Scenario 1 Supermarket 4 km 11 minutes 

Scenario 2 Supermarket 8 km 23 munities 

Scenario 3 Hospital 5 km 15 minutes 

Scenario 4 Hospital 17 km 50 minutes 

 
 
3.3 The transportation for vulnerable population in the region. 
 
Generally speaking, the most common means of transportation is "private car" followed by " 
Pickup and drop-off " in Japanese rural areas. It can be assumed that a system has been 
established in which people with weak transportation systems in areas where there is a lack of 
transportation can get around without having to rely on public transportation services from this. 

One of the problems in areas where many people rely on "Pick up and drop-off" is that the 
number of vulnerable people who are dependent on the convenience of those who provide 
transportation and the number of vulnerable people who have.         
No one to ask for transportation in the future due to the community's aging is increasing soon. 
The disadvantages of using "transportation by family members or acquaintances" as a means of 
transportation for many of the vulnerable people include the following. 
It can be said that the restrictions on destination selection are almost the same as those of those 
who use "private cars" as their means of transportation. 
However, the number of people who can go out depends mainly on the availability of the person 
who picks them up. Even if they can go out quickly with their family members' support, the 
number of people who are vulnerable to transportation is expected to increase in the future as 
the number of people who give up their driver's license increases due to the aging of the 
community. 

It can be said that it is essential to encourage people who rely on transportation by family 
members or acquaintances to include a sustainable transportation system as an option for 
transportation in the future from the above. 

 
 

4.RESULT OF SURVEY 
 
4.1. Basic Result 
 
In this survey, the number of questionnaires distributed was 3,993, and the number of 
questionnaires collected was 1,309, for a collection rate of 32.8%. In this survey, three copies 
of the questionnaire were distributed to each household, and some homes received too few 
questionnaires. Also, priority was given to respondents who were elderly in the family. As a 
result, the average age of the answer is 9 years older than the census data. 

The following graph shows the transportation sharing rate and destination by the purpose 
of going out. 
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Figure 2. Destinations by Purpose 

 
Table 6. Transportation Sharing Rate by Purpose 

 Shopping Commuting Hospital 

Private Car 84.15% 85.31% 76.90% 

Pickup and drop-off 10.48% 2.56% 16.40% 

Bus 1.85% 2.80% 1.97% 

Railway 0.88% 4.43% 0.39% 

Walking or Bicycle 1.67% 3.73% 2.76% 

Bike 0.79% 0.00% 0.00% 

Taxi 0.18% 0.00% 1.05% 

Another 0.00% 1.17% 0.52% 

Number of Answer 1136 429 762 

 
Figure 2 shows that Washima's share for all purpose is low. According to this figure and 

the transportation sharing rate by definition in Table 5, it is clear that private cars are essential 
for life in the Washima area. On the other hand, it can be inferred that the elderly who do not 
possess a car license due to the return of their license, etc., are transported to and from the 
hospital by their families pick up and drop. 

 
4.2 Current Intention to Use Shared Taxis for Shared Rides 
 

 
Figure 4. Taxi Service on SP Survey 

17.47%

22.10%

28.14%

53.77%

42.86%

29.55%

26.46%

25.71%

38.99%

2.30%

9.33%

3.32%

Shopping

Commuting

Hospital

Washima Area Around Washima Center of Nagaoka Another

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0%100.0%

Shopping(4km) in the sample

Total of Shopping(4km)

Shopping(8km)in the sample

Total of Shopping(8km)

Hospital(5km)in the sample

Total of Hospital(5km)

Hospital(17km)in the sample

Total of Hospital(17km)

Regulara Taxi Booking Taxi Shared Taxi(1) Shared Taxi(2)
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This chapter describes the trends in the intention to use a shared taxi with Decision Tress 
analysis. Only those respondents who were expected to use taxis were selected for the sample 
of analysis. We selected only those respondents who were expected to use taxis, who were 
willing to give up their driver's license, and do not use a private car when going out for this 
analysis. First, the following graphs show the taxi services selected in the set situations.          
In the shopping situation, the share of each taxi service did not change regardless of the distance. 
Also, there was a difference in the choice of reserved taxi services between the overall and the 
selected sample. 

For hospital visits, there was no difference by distance for the overall sample. However, 
the choice of reserved taxis increased for the extracted sample. The share was higher for hospital 
visits than for shopping in the extraction sample in terms of reserved taxis. However, in the 
overall sample, the share was higher for shopping. 

This is thought to be that respondents in the extraction sample use less flexible 
transportation daily and consider time constraints such as hospital appointments. 
 
4.2 Decision Tree Analysis 
Decision tree analysis is a tool used in marketing to find the best customers. In this survey, we 
analyzed whether people would use a carpooling service for different purposes (shopping or 
going to the hospital). 

 
 

lanatory variables=Gender(0=Female,1=Male), Age, Bus availability (0/1), Employment 
status (0=No working,1=Stundet,2=Working), Driver's license status (0/1), Shopping 
frequency(times/month), Commuting frequency(times/month) 

 

 
 

Figure 4. Decision tree of Taxi service on Shopping 

84.3% 65.9% 

69.1% 53.3% 

64.0% 81.8% 

46.2% 86.8% 81.8% 

70.7% 
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Figure 5. Decision tree of Taxi service on commuting to hospital 

 
The first juncture in the shopping situation is whether the respondents are 81.5 years old 

or younger. 84.3% of those who are 81.5 years old or older choose to carpool. 84.3% of those 
aged 81.5 or older chose to carpool, as did 86.8% of those aged 81.5 or younger who shopped 
less than nine times per month and were employed under the age of 73. Alternatively, the 
carpooling selection rate becomes 53.3% when the number of shopping trips per month is 
greater than 9. Gender, presence, accessibility of a bus stop, and driver's license did not appear 
in the survey. 

The first junction in the hospital is whether the respondents are under the age of 80.5. 
76.3% of respondents over the age of 80.5 chose to carpool. Among the respondents aged 80.5 
or younger, 84.3% of the respondents commute 19.5 to 22.5 times a month chose to carpool. 
The shared taxi is considered an effective means for the elderly over 80 years old from the two 
situations. Because the age of returning a driver's license in Japan is 76.96 years old. They do 
not have a driver's license, so an inexpensive carpooling service has become an attractive option. 
 
 

5.TRANSPORT MODE CHOICE MODELS 
 
5.1 Model Summary 
 
This study analyzes the transportation choice behavior in the Washima area based on the survey 
of intention to use. In this study, the intention to use four taxi services was investigated using 
the SP survey method under the circumstances set by the questionnaire survey described in the 
previous chapter. 

65.1% 

76.3% 60.2% 

53.2% 75.6% 

84.3% 37.5% 
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A multinomial logit model was used to identify a transportation choice model with the 
selected taxi service as an objective variable. The utility function of the transport mode choice 
model is shown in equation (1). 

 

                                  (1)

:Parameter(i:1~9) 
1:The Presence or Absence of a Reservation (0/1) 
2:Waiting Time (minutes) 
3:The number of Passengers (2 or 3) 
4:Fare  
5:Gender (Female=0,Male=1) 
6:Age 
7:The number of Shopping per moth (times/moths) 
8:The distance to each destination(km) 
9:Purpose dummy 

5.2 Results of Parameter Estimation 
 
We developed four models in this study. The best-fitting model among them is shown in Table 
6. The other models were rejected because they did not match the sign condition. The number 
of commutes and the number of hospital visits were excluded from the model because they did 
not meet the sign condition and the significant at 5% level by the introduction. The significant 
at 5% level was met for waiting time, fare, gender, and distance to the destination. The 
parameter for fare was negative. This is consistent with the sign condition, meaning that the 
more people choose to share taxis, the lower the fare. The reservation and waiting time 
parameters were positive, indicating that taxis with reservation and waiting time tend to be 
selected more. In terms of gender, we can see that women choose to shared taxis more than 
men. In terms of the distance to the destination, the shorter the distance, the more people choose 
to carpool.  
 

Table 7. Results of Parameter Estimation 
 coefficient t-value 

Reservation 0.464 1.791 

Waiting 3.020 3.984 

Number of Passenger 0.061 0.462 

Fare -0.543 -2.354 

Gender -0.570 -3.367 

Occupation 0.127 1.253 

Number of shopping -0.018 -1.426 

Destination distance -0.061 -3.346 

Purpose dummy -0.311 -1.629 

Modified likelihood ratio 0.158 
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6. CONCLUSIONS 
  
This study surveyed shared taxis' intentions in Washima Area, Nagaoka City, Niigata Prefecture. 
We constructed a decision tree analysis and a transportation model to clarify the residents' 
intentions for shared taxis. The personal attributes of respondents who chose to carpool taxis 
for different purposes were identified in the decision tree analysis. 

The results showed that the choice of carpooling for shopping purposes was useful for the 
elderly (81.5 years old or older) and for respondents who shop less than nine times a month and 
are students or unemployed. In choosing a shared taxi for commuting to the hospital, the study 
found that the service was effective for seniors over 80.5 years old and those under 80.5 years 
old who went to work about five times a week. Both groups have in common that the rate of 
carpooling choice increases with age 80 and above. According to the National Police Agency, 
the average age for returning a driver's license is 76.96 years old, and 60% of those who return 
a driver's license before the age of 80. In the Washima area, where public transportation is 
scarce, it is thought that carpooling taxis, which provide inexpensive transportation, have 
become a favorable choice for the elderly over the age of 80. 

As for future issues, although this study analyzed residents' intentions for carpooling taxis, 
it did not conduct detailed demand measurements such as sensitivity analysis, and the research 
results were unrealistic. Also, few people have used carpooling. The image of carpooling taxis 
is recognized only as an inexpensive means of transportation. Disadvantages such as waiting 
for time and stress caused by carpooling are not considered. As a result, many respondents 
chose to carpool. Since private taxis are currently in operation in the Washima area, we would 
like to continue the Washima area survey for a more detailed analysis. 
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