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Abstract  Mobility as a Service is an innovative 

mobility solution that is arguably a suitable solution for 

promoting sustainable travel behaviors in our societies. 

However, its widespread acceptance as a one-stop solution 

is still unclear. This paper seeks to examine the level of 

acceptance of MaaS whether it should be introduced 

especially making comparisons between rural or urban 

settings. Using the Biwako Valley area in Shiga and Kyoto 

city of Japan as case studies, data was collected via an 

online stated preference survey and analyzed. A censored 

regression model-Tobit Type II model was used for the 

analysis and the results reveal that there is a subtle 

distinction between MaaS adoption in Shiga and Kyoto 

respectively. The inclusion of trains and buses positively 

impacts MaaS adoption. However, the willingness to adopt 

MaaS in the suburbs and give up the use of private cars is 

weak. MaaS is still at its budding stage in Japan. Therefore, 

these insights will be useful for the implementation of 

MaaS in suburbs/rural areas and for the development of a 

sustainable community for all. 

Keywords  Sustainable Mobility, Mobility as a Service, 

MaaS Adoption, MaaS Feasibility, Rural MaaS, Tobit 

Type II 

1. Introduction

The need for sustainability has been birthed by global 

trends like climate change, urbanization, and advancement 

in technologies. Promoting a sustainable society through 

transportation systems has become imperative because it 

plays a great role in shaping our lives and society. 

In general, public transportation provides people with 

access to employment, education, community resources, 

health care, and recreational activities and boosts economic 

activities. This influences how we live, work, play, and 

travel. Nonetheless, as human activities are evolving over 

time, so is transportation system. Also, there have been 

continuous efforts towards improving society from the 

viewpoint of transportation. For example, effort towards 

sustainability, environmental impacts (reducing emissions), 

safety, equity, and innovative mobility solutions like 

Mobility as a Service (MaaS) that promotes social 

inclusion. MaaS is a new mobility concept that integrates 

public transport and shared mobility services that are 

usually offered as subscription packages. Various 

definitions of MaaS exist in literature depending on the 

objectives. [1] defined MaaS as “A system in which a 

comprehensive range of mobility services are provided to 

customers by mobility operators”. This concept has 

sparked a lot of interest among experts and many trials have 

been done since its inception, still there is limited literature 

about the impact of MaaS. While trying out MaaS, more 

attention has been given to cities and urban areas to the 

detriment of suburbs or rural areas. Inclusive mobility 

solutions are crucial for the development of sustainable 

societies for all [2]. Mobility as a service promises to be 

user-centric and a competitive alternative to car ownership 

especially in cities. However, it is arguable if it addresses 

the transportation problems in suburbs/rural areas. 

The main purpose of this study is to introduce MaaS as 

one of the key components for developing a sustainable city. 

More specifically, examine the feasibility of implementing 

MaaS in rural areas as well as draw a comparison with 
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urban areas which also indirectly provides information 

about the potential demand. Also, to investigate the factors 

that influence MaaS adoption by the potential users will 

help in designing a suitable MaaS package that is user-

centric. 

The rest of the paper is organized as follows: the 

literature review is presented in section 2, while a brief 

description of the study area is shown in section 3. Section 

4 details data collection process and the research method, 

while Section 5 presents the results and the discussions 

thereof, as well as provides recommendations and further 

research direction. The concluding section of the paper 

summarizes the main findings (section 6). 

2. Literature Review 

Mobility as a service is widely acknowledged as a type 

of transportation service that enables users to plan, book 

and pay for multiple modes usually as monthly 

subscriptions or pay-as-you-go basis, on a single digital 

platform. Mobility as a Service is yet to be widely accepted 

and adopted globally. This could be so because the MaaS 

concept is yet to be fully understood and adopted. However, 

significant progress has been made in some cities across 

Europe and their experiences provide great insights for 

future implementation of MaaS. Lessons from some of the 

operational MaaS schemes like Whim, UbiGo, and Reach 

Now, all in Europe can be used for trying out MaaS in other 

regions. 

A MaaS trial was conducted in Gothenburg, for 6 months, 

involving 195 individuals from 83 households participated 

in. The trial results revealed that private car usage was 

reduced while public transport usage increased. Also, non-

car owners were no longer keen on purchasing it. Precisely, 

20 households completely gave up car usage as this 

experiment was ongoing, 93% of the participants were 

satisfied with the scheme, 79% promised to continue with 

the service even after the trial whereas 18% indicated 

interest to use MaaS depending on the price of the plan. In 

general, curiosity around the technology of MaaS played a 

huge role in influencing the adoption of MaaS than the 

perceived benefits of MaaS when introduced [3], [4]. 

Whim, a MaaS app was introduced in Helsinki, in late 

2016. Since then, this application has recorded a huge 

influx of subscribers that is growing steadily as time 

progresses. This indicates that the MaaS concept is gaining 

acceptance. After the launch, a survey was conducted, and 

the results reveal that 62% were not knowledgeable about 

the app and 46% were interested in the concept (ages 18-

34). Furthermore, public transport use increased from 48% 

to 74% whereas private car use reduced by half to one time 

in every five trips [5]. In general, the results revealed a 

positive attitude towards MaaS. However, whether this 

decision is influenced by curiosity, technology, economy, 

and environmental issues, is yet to be understood. 

Acceptance is widely acknowledged as a main component 

for the successful introduction of a new mobility service. 

Similarly, in Pakistan, a study revealed that personal 

attributes such as income, gender, cost, occupation, and 

travel time greatly impact the willingness to adopt a new 

car-sharing service [6]. 

In Japan, the concept of MaaS is still in the budding stage. 

However, the government is making efforts to promote 

MaaS, for example through the “Smart Mobility Challenge” 

project. About 16 MaaS trials have been conducted and 

more are in the pipeline. Preliminary results reveal that 

MaaS is feasible in terms of customer satisfaction and 

behavioral change [7], [8]. In addition, results from a 

feasibility study in Shiga prefecture show that residents are 

willing to use MaaS depending on the price [9]. 

Furthermore, an important factor to also consider is the 

impact of the Covid-19 pandemic in Japan. In the early 

stages, even with weak restrictions constrained by law, 

there was significant behavioral change, people avoided 

traveling to densely populated areas and perceived public 

transport and shared mobility as unsafe [10]. Still, there is 

a gap in MaaS implementation in rural areas. Most of the 

fully operational MaaS or trials have been done in cities 

and this leaves the segment of the population in rural areas 

socially excluded. There is a growing need to promote 

social inclusion through transportation schemes and 

policies, especially for the elderly population, low-income 

earners, and bled persons. This is the major undertaking of 

this study, to contribute to literature and the discourse of 

rural MaaS implementation. 

3. Study Areas 

The study areas are in the south-central part of Japan, 

also known as the Kansai (or Kinki) region of Japan. Kyoto 

is the former capital of Japan and a tourist hub, while Shiga 

is an adjoining prefecture around the famous Lake Biwa. 

The specific areas under study are categorized into two 

main area types namely, rural/suburban and urban 

respectively. This categorization is done based on the 

population densities of the areas of interest. For the 

rural/suburban area Otsu City and Kusatsu City, all in 

Shiga prefecture were selected. Similarly, Kyoto City 

which also met the criteria for an urban area was selected. 

Table 1.  Brief description of the study areas 

Criteria Kyoto City Otsu/Kusatsu 

Population 1,463,723 488,983 

Area 828 km² 532.32 km² 

Pop. density 1,768/km² 918/km² 

Annual pop. change -0.16% 1.19% 

Source [11] 

3.1. Transportation Situation in Otsu and Kusatsu 

Otsu and Kusatsu are cities in Shiga that are densely 
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populated and are located in the southern part of Biwako 

(lake Biwa is Japan’s biggest freshwater lake). Otsu 

(35°1 Ń, 135°51 É) is the headquarters of Shiga 

prefectural government with a population of 345,070 

persons while Kusatsu has a population of 143,913 persons. 

These towns (Otsu and Kusatsu) share boundaries and are 

neighboring Kyoto city, and they serve as bed towns in 

Kansai. Two major transit corridors in this area connect 

Kyoto City to the central region of Japan and the Sea of 

Japan [12]. Figure 1 shows the two major lines in Shiga 

which are Biwako and Kosei lines operated by Japan 

Railway Company (JR West). The road networks provide 

access to the hinterland and serve as feeder into the main 

transit corridors. There are several transport companies 

providing mobility services in this area but the accessibility 

by public transport as expected in any metropolitan city is 

limited. 

Despite the lack of shared micro-mobility services in the 

Biwako Valley, the recent introduction of a new mobility 

service named DiDi has significantly increased the area's 

taxi accessibility. In Shiga, IC cards like Suica, Pasmo, 

ICOCA, or the applications are accepted on buses and/or 

railroads. The IC cards are not functioning on all routes 

since the IC card payment system has not been fully 

integrated. 

Additionally, commuter passes for trains and buses, like 

3- to 6-month subscriptions for particular routes, are used 

by travelers in this region. Popular Japanese trip-planning 

apps like Yahoo, Jorudan, Navitime, and Google Maps are 

also used. 

The accessibility and connectivity of public transport in 

this area are low when compared to Kyoto, Osaka and Kobe. 

Therefore, the introduction of mobility schemes (like 

micro-mobility, Mobility as a Service) to improve the door-

to-door trip experience of the residents of this area is highly 

desired. 

 

Figure 1.  Map of Shiga showing the two main transit corridors 
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Figure 2.  Map of Kyoto showing the specific area of study – Kyoto city 

3.2. Transportation Situation in Kyoto City 

Kyoto prefecture consists of many cities, towns, and 

villages. However, the main city center and the seat of 

Kyoto prefectural government is “Kyoto City” (Figure 2). 

Kyoto City alone has a population of 1,463,723 persons 

[13]. Kyoto city of Kyoto prefecture was selected because 

it possesses the features of an urban setting. Therefore, the 

coverage of the survey for this study was limited to Kyoto 

City. Kyoto City (35°0'42"N, 135°46'6''E) is the center of 

tourist activities in Kansai region with numerous Japanese 

traditional sites. In 2019, about 88 million tourists visited 

Kyoto for sightseeing activities [14]. 

The bus companies in Kyoto operate a flat rate system 

and the bus network is well-integrated with the trains and 

subways. One-day passes and other commuter pass 

packages are available for both buses and trains within 

Kyoto. Recently, micro-mobility shared services (for 

example, Luup e-scooters) have been introduced in Kyoto 

city, which are easy to use by residents and tourists. 

4. Methods 

4.1. Stated Preference Survey 

Stated Preference (SP) surveys are used to investigate 

consumers’ preferences about a new service or product yet 

to be introduced as well as the willingness to pay. 

Consequently, an online SP questionnaire style was 

adopted because of these benefits; time savings, cost 

savings, and wider coverage. This online questionnaire is 

designed to primarily understand the respondents’ current 

travel behavior, to examine their decision-making process 

when presented with new mobility solutions, and to gather 

data on individual characteristics. The layout of this online 

survey is as follows: Travel behavior data is gathered in 

Section 1 and includes things like trip frequency, purpose, 

mode, cost, and time. The six potential MaaS plans are 

presented in Section 2 in a variety of scenarios, with prices 

ranging from 500 to 100,000 Japanese yen for each. 

Additionally, whether they will stop driving or surrender 

their licenses in exchange for these MaaS programs. The 

suggested plans will function as a flat charge system with 

unlimited rides inside the service zones, while section 3 

will gather information on respondents' private information. 

The respondents were presented with six hypothetical 

mobility packages. The first three packages consist of 

public transport modes and rental bicycles while the 

remaining three had a combination of public transport and 

shared mobility modes that represent the MaaS concept. In 

Table 2 the first column shows the composition of each 

MaaS package, the next column shows the choice (to 

purchase or not) while the last column shows the amount 

users are willing the purchase the package ranging from 

500 to 100,000 Japanese yen. In this survey, we test the 

adoption of a transportation subscription service as well as 

Mobility as a Service. They are expected to choose “Yes, I 

will buy depending on the price” or “No, I will not pay 

regardless of the price” for each of the MaaS plans and if 

yes, also state the amount he or she is willing to pay for it. 

Furthermore, a 5-point Likert scale was used to test the 

strength to which they are willing to adopt MaaS. For 

example, to “give up car” or “give up license” the 

respondents answered by choosing from the following 

options. 1) “I do not think so at all”, 2) “Not so much think”, 
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3) “Neither” 4) “I think so a little” and 5) “I think so”. 

These tailored MaaS packages are proposed based on the 

envisaged travel needs of the people and the transport 

services available and operational in the study areas. 

Table 2.  The proposed six MaaS subscription plans 

MaaS Plans (flat rate in the 

coverage area) 
Intention WTP (JPY) 

1. Train + Rental Bike ○ yes ○ no 0-100,000 

2. Bus + Rental Bike ○ yes ○ no 0-100,000 

3. Train + Bus + Rental Bike ○ yes ○ no 0-100,000 

4. Train + Bus + Rental Bike + Taxi 

(5km @ ¥1000) 
○ yes ○ no 0-100,000 

5. Train + Bus + Taxi + Rental Bike ○ yes ○ no 0-100,000 

6. Train + Bus + Taxi + Rental Car 

+ Rental Bike 
○ yes ○ no 0-100,000 

4.2. Data Collection 

Residents of Otsu and Kusatsu cities in the Shiga region 

were given an online survey with six mobility packages. 

The criteria for participation are that the respondent must 

reside in the target areas and that they have registered as a 

web monitor with Cross Marketing Inc., a survey business 

in Japan. Data is gathered using a stratified sampling 

technique to guarantee a representative sample size by 

gender and age categories. 

560 people from the rural/suburban Biwako Valley in 

Shiga prefecture participated in this survey, which was 

conducted over the course of seven days. Additionally, 

1,012 participants from Kyoto's urban area were gathered 

over the course of eight days. Based on these samples, 

which are representative of the Shiga and Kyoto 

populations by age and gender. 

4.3. Estimation Model 

Discrete choice models like Logit, Probit, and Tobit are 

used to estimate the relationships that contain variables that 

are non-metric or consist of a lower or upper limit. Logit 

and Probit are used for binary or two or more outcomes 

while Tobit is a form of linear regression in that the 

dependent variable is constrained or censored such that it 

takes a positive value for some observations and zero for 

other observations. To estimate the parameters, these 

models often use the maximum likelihood estimation 

method. 

This study uses a censored regression model called the 

Tobit type II model (Heckman's standard sample selection 

model). Particularly in situations of sample-selection bias, 

the Tobit type II model (a discrete-continuous model) is 

frequently utilized in the domains of economics and 

transportation. For further information on this model, see 

[15]–[17]. In this approach, we estimate the model's 

parameters using the Maximum Likelihood Estimation 

(MLE) technique. This is a general and straight forward 

method for finding estimators, simply put, a maximum 

likelihood estimator is the value of the parameters for 

which the observed sample is most likely to have occurred. 

The likelihood of the sample as a function of the parameters 

θ can be expressed as, if the observations are drawn 

independently and at random from the population and that 

the observed values (𝐱𝑛′𝑠) are nonstochastic, thus, 

ℒ∗ =  ∏ 𝑓(𝑦𝑛|𝐱𝐧, 𝛉)𝑁
𝑛=1            (1) 

The maximum likelihood estimators have some 

properties under the following general assumptions; 1, they 

are consistent, 2, they are asymptotically normal, 3, they 

are asymptotically efficient, and hence their asymptotic 

variance is given by the Cramer-Rao bound. 

This regression model is suitable when the dependent 

variable is bounded at one of the extremes (bounded 

between 0 and 1). It assumes normality, however, has a 

limitation which assumes that the processes in both regimes 

of the outcome are equal to a constant of proportionality. 

Tobit type II is essentially a two-part model with 𝑦1
∗ , a 

latent variable that controls whether the desired outcome is 

observed, and 𝑦2
∗, another latent variable. For instance, 𝑦1

∗ 

indicates the consequence of the intention to purchase a 

MaaS plan, whereas 𝑦2
∗ indicates the willingness to pay. In 

(2) and (3), the two latent variables are observed. 

𝑦1
∗ = 𝛽1𝑥1 + 𝜀1                 (2) 

𝑦2
∗ = 𝛽2𝑥2 + 𝜀2                 (3) 

Where; 𝑥1  and 𝑥2  are explanatory variables for the 

selection and outcome equation respectively, 𝛽1 and 𝛽2 

estimated coefficients, while 𝜀1 and 𝜀2 are error terms. 

𝑦1
∗ and 𝑦2

∗ are only observed by their non-negative values 

as stated in the conditions in (4) and (5) below. 

𝑦1 = {
 1 𝑖𝑓 𝑦1

∗ > 0
 0 𝑖𝑓 𝑦1

∗ ≤ 0
               (4) 

𝑦2 = {
 𝑦2

∗ 𝑖𝑓 𝑦1
∗ > 0

 0 𝑖𝑓 𝑦1
∗ ≤  0

              (5) 

The error terms are usually specified to be a joint normal. 

(
𝜀1 

𝜀2 
) ~ 𝑁 ( (

0
0

) , (
𝜎1

2 𝜎12

𝜎12 𝜎2
2 ))     (6) 

The log-likelihood function, which is dependent on the 

joint density, is maximized by the maximum likelihood 

estimation. 𝑓(𝑦1, 𝑦2 ) = 𝑓(𝑦2|𝑦1 )𝑓(𝑦1).  By definition 

the density 𝑓(𝑦2|𝑦1 = 1) = 𝑓∗(𝑦2|𝑦1
∗ > 0) . Hence, 

𝑓(1, 𝑦2) = 𝑓∗(𝑦2|𝑦1
∗ > 0) × 𝑃𝑟[𝑦1

∗ > 0] . Consequently, 

the density 𝑓(𝑦2|𝑦1 = 0) has a probability 1 on the value 

𝑦2 = 0 and the probability 0 on any other value since 

𝑦2 = 0 when 𝑦1  = 1. Thus, 𝑓(0, 𝑦21) = 𝑓(𝑦2|𝑦1 =
0)𝑓(𝑦1 = 0) = 𝑃𝑟[𝑦1

∗ ≤ 0] . The likelihood function is 

given as, 

𝐿 = ∏ {𝑃𝑟[𝑦1𝑖
∗ ≤ 0]}1−𝑦1 𝑖𝑛

𝑖=1 × 𝑓(𝑦2𝑖|𝑦1𝑖
∗ > 0) ×

𝑃𝑟[𝑦1𝑖
∗ > 0]𝑦1 𝑖               (7) 
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5. Results and Discussion 

5.1. Demographic Summary and Analysis 

The summary of the characteristics of the respondent in 

both Shiga and Kyoto city is shown in Table 3. 

From the descriptive analysis, the characteristics of the 

respondents from Shiga and Kyoto city have a similar 

pattern (Table 3). In both cases there is equal proportion in 

terms of gender. Over 50% percentage of the respondents 

are within the ages of 30 to 59 years. This constitutes the 

actively working class that makes frequent trips since a 

larger percent are full time workers. It is significant to 

notice that while the difference is less in Kyoto, the 

percentage of car owners in Shiga is three times higher than 

the percentage of non-owners. In Kyoto, the percentage of 

car owners is 1.4 times higher than the rate of non-owners. 

The results show that only 34% of Shiga residents and 37% 

of Kyoto city residents accepted to use MaaS respectively. 

We identify people who are willing to implement MaaS by 

closely examining this subset (using analysis from plan 5). 

Table 4 shows the summary of the characteristics of this 

subset. The findings show that both Shiga and Kyoto City 

have essentially the similar characteristics among 

individuals who are willing to embrace MaaS. Workers, 

people in their 30s to 59s, and those making less money are 

more likely to embrace MaaS. Interestingly, of this subset 

that agreed to use MaaS, in Shiga, over 80% of them own 

private cars while in Kyoto city over 60% of them are car 

owners. This implies that automobile owners are open to 

experimenting with MaaS. This raises the question, though, 

of what part the built environment plays in the adoption of 

MaaS. 

Table 3.  Summary of demographic information 

Demographic information Shiga n=560 percent (%) Kyoto n=1012 percent (%) 

Gender     

Female 286 51.1 501 49.5 

Male 274 48.9 511 50.5 

Age (years)     

Young (18~29) 109 19.5 190 18.8 

middle (30~59) 327 58.4 635 62.7 

Elderly (60~above 80) 124 22.1 187 18.5 

Occupation     

Full-time workers 306 54.6 406 40.1 

Part-time workers 59 10.5 117 11.6 

Student 36 6.4 99 9.8 

Unemployed 33 5.9 50 4.9 

Retired 8 1.4 15 1.5 

Housewife 118 21.1 151 14.9 

Annual income (JPY)     

Low income (0~3M) 284 50.7 557 55.0 

Middle income (3M~6M) 135 24.1 268 26.5 

High income (6M ~ above) 116 20.7 183 18.1 

No response 25 4.5 4 0.4 

Household size     

1 person 66 11.8 226 22.3 

2 persons 324 57.9 333 32.9 

3 or more persons 167 29.8 448 44.3 

No response 3 0.5 5 0.5 

Car ownership     

car owners 423 75.5 583 57.6 

non-car owners 137 24.5 429 42.4 
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Table 4.  Demographics of the respondents willing to adopt MaaS (Plan 5) 

Demographics information Shiga n=191 Percent (%) Kyoto n=376 Percent (%) 

Age (years)     

Young generation (18~29) 45 23.6 73 19.4 

middle generation (30~59) 100 52.4 244 64.9 

Elderly generation (60~above 80) 46 24.1 59 15.7 

Occupation     

Worker 128 67.0 281 74.7 

Non-worker 63 33.0 95 25.3 

Annual income (JPY)     

Low 85 44.5 160 42.6 

Middle 38 19.9 103 27.4 

High 59 30.9 66 17.6 

No response 9 4.7 47 12.5 

Car ownership     

Car owners 155 81.2 230 61.2 

Non-car owners 36 18.8 146 38.8 

 

Also, the average of stated amount the respondents are 

willing to pay is generally higher for all the MaaS plans in 

Kyoto city than in Shiga. The willingness to pay amounts 

represents the value the respondents attach to the MaaS 

packages. The highest amount is stated for plan 6 in both 

Shiga and Kyoto cities . The highest amount1 for Kyoto 

city was 5,286 Japanese yen while for Shiga, 4,466 

Japanese yen was stated (Figure 3). This difference 

indicates that residents of Kyoto have a higher value for 

MaaS than Shiga residents. These amounts may not be 

realistic considering the present economic realities 

however it represents the expectation of the people. It is 

observed that less than 50% of those who choose MaaS are 

willing to pay for it and are even more skeptical to return 

                                                             
1 As at the time of reporting, 1 USD = 138 JPY 

their driver’s license (Figure 4). This is logical since some 

people in Japan are just “paper drivers” and prefer to keep 

their licenses. Because a greater percentage of the 

respondents are workers and commute frequently, Figure 5 

supports this. Even though there is little difference in the 

characteristics of those willing to accept MaaS, as expected 

their travel behavior differs between Shiga and Kyoto. 

Figures 6, 7 and 8 show that Shiga residents are heavily 

reliant on private car more than Kyoto city residents and 

this may be a function of the built environment. The travel 

time for each mode is a proxy for the accessibility and built 

environment, and the results show that Kyoto is better in 

this regard. 
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Figure 3.  Willingness-to-pay 

 

Figure 4.  Attitudes toward MaaS adoption 
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Figure 5.  Trip purpose 

 

Figure 6.  Commuting mode share 
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Figure 7.  Shopping mode share 

 

Figure 8.  Commute travel time by mode 

5.2. Model Estimation Results 

We employ Tobit type II model to analyze the factors affecting the choice of MaaS and the willingness to pay as well 

as determine if there are significant differences between Shiga and Kyoto. Table 5 shows the estimation results for both 

Shiga and Kyoto city respectively. 
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Table 5.  Model estimation results 

Probit selection equation: 

 Kyoto Shiga  Kyoto Shiga  Kyoto Shiga  Kyoto Shiga    

Variable  
Estimate Std. Error t. value Pr( >| t | ) K S 

 

(Intercept) -8.741 -1.183 5.962 1.104 -14.66 -10.71 < 2e-16 < 2e-16 *** *** 

Train 1.755 2.574 2.748 6.856 6.385 3.754 1.84e-10 0.0001 *** *** 

Bus 1.582 6.882 2.737 6.556 5.782 1.05 7.77e-09 0.2939 ***  

Taxi @ 5km -5.648 -1.121 2.629 6.566 -2.149 -1.708 0.0317 0.0878 ** . 

Rental car 9.941 1.628 2.656 6.451 0.374 0.252 0.7081 0.8007 *  

Gender -2.004 2.403 1.695 4.885 -1.182 4.919 0.2370 9.12e -7  *** 

Age-middle -4.16 -2.468 2.157 5.291 -1.928 -4.665 0.0538 3.21e -6 . *** 

Age-elderly -1.095 1.047 2.767 6.614 -3.956 1.583 7.71e-05 0.1134 ***  

Commute freq. 7.24 2.863 3.502 5.424 2.067 5.279 0.0387 1.38e -7 * *** 

Shopping freq. 4.332 1.932 2.135 5.244 0.203 3.684 0.8392 0.0002  *** 

Commuter pass 3.719 3.227 4.128 5.75 0.901 5.612 0.3675 2.17e -8  *** 

Cost-public trans. 2.237 8.819 1.857 3.206 12.04 2.75 < 2e-16  0.0059 *** ** 

Outcome equation:         

(Intercept) 10.38 8.213 0.102 0.187 101.3 43.86 <2e-16  < 2e-16 *** *** 

Rental car use -0.099 -0.061 0.116 0.058 -0.86 -1.05 0.3896 0.2939   

Commuter pass -0.043 -0.349 0.048 0.071 -0.898 -4.905 0.3695 9.78e-7  *** 

Commute freq. 0.038 -0.063 0.098 0.066 0.387 -0.965 0.6987 0.3347   

Household size 0.050 0.116 0.022 0.037 2.256 3.127 0.0241 0.0017 * ** 

Income (high) -0.155 0.159 0.063 0.066 -2.436 2.421 0.0149 0.0155 * * 

Error terms:           

Sigma 2.858 0.993 0.052 0.056 54.53 17.76  <2e-16  < 2e-16 *** *** 

Rho  -0.990 -0.564 0.001 0.098 -913.3 -5.741  <2e-16 1.02e-8 *** *** 

Significant codes: ‘***’ 0.001, ‘**’ 0.01, ‘*’ 0.05, ‘.’ 0.1 

Model summary: 

Tobit 2 model (sample selection model - Kyoto) Tobit 2 model (sample selection model - Shiga) 

Maximum Likelihood estimation Maximum Likelihood estimation 

Newton-Raphson maximization, 7 iterations Newton-Raphson maximization, 4 iterations 

Log-Likelihood: -7485.828  Log-Likelihood: -3281.865  

6072 observations (3949 censored and 2123 observed) 3360 observations (2343 censored and 1017 observed) 

21 free parameters (df = 6051) 20 free parameters (df = 3340) 

 

The findings of the model estimation (Table 5), which 

consists of two parts—a discrete selection equation and a 

continuous outcome equation—show that the mode has a 

considerably positive value for Kyoto and Shiga, 

respectively, of (1.755) and (2.574). This shows that people 

find train appealing because it is included in the MaaS 

bundles. Additionally, some citizens travel to the city by 

train from the bed towns. And in Kyoto city the buses have 

a flat rate system which is attractive. The bus mode in 

Kyoto city positively impacts MaaS choice and is 

significant but is not statistically significant in Shiga. In 

Kyoto city bus seems to be attractive because of its 

connectivity, same fare system and well multimodal 

integration. Also, the estimate for gender is significant in 
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Shiga but not significant in Kyoto. Furthermore, the 

dummy variable for elderly generation has a negative sign 

for Kyoto and is statistically significant whereas in Shiga it 

has a positive sign and not significant, this may be 

influenced due to the availability of elderly discount pass 

for the Kyoto city buses. These little differences and 

variations give the need for further investigation. Due to the 

bus services' reduced frequency and lack of a flat fare 

structure like in Kyoto City, they are seen as more 

unattractive in Shiga and are therefore seen as inconvenient. 

For Kyoto and Shiga, respectively, the estimate for the taxi 

mode parameter has negative signs (-5.648 and (-1.121), 

and for Kyoto it is statistically significant. This suggests 

that the taxi option is less appealing since it is viewed as 

having a high cost, and that the bicycle is commonly 

thought of as the most cost-effective form of transportation 

for journeys under five kilometers. It stands to reason that 

taxi fares are high; clearly, cost influences the form of 

transportation one chooses. The estimates for commuting 

and shopping frequencies are in accordance with the 

hypothesis that the frequency of trips positively increases 

the likelihood of choosing MaaS, and they are both 

statistically significant. On the other hand, the model does 

not significantly predict the rental car mode or the age of 

the old. 

The determinants for the willingness to pay for MaaS are 

shown in the second portion of the model (outcome 

equation). According to the findings, people with higher 

incomes (0.159) are more likely to pay for MaaS in Shiga, 

however this is not the case for Kyoto City. Also, in Kyoto 

city commuting frequency positively impacts the 

willingness to pay for MaaS but in Shiga it negatively 

affects the willingness to pay. Generally, the average 

willingness to pay values are higher in Kyoto than in Shiga. 

These outcomes suggest that the built environment is key 

component of their choice decision. However, the exact 

component of the built environment that directly impacts 

MaaS adoption and willingness to pay is still unclear and 

subject to further investigation. 

5.3. Discussion 

This study is an effort to check the feasibility of 

implementing MaaS in suburbs/rural areas. In line with 

SDG 11, I intend to extend the concept of MaaS that has 

been tried majorly in cities to suburbs/rural areas. Most 

suburbs/rural areas are adjoined by a city and there is 

always a dynamic travel behavior pattern that is different 

and or similar between the settlements. In this study, we 

can see quite some differences in the adoption of MaaS 

(demand) in Shiga and Kyoto. In the SP survey 34% in 

Shiga (suburb/rural) accepted while 37% in Kyoto city 

(urban) accepted. This shows than there may be a market 

for MaaS even in the suburbs/rural regions. This same 

tendency is seen for all the suggested MaaS plans, despite 

the narrow margin. Additionally, in Kyoto as opposed to 

Shiga, the respondents' willingness to pay for each plan is 

often higher. This shows that MaaS adoption is more likely 

among Kyoto inhabitants. The perception and ease of use 

of public transport system in Kyoto may be a major 

motivation that influences this behavior. The cost of 

owning a private vehicle in Kyoto, combined with the 

increased cost of parking, may serve as a further incentive 

to use shared and public transportation. Therefore, a 

significant factor influencing MaaS adoption is the 

transportation network as a part of the built environment. 

Most respondents who agreed to utilize MaaS refused to 

entirely give up or return their driver's license and adopted 

MaaS to suit their travel demands, as shown in Figure 4. 

This reveals the level or strength of their intentions. 

Strategic measures and policies should be adopted to 

encourage a shift away from private car to sustainable 

travel modes. 

Tobit type II model results show that, the components of 

the proposed MaaS plan play a role in the choice process. 

The train mode is attractive for both Shiga and Kyoto. As 

Shiga towns are bed towns to Kyoto and Osaka, most 

workers commute this distance by train into the city than 

within Shiga environs. Because bus is not used to commute 

into the cities, and with low frequency and low accessibility 

of bus stops within Shiga, it is perceived to be less 

attractive in Shiga. In addition, some of the special features 

in Kyoto city bus like flat rate systems and free passes for 

senior citizens are missing in the case of Shiga. The 

attributes of these modes included in the proposed MaaS 

package play a great role in influencing users’ choice 

decision. It is against this background that the perception 

of any mobility scheme introduced will be formed. 

Considering that this survey presented hypothetical 

MaaS scenarios, there is a significant demand for MaaS in 

suburbs/rural regions. There is conditional feasibility for 

MaaS in Shiga as well as Kyoto. Given that, conditions like 

the inclusion of public transport in the MaaS package, a 

competitive price of the MaaS plans and incentives for 

senior citizens to give up car are met, MaaS is feasible and 

sustainable even in a rural context. It is hoped that the 

implementation of MaaS in these areas will help in 

addressing of the social problems associated with suburbs 

and rural areas. This will also improve the quality of life 

and promote sustainable travel behavior and social 

inclusion. 

5.4. Limitations of the Study 

The sample population in this study might not have been 

an accurate representation of Shiga and Kyoto city people. 

As a result, the outcomes might have been skewed. Similar 

to this, conveying the idea of MaaS to the citizens through 

an online survey could not have given them enough 

information to allow them to make informed decisions, 

since some unreasonable responses were observed. Given 

that the MaaS packages were purely hypothetical, this 

might have had an impact on the result. Additionally, it is 

possible to overstate or understate the intention to use as 
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indicated in experimental conditions. It should be 

remembered that these constraints raise the possibility of 

some bias in the results. 

6. Conclusions 

It is evident that there is a growing awareness for the 

need for sustainable means of travel. As the dynamics of 

our living environment and work lifestyle is constantly 

changing people are becoming more willing to evolve with 

the current trends. Even though people who have never 

used similar services and have strong attachments to the use 

of private cars, are curious enough to try MaaS. This is 

evident because car owner agreed to use MaaS and for 

some give up the use of their private car for MaaS. Also, 

frequent trip makers in rural areas are more likely to adopt 

MaaS because of the perceived benefits therein. A 

significant percentage of the respondents in Shiga and 

Kyoto are willing to try out MaaS if the prices are 

competitive. This shows that MaaS is feasible even in the 

suburbs or rural areas. As expected, we noticed the 

consumer’s sensitivity to the price, and this spurs the need 

for further investigation. It is interesting to note that a 

significant amount of the residents believes that these 

schemes when introduced, it will have a positive impact on 

the use of public transport. The role of public transport in 

the implementation of MaaS cannot be overemphasized. 

These findings prove that the inclusion of train and bus is a 

strong determinant for MaaS adoption in Shiga and Kyoto 

respectively. 

In conclusion, there is a subtle distinction between MaaS 

adoption in Shiga and Kyoto. Also, MaaS adoption in the 

suburbs is relatively low. Therefore, the implementation of 

MaaS should consider specific travel needs of the residents 

in both areas because their current travel behavior differs. 
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