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Abstract: Mobility as a service (MaaS) integrates various transportation modalities and connects these
modalities to enable users to travel from departure points to destination points. The objectives of this
study were to analyze the factors influencing the intention to use MaaS and determine a direction
for the implementation of this service. Hence, this study utilized an ordered probit model and
marginal effect analysis. Specifically, a survey was conducted based on citizens living in Gyeonggi-do,
South Korea, to prepare logical MaaS operation measures customized in this province. Subsequently,
variables related to MaaS were classified, and statistical analysis was performed based on these
variables. The need for integrated transportation service, intention to use shared mobility, gender,
household income, and region are found to have significant effects. Moreover, demographic groups
with high levels of intention to use MaaS were identified. Finally, the intention to use MaaS was found
to be mainly affected by whether public transportation was the primary means of transportation or
whether the subjects spent a comparatively long time commuting. It is expected that these findings
will serve as the basis for MaaS implementation in the future and will also be used as fundamental
data for transportation service planning.

Keywords: MaaS; intention to use; influencing factor; ordered probit model; 5-point Likert scale

1. Introduction

Vehicle ownership has recently increased associated negative impacts, causing con-
siderable energy consumption, insufficient parking space, and a rise in the cost of vehicle
ownership [1]. To solve these problems, countries have developed alternative measures
for increasing the convenience of transport service users and providing them with shorter
travel times [2]. Accordingly, the concept of mobility as a service (MaaS), which provides
an integrated platform for various means of transportation, has recently received great
attention as a main method of solving existing traffic issues [3]. This service provides an
integrated platform for various means of transportation, including cars, buses, subways,
and bicycles, and suggests an appropriate customized solution for individual users by
connecting the means of transportation these users need to travel from their departure
points to destination points [4]. As it covers not only common means of transportation (e.g.,
general vehicles and vehicles for public transportation), but also next-generation mobility
(e.g., self-driving cars, shared transportation vehicles, and personal mobility devices), this
approach can satisfy the needs of different users [5]. MaaS was provided as a commercial
service in Helsinki, Finland, in 2016 for the first time in the world. Sweden has also con-
ducted a pilot project for implementing Maa$S [6]. Moreover, Germany, and the United
Kingdom have developed mobile package services connected with public transportation,
such as trains, buses, shared transport vehicles, and taxies. In South Korea, several cities
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and provinces, such as Seoul [5], Busan [7], and Gyeonggi-do [2], have adopted plans
for implementing customized Maa$S since Go PyeongChang Service, the first MaaS im-
plemented in South Korea, was provided in Pyeongchang, South Korea, during the 2018
Pyeongchang Winter Olympics [4]. Moreover, multiple studies have verified the validity of
MaaS from the perspectives of demand and supply, predicting an increase in the scale of
the Maa$S market due to commercialization [8].

The use of MaaS has rapidly increased worldwide since its introduction. However,
this service is provided at an initial stage and applied as a limited service for pilot projects
in certain regions instead of universal service. In addition, the number of regions selected
for MaaS implementation is low compared to the supply level of this early-stage service [9].
Public transportation infrastructure tends to be proportional to the population in a target
region [10]. The level of public transportation infrastructure in cities of other countries
where pilot projects on Maa$S are being executed is comparatively low due to limitations
related to the population in these cities [6]. There is a possibility that countries with low-
level infrastructure are likely to be relatively vague in the direction desired by potential
users in the planning stages. Therefore, a desirable direction may not be derived because
the intention of potential users may not be sufficiently reflected. However, South Korea has
developed public transportation infrastructure to a substantial level. Hence, the country
was deemed an appropriate region for analyzing complex factors affecting the intentions of
users to utilize MaaS to effectively provide MaaS. In particular, Gyeonggi-do has numerous
satellite cities connected with Seoul, the Korean capital, in which more than 13 million
people reside. As this province also shows a high level of population mobility to the capital
and nearby cities, it has symbolic significance as a heavy commuting area [11]. Accordingly,
South Korea has research significance as various factors affecting MaaS implementation
can be analyzed because Korea has an established transportation infrastructure.

Full-scale MaaS implementation requires the consideration of different factors, such
as user characteristics (e.g., gender, age, and household income), accessibility to existing
public transportation services, and level of knowledge of MaaS. Thus, we analyzed factors
affecting the intention of users to utilize Maa$S based on a statistical model and determined
an ideal direction for supplying this service. To this end, we conducted an online survey
based on the citizens living in Gyeonggi-do, South Korea. Subsequently, the survey data
were analyzed by using an ordered probit model, which is effective for assessing data,
including ordinal dependent variables, to identify factors affecting the intentions of users
to utilize MaaS. The survey data obtained based on citizens living in Gyeonggi-do can be
employed to provide region-specific service. Based on the analysis results, we reviewed
the factors that must be considered to implement future MaaS and identified a direction for
supplying this service in the future.

The objectives and intended contributions of this study can be summarized in three points:

1.  We analyze potential users’ intentions using survey data collected from Gyeonggi
Province, South Korea, where a substantial level of public transportation infrastructure
has been established.

2. We quantitatively identify factors influencing intention to use Maa$S based on their
statistical significance.

3. We suggest the future direction of Maa$S offering in consideration of the intentions of
potential users.

The structure of the remainder of this manuscript is as follows: Section 2 reviews
existing MaaS operation cases and relevant literature to identify the distinct significance of
this study. Section 3 explains the characteristics of the target research region and the survey
data and presents a fundamental sample analysis. Section 4 describes an intention analysis
method by using research methodologies, such as an ordered probit model and a 5-point
Likert scale. Section 5 presents the research results for factors affecting the use of MaaS.
Finally, Section 6 summarizes the conclusions of this study and its implications according
to directions for supplying Maa$ in the future.



Sustainability 2022, 14, 218

3of 14

2. Related Works
2.1. MaaS Operation Case

In 2014, the concept of MaaS was first introduced as a mobility distribution model that
is provided by a service supplier to satisfy the primary needs of customers for transportation
using a single interface. Since the MaaS model was designed based on this concept,
numerous countries worldwide have operated pilot MaaS driving services [12]. Research
on MaaS has been actively conducted in Europe. Helsinki, Finland, first adopted MaaS
in 2016 and utilized a system called Whim used for integrated reservation and payment.
This system emphasized connections with trams, which constituted an environmentally
friendly means of transportation [13,14], whereas shared transportation based on bicycles
and cars were not included in the initial stage of the system implementation [13]. A system
called UbiGo, which covers more varied means of transportation than Whim, is used
in Gothenburg, Sweden. When users make payments for this system on a monthly or
yearly basis, they can utilize various means of transportation provided by this system [15].
Qixxit, a system implemented in Germany, suggests different paths and enables users to
select their preferred paths. Moovel, a system used in Germany, as well as in Boston and
Portland in the United States, conveniently helps users in comprehensive transportation
search, reservation, and payment [16]. Most cases of MaaS operation have occurred
in Europe [14,16], although pilot MaaS programs have also been implemented in certain
regions of the U.S., Singapore, and Canada. In South Korea, research on Maa$ establishment
has been conducted in a few regions, including Gyeonggi-do, since this service was applied
in Pyeongchang in 2018 [2]. Gyeonggi-do has established main strategies on smart mobility
service based on widespread public transportation infrastructure. This province is also
planning to apply MaaS and demand-response service throughout its entire area [6]. Prior
to full-scale MaaS implementation, the intentions of users to employ this service should
be analyzed to develop a market environment that attracts potential customers. The
result of examining existing cases of MaaS operation indicates that this service should be
customized according to regions in which it will be implemented to achieve successful
implementation and sustainable operation. Furthermore, various factors affecting the use
of Maa$ should be identified to prepare appropriate services associated with the existing
means of transportation.

2.2. MaaS Research

MaaS has been gradually commercialized since it was first introduced. Accordingly,
numerous studies have been conducted with the objective of implementing this service
successfully. Recent studies on MaaS have focused on theoretical research on this ser-
vice [14,17-19]. In terms of next-generation mobility, researchers have intensively examined
pricing [20,21], cost reduction [22], competition between means of transportation [23], bar-
riers in adopting MaaS [24,25], and an analysis of factors affecting the use of Maa$S [26]. Ho
et al. [26] first analyzed the potential intentions of users to employ mobility. They estimated
a model by analyzing the needs of customers considering socio-economic conditions and
traffic demands, although it was limited in focusing on a certain shared transportation
mode. As explained above, the factors affecting the use of Maa$S have rarely been studied.
However, as the availability of MaaS has increased recently, researchers [27-29] have inves-
tigated the importance of analyzing MaaS from the perspective and psychological factors
of users and have developed discussions on potential Maa$S users. As such, the range of
research on MaaS has expanded constantly. Previous scholars derived significant analysis
results for a theoretical Maa$S approach, mobility in terms of cost, and a relationship among
modes of transportation. Although a few scholars have examined the intentions of users
to employ MaaS, the needs of customers directly using this service were not sufficiently
investigated. As MaaS has been implemented for only a short time in the world, the num-
bers of people who have directly experienced this service and pilot service regions are low.
Hence, it is required to conduct research on MaaS by considering users whose number is
expected to increase in the future. Accordingly, factors affecting the intentions of potential
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MaaS users to employ this service should be analyzed to reduce the existing research
gap and to derive a direction for practical implementation of the MaaS system. Thus, we
analyzed latent factors affecting the intentions of Maa$S users to employ this service by
utilizing survey data obtained based on general citizens who may directly use it in the
future, and we presented a direction for its implementation in the future. We identified
factors that should be considered to satisfy the needs of users based on the analysis results.
The findings of this study will be utilized as fundamental data for transportation service
planning in the future.

3. Data Description
3.1. Study Site

Gyeonggi-do is a province located in the northwest region of South Korea. It consists
of 31 local governments and has a total area of 10,171 km?, accounting for approximately
10% of the entire area of South Korea. Its land area is the fifth largest area in South Korea.
Its total population was more than 13.40 million people as at 2020, accounting for more
than 25% of the entire population in South Korea. The population in Gyeonggi-do was
8.98 million in 2000 and rapidly increased to 11.38 million in 2010 and 13.40 million in
2020. As of October, 2021, the population in Gyeonggi-do was the highest compared to
those of other cities and provinces in South Korea. Gyeonggi-do has widely developed
transportation infrastructure to cover its large population and has recognized a need to
implement means of transportation in relatively neglected regions to achieve balanced
regional development. This province geographically surrounds Seoul, the capital of South
Korea, serving as a satellite city (i.e., a heavy commuting city that can perform the functions
of a major city due to its proximity to this city). Many people prefer living in Gyeonggi-do
because it has the highest accessibility to Seoul; provides convenient conditions in terms
of housing, industries, and transportation; and the land price in Seoul is high. Figure 1
provides a map of Gyeonggi-do and shows its location in South Korea.

\hq

Figure 1. Location and map of Gyeonggi Province.
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3.2. Survey Overview and Questionnaire Design

We conducted an online survey using structured questionnaires to investigate the
perceptions of citizens toward Maa$S introduction and operation. Adults (aged 19 to
64 years) who lived in Gyeonggi-do were selected as the survey targets. The samples were
randomly selected as the survey targets. The survey was conducted from 12 February 2020
to 26 February 2020. This province is characterized by dense traffic zones with satellite
cities connected to Seoul, the capital of South Korea [11]. It also has more than 10 million
people, so many people commute to Seoul from nearby cities. One thousand samples were
collected in the survey, and the responses were reviewed to exclude samples that included
missing values or insufficient response consistency. As a result, 781 samples were utilized
for the final analysis [30,31]. We provided a concept of the MaaS before participating in the
survey. The survey questionnaire consisted of three parts. The first part included questions
related to the demographic characteristics of respondents, such as gender, age, household
income, and living area. The second part included questions about the intentions of the
subjects to use MaaS. Since intentions cannot be clearly observed or measured, a Likert
scale was utilized [32]. The third part included questions related to various factors affecting
MaaS. Table 1 summarizes the questions included in the questionnaire and their scales.

Table 1. Summary of questionnaire.

Classification Questionnaire Examples Scale
Part 1. Gender, age, household income, living . .
. . Nominal scale, ratio scale, etc.
Demographic characteristics area, etc.
Part 2. Intention to use Maa$, intention to use
Variables related to the intention of users connected means of transportation, 5-point Likert scale

to use Maa$S

Part 3.

Variables related to influential factors and the amount of time required for

intention to use shared mobility, etc.
Main means of transportation, the
amount of time required for commutin . .
d & Nominal scale, ratio scale, etc.

waiting in stations or at stops

MaaS is an abbreviation for mobility as a service.

3.3. Sample Characteristics

We conducted a sample characteristics analysis to confirm the intention of potential
MaaS users and to determine whether the composition of respondents reflects the socio-
demographic characteristics of South Korea. The sample characteristics provide an intuitive
response distribution. Intention to use MaaS, utilized as a dependent variable in this study;,
was measured based on a 5-point Likert scale (ranging from 1 (not at all) to 5 (very likely)).
The survey results showed that 48.9% of the subjects were willing to use MaaS. The average
score for the intention to use MaaS based on the 5-point Likert scale was calculated to be
3.42. This result indicates that the intention of subjects to use MaaS was at the normal
to high level. The explanatory variables related to the intention to use MaaS reflected
11 properties, including (1) variables related to user perceptions of Maa$S (e.g., the state of
awareness of MaaS, need for Maa$, intention to use connected means of transportation, and
intention to use shared mobility); (2) demographic characteristic variables (e.g., gender, age,
household income, and living area); and (3) variables related to means of transportation
and travel characteristics (e.g., the main means of transportation, amount of time required
for commuting, and amount of time required for waiting in stations or at stops). Intuitive
descriptions of the variables related to means of transportation and travel characteristics are
as follows: The main means of transportation is the means of transportation that is mainly
used for commuting. The amount of time required for commuting refers to how much time
is spent commuting to and from the workplace. The amount of time required for waiting
in stations or at stops is the amount of time spent for a person to reach the closest stop
from his or her place of residence on foot. Table 2 lists the characteristics of the samples
obtained based on the survey. The results of analyzing the respondent characteristics
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show that the respondents sufficiently reflected the travel characteristics of commuters
in South Korea [11]. Male and female respondents accounted for 58.0% and 42.0% of the
781 participants in the survey, respectively. In other words, the ratio of male respondents
was higher than that of female respondents. The average age of the respondents was about
39 years, and people in their 40s accounted for the highest proportion of the respondents
(23.6%). Further, 43.8% of the respondents indicated that they used cars as their main means
of transportation. In addition, 35.9% of the respondents spent less than 30 min commuting,
29.6% spent longer than 60 min commuting, and 34.6% spent 30-60 min commuting. Thus,
the rate of respondents who spent less than 30 min commuting was higher than those of
respondents who spent longer than 60 min or 30-60 min commuting.

Table 2. Variables included in the models.

Variable Description Number Percent (%)
Very low 8 1.0
Low 84 10.8
Intention to use Maa$S Neutral 307 39.3
High 338 43.3
Low 44 5.6
-, Informed 153 19.6
Recognition of Maa$ Not informed * 628 80.4
Applicable 546 69.9
Need for Maa5 Not applicable * 235 30.1
Intention to use connected means of Applicable 463 59.3
transportation Not applicable * 318 40.7
. - Applicable 414 53.0
Intention to use shared mobility Not applicable * 367 470
Gend Male 453 58.0
ender Female * 328 42.0
Cars 342 43.8

Main means of transportation

Public transportation, etc.

(other methods) * 439 562

30 min or less 280 35.9

Amount of time required for commuting 30-60 min 270 34.6
Above 60 min * 231 29.6

. . . . Above 10 min 317 40.6
Amount of time reglrlgtegt iorS waiting in stations 510 min 251 01
P Below 5 min * 213 27.3

3 million won or less 187 23.9

Household income 3-5 million won 252 32.3

Above 5 million won * 342 43.8

In his or her 30s or younger 352 45.1

Age In his or her 40s 184 23.6

In his or her 50s or older * 245 314

Region 300,000 people or more 504 645

& Below 300,000 people * 277 35.5

Reference case is in italics *.

Regarding perception toward MaaS, only 19.6% of the respondents mentioned that
they had heard of Maa$ in the past. The respondents were informed about the characteris-
tics of Maa$S and were asked to answer questions regarding the necessity of this service
in the survey process. Approximately 69.9% of the respondents recognized the necessity
of MaaS. The reasons identified for the necessity of MaaS were as follows: 36.9% of the
respondents demanded this service to reduce costs, 25.1% to save travel time, and 23.4% to
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improve transportation safety. Among the subjects who indicated that they did not find
MaaS necessary, 33.3% of them responded that they did not need it because they were satis-
fied with the current service, 27.3% of them reported that they constantly used their own
cars at the point at which the survey was conducted, and 15.0% of them indicated that they
were concerned about disclosure of their personal information. In addition, data related
to the intention to use connected means of transportation with Maa$S and shared mobility
were obtained. It was found that 59.3% of respondents were willing to use connected means
of transportation, and that 53.0% of respondents were willing to use shared mobility.

4. Methodology
4.1. Ordered Probit Model

In this study, we classified the level of intention to use Maa$S by utilizing a 5-point
Likert scale that included five standards (i.e., very low, low, neutral, high, and very high)
and analyzed influential factors for the intention to use. When dependent variables follow
an ordinal type representing ranks, an ordered probit or logit model can be employed
to analyze the proposed model. The state of application of the ordered probit or logit
model is determined according to an assumption of the probability distribution of an error
term (g;). The ordered probit model assumes that an error term has a normal distribution,
whereas the logit model assumes that an error term has a logistic distribution [33]. It
was previously reported that the analysis results derived from both models did not differ
significantly despite the different assumptions of these models regarding the error term
distribution [34,35]. Thus, we conducted empirical analysis based on an ordered probit
model, which was used to identify influential factors related to the intentions of consumers
to use services or products and their satisfaction with the services or products. Equation (1)
shows the ordered probit model:

]/i* = Xl"B +e,8 ~ N[O, 1] €))

Here, y;* is a latent dependent variable that cannot be directly observed. X; is a matrix
of vectors of independent variables related to the i respondent. y;* provides a standard
for selecting y;, a categorized variable that can be observed. Equations (2)—(6) shows the
relationship between y;* and ;.

yi=1if —oo <y;* <uy, Never ()
yi=2if up <y;* <up, Rarely 3)
yi =3if up <y;* < uz, Sometimes 4)
vi=4if uz <y;* <uy, Often (5)
yi =5if uy <y;* <us, Always (6)

Here, uy, up, u3, and u4 are unknown parameters indicating thresholds. These pa-
rameters are estimated based on an estimated coefficient (3) of each explanatory variable.
u1 and (3 can be used to calculate the choice probability related to the intention to use MaaS.
Equations (7)-(11) shows the choice probabilities according to alternatives ranging from 1
(not intending to use MaaS at all) to 5 (strongly intending to use MaaS) in order. Here, ® is
a function with a cumulative standard normal distribution:

Prob(y; = 1|X;) = ®(—p'X;) )

Prob(y; =2|X;) = ®(u1 — B'X;) — @(—p'X;) (8)
Pl’Ob(yi = 3|XZ) = d>(u2 — ,B/Xi) — (I>(u1 — ‘B,Xi) (9)
Prob(y; = 4|X;) = @ (us — B'X;) — ®(up — p'X;) (10)

Prob(y; = 5|X;) =1 - @ (uz — p'X;) (11)
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A likelihood ratio can be used to calculate the goodness of fit of the ordered probit
model. Equation (12) shows this calculation process:

InL
0

Here, the likelihood ratio (0?) is expressed as the log likelihood value (In L) derived
when the entire explanatory variables are included or the log likelihood value (In Ly)
derived when any information is included. The likelihood ratio, which is also mentioned
as a coefficient of determination, has a value ranging between 0 and 1. The closer the value
is to 1, the higher the goodness of fit of the model.

4.2. Marginal Effect Estimation

The marginal effect was analyzed to examine the changes in the dependent variables
affected by each explanatory variable. It is important to interpret parameters directly based
on an estimation model. The positive (+) or negative (—) coefficient values derived in
Section 4.1 can provide only simple information regarding increases or decreases in the
intention to use Maa$S caused by the explanatory variables. To solve this problem, Kolasinski
and Siegel [36] suggested a method of calculating the marginal effects of the dependent
variables according to level probabilities of each independent variable. The marginal
effect analysis was conducted to identify changes in the dependent variables according to
changes in the properties of the independent variables. The expected value is represented
as exp(pX;). Here, X; is the expected value for a dependent variable. exp(f36) is calculated
based on a change from X; to 6 and is used to estimate the occurrence probability (%).
The estimated occurrence probability (%) is expressed as Probability = 100(exp(p5) —1).
STATA, a statistical program, was utilized for model analysis.

5. Results

In this study, we analyzed the factors influencing the intention to use Maa$S by em-
ploying survey data. Based on this, we classified variables related to the intentions of
users to utilize MaaS based on a 5-point Likert scale and established a model based on
the variables classified and an ordered probit method. The result of analyzing the factors
influencing the intention to use MaaS showed that 7 variables among 11 independent
variables had statistically significant effects (p-value < 0.1) on the intention to use Maa$;
need for integrated transportation service (p = 0.000), intention to use shared mobility
(p = 0.000), gender (p = 0.065), main means of transportation (p = 0.035), amount of time
required for commuting (p = 0.048; p = 0.058), household income (p = 0.059; p = 0.044),
and region of residence (p = 0.087). On the other hand, four variables, including awareness
of Maa$S (p = 0.742), intention to use connected means of transportation (p = 0.208),
amount of time required for waiting in stations or at stops (p = 0.751; p = 0.460), and age
(p = 0.383; p = 0.804), did not have statistically significant effects (p-value > 0.1) on the
intention to use MaaS, especially as the response to the need for MaaS tended to think about
the future of MaaS positively, as inferred from the highest coefficient values. Table 3 shows
the values of the variables influencing the intention to use Maa$S estimated by the ordered
probit model. Moreover, we analyzed the marginal effects of the independent variables
to examine the effects of the coefficient values on each variable based on an estimation
model quantitatively.
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Table 3. Results of ordered probit models for intention to use MaaS.

Variable Coefficient Standard Error p-Value
i Informed 0.037 0.112 0.742
Recognition of Maa$S Not informed * 0a
Applicable 2.031 0.136 0.000
Need for Maa$ Not applicable * Oa . .
. . Applicable 0.125 0.099 0.208
Intention to use connected means of transportation Not applicable * 0a i )
. - Applicable 0.601 0.099 0.000
Intention to use shared mobility Not applicable * 0a . .
Gend Male 0.163 0.088 0.065
ender Female * Oa
Main means of transportation Car —0.202 0.09 0.035
Public transportation, etc. * Oa
30 min or less —0.224 0.113 0.048
Amount of time required for commuting 30-60 min —0.202 0.107 0.058
Above 60 min * Oa . .
Above 10 min 0.033 0.105 0.751
Amount of time required for waiting in stations or at stops 5-10 min 0.081 0.110 0.460
Below 5 min * 0Oa . .
3 million won or less 0.217 0.115 0.059
Household income 3-5 million won 0.221 0.110 0.044
Above 5 million won * Oa
In his or her 30s or younger 0.089 0.102 0.383
Age In his or her 40s —0.028 0.115 0.804
In his or her 50s or older * Oa
Region 300,000 people or more —0.151 0.088 0.087
& Below 300,000 people * 0Oa . .
Number of observations: 781
Intention to use Coefficient SE p-value
1 —-1.721 0.231 0.000
Threshold 2 —0.131 0.187 0.081
3 2.007 0.212 0.000
4 4.022 0.233 0.000

0a means 0.000; the current parameter is set to zero due to overlap. * significance level = 10%.

Table 4 shows the results of analyzing the marginal effects of each independent
variable, which was done to examine the effects of the practical explanatory variables on
the change in the probability of a person using MaaS. That is, it indicates a comparative
scale for different levels based on a reference case. For example, we analyzed the intentions
of citizens to use Maa$S according to gender by utilizing the results estimated by the probit
model, which are presented in Table 3. The analysis results reveal that men have a higher
level of intention to use Maa$S than women. We also examined the intentions of citizens to
use Maa$ according to gender by utilizing the analysis results for the marginal effect in
Table 4. The analysis results demonstrate that the probability of men selecting a high level
of intention to use Maa$ is higher by 2.7% than that of women, and that the probability
of men for selecting a significantly high level of intention to use MaaS is higher by 1.6%
than that of women. On the other hand, the probabilities of men for selecting normal, low,
and significant low levels of intention to use MaaS are lower by 2.3%, 1.6%, and 0.4% than
those of women, respectively.
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Table 4. Marginal effects of estimated model.

Variable Reference Variable Very Low Low Neutral High I"Ilfgl
Recognition of MaaS Informed Not informed —0.001 —0.004 —0.005 0.006 0.004
Need for MaaS Applicable Not applicable —0.025 —0.278 —0.281 0.515 0.069
Connected means of transportation Applicable Not applicable —0.003 —0.012 —0.018 0.021 0.012
Intention to use shared mobility Applicable Not applicable —0.010 —0.061 —0.096 0.117 0.050
Gender Male Female —0.004 —0.016 —0.023 0.027 0.016
Main means of transportation Car Public transportation, etc. 0.005 0.020 0.028 —0.033 0.019
Amount of time rgquired 30 min or 1§ss Above 60 min 0.004 0.022 0.031 —0.035 —0.023
for commuting 30 to 60 min 0.004 0.020 0.028 —0.031 —0.021
Amount of time required for Above 60 m%n Below 5 min —0.001 —0.003 —0.005 0.005 0.003
waiting in stations or at stops Above 10 min —0.002 —0.008 —0.011 0.013 0.008
Household income 3.m_illion won or less Above 5 million won —0.055 —0.022 —0.030 0.038 0.019
3 million to 5 million won —0.005 —0.022 —0.031 0.038 0.020
i
Region population 300,000 people or more Below 300,000 people 0.003 0.015 0.021 —0.023 —0.015

We classified independent variables according to three items as follows: (1) four vari-
ables related to recognition characteristics (i.e., awareness of MaaS, need for MaaS, intention
to use connected means of transportation, and intention to use shared means of transporta-
tion), (2) four variables related to demographic characteristics (gender, household incomes,
age, and regions of residence), and (3) three variables related to means of transportation
and travel characteristics (main means of transportation, amount of time required for
commuting, and amount of time required for waiting in stations or at stops). Subsequently,
we analyzed the values derived based on these variables.

The results of inspecting the variables related to MaaS recognition verified that those
who found Maa$S necessary showed statistically higher levels of intention to use MaaS
than those who found Maa$S unnecessary. This result implies that measures for informing
potential MaaS users about the advantages of this service, such as cost reduction and time
savings, should be promoted to increase awareness of the need for MaaS. Moreover, the
individuals who intended to use shared mobility showed higher levels of intention to use
MaaS than those who did not. This finding was obtained due to the fact that MaaS provides
options to utilize all transportation modes to reach destination points from departure
points. This characteristic led to a comparatively high probability of shared mobility modes
being provided to enable people to reach traffic nodes or the last mile before reaching their
destination points. On the contrary, recognition of Maa$S and the intention to use connected
means of transportation did not have statistically significant effects on the intention to
use MaaS.

The results of examining the significant effects of the demographic characteristics on
the intention to use MaaS are as follows. Firstly, men showed a higher level of intention to
use integrated transport service than women. Moreover, the group with a high household
income level (over 5 million won) was compared with the groups with lower household
income levels (less than 3 million won and 3-5 million won) to analyze the intention to use
integrated transportation service. This is consistent with the findings of previous studies
that the group with low household income was more likely to use MaaS than the group with
relatively high household income [24,37]. The comparison results indicated that the groups
with low household income levels showed higher levels of intention to use integrated
transportation services than the group with a high household income level. This result was
obtained because the groups with a low household income level could be more sensitive
to the economic cost discounts actualized from the use of MaaS. In contrast, there was a
statistically insignificant difference in the intention to use integrated transportation service
according to age. Regarding the variables related to means of transportation and travel
characteristics, those who used their own cars as their main means of transportation showed
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a lower level of intention to use MaaS than those who used other means of transportation,
such as buses and subways.

The people using public transportation are more likely to use MaaS services, which is
consistent with the finding that the inconvenience of public transport can cause a change in
transportation mode [37-39]. This result was obtained because those who drove their own
cars did not frequently use other means of transportation such as public transportation
or shared mobility. Consequently, those who drove their own cars showed a low level of
intention to use Maa$ [24,37]. In addition, the people who had relatively short commute
times to and from their workplaces (shorter than 30 min and 30-60 min) exhibited a lower
level of intention to use MaaS than those who had longer commute times. Compared
with the findings of Efthymiou et al. [40], this result was affected by the phenomenon
that respondents who spend longer commuting can obtain greater time-related benefits
by utilizing MaaS than those who do not. On the other hand, the travel time from the
departure point to a stop or a station for public transportation did not exert statistically
significant effects on the intention to use MaaS.

The implications of the aforementioned results can be summarized as follows: Firstly,
the group of people who felt the need for Maa$S had the most positive influence on the use
intention. Thus, it is necessary to understand the group in detail prior to the introduction
of MaaS. Secondly, decision-makers can focus on groups of respondents who are more
willing to use Maa$S by considering groups of people with demographic characteristics that
significantly affect the intentions of those respondents to use MaaS. Decision-makers can
also increase the use rate of this service by providing it in regions that have high numbers of
potential users by priority or by preparing active promotion measures based on groups that
show a low level of intention to use it. Third, people are more likely to become potential
MaaS users if they find it difficult to use cars or the existing public transportation due
to lengthy commute times. It is considered that these people could get more benefit by
alleviating the accessibility-related inconveniences. Thus, it is recommended to prioritize
MaaS implementation in regions with high use rates of the existing public transportation
or with insufficient public transportation service supplied.

6. Conclusions
6.1. Summary and Implications

It is essential to analyze the intentions of potential users to utilize MaaS to introduce
and operate this service successfully. In this study, we conducted an online survey related
to Maa$S and analyzed the factors affecting the intentions of users to use this service based
on the responses of potential users. Based on this, we classified the level of intention to use
MaaS according to a 5-point Likert scale and established a model by applying an ordered
probit model and performing marginal effect analysis. The study results can be summarized
as follows: In terms of factors reflecting recognition characteristics, the need for MaaS and
intention to use shared mobility had significant effects. On the other hand, the recognition
of Maa$S and intention to use connected means of transportation did not have significant
effects. In terms of factors reflecting demographic characteristics, gender, household
income, and region had significant effects. However, age did not have a significant effect.
Regarding factors related to means of transportation and travel characteristics, the main
means of transportation and amount of time required for commuting, but not the amount
of time required for a person to reach the closest stop from his or her residence on foot,
had significant effects. Regarding recognition characteristics, the respondents who found
MaaS necessary showed statistically higher levels of intention to use this service than
those who found it unnecessary. Moreover, those who intended to use shared mobility
showed higher levels of intention to use Maa$S than those who did not intend to use shared
mobility. These results were obtained because the existing perceptions of potential users
can affect their intentions to use MaaS. In other words, it was determined that those who
recognize the necessity of Maa$S or have positive perceptions of shared mobility are more
likely to use this service. It can also be found in the marginal effect analysis, which shows
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the comparative scale for different levels based on reference cases. In the results of the
marginal effect analysis, the probability that respondents who were aware of the need
for the Maa$S would select a high level of intention to use MaaS is higher by 51.5% and
that the probability of selecting significantly high level of intention to use MaaS is higher
by 6.9% than not applicable respondents. In addition, the probability that respondents
who had a positive perception of shared mobility would select high level and significantly
high level of intention to use Maa$S are higher by 11.7% and 5.0% than not applicable
respondents, respectively. A positive perception can increase the expectations of people
regarding new services and reduce obstacles for them to use it. Thus, it is necessary to
develop measures to increase awareness of the need for Maa$S prior to implementing this
service. The results of analyzing both the intentions of users and their use of existing
means of transportation can be considered to suggest a more effective implementation
method. Only approximately 19.6% of the subjects responded that they had heard of MaaS
before participating in the survey. However, after they were informed about Maa$S and
asked about the necessity of this service, approximately 69.9% of the respondents agreed
on its necessity. Moreover, the survey results showed that over half of all respondents
were willing to use this service. Based on this survey result, it was determined that a
social environment should be established to inform potential customers about the effects
of MaaS (e.g., cost reduction, travel time saving, and traffic safety improvement) prior
to implementing this service. In addition, we identified demographic groups with high
levels of intention to use MaaS. By considering this analysis result, policy-makers can focus
on specific groups that may be more willing to use this service. It was also verified that
men were more inclined to use integrated transportation service than women, and that
groups with low household incomes were more willing to use integrated transportation
service. Moreover, people showed higher levels of intention to use this service when they
lived in cities where few people have difficulty using various means of transportation.
Thus, decision-makers can increase the use rate of this service by providing it in regions
that have high numbers of potential users by prioritizing or preparing active promotion
measures based on groups that show low levels of intention to use it. Another significant
finding of this study is as follows: It was verified that use of public transportation was the
most crucial factor for affecting the intention to use MaaS. People showed higher levels of
intention to use this service when they utilized public transportation and spent a long time
commuting to and from their workplaces by using public transportation. Therefore, it was
determined that citizens will be more likely to use Maa$ if implementation of this service
is prioritized in areas in which citizens feel uncomfortable because of insufficient public
transportation infrastructure or long intervals between transportation modalities.

Before implementing MaaS, more effective policies can be developed considering
factors that affect the use of this service by citizens. This study is significant in that we
collected the opinions of potential MaaS users based on their demands in a bottom-up
process to facilitate evidence-based policy making related to this service, which currently
remains at the theoretical level. Further, we analyzed factors affecting the intentions of
potential customers to use MaaS and presented a direction for practical implementation of
this service to supply it successfully. As few studies on potential Maa$S users have been
conducted, it is expected that the findings of this study regarding these users will serve as
the basis for implementing this service in the future. It is also anticipated that the analysis
results of this study will be used as data for Maa$S planning.

6.2. Limitations and Future Research

This study is representative research that suggests future MaaS policy-making strate-
gies based on an ordered probit model. However, in terms of policy establishment for
future mobility implementation, this study has several limitations, which can be considered
as future research directions and are as follows: First, this study was focused on analyzing
the intentions of potential users to utilize MaaS at the point at which this service was not
stably established and operated in the target region. The intention to use this service can



Sustainability 2022, 14, 218 13 of 14

be analyzed only to a limited extent when the respondents do not have direct experience
using this service. Thus, it is required to analyze the intentions of potential users to employ
MaaS in areas in which this service is already supplied in a long-term context to provide
this service more effectively. Second, a certain region in South Korea was considered in
this study. Therefore, the study results cannot be applied to predict conditions throughout
South Korea. Third, we conducted a survey immediately before South Korea encountered
risks caused by the coronavirus 2019 (COVID-19) pandemic, which spread all over the
world. Thus, the demand of potential users for MaaS should be re-analyzed according to
the current new normal era. Finally, further research should be performed to cover not only
means of public transportation but also various modalities, including personal mobility
devices, self-driving vehicles, and electric mobility vehicles. In addition, the willingness of
potential users to pay for MaaS should be analyzed in future research, as it is necessary for
establishment of this service.
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