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Abstract

Since personal mobility devices first appeared in Korea in 2012, they have become increasingly widespread. Personal
mobility devices are widely used as a means of connecting public transportation nodes with the user's final destination.
Many researchers have analyzed the travel characteristics of personal mobility devices, which differ from those of more
traditional means of transportation. However, since existing studies have been conducted based on surveys that ask
hypothetical questions, they are not representative of actual travel scenarios. This study is intended to overcome the
limitations of existing research by collecting big data created by personal mobility travel and analyzing mode-choice
characteristics on this basis. This study defined personal mobility, private cars, and public transportation as mode-choice
alternatives. Then, travel time and cost were set as independent variables, and influencing factors were analyzed through
multinomial logit analysis. The time value for each mode was calculated based on the calculated coefficient value. The
time value of personal mobility was calculated as 10,450 won/hour, that of private cars as 14,423 won/hour, and that of
public transportation as 7,742 won/hour. This study is meaningful in that it analyzed the mode-choice characteristics of
personal mobility devices based on actual travel data, not survey data under virtual conditions. This study will be used to
establish sustainable urban planning practices through a future increase in the mode share of public transportation.
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| . Research Overview buses and subways. Yet, most of these transport modes are

powered by petroleum or gas. Moreover, with the increased

1. Research Background and Purposes penetration of private cars in recent years, thereisa growing

concern over the risk of air pollution and environmental
Today, people travel using various modes of transport, degradation. Unlike private cars, however, public transpor-

especially private cars and public transportation, such as tation still offers advantages. For example, subways are elec-
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trically powered, while buses, despite using petroleum or
gas as their main fuel, are considered highly efficient as they
accommodate a significant number of passengers (Han and
Lee, 2004). In this context, various methods for urban and
transport planning have been proposed to increase the share
of public transportation in passenger traffic. Among these
methods, personal mobility (PM) has recently garnered sig-
nificant attention as an approach to achieving this goal. PM
serves as a means to facilitate the mobility of individuals
while also functioning as a public transport node.

Simply put, PM refers to compact, low-speed, single-per-
son transport vehicles that are electrically powered. Under
the Road Traffic Act PM is defined as personal mobility
devices. These vehicles typically operate at around 25 km/h
and are easy to use and drive. The use of low-power electric
motors and compact batteries makes them highly ener-
gy-efficient, resulting in significant savings on fuel costs.
With these environmentally friendly advantages, PM has
been increasingly at the center of attention as a promising
means of transportation (Choi, 2019). The utilization of PM
leads to increased connectivity with public transportation,
and these vehicles play a critical role in transportation, espe-
cially when the travel distance is 1 km or less (for the
so-called "last-mile" travel) (Choi and Kim, 2021). PM
includes different types of transport vehicles, such as electric
bikes, electric wheels, and electric scooters. However, this
study specifically focuses on electric scooters.

Electric scooters are costly in terms of initial purchase
price and also require storage space and constant mainte-
nance, which makes consumers hesitant to buy them.
Against this back drop, on the international front, PM shar-
ing service platforms, such as Lime and Bird, have been put
in place. In Korea, since early 2019, PM-sharing services also
have been launched, primarily providing services in areas
with a large floating population, such as urban areas, school
zones, and shopping districts. The industry has been grow-
ing in size every year. Additionally, their rental fees are
much lower than the cost required to purchase them out-
right. Thanks to these advantages, PM-sharing services have
gained significant attention, leading to a substantial increase
in their usage.

In this light, previous studies have primarily focused on
the decision-making process of passengers in choosing

transportation modes, including PM, and the corresponding

changes in utility perceived by passengers. The focus of this
study aligns with that of previous research. However, it is
worth noting that, in this study, their decision-making pro-
cess was analyzed based on big data sources derived from the
actual usage of PM-sharing services. This approach was
taken to address the limitations of previous studies that
relied on the findings of surveys conducted under hypothet-
ical conditions. Indeed, this study aimed to analyze the deci-
sion-making process of individuals in choosing PM-sharing
services based on datasets derived from actual travel data. It
also compared the results with those of previous studies,

addressing and supplementing their limitations.

2. Flow of Research

The focus of this study is to identify factors that affect the
decision-making process of individuals in choosing trans-
portation modes, aiming to enhance connectivity between
PM and public transportation (refer to <Figure 1>). To this
end, a literature survey was performed, taking into account

theoretical considerations by reviewing previous studies on
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Figure 1. The flow of research
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the increased usage of PM, the reasons for their heightened
recognition in recent years, factors that affect individuals'
transportation mode choice, and time value estimation.

Subsequently, data sets dedicated to the traffic volume,
time, and costs for each mode of transportation were col-
lected. The traffic volume of each mode was defined as the
dependent variable, while both travel cost and time were set
as independent variables. The multinomial logit model was
employed to analyze the effect of the independent variables,
travel cost and time, on the transportation mode choice of
individuals.

Based on the analysis results, the travel time value deter-
mined in this study was compared with that provided in the
Korea Transport Data Base (KTDB). This approach made it
possible to identify factors influencing the transportation
mode choice for each means of transport while also estimat-
ing the corresponding time values, revealing significant

findings.

|1. Theoretical Considerations and
Literature Review

1. Review of Previous Studies on Increased

Demand for PM

In Korea, PM devices first appeared in 2012. Their usage has
since consistently increased (]eong 2022). Previous studies
on PM were categorized into two domains. Those in the first
category primarily focused on identifying what factors con-
tributed to the increased usage of PM and why such devices
had attracted significant attention in recent years. The sec-
ond-category studies mainly dealt with factors affecting the
demand for PM. Initially, factors contributing to the
increased usage of PM, along with the reasons for height-
ened interest in PM devices, were reviewed.

In relation to the increase in the usage of PM devices, the
sharing attribute of PM was first examined. Kwon et al.
(2021) previously reported that the number of PM-sharing
services used in Cheongju-si increased from 195 in Septem-
ber 2020 to 7,168 in March 2021. The study concluded that
this increase is attributed to the growing number of people
using PM-sharing platforms over time, as well as to PM
being the most frequently used means of transportation for

short-distance travel. According to Yoo (2019), the expan-
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sion of IT platforms and social network services served as
catalysts for the growth of sharing economy-driven busi-
nesses. Indeed, sharing economy-driven businesses facilitate
a close relationship between customers and suppliers,
thereby accelerating the growth of PM services. Addition-
ally, the usage of PM influences how people enjoy leisure
time and engage in social activities, especially playing a criti-
cal role in last-mile travel.

Another factor contributing to the increased usage of PM
is that PM devices are primarily used for first- and last-mile
travel. Baek et al. (2021) developed and employed a mixed
logit model to analyze passengers' preference for a means of
transportation when last-mile travel is considered. The
study found that PM-sharing services were the most com-
petitive transportation mode when it comes to last-mile
travel. Choi and Kim (2021) expected that the use of PM
would continue to accelerate over time. The study also
argued that PM's contribution to enhancing the quality of
last-mile travel services would further grow.

The last factor associated with the increased usage of PM is
that PM devices have been increasingly positioned as an eco-
friendly means of transportation over time. According to
Choi (2019), the sharing attribute of PM devices, as an eco-
friendly transportation means, makes them available to
more people. The study also explained that the usage of PM,
in turn, resulted in a decrease in the use of private cars,
therefore reducing exhaust emissions, the primary air pol-
lutants. Furthermore, it argued that this approach would be
an effective alternative to address all problems stemming
from the increased usage of cars, such as traffic congestion,
parking, and air quality issues. The researchers added that
PM devices would serve as the primary means of transporta-
tion for first- and last-mile travel. Caspietal. (2020) specified
that PM devices were mainly employed for short-distance
travel, thereby reducing the use of private cars and, conse-
quently, air pollution. According to Hardt and Bogenberger
(2019), PM has recently emerged as a promising means of
transportation in European cities. The researchers attributed
this trend to the attributes of cars emitting excessive exhaust
and noise and requiring large space for parking. Addition-
ally, they noted that PM devices contributed to addressing
these issues.

Overall, this part of the literature survey revealed that the

usage of PM had significantly grown with the rise of the
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sharing economy, and PM devices suited the needs for first-
and last-mile travel, providing flexible connectivity to public
transportation. It was also found that PM devices had
received substantial attention, both domestically and inter-
nationally, as a promising eco-friendly means of transporta-
tion capable of addressing air pollution and environmental
issues.

Second, factors influencing the demand for PM were
reviewed as follows. Factors that affect the demand for PM
include land usage and access to public transportation.
Shunhua Bai and Jiao (2020) developed and analyzed a bino-
mial regression model to determine the usage pattern of PM
devices in two areas with opposing characteristics. The study
revealed that proximity to urban areas, access to public
transportation, and diversity in land usage exhibited a posi-
tive correlation with the usage of PM. Lee and Jang (2022)
comprehensively analyzed the effect of land usage charac-
teristics on the use of PM. In their study, land usage charac-
teristics and access to public transportation were employed
as independent variables, while the usage of PM in the
morning, afternoon, and evening was respectively desig-
nated as a dependent variable for regression analysis. The
results showed that land usage patterns had a significant
effect on the behavior of PM-sharing service users over time.

In addition to land usage characteristics and access to pub-
lic transportation, the purpose of travel for PM users and
usage time were found to affect the demand for PM. Ahn et
al. (2021) investigated the usage characteristics of PM-shar-
ing service users in Seoul. The results showed that these
individuals used PM-sharing services for short-distance
travel or leisure purposes. It was also found that PM-sharing
services served as an auxiliary means of transportation, pro-
viding connectivity to public transportation. In a survey on
user satisfaction with PM-sharing services, respondents
expressed satisfaction with the convenient rental experience
and the dockless parking system. Choi and Jang (2022) ana-
lyzed the usage patterns of PM-sharing services, thereupon
proposing a deployment method for PM devices tailored to
each time window. They found that the demand for
PM-sharing services, as well as its location, varied depending
on the time, and the purpose of using PM-sharing services
also differed with the time.

Their literature review on factors influencing the demand

for PM services revealed that land usage characteristics and

access to public transportation significantly affected the
behavior of PM-sharing service users. It was also confirmed
that the purpose of using PM varied with the time.

Overall, this study concluded that PM usage substantially
increased for various reasons, with an expectation that this
trend would continue over time. However, it did not
demonstrate what factors aftected passengers' choice of PM
as a means of transportation. Therefore, previous studies on
factors influencing passengers' transportation mode choice
were further reviewed to determine what caused them to

choose PM.

2. Review of Previous Studies on Factors
Affecting Transportation Mode Choice

Previous studies on factors affecting transportation mode
choice were categorized into two groups for review: one
group focused on passengers' socioeconomic characteristics
and the traffic environment and the other group focused on
travel cost and time. The first category includes the follow-
ing studies.

Kim etal. (2020) developed a mode choice model based on
the multinomial logit model by analyzing the behavior of
283 Busan metropolitan citizens. As a result, they found that
age and gender had a significant effect on their choice of PM
devices. They also reported that passengers in their twenties
were more likely to prefer PM devices compared to those in
other age groups, while female passengers were more likely
than their male counterparts to be afraid of trying them.
Kim etal. (2021) analyzed the factorsimpacting the demand
factor services using actual performance data from Xingxing
Mobility, a PM-sharing service platform. The results indi-
cated that demand was significantly affected by weather
conditions and whether it was a weekday or weekend. Usage
was lower during weekends or holidays compared to week-
days, and it was substantially reduced during rainy weather.
Joetal. (2021) conducted a survey of 235 Internet cafe users
to analyze the usage patterns and characteristics of PM
users. The results showed that their jobs, usage location, fre-
quency of use, and driving speed differed depending on the
purpose of use. Choiand Jung (2020) conducted a hypothet-
ical survey of 598 citizens aged 20 or older in Busan Metro-
politan to determine the factors affecting their intent to use

PM-sharing services. The survey outcomes were then ana-
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lyzed using the ordinal logistic regression model. The results
confirmed that the respondents were more likely to prefer
PM during clear weather or when an increasing number of
bike lanes were allowed to accommodate PM devices.

Overall, the above previous studies confirmed that the
choice of PM as a mode of transportation was affected by
various factors, including PM users' age, gender, and occu-
pation, as well as whether it was a weekday or weekend or
whether PM devices were allowed on bike lanes. More spe-
cifically, passengers were more likely to choose PM when
they were younger, during weekdays, in clear weather, or
when bike lanes were increasingly allowed to accommodate
PM devices.

The second category encompasses the following previous
studies regarding the effect of travel cost and time on the
choice of PM as a means of transportation. Kim et al. (2021)
conducted a hypothetical survey of 549 residents in the first
and second generation of new towns where PM-sharing ser-
vices were available. Based on the results, they proposed a
mode choice model for PM sharing services, incorporating
involved access travel for wide-area transportation and
neighborhood travel as parameters. The researchers con-
cluded that the choice of PM-sharing services as a means of
transportation was significantly aftected by both travel time
and cost, not only in neighborhood travel but also in access
travel. For access travel, they attributed this to passengers'
preference for minimizing travel time. Meanwhile, for
neighborhood travel, passengers were more interested in
saving costs, and thus the effect of travel cost was the most
significant in transportation mode choice. Shim et al. (2020)
conducted a hypothetical survey of a total of 549 residents in
six of the new towns in the Seoul Metropolitan Area where
PM-sharing services were available. The survey was designed
to gather information about passengers' intent to choose
PM-sharing services as a means of transportation for
short-distance neighborhood travel of 5km or less. Based on
the results, a binomial logit model for PM-sharing services
was proposed. It was found that the preference for PM-shar-
ing services was lower when the service fees were higher. Lee
et al. (2019) also conducted a hypothetical survey to deter-
mine passengers' preferences for PM-sharing services and
existing transport methods while also analyzing and com-
paring the corresponding time value, especially in last-mile

travel. The results indicated that passengers preferred
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PM-sharing services in first-mile and last-mile travel neces-
sary for their commute. Passengers were more likely to pre-
fer PM-sharing services when the required walking time was
longer. Furthermore, converted time values for each means
of transport were estimated using logit analysis, as follows:
387 won/minute for PM sharing services, 423 won/minute
for neighborhood buses, and 404 won/minute for walking.

The time value is an index that plays a critical role in pre-
dicting traftic demand and evaluating the economic feasibil-
ity of transportation investment projects (Ko and Kim,
2020). This time value index has been widely adopted as an
important analytical tool to verify the validity of research
results in various studies on transportation mode choice in
conventional traffic planning (B'drjesson and Eliasson, 2014;
Chen etal., 2011; and Kim et al., 2017), even before the intro-
duction of PM sharing services.

Bérjesson and Eliasson (2014) estimated time values for
each means of transportation in Sweden using a logit model
and the country's 2008 traffic data. Despite the time value
varying depending on the characteristics of given travel and
passengers, the researchers estimated time values without
considering both attributes and concluded that the time
value of private cars was higher than that of buses. Chen et
al.(2011) conducted a hypothetical survey of Beijing resi-
dents and proposed a logit model to analyze the factors
affecting the time value in travel. The results confirmed that
the time value was higher in travel for business purposes
than in travel for non-business purposes. Kim et al. (2017)
employed a multinomial logit model to determine coeffi-
cients for travel time and travel cost, thereby estimating the
time value in travel. For private cars, the time value was
21,876 won/hour for travel for business purposes and 9,044
won/hour for travel for non-business purposes. For public
transport, the time value was 5,016 won/hour for travel for
business purposes and 2,638 won/hour for travel for
non-business purposes. Overall, the time value for private
car users was relatively higher than thatfor public transport
users.

As such, the review of previous studies on the effect of
travel cost and time on the choice of PM revealed that both
factors played a critical role in passengers' decisions to
choose PM devices. It was also found that the time value, as
an index, was used in verifying the validity of research

results. Among mode choice models, the logit model
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proved to be the most suitable for that purpose. Both on the
domestic and international fronts, the time value of private
cars was found to be higher than that of public transport,
including buses. Notably, in previous studies, the time value
of buses was even higher than that of PM.

The studies on the choice of PM as a means of transporta-
tion reviewed in this study were mostly based on data
obtained from hypothetical surveys. This approach is advan-
tageous in that researchers can define explanatory variables,
and data gathering is easy. However, this process is prone to
perception errors, which arise from the inconsistency
between behavior and self-awareness.

Dixit et al. (2019) discerned the difference between actual
travel data and data drawn from hypothetical surveys and
demonstrated how this ditference aftected the estimation of
time value. They concluded that hypothetical surveys were
highly likely to result in perception errors, potentially lead-
ing to a difference of up to 17% compared to when actual
travel data were considered. This paper aimed to overcome
the limitations of hypothetical surveys, which are prone to

perception errors, by employing actual travel data.

lll. Research Scope and Differentiation

1. Research Scope

Factors affecting the choice of PM-sharing services were
analyzed by defining the following transportation methods:
PM devices, private cars, and public transportation. Given
that the aim of the present study was to analyze the effect of
travel cost and travel time on transportation mode choice,
private cars and public transportation, both incurring travel
costs, were chosen as alternatives to PM sharing services for
comparison.

Data from G-kuter were used as PM usage data, and the
spatial scope of the study was set as follows. Three districts
were selected for analysis in Seoul and Gyeonggi Province.
These areas were chosen due to the high concentration of
potential PM users, attributed to the presence of numerous
apartment complexes and subway stations, with the aim of
collecting as many samples as possible (refer to <Figure 2>).
District 1 includes a total of 18 administrative dongsl} in
Gangseo-gu and Yangcheon-gu, Seoul. District 2 encom-

passes a total of six administrative dongs in Deogyang-gu,
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Figure 2 The spatial scope of the study

Goyang-si. District 3 covers a total of 18 administrative
dongs in [lsandong-gu and Ilsanseo-gu, Goyang-si, as well as
Paju-si.

The temporal scope of this study was defined as the period
from March 29, 2021, to June 27, 2021. The spatial and tem-
poral scopes used for PM data were also applied to the data

on private cars and public transportation.

2. Differentiation

Studies on transportation mode choice are typically based
on the following two data acquisition methods. The first
method involves developing a hypothetical scenario and
using it to gauge individuals' preferences of individuals. This
approach fallsinto the category of hypothetical surveys. The
other method involves using actual behavioral data drawn
from the real actions of individuals rather than developing
hypothetical scenarios. Hypothetical surveys are advanta-
geous in that researchers can define explanatory variables
and set the degree of variation in them, enabling the collec-
tion of effective data when devising a model to predict
changes in the behavior of respondents. In addition, data
collection is straightforward. However, any preferences per-
ceived are based on hypothetical scenarios, and thus this

approach is prone to perception errors, characterized by
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inconsistency between behavior and self-awareness (Kim,
2006). In contrast, the use of actual behavioral data limits
errors in the perception of actions as an objective variable
because consistency is ensured. Nonetheless, a challenge lies
in the potential for observational errors inits outcomes, and
the process of collecting data is rather ditficult.

Most previous studies on the choice of PM-sharing ser-
vices as a means of transportation were primarily based on
data drawn from hypothetical surveys. The rationale behind
this is the difficulty in acquiring actual data. Consequently,
the results of these studies may be highly susceptible to per-
ception errors, which are among the limitations of hypo-
thetical surveys. Against this backdrop, the present study
utilized actual travel data drawn from the real actions of
individuals. The use of actual travel data reduces the risk of
perception errors compared to using data based on hypo-
thetical surveys, differentiating this study from other works.

In general, passenger characteristics are typically analyzed
based on disaggregate data, but since the publication of a
study by Anas, A. (1981) that employed aggregate data in
characterizing passenger patterns, domestic researchers have
consistently followed suit (Ka.ng etal.,2017: YU, 2018). Using
aggregate data in analyzing passenger characteristics not
only reduces data collection time and costs but also lowers
the risk of perception errors in SP data. Taking advantage of
these benefits, this study analyzed the passenger characteris-
tics of PM-sharing services using aggregate data in this study.

IV. Analysis Model Development and
Data Preparation

1. Analysis Model Development

The logit model is constructed based on random utility
theory, which posits that options with greater utility are
more likely to be adopted (Bong et al., 2020). The present
study employed a multinomial logit model because the
number of options available was three. Travel time and
travel cost for each means of transportation were defined as
independent variables. The selection probability of each

option can be expressed as a function as follows.

Veu = Bl + BS‘TPM + Bﬁ"C?M
Vear = B4‘TCAR + B&"CQ\R

132 "=EAE, M58 MTE (2023)

Vig = By + B Toy + BeCoy

V., ¢ Utility of transport mode m

T, * Travel time of transport mode m (minutes)

C,, * Travel cost of transport mode m (won)

B. - Value of parametern

L ERi Subscripts for PM sharing services, private

cars, and public transportation

Numerous previous studies were reviewed before this
model was developed. Kim et al. (2020) defined travel time
as having different effects on utility depending on the trans-
port mode. However, parameters for travel cost were
defined as having the same effect on transportation mode
choice. Based on these setups, the researchers drew conclu-
sions. Cho et al. (2017) set different parameters for travel
time depending on the purpose of travel, but they applied
the same parameters for travel cost regardless of the pur-
pose. Similarly, in this study, parameters were set differently
for travel time, while the same parameters were applied for

travel cost.

2. Data Preparation

Three types of datasets were prepared, including data on
traffic volume, travel time, and travel cost for each transport
mode. The data were also categorized into two groups: one
for PM devices and the other for other transport modes.
Data from G-kuter, a business that accommodates the larg-
est volume of PM usage in Korea, was used as PM data (refer

to <Figure 3> and <Figure 4>). The rationale behind this
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decision is as follows. First, it was necessary to collaborate
with a suitable business to acquire the necessary data within
a limited research budget. As of March 2021, a total of nine
businesses were available in the area of interest (Seoul) to
provide PM-sharing services. Among them, G-kuter had
the greatest market share. Consequently, the researchers of
this study decided to collaborate with G-kuter, with the
greatest marketshare for data acquisition.

To this end, data for about 90 days from March 29, 2021, to
June 27, 2021, were collected. The daily tratfic volume was
then estimated by dividing the total traffic volume by 90
days. Meanwhile, according to Mobile Index, an application
analysis service, the share of G-kuter was about 26% in the
PM-sharing service market at the time of data acquisition.
Therefore, the data provided from G-kuter were adjusted
by dividing all values by 0.26, thereby accounting for the
traffic volume of other PM-sharing service businesses as
well. In this approach, however, it is not clear if the market
share of the provider in the area of interest aligns with its
total market share. In order to address this issue, the status
of PM-sharing service providers was investigated, and the
results showed that the top eight PM-sharing service pro-
viders with the highest market shares were available to pro-
vide services in Seoul, the area of interest. Based on this con-
firmation, the market share of the provider was employed
to adjust the obtained PM traffic data to reflect the total
traffic of PM in the area.

The traftic volume data for private cars and public trans-
portation were referenced to the OD data on major trans-
port modes of the Korea Transport DataBase (KTDB) (refer
to <Figures 5, 6, 7, and 8>). The OD data on major transport
modes are constructed based on the traftic data for all pur-
poses collected during 2019. Among them, specific datasets
on private cars and public transportation (buses, subways,
and a combination of buses and subways) were considered.

Both travel time data and travel cost data were divided
into two groups: one for travel between zones and the other
for travel within zones. Here, travel within zones corre-
sponds to any movement occurring within the same
administrative dong, while travel between zones refers to
any movement from one administration dong to another.
The time and cost data for travel between zones were
obtained using an algorithm provided by TOVA, a software
package developed by OPEN-END. Traffic allocation for pri-
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vate cars was performed based on the Dijkstra algorithm.
Following the traffic allocation, the corresponding travel
time was estimated. Travel cost was estimated by multiply-
ing the fuel cost for private cars by the average mileage.
Traffic allocation for public transportation was conducted
using data on public transportation routes available in the
Seoul Metropolitan Area. Using this data, public transporta-
tion routes were explored to identify optimal routes and
then estimate the corresponding travel time. Travel cost was
estimated by considering the integrated transport system
based on the distance-based fare plan. The travel time data
for public transportation were also divided into two groups:
one for travel time within the vehicle and the other for
travel time outside the vehicle. The travel time within the
vehicle refers to the time during which the passenger actu-
ally uses the vehicle, while the travel time outside the vehi-
cle is the time spent for waiting to use the vehicle, for exam-

ple, transfer time or waiting time.
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In this study, a parameter referred to as the total travel
time was employed, which was a combination of travel time
within the vehicle and travel time outside the vehicle. Trans-
portation modes were categorized into subways, buses, and a
combination of subways and buses. Among them, any mode
with the shortest travel time was selected and used to deter-
mine the cost and time for travel between zones. The inter-
zone network was employed to obtain PM travel time data.
First, optimal routes were explored, excluding automobile
roads, and these routes were then extracted. For the selected
routes, travel time was estimated considering the average
travel speed. Travel cost was defined as follows: 100 won per
minute of use in addition to 1,000 won for unlocking,

For travel within zones, the travel cost was calculated by
estimating the travel distance. It was assumed that each
administrative dong was circular, and its radius was defined
as the travel distance. The cost and time per distance during
travel within zones were then estimated based on the data
on travel between zones. The time and cost data for travel
within zones were calculated based on the average of the
values for travel between zones for each transportation
mode. For all PM, private car, and public transportation
modes, the time and cost data for travel within zones were
obtained by multiplying the travel distance within each
zone by both the travel time and travel cost. In this study,
the area of interest was divided into three zones, and the
data that involved only the travel within each zone were
exclusively employed. This implies that traffic data that
involve any travel from one of the defined three zones to
another are excluded from the analysis.

The configuration of the data obtained for the analysis of
transportation mode choice is as follows. First, traffic data
were compiled using actual behavioral data on passengers'
usage of PM devices, along with the KTDB's OD data on

Table 1. Descriptive statistics for each variable

major transport modes. Subsequently, based on these data,
any mode with observed traffic volume was defined as the
selected transport mode, while the other modes were
defined as not being selected. The obtained data were
arranged for each existing destination and further inte-
grated with the travel time and cost data for each destina-

tion, thereby constituting the transport mode choice data.

V. Analysis Results

L. Descriptive Statistics

The descriptive statistics obtained in this study are as fol-
lows (refer to <Table 1>). The average traffic volume for
travel between zones was 5.1 times for PM, 521.3 times for
private cars, and 296.3 times for public transportation,
respectively. The corresponding average travel time was 18.3
minutes for PM, 4.8 minutes for private cars, and 30.7 min-
utes for public transportation, respectively. The average
travel cost was 2,731 won for PM, 668 won for private cars,
and 1.611 won for public transportation, respectively. The
total number of samples used to build a logit model was
382,536. Among them, 2,375 samples were for those who
chose PM, while the number of samples for private car travel
was 242,399. The number of samples for public transporta-
tion travel was 137,762. The total number of traffic zones was
42. The average travel frequency was the highest at 521 times
for private cars, while the average time spent was the longest
at 31 minutes for public transportation. Finally, PM was
found to require the highest travel cost at 2,731 won.

The obtained traffic volume data were schematically illus-
trated to provide intuitive insight into the travel patterns of
each transportation mode in the area of interest. The results

confirmed that the traffic volume of PM was relatively high

Unit Traffic data (Trip) Time data (Minutes) Cost data (Won)

Variable PM Car PU PM_T Car_T PU_T PM_C Car_C PU_C
\"fg?jém“m 554 12,737 7.035 56.05 973 64 369 6500 200522 278333
\"g‘ﬂg““m 0 0 0 228 055 1826 1200 7791 1,050
Average 510 52129 20626 1826 480 3070 273075 66821 161084
gg‘afi?;g 2853 129394 53477 884 182 616 87699 33395 262.00
134 "=EAS, HssA A7E (2023)
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in Gangseo-gu and Yangcheon-gu, Seoul, which were previ-
ously defined as District 1. In contrast, the traffic volumes of
private cars and public transportation were higher in Dis-
trict 1 and District 3 compared to District2 (refer to <Figures
9,10,and 11>).

Given that this study exclusively utilized G-kuter's actual
data as PM traffic data, the estimated traffic volume can be
affected by the availability of its service. That said, G-kuter's
sharing service was fully available across the area of interest
for this study, and the data from G-kuter were adjusted
considering its market share to represent the total traffic
volume in the area. Consequently, it was reasoned that the
PM traffic volume data for each district within the area of
interest were suitable for use in the analysis of transporta-
tion mode choice, along with the traffic volume data for
other transport modes. Based on the obtained PM traffic
data and KTDB's actual data for private cars and public
transportation, the effect of travel time and cost on trans-

portation mode choice was analyzed.

2. Effect of Travel Time and Cost on
Transportation Mode Choice

Analysis results were drawn using Limdep 8.0. Before pre-
senting the results, it is worth noting that if the signs of coef-
ficients of the multinomial logit model's parameters are
positive, this indicates that the corresponding results are sta-

tistically insignificant. This is because positive values of the

- —0-8
= -—38-27

E TS -—27 - 50

=59 - 135 3
135 - 554 <

Figure 9. Spatial patterns of PM traffic

cost and time parameters can be interpreted as an increase in
time and costs and also an increase in utility for the given
mode, making the result less meaningful.

The results showed that the values of the time parameters
for PM (ﬁ:ﬁ), private cars (B‘l), and public transportation
(B5) were -0.0912, -0.1273, and -0.0679, respectively. The
value of the cost parameter (B6) was -0.0005. In private cars,
an increase in time resulted in the largest reduction in util-
ity, while in public transportation, the smallest reduction in
utility occurred with an increase in time. The reduction in
utility for PM fell between the degree observed for the other
two modes. The coefficient of determination R*was 0.40155,
while the adjusted coefficient of determination Adj R* was
0.39765 (refer to <Table 2>).

Meanwhile, if the P-value is 0.05 or less, the corresponding
results are interpreted as having statistical significance at a
95% confidence level. In this study, all parameters were

found to have a P-value of 0.0000. In addition, the values of

Table 2. Results of means selection analysis

Variables Coefficient Std. Error P-value

B -3.0350 0.0392 0.0000

B2 1.6344 0.0261 0.0000

Bs -0.0912 0.0035 0.0000

B. -0.1273 0.0029 0.0000

Bs -0.0679 0.0007 0.0000

Bs -0.0005 1.413E-06 0.0000

R? 0.40155 AdjR?* 03977
4 -619 —0-148

- 619 - 1590 —148 - 425
w1590 - 2963 L N /) =125 - 956
#2963 - 5605 / ) @956 - 2345
w5605 - 12736 B e -z 345 - 7035

Figure 10. Spatial patterns of Car traffic ~ Figure 11. Spatial patterns of PU traffic
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the time and cost parameters were all negative, indicating
that the corresponding analysis results were statistically sig-

nificant.

3. Comparison of Travel Time Values

In a study by Kim et al. (2021), short-distance travel was
defined as being less than 2 km. For all transportation
modes, short-distance travel accounted for the largest por-
tion of traffic. Specifically, travel with a distance of 2-5 km
represented about 35% of traffic for private cars and public
transportation (refer to <Figure 12>). The travel time value
refers to the monetary amount that the passenger is willing
to pay to reduce the travel time by a single unit. Simply put,
it is a monetary representation of the psychological sense of
sacrifice that passengers perceive against unit time when
using transportation services. The travel time value was cal-
culated by dividing the time parameter value by the cost
parameter value. It was 173 won/minute for PM, 242 won/
minute for private cars, and 129 won/minute for public
transportation, respectively. When converted to a value per
hour, the travel time value was 10,405 won/hour for PM,
14,523 won/hour for private cars, and 7,742 won/hour for

public transportation, respectively.

100
80
60 :
20 ' I i|
. | = | .-
2km or less 2-5km More than Skm
m PMm PUBLICm CAR

Figure 12. Traffic rate by means of transportation

4. Verification of Results Based on KTDB’s

Travel Time Value Estimation

According to the time value data for business-purpose
travel issued by the KTDB in 2016, the time value was 22,775
won/hour for private cars and 17,260 won/hour for buses.
For non-business-purpose travel, it was 9,748 won/hour for
private cars and 5,011 won/hour for buses. In addition, the
passenger traffic status data issued by the KTDB in 2016 pro-
vided information about the proportion of travel for each
purpose. Travel for commuting to work accounted for
25.1%, while travel for coming home represented 43.7%.
Additionally, travel for other purposes was analyzed as fol-
lows: 9.7% for other activities, 7.6% for business purposes,
5.8% for leisure activities, and 4.1% for shopping and going
to school. Based on this proportion, the share of travel for
commute and travel for non-commute purposes was esti-
mated.

The total travel time value was then estimated by multi-
plying the time value for business-purpose travel by the
proportion of travel for commute and multiplying the time
value for non-business-purpose travel by the proportion of
travel for non-commute purposes, and adding the two val-
ues. The total travel time value was 13,015 won/hour for pri-
vate cars and 8,082 won/hour for buses.

In the present study, the travel time value was 14,523 won/
hour for private cars and 7,742 won/hour for public trans-
portation. When compared to the data provided by the
KTDB in 2016, the discrepancy was about 11.5% for private
cars and about 4.3% for public transportation, indicating
that the two sets of results were quite comparable (refer to
<Table 3>).

In addition, the time value of PM-sharing services esti-
mated in this study was higher than that of public transpor-
tation. In order to verify the validity of this analysis, the cur-

rent results were compared with previous studies. Accord-

Table 3. A Comparison between the time value proposed by KTDB and the time value of this research

Time value of

Total travel time value

i Time value of business i Time value of =
Division Non-business travel based on KTDB : Comparison
LS basad oo K100 based on KTDB (weighted average) Su5 stindy
Car KRW 22,775/hour KRW 9,748/hour KRW 13,015/hour KRW 14,5623/hour 11.6%
FXIhe KRW 17,260/hour KRW 5,011/hour KRW 8,082/hour KRW 7,742/hour 43%
transport
PM - = KRW 10,405/hour -
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ing to Pourhashem et al. (2023), the time value of PM-shar-
ing services is about 1.85 times larger than that of public
transportation. In this study, the time value of PM-sharing
services was about 1.34 times greater compared to public
transportation. This comparison confirms that the findings
of the present study align with those presented by the previ-
ous study, despite that it is not possible to demonstrate how
accurate the time value estimated in this study would be.
Based on these results and verification efforts, it is reasoned
that the time value for PM estimated in this study, i.e., 10,405

won/hour, has sufficient statistical significance.

VI. Conclusions

Recently, the usage of PM has significantly increased in
Korea. In line with this trend, the concept of eco-city has
been increasingly at the center of attention, leading to a
growing emphasis on sustainable urban planning. This
study aimed to identify factors affecting the decision-mak-
ing process of PM-sharing service users for mode choice. To
this end, factors influencing the choice of PM as a transpor-
tation mode were identified and analyzed. The two major
findings of the present study are as follows.

First, the time value for PM was estimated based on big
data on actual traffic. In fact, many studies on transporta-
tion mode choice and travel time value estimation have
employed actual traffic data. However, the subjects of inter-
est in these studies are mostly limited to private cars and
public transportation. Thus, it is worth noting that this
study employed actual traffic data to analyze passengers’
preference for PM and estimate the corresponding travel
time value. This clearly differentiates this study from previ-
ous works. The values of parameters for each transportation
mode are as follows. The value of the time parameter was
-0.0912 for PM, -0.1273 for private cars, and -0.0679 for public
transportation, respectively. The value of the cost parameter
was -0.0005.

In private cars, an increase in time resulted in the largest
reduction in utility, while in public transportation, the
smallest reduction in utility occurred with an increase in
time. The reduction in utility for PM fell between the degree
observed for the other two modes. The time value was
10,405 won/hour for PM, 14,523 won/hour for private cars,

and 7,742 won/hour for public transformation, respectively.

To the best of our knowledge, no studies have so far focused
on the choice of PM as a transportation mode and travel
time value estimation based on actual traffic data, although
some have conducted research on estimating time value for
private cars and public transportation. This attempt was
made for the first time in this study, adding great signifi-
cance to the research.

Second, this study highlighted the limitations of estimat-
ing the time value for PM based on data obtained from
hypothetical surveys. Most previous studies on time value
estimation for PM were primarily based on hypothetical
surveys. However, it was found that there was a substantial
discrepancy between the two sets of results obtained based
on hypothetical surveys and actual traffic big data. Accord-
ing to the data provided by the KTDB in 2016, the travel
time value was 13,015 won/hour for private cars and 8,082
won/hour for buses. Meanwhile, the travel time value esti-
mated in this study was 14,523 won/hour for private cars and
7,742 won/hour for buses. When compared to the KTDB's
data, the discrepancy was about 11.5% for private cars and
about 4.3% for public transportation. In a study by Lee et al.
(2019), the time value estimated based on a hypothetical
survey was 387 won/minute for PM and 423 won/minute for
neighborhood buses. When converted to a value per hour,
the time value was 23,220 won/hour for PM and 25,380 won/
hour for neighborhood buses.

Overall, the time values estimated based on hypothetical
surveys were higher compared to those estimated in this
study. Moreover, the previous study reported that the time
value of neighborhood buses was higher than that of PM.
However, in this study, the time value was higher fpr PM
than for neighborhood buses. When compared to the time
value data provided by the KTDB, the results estimated
based on hypothetical surveys exhibited a difference of about
69%, which was much larger than the value of 4.3% found in
this study. Assuch, it was confirmed that there was substan-
tial inconsistency between the two sets of results obtained
based on hypothetical surveys and actual traffic big data.
Based on this conclusion, it was reasoned that the major
findings of the present study, including mode choice results
and travel time value estimation, were more reliable com-
pared to those presented in previous studies.

However, this study has limitations in that only travel cost

and time were defined and used as factors affecting trans-
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portation mode choice, excluding walking as an alternative
mode. Additionally, only short-distance travel was consid-
ered for analysis. Future studies will focus on expanding the
scope of parameters to include age, gender, and other attri-
butes while also including walking as an alternative trans-
port mode and taking into account analysis models for
long-distance travel as well. Another limitation is that due
to the difficulty in collecting data, only the PM data pro-
vided by a certain service provider in the area of interest
were considered, and the total traffic volume was obtained
by adjusting the data based on the provider's market share.
This limitation will be addressed in future studies by gaining
access to the total traftic data of all PM-sharing services avail-

ablein the area of interest.

Note 1. Neighborhoods in Korea are classified as administrative units
termed "dong(s)" in Korea.
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