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This study analyzed the operation-related historical data of the call taxi service for disabled people in Seoul, South Korea. The study
investigated how unevenly distributed the accessibility of disabled people to transportation is in terms of time and space. In
addition, the reasons that cause imbalanced accessibility were investigated in areas with good and poor accessibility. Accessibility
was defined as how quickly call taxi services for the disabled are available at specific times and locations. For the analysis, the log
data for tracking the status of taxis in time and space were processed to calculate their availability, an index that reflects the
dwelling time and the number of taxis available at a specific time and in a specific area. This index was divided into time and space
and used as a surrogate measure to assess accessibility. The results showed that there were spatial and temporal accessibility
imbalances in demand responsive transit (DRT) service. The insufficient supply during the night resulting from the current DRT
operating schedule has reduced the accessibility of call taxis for the disabled, and the concentration of drivers’ breaks also affected
the accessibility of service during the daytime. This suggests the need for (1) an increase in supply and (2) evenly distributed breaks
for the drivers. In terms of space, the outer areas of Seoul generally were found to be more accessible than the central areas. In
addition, areas near depots that serve as hubs and resting places for taxi drivers, areas with excellent medical infrastructures for
people with disabilities, and areas with good traffic environments tended to have good accessibility; this suggests the need to
reallocate garages and improve the traffic environments to improve accessibility.

1. Introduction

All people should be guaranteed the right to free and safe
mobility in order to conduct social and economic activities
as members of society. This right is called the right to
mobility, and it is one of the fundamental human rights that
people deserve and exercise as members of society. The
Universal Declaration of Human Rights also states the
following, i.e., “Everyone has the right to freedom
of movement and residence within the borders of each
state” [1].

However, groups of people who have reduced mobility
and use the road, such as physically disabled and elderly

people, have significant limitations in participating in social
activities because, compared to normal adults, they do not
have the ability to move safely and freely [2]. Therefore,
many countries provide special transportation services, such
as demand responsive transport (DRT) to ensure equal
mobility rights for people who must use the roads but have
limited mobility. Representative DRT services for the dis-
abled include access-a-ride (AAR) in New York, U.S., Tel-
ebus in Berlin, Germany, Optibus in Lyon, France, wheel-
trans in Toronto, Canada, and handy-DART in Vancouver,
Canada.

South Korea also defines the right to mobility (the term
“Right to Transportation” is defined as “in order to be
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guaranteed the right to pursue the dignity, value, and
happiness as a human being, mobility disadvantaged persons
shall have the right to use safely, conveniently, and without
discrimination, all means of transportation, passenger fa-
cilities, and roads used by persons, other than the mobility
disadvantaged persons” in Article 3, Act on Promotion of
the Transportation Convenience of Mobility Disadvantaged
Persons) in the Act on Promotion of the Transportation
Convenience of Mobility Disadvantaged Persons to guar-
antee the mobility rights of all people who use the road, such
as the physically disabled and the elderly. This act was
enacted as a part of the efforts to create a safe and convenient
transportation environment for mobility-disadvantaged
people. Among these efforts, DRT services have been pro-
vided as a special means of transportation to ensure the
mobility rights of disabled people.

Free access to transportation should be guaranteed for
the disabled so they can fully enjoy their mobility rights
without discrimination. In other words, accessibility to
transportation is an essential element to ensure equal mo-
bility rights for the disabled. Therefore, many studies have
been conducted to improve the accessibility for people with
disabilities. A study by Casas (2007) dealt with the acces-
sibility of the disabled from a socioeconomic point of view
[3], whereas Bakker and Hal attempted to identify the travel
characteristics of the disabled that affect accessibility [4].
Several studies were conducted to deliver policy implications
to decision-makers by applying various analysis techniques
[5, 6].

However, most of the previous studies on the accessi-
bility of transportation for disabled people have focused
mainly on facilities that create barrier-free or obstacle-free
physical environments. They insisted that efforts should be
made to improve the physical environments to enhance the
accessibility of the disabled by managing walking environ-
ments such as sidewalk pavement [7] and by providing
convenient access to large-scale public facilities such as
hospitals [8], terminal and transfer centers [9-11].

Social interest in easy access to transportation means and
facilities is necessary to guarantee complete mobility rights
for the disabled, but there is a lack of research on disabled
people’s accessibility to the various forms of transportation.
Among the few studies that have been conducted, some have
included developing a business model of a mobile service
transportation platform for the disabled [12], and some have
included research on the barriers to providing DRT services
for disabled people [13].

Accessibility to transportation can be interpreted in
many ways, but the definition in this study is how easy and
convenient it is for disabled people to use transportation
services. Access to transportation is considered very good if
people with disabilities can easily use transportation services
at any time, and it is very important to guarantee the right to
mobility without discrimination regardless of where people
live.

However, in reality, accessibility to transportation is not
guaranteed equally, so imbalances occur in that accessibility
is distributed extensively in specific areas and time periods.
This might be due to the characteristics of DRT services that
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do not have fixed routes or timetables but operate depending
on the requests made by passengers.

The aim of this study was to investigate how unevenly
distributed the accessibility to transportation means for
disabled people is over time and space by analyzing the
operation-related historical data of call taxi services for the
disabled in Seoul, South Korea. In other words, this study
tried to identify whether the DRT services are equally
provided at any time to the disabled people who are willing
to use them, regardless of where they live. For the analysis,
an index called “availability,” which is defined as a surrogate
measure for assessing the accessibility to transportation
services, was used in this study because this index indicates
how easily and quickly DRT services for the disabled are
available at a specific time and area. The results of this
analysis might be expected to contribute to the establish-
ment of policies related to the mobility of disabled people.

2. Seoul Demand Responsive Transit (DRT)
Service for the Disabled: Overview

The Seoul metropolitan government started DRT services
with 100 vehicles in 2003 to guarantee and promote the
mobility rights of persons with disabilities. As of August
2021, Seoul’s DRT services are operating a total of 685 ve-
hicles. As specified in article 16 of the act on the promotion
of the transportation convenience of mobility disadvantaged
persons, these vehicles are special means of transportation,
and, unlike other types of DRT services, most of them are
equipped with slopes or lifts for people in wheelchairs be-
cause these vehicles are available only for people with severe
disabilities.

DRT service is available 24 hours a day, 365 days a year.
Those who wish to use the DRT service are required to
register as a member. After registering, they can request
service by calling the call center at any time. In principle, this
service is available only within Seoul, but it can be extended
to the metropolitan area near Seoul when transporting
people to rehabilitation facilities for medical treatment. The
basic or minimum fare is about 1.25 U.S. dollars for dis-
tances up to 5km, and there are additional charges for
distances that exceed 5km.

The supply of vehicles is adjusted according to weekdays,
weekends, and the time of day considering the users’ needs.
As shown in Figure 1 below, vehicles are allocated according
to the time of day, and the number of available vehicles is
reduced by 50% on weekends. However, the number of
vehicles available at night time is the same on weekdays and
weekends (Figure 1).

As of August 2021, there are 41 depots to park or store
call taxis for the disabled in Seoul, and each depot has an
average of about 15 vehicles. The call taxi drivers drive the
vehicles and return to the depot after work. Figure 2 shows the
spatial distribution of DRT depots across the city of Seoul.

3. Data Description

3.1. DRT Service Data. In this study, we used the 2019 log
data of call taxis for the disabled, which was before the
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FIGURE 2: Spatial distribution of call taxi depots for the disabled in
Seoul.

changes in traffic volumes and behaviors caused by the
COVID-19 pandemic. The log data were divided into three
main categories, i.e., (1) member information data con-
taining user information, (2) operation data recording the
origin and destination of trips, boarding time, and dispatch
time, and (3) service data showing the status and location of
each vehicle.

Of the three types of data, the service data of each vehicle
were used in this study because it tracks the status and location
of each vehicle minute-by-minute, resulting in about 250,000
cases per day and 90 million cases per year. To be more specific,
the service data were collected every minute, and they included
the status of the vehicle, the times when the data were collected,
vehicle identification number, and the latitude and longitude
location of the vehicle. The status of the vehicle is divided and
coded into 15 types or categories indicating, for example,
whether or not passengers are in the vehicle, and whether the
driver is on break. The categories include “dispatched,”
“passenger on board,” “waiting for boarding,” “accident oc-
curred,” “driver on break,” and “vacant vehicle.”

3.2. Pre-Processing of the Data. In principle, call taxis for the
disabled only operate within Seoul, but, as mentioned above,
sometimes they extend their service to adjacent metropol-
itan areas at the request of users. However, this study limited
the spatial scope to Seoul and only used the service data
generated within Seoul. Also, among the 15 coded vehicle
status types, the log data for “accident occurred,” “dispatch
refused,” and “boarding failure” were excluded from the
analysis because they indicate relatively special states or have
low direct relevance with the provision of DRT service.

3.3. Data for Final Analysis. After excluding 4,169,835 bits of
data from the pre-processing process , about 85,492,131 bits
of vehicle service data were used for the final analysis. These
data were recorded once per minute by the DRT in service,
so it indicates the service time. A total of 134,477 call taxis for
the disabled (about 637 per vehicle) recorded these data,
which means that each vehicle was in service for about 10.6
hours.

During the total service hours, the percentage of “in-
service,” where the driver is reserved or already has been
assigned to another customer, was 79.3%, and the ratio of
logs indicating “driver break” was about 6.6%. The “vacant
vehicle” status, which means that the car is available to users,
accounted for 14.1% of the total service time.

Based on the abovementioned information, the average
“vacant” status per vehicle was about 1.5 hours/vehicle per
day. The average “in-service” status per day and the average
“driver break” status per day was 8.2 hours/vehicle and 0.7
hours/vehicle, respectively.

4. Analysis and Assessment of Accessibility

4.1. Definition of Accessibility Index. Bhat et al. suggested
various types of models to quantitatively (numerically)
express the accessibility based on the results of many related
studies [14]. Based on the models, prior studies have defined
accessibility as the number of major facilities [15, 16] or jobs
[17], travel distance [18], travel time [19-21], and the
number of people who can be transported [22].

In this study, accessibility was defined as how easily and
conveniently a person with reduced mobility can use
transportation services (means) necessary to move. To be
more specific, this definition means accessibility in terms of
time, indicating how quickly people with disabilities can use
the service without waiting for a long period. That is if there
are many vehicles available at time j in area , the accessibility
to transportation services in that area and at that time is
considered to be very good. Also, even if only a few vehicles
are available, the accessibility to transportation services is
considered good if vacant vehicles are waiting for a long time
in the same area.

In this respect, this study intends to explain the acces-
sibility to DRT service by using an alternative variable, i.e.,
availability. As shown in (1), the availability at time j in the
area i can be expressed as a combination of the number of
vacant vehicles and the dwell time in vacant status per
vehicle. The dwell time can be defined as the time the driver



waits for a call to be dispatched after one operation is
completed.

availability;; = (dwell time in empty per vehicle;;,
(1)

number of empty vehicles;; ),

where i refers to the administrative district, and j is the time
of the day. That is, the availability at time j in area i is
explained by two factors, i.e., (1) how many vehicles are
vacant and (2) how long each vehicle stays vacant in the
corresponding time and space.

4.2. Calculation of Availability Index. Based on (1), the
availability, which is used as a surrogate measure of ac-
cessibility to transportation, was calculated for 431 ad-
ministrative districts in Seoul by time of day to analyze
accessibility, and a total of 10,344 availabilities were obtained
for each district and timeof day. Based on the location and
time of the vehicle that is generated every minute and
recorded in the vehicle service data log, the log records of the
vehicles were divided by time and administrative district,
and only the codes for “vacant vehicle” were summed to
calculate the average time when each vehicle was vacant.
Then, based on the vehicle identification numbers in the
service data log, the number of vacant vehicles for each time
and space was derived by considering the logs left by the
same vehicle as one. The final number of vacant vehicles and
the average time each vehicle was vacant were derived for
each temporal and spatial category. After excluding cases in
which the number of available vehicles was 0 or there were
missing values with no data, 10,253 availabilities were used
for the analysis out of 10,344 temporal and spatial categories.

After setting the time each vehicle was vacant as the x-
axis and the number of vacant vehicles as the y-axis and
dividing each axis by 10 percentiles into 10 classes, 10,253
availabilities were assigned to each class, and the frequency
of availability was calculated by time and administrative
district for each class, as shown in Figure 3. Four quadrants
were created by dividing the areas based on the 50™ per-
centile of the x and y axes, and the meaning of each quadrant
was as follows:

Quadrant I: Areas with many vacant vehicles, but each
vehicle has a short dwelling time.

Quadrant II: Areas with many vacant vehicles and the
dwelling time per vehicle is long.

Quadrant III: Areas with fewer vacant vehicles and the
dwelling time per vehicle is short.

Quadrant IV: Areas with fewer vacant vehicles, but
each vehicle has a long dwelling time.

By considering the meaning of each quadrant, quadrant
I can be interpreted as areas with good accessibility because
vehicle availability is very good, whereas quadrant IIT rep-
resents areas with poor accessibility due to the low avail-
ability of vehicles.

The box plot below (Figure 4) is based on dwell time
(Figure 4(a)) and the number of vacant vehicles (Figure 4(b))
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FIGURE 3: Two-dimensional availability.

to understand the distribution of data for each quadrant. The
distribution of dwell time in quadrant I and quadrant III
with the same level of dwell time was similar. In quadrant IV,
the median value was relatively similar to that of quadrant II,
but the mean value was large and biased to the right. This is
because quadrant IV has more values with relatively high
dwell times. In terms of the number of vacant vehicles, even
though quadrants I and II share the same range, the dif-
ference in distribution showed that the mean of quadrant II
was larger than the mean of quadrant I. This also was because
quadrant IT had a large distribution of availability with many
vacant vehicles.

4.3. Analyzing the Spatiotemporal Characteristics of
Accessibility. In this study, we investigated whether disabled
people have equal access to transportation services in terms
of time and space, and we analyzed the reasons that cause
imbalances. Figure 3 shows that the accessibility to the
corresponding transportation service is not equal in time or
space. Therefore, this section uses the data that belong to
quadrant II with good accessibility and quadrant III with
poor accessibility to analyze the factors causing such dif-
ferences in terms of time and space. In addition, the tem-
poral characteristics of accessibility for quadrant ITand I'V are
briefly explained.

For a clearer analysis, the areas in which the values on
both axes are above the 70™ percentile in quadrant II were
defined as the good group (green area in Figure 3, (i) area
(1)), and the areas where the values on both axes are less than
or equal to the 30™ percentile in quadrant III as the bad
group (red region in Figure 3), (iii) area (3)). The data from
both groups were used for analysis. The values around the
50™ percentile (or median) (yellow region in Figure 3, (ii)
area (2)) were excluded from the analysis because it was
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FIGURE 4: Box plot of availability by each quadrant: (a) based on dwell time; (b) based on the number of unoccupied vehicles.

difficult to clearly explain whether the accessibility was good
or bad.

4.4. Analysis of the Temporal Characteristics. As described
previously , the good group refers to a time and administrative
district where accessibility or the availability of vehicles was
very high, and the bad group means a time and administrative
district where the availability of vehicles was very low. To
examine the temporal characteristics between the two groups,
the availability indicators associated with the good and bad
groups were integrated by time to compare the share of each
group according to time, as shown in Figure 5. In the figure, red
indicates the bad group, and green indicates the good group.

The results of the analysis show that most of the
availability during the late-night period, i.e., from 10:00 PM
to 5:00 AM, belongs to the bad group, which means that the
accessibility during the late-night time is very poor. How-
ever, most of the availability during the daytime belongs to
the good group, indicating very good accessibility.

The reason for this might be the fact that the current
supply of DRT service in Seoul is not equal at different times.
As shown in Figure 1, the distribution of vehicles in service
by time of day is low during the late-night and early morning
hours, but the distribution is high during the daytime. That
is, the higher the number of vehicles in service, the better the
accessibility to the DRT service. Considering the availability
of vehicles compared to the travel demand for each time
period, the accessibility to the DRT service during the
nighttime might be expected to be much better, but opposite
results were obtained due to the fact that there were many
regions where the number of vehicles operated during the
nighttime is zero. These results suggest the need to increase
the supply to improve accessibility.

Another temporal characteristic is the poor availability
in some daytime hours (12:00 to 2:00 PM). As shown in
Figure 1, more vehicles are allocated during these hours than
in other periods, but the availability is poor because most
drivers take breaks in the same period.

Figure 6 represents the total amount of time spent on
“driver breaks” (bar chart) and break time per each vehicle
(solid line) by time of day. The average break time per vehicle

100
75
«
S
° 50
WV
]
25
0
HANNODFDOONONOD AN FINONNORND =N
eIy i Ty gaaqa
CEANTNORDAD A HHO I 0 AD A
R e R R - - L - R R R R R R R O R SRR N R
Time of day

mmm Good Accessibility
mmm Poor Accessibility

FIGURE 5: Ratio of good and bad groups by time of day.

was found to be relatively high from midnight to dawn (12:
00 to 6:00 AM) and slightly increased during some daytime
hours (12:00 to 2:00 PM). The distribution of break time per
vehicle by time of day was found to have a very similar
pattern with the ratio of good and bad accessibility by time of
day as shown in Figure 5, indicating that the driver’s break
time might contribute to the poor accessibility in the cor-
responding time period to some extent. To solve this
problem, it is necessary to prevent the concentration of
drivers’ breaks during certain hours and distribute them
evenly according to time.

The availability characteristics of regions and time periods
classified into quadrant I can be defined as a state in which a
large number of vehicles with a relatively short dwell time in
empty per vehicle exist. On the contrary, few vehicle with a
long dwell time in empty per vehicle is a typical characteristic
of quadrant IV. These characteristics might affect the tem-
poral distribution of availabilities belonging to quadrant I and
IV showing the opposite trend. As shown in Figure 7, the
availabilities of quadrant I are temporally distributed from
early morning to midnight, whereas quadrant IV is domi-
nated by time periods from midnight to dawn.
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FIGURE 7: Temporal distribution of each quadrant: (a) quadrant I; (b) quadrant IV.

4.5. Analysis of the Spatial Characteristics. Next, the spatial
characteristics were analyzed based on the availability be-
longing to the good and bad groups to investigate whether
there were any imbalances in accessibility by region. The
analysis showed that most administrative districts had good
or poor availability at least one hour out of 24 hours a day
because the level of availability changed according to the
time of day. As a result, it was difficult to analyze the spatial
characteristics because almost all regions belonged to good
or bad groups if the availability of good and bad groups is
expressed in terms of space.

Therefore, in this study, we analyzed the availability of
the administrative districts in the top 15% based on the

frequency of the administrative districts belonging to the
good and bad groups. We did so in order to clearly un-
derstand the spatial distribution and characteristics of areas
with good and poor accessibility. As a result, there were 35
administrative districts in the top 15%, which had excellent
accessibility, and they were spatially distributed in the
outskirts of Seoul (as shown in Figure 8(a)). However, in the
top 15%, there were 50 administrative districts with very
poor accessibility, as shown in Figure 8(b), and they were
distributed mainly in the central areas of Seoul.

Such a spatial distribution might be caused by the fol-
lowing three reasons. First, most of the areas with good
accessibility have DRT vehicle depots. Good accessibility
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means that there are many vehicles available in the area and
that these vehicles stay in the area for a long time. Areas that
have depots or are adjacent to depots are more likely to have
available vehicles than other areas because vehicles far away
from the depot take more time to return to the depot, so
drivers prefer not to move far away from their depots.
Another reason is that these depots have facilities where
drivers can rest, and drivers tend to wait for the next dis-
patch at a depot close to where they are. The close rela-
tionship between these two variables is also explained
through a correlation test (p = 0.2463, p — value = 0.000).
Therefore, it is necessary to reallocate and expand depots to
address this imbalance.

The second reason that causes this imbalance is the
distribution of facilities that attract people with disabilities.

As a result of examining the purposes of trips of the DRT
service for the disabled in 2019, about 70% of the trips were
for medical services, including treatment, rehabilitation, and
returning home. By considering these results, areas with
high levels of medical infrastructure or healthcare services
are expected to have a relatively greater influence on
attracting users than other areas. Thus, areas that have high
levels of medical infrastructure or are close to such areas are
expected to have better accessibility than other areas. The
fact that this relationship is valid might also be proved with a
correlation coefficient (p = 0.0349, p — value = 0.0004).
Figure 9(a) shows the distribution of administrative
districts (yellow color) in Seoul where tertiary general
hospitals and general hospitals are located and where ad-
ministrative districts with good accessibility are located



(green color). As shown in the figure, most of the areas with
excellent accessibility have the better medical infrastructure
or are adjacent to areas with excellent medical infrastructure.
This is due to the increased inflow of traffic using DRT
services into the area and the vehicles waiting for their next
dispatch after completing their service.

Finally, the differences in transportation environment
factors by region cause imbalanced accessibility. Most
drivers tend to avoid driving in areas with heavy traffic jams
or during heavy traffic hours, so the areas with severe traffic
congestion will have relatively poor accessibility because
drivers are more likely to avoid them.

The average traffic speed data for each region were
analyzed to investigate this phenomenon. The average traffic
speed in Seoul is calculated using the speed data provided by
the Korea transport data base (KTDB) was about 32.7 km/h.
But among the 35 administrative districts in the top 15%
with excellent accessibility, 23 administrative districts (65%)
were higher than the average traffic speed in Seoul. On the
contrary, about 54% of the 50 administrative districts with
very poor accessibility were lower than the average traffic
speed in Seoul (Figure 9(b)). These results show that traffic
congestion and accessibility are closely related and that
traffic congestion is one of the factors that cause regional
accessibility imbalances. The correlation coefficient also
indicates that traffic congestion has a statistically significant
relationship with accessibility
(p = 0.2359, p — value = 0.000). Therefore, it is necessary to
improve the traffic environment by investing in road in-
frastructure to resolve these imbalances.

5. Conclusions

Although everyone should be guaranteed the right to mo-
bility, road user groups with reduced mobility due to dis-
abilities or old age more often have their mobility rights
infringed on than the normal adults. Therefore, many
countries provide special means of transportation for mo-
bility disadvantaged persons.

The Seoul metropolitan government also provides a DRT
service for the disabled. This service operates according to
the needs of passengers rather than on fixed routes or
timetables, so the accessibility to use the service is not
guaranteed equally in time and space, resulting in imbal-
ances in the distribution of access in specific areas and
periods.

This study attempted to identify the spatial and temporal
imbalance of the DRT service for the disabled and suggested
ways to improve the accessibility to DRT service. For this
purpose, this study calculated the availability, an index that
measures how easily and quickly call taxi services for the
disabled are available at a specific time and area, and it
defined and analyzed this index as a surrogate measure of
accessibility to transportation.

The main findings are as follows. First, the accessibility to
DRT service was not even over time. Service accessibility was
relatively good during the daytime when many people are
active, but the accessibility was poor during the late-night
and early-morning hours. This phenomenon was caused by
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characteristics such as the change in supply according to
time and drivers’ breaks. Solving these problems by
adjusting the drivers’ service schedules will provide a more
balanced DRT service in terms of time.

Second, the accessibility to DRT service had spatial
characteristics that differed by region. The accessibility was
excellent in areas that have depots or are adjacent to depots
because these depots served as a base for the DRT service.
Therefore, most of the spatial imbalance of accessibility can
be resolved by increasing the number of depots, expanding
them spatially, or reallocating them in administrative
districts.

There also were administrative districts that had excel-
lent medical infrastructure or that were near areas with good
accessibility because the majority of DRT service calls were
for the provision of medical services. This study only de-
termined the level of medical infrastructure based on the
location of large hospitals, but it could have analyzed the
accessibility according to the spatial characteristics of the
demand by the disabled in more detail by considering the
facilities that are used frequently by call taxi users, such as
rehabilitation facilities.

Finally, the imbalance in regional accessibility occurred
due to differences in transportation environment factors by
region. As a result of analyzing the traffic speed data by
region, areas with high traffic speed had good accessibility,
and the areas with heavy traffic jams had relatively poor
accessibility. In reality, there are limits to explaining the
spatial imbalance of accessibility with only one factor (traffic
speed) because many different factors indicate the charac-
teristics of regional traffic environments. Therefore, con-
ducting additional research by considering various factors
will yield implications for more realistic alternatives.

As mentioned above, the accessibility to transportation
was tried to be explained by vehicle availability in this study,
indicating that the accessibility might have an association
with travel demands, but the relationship between the ac-
cessibility of the disabled and travel demands was not fully
investigated because it was difficult to directly observe the
potential travel demand. To address this phenomenon more
realistically, a further study needs to be conducted in future
with considering the characteristics of travel demand.
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