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Abstract: This study aimed to determine how built environments affect pedestrian–vehicle collisions.
The study examined pedestrian–vehicular crashes that occurred between 2013 and 2015 in Seoul, Korea,
by comparing and analyzing different effects of the built environment on pedestrian–vehicle crashes.
Specifically, the study analyzed built environment attributes, land use environment, housing types,
road environment, and traffic characteristics to determine how these factors affect the severity of
pedestrian injury. The results of the statistical analysis appear to infer that the built environment
attributes had dissimilar impacts on pedestrian collisions, depending on the injury severity. In general,
both incapacitating and non-incapacitating injuries appear to be more likely to be caused by the built
environment than fatal and possible injuries. These results highlight the need to consider injury
severity when implementing more effective interventions and strategies for ensuring pedestrian safety.
However, because of the small sample size, an expanded research project regarding this issue should
be considered, as it would contribute to the development and implementation of effective policies
and interventions for pedestrian safety in Korea. This study therefore offers practical information
regarding the development of such an expanded study to inform future traffic safety policies in Seoul
to establish a “safe walking city.”

Keywords: built environment; geographic information system; pedestrian safety; pedestrian–vehicle
crash; severity of injury

1. Introduction

Background

Walking is the most fundamental mode of mobility. Being able to walk safely around a city is
critical to creating and maintaining a comfortable, pleasant, and convenient city. There has been an
increasing interest in walking because of its social, economic, health, and environmental benefits,
as well as its application when constructing a sustainable transportation system. Walking is not
only an important mode of transportation from a macro perspective, but it also benefits individuals’
health at the micro level. Although the importance of walking has been emphasized previously
in Korea, the number of vehicles and the length of road per capita have increased annually, and,
with this, the number of collisions between pedestrians and vehicles. In 2015, among Organization
for Economic Co-operation and Development (OECD) countries, Korea had one of the highest rates
of traffic accidents, as shown in Table 1 [1]. Approximately 1.6 times as many people died in Korea
per 100,000 people in traffic accidents than in any other OECD country. In addition, the number of
traffic accidents per 100,000 people in Korea was approximately twice that of most OECD countries,
with Korea seeing the third-highest number of traffic accidents per capita among all OECD countries.
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Table 1. Comparison of pedestrian–vehicle fatalities between Korea and OECD countries [1].

Classification Korea OECD
Average

Korea’s Ranking Among
32 OECD Countries

Number of traffic accidents
per 100,000 people in 2015 458.4 222.3 31/32

Number of fatalities
per 100,000 people in 2015 9.1 5.6 31/35

The “Pedestrian Safety and Convenience Enhancement Act,” which was enacted in Korea in
2012, aims to promote public welfare by creating a comfortable walking environment in which
pedestrians can walk safely and conveniently, thus improving their quality of life [2]. In keeping with
the national government’s efforts, local governments have also focused more on building walkable
environments that are safe from vehicle intrusion. Because it appears that the built environment plays
a significant role in decreasing pedestrian–vehicle collisions [3], the efforts of urban planners and
transportation engineers have been primarily on modifying the built environment to decrease the risk
of pedestrian–vehicle collisions and to improve walkability [4]. Thus, to develop and implement more
effective policy interventions for and investments in pedestrian safety, it is important to understand
the link between the built environment and pedestrian collisions. Specifically, the extent to which
the built environment affects pedestrian–vehicle collisions should be tested, based on the severity of
pedestrian injuries.

2. Literature Review

2.1. Pedestrian–Vehicle Collisions

Pedestrian safety research has long been conducted in a number of fields, including transportation,
public health, urban planning, and urban design. In addition to advancing efforts to promote
walking [3,5–9], which has been highlighted in many studies, researchers should undertake a
thorough examination of pedestrian safety from vehicles. In particular, studies should consider the
importance of constructing built environments that ensure pedestrian safety via measures that prevent
pedestrian–vehicle collisions. Studies have examined the effect of neighborhood built environments
on pedestrian–vehicle collisions in different regions globally [3,5–11]. Park and Lee [12] analyzed
the influence of the micro street environment on pedestrian accidents in Seoul, Korea, using street
segment unit analysis. They found that vehicle traffic volume, pedestrian flow, commercial streets,
and pedestrian crossings were closely related to pedestrian–vehicle collisions. Ukkusuri et al. [13]
analyzed the role of built environments in the frequency of pedestrian collisions in New York City,
USA, revealing that commercial areas, open spaces, and public transportation stops determined where
people walked and, therefore, had an impact on traffic accidents. In addition, Park [14] analyzed the
association between built environments and pedestrian–vehicle collisions at the census tract level in
Seattle, USA, finding that turning intersections, traffic light density, mixed land use ratio, and number
of bus stops significantly affected pedestrian safety. Lee and Lee [15] studied older people and children,
who are classified as “transportation vulnerable,” and found that the high densities of intersections
and public transportation facilities were a threat to pedestrian safety.

Along with general studies on the association between pedestrian–vehicle collisions and built
environments, many studies have analyzed pedestrian–vehicle collisions based on the severity of
injuries. For example, Clifton et al. [4] performed a generalized ordered probit analysis in Baltimore,
USA, to identify personal and environmental characteristics that were associated with the severity
of injuries in pedestrian–vehicle collisions. This analysis revealed that children, male pedestrians,
and older people were more likely to be injured fatally. Furthermore, Clifton et al. [4] and Tay et al. [7]
found that pedestrian injuries were more severe when they occurred while crossing intersections.
Yu [11] and Seo and Lee [16] conducted two studies, that analyzed pedestrian–vehicle collisions and
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injury severity by looking at census tract data and the micro-level within a 0.5 km radius, respectively.
Both studies revealed that intersections, traffic control facilities, central bus lanes, and commercial
areas were likely to be correlated with serious injury to pedestrians.

Recently, more systematic and contextual built environment data (such as on land use,
road characteristics, and traffic attributes) have been examined for their effects on vehicle–pedestrian
collisions [9,11,17]. Abdul-Aziz et al. [9] employed random parameter logit models to identify
the determinants of pedestrian injury severity levels in five boroughs of New York City, USA.
The study found significant associations between pedestrian–vehicle collisions and the number of lanes,
road darkness, road surface, intersections, speed limit, vehicle type, presence of signal controls, parking
facilities, and commercial and industrial land use, even though several significant variables showed
different results for different boroughs. Yu [11] developed two multilevel models to identify factors
related to the severity of pedestrian injury at two different scales. This study indicates that the density
of intersections, the density of transit stops, the percentage of land use devoted to schools, and the
percentage of land use devoted to parks, which were significant for the single-level model, failed to be
significant for the multi-level model. These results also revealed that the risk of fatality and severe
injury was less likely in areas with higher sidewalk density and greater percentages of commercial
land use. This study demonstrated that intersection and traffic control devices were associated with a
decrease in fatal and severe injuries, while increases in road darkness, speed limits, and population
density led to a higher risk of fatality. Moudon et al. [18] studied the risk of pedestrian–vehicle
collisions on state routes and city streets in King County, Washington, USA. Their study revealed an
interesting association among home value, residential density, and injury severity, finding that lower
neighborhood median home values and higher residential densities carried them a greater risk of fatal
and severe injuries. The results of the study also indicated that areas with higher pedestrian activity
did not guarantee pedestrian safety.

In addition to the studies mentioned above, many studies have attempted to identify
various determinants affecting the severity of pedestrian injury. Among road environments and
street characteristics, factors found to be relating to injury severity included crosswalks [19–25],
intersections [26–30], number of lanes [21], sidewalks [31–33], traffic signals [29,34], street lights [5,22,35],
road width [36], and road network [37]. For traffic-related environments, factors including traffic control
devices [31,38], vehicle speed limits [17,20,28,38,39], auto types [17,28,36,40], and traffic volume [41,42]
were found to have significant effects on pedestrian–vehicle collisions. With regard to land use
characteristics, the relationship between land use and pedestrian fatalities was explored via educational
facilities [43], commercial land use [38,44,45], residential land use [36,38], and mixed land uses [38].
In terms of individual factors relating to these collisions, several studies have considered gender [45],
age [28,36,46,47], and population density [11,38] to be indicators of major crashes.

2.2. Limitations of Prior Research and Differentiation of Research

Based on the results of prior research, it appears that attributes of the built environment affect the
incidence of pedestrian fatalities. Much of that research, however, has focused on analyzing how some
part of the built environment affects pedestrian injuries, which fails to consider the overall systematic
mechanism of the built environment; therefore, many walking-related studies miss some aspects of
the built environment associated with pedestrian behavior. Pedestrian–vehicle collisions cannot be
discussed separately from pedestrian walking behavior. It is better to include parameters related
to pedestrian walking behavior. Therefore, this study tries to examine housing types [48,49], public
transit [50,51], and road types [52,53]—how these factors relate to walking behavior could influence
pedestrian fatalities. We extended the implications of the present study by including these potential
factors to investigate the interaction between injury severity and the overall characteristics of the built
environment, including land use, housing types, road environment, and traffic characteristics.
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3. Methods

3.1. Data

The present study was conducted using electronic crash data from pedestrian–vehicle collisions
that occurred in Seoul, Korea, between 2013 and 2015. Over this three-year period, there were
33,106 accidents involving both pedestrians and vehicles. The electronic crash data were obtained
at the borough level using the Traffic Accident Analysis System. At the time of the study,
the population of Seoul was approximately 10 million, according to 2015 census data, and its
land area was approximately 605 km2. The pedestrian–vehicle collisions examined in this study were
classified into five categories—total pedestrian, fatal, incapacitating, non-incapacitating, and possible
injuries—according to the severity of pedestrian injuries. To account for differences in the area for
Seoul’s 25 boroughs, the number of pedestrian injuries by level of severity was converted into a density
ratio—number of pedestrian collisions per square kilometer for each borough.

Variables relating to the built environment that may influence pedestrian collisions were analyzed,
such as land use, housing type, road environment, and traffic characteristics. Due to differences among
the boroughs in terms of population and area, population density was employed as a controlling
variable. To analyze the effect of neighborhood land use and housing type (data for which was
obtained from the Korean Statistical Information System), this study examined the ratio of residential,
commercial, and green areas, as well as high-rise multi-family and single-family housing, and housing
in non-residential buildings. Road environment and traffic characteristics, data for which were
provided by the Seoul Research Institute, were divided into two categories: public transportation and
road/traffic facilities. The point-based data, including subway entrances and bus stops, were calculated
by the area-based density of public transportation facilities. Roads were classified by hierarchy in the
following order: main arterial, secondary arterial, collector, and local roads under transportation-related
law in Korea. However, main arterial roads, which were defined as main roads that handle mass traffic
volume and link major urban and rural areas, were not included in this study because pedestrians are
less likely to encounter them. The variables related to pedestrian crossings were divided into three
indicator categories: crosswalks with traffic signals; crosswalks without traffic signals; and number of
crosswalks per road length. The first two were measured using the area-based density; the third using
the length-based density. Through these different measures, accurate measurements of factors affecting
pedestrian-vehicle crashes, even with the same variable, can be observed. Finally, the density of speed
humps, which limit vehicle speed and could interfere with pedestrian walking [54], was observed in
this study.

3.2. Data Analysis

Pedestrian-vehicle collisions possess a spatial attribute because they occur in space. Everything in
space affects other things in space; however, things in close proximity have a greater effect on each
other than things that are far apart. This concept is referred to as spatial autocorrelation, which is
defined as a measure of spatial similarity between nearby observations [55]. If spatial autocorrelation
is not considered in spatial analysis, the result of the spatial statistical analysis could be misinterpreted
because of the violation of the statistical assumption that observations are independent from one
another [56]. Verifying the spatial autocorrelation determines the validity of applying a spatial
regression model. This study measured the spatial autocorrelation of pedestrian collision density,
a dependent variable, through the value of Moran’s index, using geographic information system (GIS)
data. Moran’s index has a value between −1 and +1, which indicates the spatial similarity effect of the
measured values [57]. A value closer to -1 indicates that dissimilar values cluster together, while a
value closer to +1 indicates that similar values cluster together. If the value of Moran’s index indicates
the spatial autocorrelation of the spatial distribution of pedestrian–vehicle collisions, then spatial
regression models should be used in the analysis; otherwise, the ordinary least squares (OLS) regression
model should be employed [57].
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4. Results and Discussion

4.1. Spatial Distribution of Pedestrian–Vehicle Collisions

Figure 1 illustrates the density of pedestrian–vehicle collisions in Seoul from 2013 to 2015 by
severity type. Regardless of severity, the maps show that pedestrian collisions occurred frequently in
the center of Seoul. In boroughs outside downtown Seoul, pedestrian–vehicle collisions appeared to be
less clustered and more evenly dispersed throughout the city. However, a closer examination of the GIS
maps showed that the spatial distribution varied according to severity type. For example, fatal injuries
from pedestrian–vehicle collisions tended to occur more frequently in the southwestern area of Seoul,
whereas possible injuries were more common in the southeastern area of Seoul. This distinction indicates
that the frequency of collisions and severity of injuries varied according to regional characteristics.
Ding et al. [58] suggested that local agencies need to develop geo-spatially discriminated policies
to build safe walking environments. Therefore, it is necessary to look at the effects of the built
environments, which may differ from borough to borough, on pedestrian–vehicle collisions according
to severity type.
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4.2. Spatial Autocorrelation Analysis

Table 2 shows the values of Moran’s index results of spatial autocorrelation by severity type.
Five models, including total pedestrian injuries, failed to have spatial dependence among the boroughs,
meaning that pedestrian–vehicle collisions that occurred within each borough were less likely to
be affected by an adjacent borough and more likely to be influenced by the nature of the borough.
Therefore, this study employed an OLS-based regression model instead of spatial regression models.

Table 2. Spatial autocorrelation analysis.

Severity Moran’s Index p-Value

Total pedestrian injury −0.0157 0.8839
Fatal injury −0.2098 0.3590

Incapacitating injury 0.0810 0.4935
Non-incapacitating injury −0.0377 0.9825

Possible injury −0.0643 0.8823

4.3. Descriptive Statistics of the Variables

Table 3 provides descriptive statistics of the variables considered in this study. All variables were
tested with a Shapiro–Wilk test in SPSS to assess the assumption of normality. Normality analysis
was conducted to determine whether the measured data met the assumption of parametric tests.
Between 2013 and 2015, the average total density of pedestrian–vehicle collisions within the Seoul
Metropolitan Government area was 59.39. When pedestrian-involved collisions occurred, incapacitating
and non-incapacitating injuries were more common than fatal and possible injuries. As shown in the
table, the boroughs had different population densities: the highest population density was 20 times
that of the lowest population density. Residential areas accounted for the largest proportion of the area
within boroughs, with some being more than 90%. Regarding housing type, high-rise multi-family
housing accounted for more than 50% of the houses in Seoul. The density of crosswalks without traffic
signals was higher than the density of crosswalks with traffic signals.

Table 3. Descriptive statistics of variables.

Variables Measurements Mean S.D. Min Max

Dependent variable

Density of total pedestrian injuries #/km2 59.39 19.99 32.32 113.25
Density of fatal injuries #/km2 1.13 0.49 0.49 2.39

Density of incapacitating injuries #/km2 25.66 8.89 13.74 50.00
Density of non-incapacitating injuries #/km2 27.89 9.72 15.70 55.14

Density of possible injuries #/km2 4.47 2.11 2.09 12.55

Independent variable

Controlling
variable Population density #/km2 19,437 13,040 3694 62,770

Land use and
housing type

Residential area ratio % 54.83 16.90 32.75 91.57
Commercial area ratio % 5.05 7.35 1.14 36.27

Green area ratio % 35.64 17.31 0.25 62.61
Single-family housing ratio % 14.56 6.90 4.21 30.09

High-rise multi-family housing ratio % 56.25 13.64 28.82 86.12
Housing in non-residential building ratio % 1.15 0.41 0.40 1.96

Road and traffic
characteristic

Subway entrance density #/km2 2.46 2.03 0.72 11.24
Bus stop density #/km2 14.65 4.48 7.55 27.95

Secondary arterial road ratio % 4.04 2.80 0.00 12.26
Collector road ratio % 1.70 1.65 0.00 6.25

Local road ratio % 4.36 3.21 0.66 12.19
Density of crosswalks with traffic signals #/km2 17.04 5.23 9.51 27.69

Density of crosswalks without traffic signals #/km2 41.33 17.10 17.01 105.02
Number of crosswalks per road length #/km 4.22 1.71 2.47 11.32

Speed hump density #/km2 16.56 7.77 4.96 35.45
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4.4. Regression Analysis

Table 4 shows the results of the general linear regression analysis for pedestrian collisions.
Before undertaking the regression analysis in R, the multicollinearity between the explanatory variables
was examined. Because the collinear variables could have the same information regarding injury
severity in this study, and could lead to inaccurate estimates of coefficient values, collinearity needed to
be avoided [59]. Therefore, certain explanatory variables (such as commercial space ratio, green space
ratio, single-family housing ratio, subway entrance density, and density of crosswalks without traffic
signals), initially considered in this study, were excluded in the final analysis after preliminary testing.

The results of the analysis show that the explanatory power of the models for total pedestrian,
incapacitation, and non-incapacitation injuries were higher than those for fatal and possible injuries.
As Figure 1 shows, the analysis of total pedestrian injuries was similar to that for incapacitation and
non-incapacitation injuries.

The effects of the indicators on pedestrian collisions were as follows: Population density, which was
a proxy variable used to control exposure to pedestrian–vehicle collisions, was not statistically significant.
The absence of an association between population density and pedestrian collisions in Seoul was not
consistent with the significant influence found in prior research [11,38]. This finding indicates that
pedestrian accidents in Seoul were more likely to be affected by environmental factors than by the
number of pedestrians. It may also imply that the occurrence and severity of accidents was more likely
to occur among vulnerable road users [60,61]. Therefore, in the future, it will be necessary for policies
to take greater consideration of vulnerable road users, as well as improve the physical environment.
However, this can also be seen as a limitation of the size of the spatial units, i.e., boroughs. The results
may differ because of differences in the size of spatial units from other studies. Therefore, it is necessary
to re-discuss the effects of population by analyzing them within a similar range of spatial units.

The proportion of residential areas shows a statistically positive relationship with total pedestrian,
incapacitating, and non-incapacitating injuries. The results show that, the greater the number of
residential areas, the more serious the injuries, coinciding with a previous study’s [38] finding that fatal
injuries tended to occur more in residential areas than in commercial areas. Accordingly, more deliberate
attention should be paid to pedestrian safety in residential areas. High-rise multi-family housing,
which accounted for the greatest percentage of residential areas in Seoul, failed to yield a statistically
significant association with all types of injury severity. This result is within the same context as
population density, with no statistical significance.

In addition, with respect to the proportion of housing in non-residential buildings (such as
hotels, motels, or temporary dwellings), only total pedestrian and non-incapacitating injuries had a
statistically significant influence. Therefore, the use of buildings may be more relevant to the likelihood
of pedestrian injuries than their development density. This finding highlights that attention needs to
be paid to neighborhood facilities at a micro-level, including parks, schools, children’s playgrounds,
restaurants, and convenience stores [62].



Safety 2020, 6, 25 8 of 13

Table 4. Model estimation results for pedestrian injury severity.

Classification Variables
Total Pedestrian Injury Fatal Injury Incapacitating Injury Non-Incapacitating Injury Possible Injury

Coef. S.E t-Value VIF Coef. S.E t-Value Coef. S.E t-Value Coef. S.E t-Value Coef. S.E t-Value

Constant −24.698 * 10.606 −2.329 0.203 0.674 0.301 −8.930 4.830 −1.849 −0.000 * 6.453 −2.151 0.000 2.179 −0.909

Controlling
variable Population density 0.000 0.000 −1.179 1.736 −0.00 0.000 −1.062 −7.423 0.000 −1.267 −8.816 0.000 −1.126 1.482 0.000 0.561

Land use and
housing type

Proportion of residential area 0.410 ** 0.107 3.825 2.018 −0.001 0.007 −0.160 0.169 ** 0.049 3.474 0.228 ** 0.065 3.507 0.011 0.022 0.497
Proportion of high-rise
multi-family housings −0.087 0.131 −0.665 1.973 −0.004 0.008 −0.538 −0.057 0.060 −0.947 −0.016 0.080 −0.198 −0.010 0.027 −0.380

Proportion of housing in
non-residential buildings 10.748 * 4.34 2.476 1.98 0.010 0.276 0.037 3.676 1.977 1.860 5.261 * 2.640 1.992 1.679 0.892 1.883

Road and traffic
characteristic

Bus stop density 0.724 0.404 1.794 2.017 0.021 0.026 0.816 0.400 * 0.184 2.179 0.239 0.245 0.972 0.072 0.083 0.866
Secondary arterial road ratio 1.187 * 0.523 2.272 1.316 0.052 0.033 1.557 0.513 * 0.238 2.155 0.672 * 0.318 2.115 −0.048 0.107 −0.447

Collector road ratio 0.422 1.268 0.333 2.686 −0.009 0.081 −0.111 0.748 0.578 1.296 −0.761 0.772 −0.987 0.462 0.261 1.772
Local road ratio 0.046 0.474 0.098 1.431 −0.035 0.030 −1.163 −0.027 0.216 −0.123 0.067 0.289 0.232 0.056 0.097 0.571

Density of crosswalks
with traffic signals 1.878 ** 0.342 5.496 1.969 0.058 ** 0.022 2.688 0.874 ** 0.156 5.616 0.997 ** 0.208 4.797 −0.077 0.070 −1.101

Number of crosswalks
per road length 3.827 ** 1.047 3.656 1.978 0.013 0.066 0.197 1.178 * 0.477 2.472 1.989 ** 0.637 3.123 0.667 ** 0.215 3.102

Speed hump density −0.443* 0.209 −2.119 1.624 0.000 0.013 −0.014 −0.197 * 0.095 −2.067 −0.289 * 0.127 −2.276 0.050 0.043 1.158

Statistics
N 25 25 25 25 25

R-Squared 0.947 0.642 0.945 0.917 0.800
Adjusted R-Squared 0.903 0.340 0.898 0.848 0.630

*p < 0.05, **p < 0.01
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Among the road and traffic characteristics, it was found that the density of bus stops, which may
indicate characteristics leading to walking, failed to have an explanatory power of association with injury
severity, except in the incapacitating injury model. This result may indicate that pedestrian–vehicle
collisions occurring around bus stops may result in more incapacitating injuries than other injury
types. Therefore, more specific effective pedestrian safety policies should be considered for edestrian
safety around bus stops, which support walking and sustainable transport uses. Regarding road
types, only the secondary arterial road ratio showed a statistically significant association with injury
severity (excluding fatal and possible injuries), suggesting that people may be more seriously injured
on high-traffic roads than on neighborhood-level roads. This finding implies that vehicle speed on
the road (which was not considered in this study because of limitations in the data acquired) may
be associated with the severity of pedestrian crashes. This result is consistent with the previous
literature [17,21,28,36]. Therefore, policies and strategies are necessary for pedestrian safety on major
roads where vehicle traffic is a priority.

The density of crosswalks with traffic signals was found to have statistical significance in all
models, except for possible injury. In other words, pedestrian–vehicle collisions were more likely to
result in serious injuries when such collisions occurred at crosswalks with traffic signals. This is likely
to be caused by pedestrians crossing at a crosswalk when the pedestrian crossing light is red.

Therefore, pedestrians must be conscious of and comply with all signals to walk safely. In addition,
from the driver’s point of view, installation of the pedestrian detection system in cars is suggested to
reduce the possibility of collisions. Oikawa et al. [63] asserted that the pedestrian detection system
needs to be designed in manner to reduce the vehicle velocity at the moment of pedestrian contact.
Interestingly, the number of crosswalks per road length was significantly correlated with injury severity,
except for fatal injuries. Although these findings are consistent with prior research [20,21], Kim et al. [5]
offered a contradictory finding, in that crossing at crosswalks was more likely to result in a lower risk
of fatalities. This contradictory result may be confounded by other potentially influencing measures
that were not considered in the study. However, the results of this study imply that pedestrian–vehicle
crashes are likely to occur in neighborhoods with many crosswalks in general, beyond their relationship
with the severity of accidents. Therefore, effective pedestrian safety programs, such as collision
avoidance and pedestrian detection systems, are needed to reduce the likelihood of pedestrian crashes
around crosswalks as well as the potential severity of pedestrian injuries. Xie et al. [27] demonstrated
the importance of exclusive pedestrian signals for all crosswalks, which can contribute to reducing the
risk of pedestrian–vehicle collisions.

Finally, it is surprising that, among the factors with statistical significance, the density of speed
humps was the only measure to have a negative influence on injury severity. Speed humps were likely
to play a significant role in decreasing the injury severity [64], even though the models of fatal and
possible injuries did not yield statistically significant associations between pedestrian collisions and
speed humps. As previously explained, in contrast to the tendency of secondary arterial road ratios to
increase the likelihood of pedestrian crashes, collector and local roads did not show any association
with the likelihood of crashes occurring. Therefore, policies that take advantage of the effectiveness of
speed humps would be expected to play a role in reducing the possibility of pedestrian crashes on the
collector and local roads.

5. Conclusions

This study examined how the severity of pedestrian injury related to aspects of built environments,
such as land use, housing type, road type, and traffic characteristics. The research also examined how
built environments influenced the risk of pedestrian–vehicle collisions according to the severity level
of pedestrian injury. The findings of this study indicate that the measures’ explanatory power depends
on the severity of pedestrian injury. The density of crosswalks with traffic signals is only an indicator
that can explain pedestrian crashes in the fatal injury model. The number of crosswalks is only an
indicator that can explain pedestrian crashes in the possible injury model. It is also interesting to note
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that bus stop density plays a role in reducing pedestrian collisions in only the incapacitating injury
model. Therefore, these interesting findings suggest that the built environmental characteristics of
neighborhoods that affect pedestrian crashes vary according to the severity level of pedestrian injuries.

This study’s findings offer several implications relating to pedestrian safety policy. First, special
attention should be paid to residential areas over other land uses to ensure that people can walk safely
in those areas. Second, special attention should be paid to the safety of pedestrians in areas where there
are large proportions of arterial-level roads, which generally accommodate greater traffic flow than
neighborhood-level streets. Third, the positive association of crosswalks with injury severity means
that the crosswalks did not necessarily guarantee pedestrian safety, even if a road had more crosswalks
installed or if traffic signals were equipped on the crosswalks. Therefore, this study suggests the need
to highlight the importance of crosswalks for reducing the probability of pedestrian–vehicle collisions
and for promoting pedestrian safety.

Even though this empirical study reveals a key finding—that the built environment has different
impacts on pedestrian–vehicle collisions, depending on the severity of injury—this study has a
few limitations, which should be developed further through future research and investigation.
One limitation was the small sample size, with only 25 observations. Pedestrian collision data were
aggregated to the borough level only, because the Korea Road Traffic Authority does not provide
more detailed location information for pedestrian–vehicle collisions. Therefore, further micro-level
research using data that include the location information of pedestrian–vehicle accidents will be
needed in the future, to provide more precise information about the influence of the built environment
on pedestrian-involved collisions in Korea. In particular, spatial analysis at the micro level may
reveal spatial autocorrelation of pedestrian-vehicle collisions. By controlling spatial autocorrelation
at the micro level, the impact of the built environment on pedestrian injury severity can be grasped
more accurately. A second limitation is that specific demographic information for both the injured
pedestrians and the drivers was not included; this should be included in future research to enhance the
model’s ability to identify factors influencing collisions. In particular, having possible and fatal injuries
in the same metric will be problematic, because this does not reflect the societal cost of these crashes;
additionally, it could result in estimates being biased and inconsistent. Traffic volume and pedestrian
volume could be contributing factors that directly and/or indirectly affect pedestrian injury severity.
However, this study fails to consider these two potential indicators and instead considers population
density because of the limited availability of data. It is expected that in future a more detailed study
could be conducted at the micro-level if relevant data is available. In addition, the location data of
collisions as well as the personal information of those involved, which are not available because of the
lack of data in Korea, should be organized and managed by building a robust data platform.

This study indicates that, by carefully establishing a built environment in which pedestrians
and vehicles interact safely, a city or country could decrease pedestrian risk exposure. The potential
severity of pedestrian injuries has long been a major concern for those involved in transportation,
public health, and urban planning. This study suggests that more deliberate research regarding this
issue could contribute to the development and implementation of effective policies and interventions
for pedestrian safety in Korea.
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