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)is study explores the contributing factors that influence bicyclist injury severity at three types of intersection: roundabouts,
crossroads, and T-junctions. Using bicycle-involved crash data in the UK over nine years (from 2009 to 2017), the bicyclist injury
severity (with three severity levels: fatal injury, serious injury, and slight injury) was estimated using the generalized ordered logit
(GOL) model and partial proportional odds (PPO) model. )e marginal effects of each explanatory variable were computed to
investigate the impacts on bicyclist injury severity occurring probabilities. A wide range of variables potentially affecting injury
severity was considered, including bicyclist characteristics, intersection characteristics, environmental conditions, bicyclist
movement and location preceding the crash, and types of collisions. Our findings show that the PPOmodel outperforms the GOL
model for analyzing the factors that affect the bicyclist injury severity at intersections. )e factors that affect cycling safety at
various intersections show enormous differences. Specifically, nine variables have significant impacts on bicyclist injury severity at
those three types of intersections. And there are only two variables, four variables, and eleven variables that have significant impact
on bicyclist injury severity at roundabouts, crossroads, and T-junctions, respectively. )e findings of this study can help decision
makers better understand the spatial heterogeneity of the factors that influence the bicyclist injury severity at various intersections.

1. Introduction

Cycling is often considered as an economical, convenient,
healthy, and sustainable transportation mode, especially
suitable for short distance travel, which can offer a wide
range of environmental and social benefits [1]. Recently,
with the implementation of more than 20,000 bike-sharing
schemes around the world, cycling has become a conven-
tional travel mode in many cities [2]. With this in mind, the
UK government has designed a series of policies over the
past decade to promote the use of the bicycle in the daily
journey, with the ambition to increase the bicycle trips from
0.8 billion in 2013 to 1.6 billion in 2025 [3]. Although the
government has invested extensively to increase bikeability,
bicycle travel mode only shares about 2% of all trips made in
the UK, which is much lower than the Netherlands, Den-
mark, and Germany [4]. Among all the possible explana-
tions, the most widely accepted view is that the safety risks
perceived by cyclists are the most critical reasons hindering

the increase of cycling share rate [5–10]. )erefore, it is
significant to analyze and determine the influencing factors
that affect the safety of bicycle trips, and thereby the gov-
ernment can develop the countermeasures accordingly to
lower the severity of cycling risk and increase the level of
bicycle use.

A series of studies have been conducted to examine the
critical factors related to bicycle safety, including the in-
fluence of bicyclist and driver demographics, bicycle and
vehicle characteristics, road and environmental factors, and
other variables. Behnood and Mannering [11] identified the
contributing factors of race, gender, age, and whether the
bicyclist wears a helmet that can significantly affect the
severity of the bicycle crash. )e cyclists who are younger,
less educated, and ride longer per week were associated with
a higher safety risk [12]. Besides, since bicyclists aged over 65
need more time to perceive and respond to external in-
formation, they are more prone to be involved in severe
bicycle crashes [13]. By analyzing the police-reported data,
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Kim et al. [14] implied that inclement weather, darkness
without lighting, speeding, and involvement of trucks could
significantly increase the probability of fatal bicyclist injury,
and the fault of bicyclists is more likely to result in severe
crashes than the drivers. Specifically, Eluru et al. [15]
asserted that the age of bicyclists, the speed limit strategies of
the road, and the locations and the period of crashes oc-
currence are the critical factors impacting the bicyclist injury
severity. Cycling on the curved road segments, rural roads,
and high-speed roads could raise the risk of severe injury
[16]. Also, intoxicated bicyclists and automobile drivers,
vans, SUVs, light-duty trucks, and roads with a grade or a
curve are more likely to be involved in severe crashes [17].
Regarding the bicycle lanes, Morrison et al. [18] insisted that
setting up exclusive bicycle lanes was a solution to improve
the safety of bicyclists, which reduces the crash risk between
bicycles and vehicles and raises the perception of cycling
safety, thereby attracting more people to use bikes. However,
the level of traffic pressure influenced the outcomes of bi-
cycle lanes on cycling safety, and bicycle lanes on the roads
with heavy traffic were more prone to involved in bicycle
crashes [19]. Furthermore, the configuration of the adjacent
intersections, bicycle traffic volume, and traffic control
strategies at intersections could influence the effectiveness of
bicycle lanes [20]. Besides, Klassen et al. [21] indicated that
the essential factors influencing the severity of bicycle crash
at intersections and road segments were not the same. )us,
unique treatments were needed to improve cycling safety at
these two types of locations.

Several studies have verified that intersections are par-
ticularly dangerous areas due to the crossing traffic streams.
Bicyclist crashes at intersections could increase the proba-
bility of severe injuries and fatalities [22–26]. Moore et al.
[27] stated that there were essential differences in some
factors that impact the bicyclist injury severity at intersec-
tions and non-intersections, and it was necessary to develop
separate models to assess the effects of various factors on the
bicyclist injury severity, respectively. Wang et al. [28] be-
lieved that the implementation of traffic calming methods,
improving street lighting, and stop control strategy could
enhance the cycling safety at nonsignalized intersections.
Moreover, providing warning information to right-turning
drivers when they approach the intersections can reduce
conflicts between right-turning vehicles and bicycles on
bicycle lanes, which can effectively enhance cycling safety at
intersections [29]. Wang and Akar [30] concluded that the
provision of bicycle boxes, bicycle crossing signs, and
crossing markings at intersections could improve cycling
safety, and the safety perceptions varied depending on the
typologies of bicyclists. To sum up, although increasing
researchers are starting to explore bicyclist safety at inter-
sections, to the best of our knowledge, there is few detailed
analysis for the difference of factors affecting bicyclist injury
severity at various intersections.

Given the above, the objective of this research is to
analyze and compare the influences of different intersection
features on bicyclist injury severities in crashes. )e cycling
crash data used in this study are police-reported, occurred at
various intersections in the UK, and the statistical period is

nine years from January 1, 2009, to December 31, 2017.
Specifically, we primarily focus on studying the factors af-
fecting bicyclist injury severity cycling crashes at round-
abouts, crossroads, and T-junctions. )e principal reason is
that the probability of bicycle crashes occurring at these
three intersections were higher than others in the UK,
according to bicycle crash data. )e remainder of the paper
is organized as follows. Section 2 summarizes and describes
the methodology applied to analyze bicyclist injury severity
as well as the methods for comparing the models. Section 3
presents data on bicycle crashes that occurred at round-
abouts, crossroads, and T-junctions. Section 4 discusses the
outcomes of the model estimation and marginal effects, and
finally, a conclusion is given in Section 5.

2. Methodologies

In police-reported bicycle crashes, the bicyclist severity is
generally recorded using ordinal categories, and it is clas-
sified as fatal injury, serious injury, and slight injury. )e
ordered logit model is used to analyze bicycle crashes, which
needs to obey the parallel lines or proportional odds (PO)
assumption, and the estimated parameters are the same
across the cumulative level [31, 32]. However, some variables
affecting the bicycle crash levels at various intersections may
be different. Following the recent studies such as Marcoux
et al. [33], the generalized ordered logit model (GOL), which
can relax the PO assumption for all variables, is selected in
this study. Actually, in this study, we are not convinced
whether we need to relax the PO constraint for all or some
specific variables. Rationally, the partial proportional odds
model (PPO) is also selected, for which only partial variables
can violate the PO assumption. Moreover, using the same
bicycle crash data, comparative analysis of the GOL and PPO
model is conducted in this study. )e brief information
about the two models (GOL and PPO) is described as
follows.

2.1. Generalized Ordered Logit (GOL) Model. In this paper,
bicyclist injuries are studied by three discrete severity
levels according to the police-reported bicycle crashes;
accordingly, we coded 1 � slight injury, 2 � serious injury,
and 3 � fatal injury. And the contribution of driver
characteristics, driver behaviors, collision types, infra-
structure characteristics, vehicle types, and environmental
conditions is assessed by the crash injury severity model.
Following the research by Williams [34], we define the
bicyclist injury severity function y∗i based on the latent
regression:

y
∗
i � Xiβj + εi, (1)

where j are the categories of bicyclist injury severities, Xi is a
1 × p vector that contains the values of all the explanatory
variables to the bicycle crash i, βj is a vector of regression
coefficients, εi a residual term following a logistic distri-
bution, and y ∗i is a latent preference variable. )e observed
counterpart to y∗i is yi, and the severity level yi of crash i is
defined as follows:
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yi �

1, y∗i ≤ μi,0,

2, μi,0 <y∗i ≤ μi,1,

3, μi,1 <y∗i ,

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(2)

where μi,0, μi,1, and μi,2 are the boundaries between the bi-
cyclist severity levels for crash i. As the residual term εi

follows the logistic distribution, the GOL model can be
written as

P yi > j( 􏼁 � g Xiβj􏼐 􏼑 �
exp αj + Xiβj􏼐 􏼑

1 + exp αj + Xiβj􏼐 􏼑
, (3)

where αj represents a cutoff point for the cumulative logit of
category j. From the above, it can be determined that the
probabilities that yi will take on each of the values 1, 2, and 3
are equal to

P yi � 1( 􏼁 � 1 − g Xiβ1( 􏼁,

P yi � 2( 􏼁 � g Xiβ2( 􏼁 − g Xiβ1( 􏼁,

P yi � 3( 􏼁 � g Xiβ2( 􏼁.

⎧⎪⎪⎨

⎪⎪⎩
(4)

2.2. Partial Proportional Odds (PPO) Model. As mentioned
above, unlike the GOL model, the PPO model allows some
independent variables to violate the PO assumption, and
other independent variables can remain constant for each
crash injury severity level. Based on equation 3, suppose that
there are only m variables that obey the PO assumption, and
the GOL model can be written as

P yi > j( 􏼁 � g Xi,mβ + Xi,p−mβj􏼐 􏼑

�
exp αj + Xi,mβ + Xi,p−mβj􏼐 􏼑

1 + exp αj + Xi,mβ + Xi,p−mβj􏼐 􏼑
,

(5)

where Xi,m is a vector of m explanatory variables to the
bicycle crash i that satisfies the PO assumption, β is a
vector of regression coefficients that is the same for all
values of j, Xi,p−m is a vector of p − m variables to the
bicycle crash i that is free to the PO assumption, and βj is a
vector of regression coefficients that is different for var-
ious values of j.

By conducting the Brant test for all independent vari-
ables, we can determine variables that satisfy the PO as-
sumption. Particularly, when the independent variables pass
the Brant test, it can be considered that those variables satisfy
the PO assumption; otherwise, those variables need to be
relaxed. For a detailed discussion on this, please refer to
Williams [34].

2.3. Model Comparison. In this study, we use the same
dataset to fit the GOL model and the PPOmodel and choose
the log-likelihood of the full model (LLf ), Akaike Infor-
mation Criterion (AIC), and Bayesian Information Criterion
(BIC) to compare the performance of those two models.

In the previous study, researchers have proven that AIC
and BIC are practical evaluation criteria to assess the quality

of different statistical models [35, 36]. By comprehensively
considering the penalty term of the number of predictive
variables and the log-likelihood value of those two models,
AIC and BIC consider not only the effect of model fitting but
also themodel complexity.)e smaller the values of AIC and
BIC are, the better the model fit effect is. )e AIC and BIC
can be calculated as follows:

AIC � 2k − 2LLf,

BIC � k ln(O) − 2LLf,
(6)

where k is the number of parameters estimated in the model
and O is the number of observations.

3. Data Description

)e data used in this study were obtained from police-
reported cycling crashes that occurred at various intersec-
tions in the UK during the nine years from January 1, 2009,
to December 31, 2017. According to the latest census, the
total population of the UK is about 63.2 million, making it
one of the most densely populated areas in the world.

)e data used in the study were all obtained from the
British Government Digital Service (https://data.gov.uk/
dataset/). In the UK, intersections are grouped into five
categories in bicycle crash dataset reported by the police,
including roundabouts, crossroads, T-junction, more than
four arms but not a roundabout, and others. From 2009 to
2018, there are about 44,804 police-reported bicyclist in-
juries that occurred at various intersections in the UK (with
all incomplete or incorrect data observations removed), and
about 95% of which happened at or near roundabouts,
intersections, and T-junction intersections, as shown in
Table 1.

According to the statistical characteristics of bicycle
crash data at various intersections, we primarily analyze
bicyclist injury severity at three categories, including
T-junction, roundabout, and crossroads. )e characteristics
defined in the dataset, including bicyclist characteristics,
intersection attributes, environmental factors, bicyclist
movement and location factors, and crash characteristics,
are studied in this research for their effect on bicyclist injury
severity.

)e final analysis dataset contains 42,532 crashes, and
the descriptive statistics of the variables used are shown in
Table 2.

4. Results and Discussion

In this study, the GOL model and PPO model are fitted by a
user-written program gologit2 in Stata 15, and the coeffi-
cients of the explanatory variables in these two models were
estimated by the maximum likelihood estimation. Estima-
tion results of the GOL and PPO models are shown in
Tables 3 and 4, respectively. )e summaries of indicators for
model comparison are given in Table 5. It is worth noting
that the variables excluded in the final model are those that
are not statistically significant, at least at the 95% level (p
value smaller than 0.05).
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Table 1: )e statistics of total bicycle crashes at various intersections (2009–2018).

Intersection categories T-junction Roundabout Crossroads Others Summary
Total number 26475 9127 6931 2272 44804
Percentage (%) 59.09 20.37 15.47 5.07 100

Table 2: Descriptive statistics of the variables used in the estimations.

Variable
Roundabouts Crossroads T-junctions

Mean S.D. Mean S.D. Mean S.D.
Bicyclist characteristics
Male (1 if bicyclist is male; 0 others) 0.809 0.394 0.792 0.406 0.803 0.397
Age 1 (1 if bicyclist is younger than 15 years; 0 others) 0.040 0.195 0.09 0.286 0.115 0.319
Age 2 (1 if bicyclist is older than 16 years and is younger than 25 years; 0 others) 0.172 0.377 0.209 0.406 0.197 0.397
Age 3 (1 if bicyclist is older than 26 years and is younger than 35 years; 0 others) 0.234 0.423 0.281 0.449 0.246 0.430
Age 4 (1 if bicyclist is older than 36 years and is younger than 45 years; 0 others) 0.235 0.424 0.207 0.405 0.202 0.401
Age 5 (1 if bicyclist is older than 46 years and is younger than 55 years; 0 others) 0.195 0.396 0.133 0.339 0.150 0.358
Age 6 (1 if bicyclist is older than 55 years; 0 others) 0.125 0.330 0.081 0.272 0.090 0.286
Citizen (1 if bicyclist dwells in the city; 0 others) 0.885 0.319 0.937 0.243 0.906 0.292
Towner (1 if bicyclist dwells in the town; 0 others) 0.055 0.228 0.029 0.167 0.047 0.212
Villager (1 if bicyclist dwells in the rural area; 0 others) 0.060 0.237 0.034 0.182 0.047 0.212
Part-of-work (1 if journey as part of work; 0 others) 0.098 0.297 0.066 0.249 0.069 0.253
To-from-work (1 if commuting to/from work; 0 others) 0.215 0.411 0.176 0.381 0.164 0.370
Taking-pupil-school (1 if taking pupil to/from school; 0 others) 0.014 0.118 0.010 0.100 0.013 0.114
Pupil-school (1 if pupil riding to/from school; 0 others) 0.013 0.114 0.018 0.134 0.026 0.158
Purpose-others (1 if travel purpose is different from the above four models; 0 others) 0.661 0.473 0.730 0.444 0.728 0.445
Intersection characteristics
Speed-limit (1 if the speed limit at the intersection is less than or equal to 30 km/h; 0 others) 0.791 0.406 0.931 0.253 0.927 0.261
Junction-control (1 if the intersection is nonsignalized controlled; 0 others) 0.953 0.212 0.517 0.500 0.907 0.290
Nonsignal-pedestrian (1 if pedestrian crossing facilities are nonsignalized controlled
crosswalks; 0 others) 0.116 0.321 0.111 0.315 0.126 0.332

Signal-pedestrian (1 if there is pedestrian phase at traffic signal junction; 0 others) 0.027 0.161 0.350 0.477 0.073 0.261
Footbridge (1 if there are footbridges or subways; 0 others) 0.013 0.114 0.009 0.095 0.010 0.100
Central-refuge (1 if there are central refuges; 0 others) 0.079 0.270 0.018 0.134 0.015 0.122
None (1 if there are no pedestrian crossing facilities; 0 others) 0.791 0.406 0.931 0.253 0.927 0.261
Road-dry (1 if road surface is dry; 0 others) 0.725 0.446 0.782 0.412 0.79 0.407
Road-wet (1 if road surface is wet; 0 others) 0.257 0.437 0.194 0.395 0.195 0.396
Road-ice (1 if road surface is ice; 0 others) 0.011 0.105 0.014 0.118 0.007 0.084
Road-others (1 if road surface is different from the above three models; 0 others) 0.007 0.084 0.010 0.100 0.008 0.089
Urban-junction (1 if the intersection is located in an urban area; 0 others) 0.781 0.414 0.927 0.261 0.886 0.318
Divider (1 if the roads have dividers; 0 others) 0.167 0.373 0.260 0.438 0.264 0.440
Environmental condition
Weekend (1 if the crash occurred at the weekend; 0 others) 0.243 0.429 0.256 0.436 0.273 0.445
Morning-peak (1 if the crash occurred at the morning rush hour; 0 others) 0.202 0.401 0.165 0.371 0.190 0.392
Night-peak (1 if the crash occurred at the afternoon rush hour; 0 others) 0.177 0.382 0.205 0.404 0.227 0.418
Nonpeak (1 if the crash occurred at the off-peak hour; 0 others) 0.622 0.485 0.630 0.483 0.583 0.493
Daylight (1 if it was daylight when the crash occurred; 0 others) 0.754 0.430 0.761 0.427 0.850 0.358
Night-light (1 if the crash occurred at night, and there were lights on the road; 0 others) 0.221 0.415 0.219 0.414 0.189 0.391
Night-nonlight (1 if the crash occurred at night, and there were no lights on the road; 0
others) 0.026 0.158 0.020 0.141 0.039 0.192

Weather-fine (1 if it was fine weather when the crash occurred; 0 others) 0.835 0.371 0.849 0.358 0.871 0.335
Weather-raining (1 if it was raining when the crash occurred; 0 others) 0.122 0.327 0.097 0.297 0.100 0.300
Weather-snowing (1 if it was snowing when the crash occurred; 0 others) 0.008 0.089 0.011 0.105 0.012 0.110
Weather-foggy (1 if it was foggy when the crash occurred; 0 others) 0.010 0.100 0.011 0.105 0.009 0.095
Weather-others (1 if it was other weather when the crash occurred; 0 others) 0.025 0.155 0.032 0.176 0.009 0.095
January (1 if the crash occurred in January; 0 others) 0.089 0.285 0.066 0.249 0.071 0.257
February (1 if the crash occurred in February; 0 others) 0.073 0.261 0.063 0.243 0.063 0.243
March (1 if the crash occurred in March; 0 others) 0.072 0.259 0.080 0.272 0.080 0.272
April (1 if the crash occurred in April; 0 others) 0.073 0.261 0.078 0.268 0.075 0.263
May (1 if the crash occurred in May; 0 others) 0.082 0.274 0.09 0.286 0.092 0.290
June (1 if the crash occurred in June; 0 others) 0.080 0.272 0.095 0.293 0.097 0.297
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4.1. Comparison of Models. In this study, according to the
estimates of the GOL and PPO models, we adopt AIC, BIC,
and pseudo R2 to compare those two models (as shown in
Table 5). It can be concluded that the AIC and BIC values of
the PPO model are smaller than those of the GOL model.
)ese two values imply that, given the same dataset, the PPO
model produces better fitting results. Besides, a similar
implication can be derived from the pseudo R2 because the
value of the PPOmodel is larger than that of the GLOmodel.
In summary, the PPO model outperforms the GOL model
for fitting the data of bicycle crashes that occurred at various
intersections. We mainly adopt the PPO model to analyze
the bicycle crash data.

It should be noted that the sign of the estimated coef-
ficients cannot intuitively interpret the influence of

explanatory variables on the PPO model outcomes. To
present meaningful explanations, we calculate the marginal
effects of each variable to evaluate the impacts of estimates
on the bicyclist injury severity occurring probabilities.
Particularly, the marginal effects demonstrate the difference
in outcome probability of each level of bicyclist injury se-
verity caused by one unit change in the explanatory variable
(as shown in Table 6).

4.2. Bicyclist Characteristics. In Table 3, several factors are
found to be statistically significant in influencing severity
outcomes in bicyclist-related crashes. Specifically, it is
found that male cyclists are more likely to be involved in
fatal or serious injuries at crossroads and T-junctions while

Table 2: Continued.

Variable
Roundabouts Crossroads T-junctions

Mean S.D. Mean S.D. Mean S.D.
July (1 if the crash occurred in July; 0 others) 0.092 0.290 0.102 0.303 0.100 0.300
August (1 if the crash occurred in August; 0 others) 0.081 0.272 0.089 0.285 0.085 0.279
September (1 if the crash occurred in September; 0 others) 0.091 0.288 0.091 0.288 0.100 0.300
October (1 if the crash occurred in October; 0 others) 0.099 0.298 0.101 0.302 0.096 0.295
November (1 if the crash occurred in November; 0 others) 0.094 0.292 0.088 0.283 0.085 0.279
December (1 if the crash occurred in December; 0 others) 0.075 0.263 0.057 0.232 0.057 0.232
Bicyclist movement and location preceding the crash
Parked (1 if the bicycle is in a state of parking; 0 others) 0.007 0.084 0.01 0.100 0.013 0.114
Waiting-go (1 if the bike is waiting to go straight; 0 others) 0.014 0.118 0.018 0.134 0.031 0.173
Slowing (1 if the bicycle is in a state of deceleration; 0 others) 0.013 0.114 0.02 0.141 0.061 0.239
Moving-off (1 if the bicycle is moving off; 0 others) 0.038 0.192 0.036 0.187 0.058 0.235
Lefting (1 if the bike is turning left; 0 others) 0.007 0.084 0.010 0.100 0.010 0.100
Waiting-left (1 if the bike is waiting to turn left; 0 others) 0.008 0.089 0.010 0.100 0.012 0.110
Righting (1 if the bike is turning right; 0 others) 0.124 0.330 0.051 0.219 0.064 0.245
Waiting-right (1 if the bike is waiting to turn right; 0 others) 0.008 0.089 0.025 0.155 0.042 0.200
Lane-left (1 if the bike is changing lane to left; 0 others) 0.009 0.095 0.010 0.100 0.014 0.118
Lane-right (1 if the bike is changing lane to right; 0 others) 0.012 0.110 0.015 0.122 0.017 0.130
Over-offside (1 if the bike is overtaking at offside; 0 others) 0.016 0.126 0.022 0.148 0.031 0.173
Over-nearside (1 if the bike is overtaking at nearside; 0 others) 0.011 0.105 0.030 0.170 0.027 0.161
Ahead-left (1 if the bike is going ahead left; 0 others) 0.013 0.114 0.014 0.118 0.011 0.105
Ahead-right (1 if the bike is going ahead right; 0 others) 0.056 0.230 0.017 0.130 0.026 0.158
Ahead (1 if the bike is going ahead; 0 others) 0.665 0.472 0.715 0.452 0.582 0.493
Mainway (1 if the bike is on mainway; 0 others) 0.954 0.210 0.927 0.261 0.894 0.308
Busway (1 if the bike is on busway; 0 others) 0.019 0.138 0.023 0.148 0.03 0.170
Cycleway (1 if the bike is on cycleway; 0 others) 0.014 0.118 0.030 0.170 0.049 0.217
Pavement (1 if the bike is on pavement; 0 others) 0.007 0.084 0.011 0.105 0.020 0.141
Bike-location-others (1 if the bike is on other location; 0 others) 0.007 0.084 0.009 0.095 0.009 0.095
Approaching-parked (1 if the bike is approaching junction or waiting/parked at junction
approach; 0 others) 0.209 0.406 0.278 0.448 0.367 0.482

Leaving-parked (1 if bike is leaving junction or waiting/parked at junction exit; 0 others) 0.156 0.363 0.071 0.257 0.085 0.279
Leaving-main (1 if the bike is leaving main road; 0 others) 0.016 0.126 0.012 0.110 0.018 0.134
Entering-main (1 if the bike is entering main road; 0 others) 0.016 0.126 0.049 0.217 0.054 0.226
Mid (1 if the bike is located in the intersection; 0 others) 0.604 0.489 0.59 0.492 0.476 0.499
Type of collision
Collision-point-front (1 if the collision point is on the front side of the bicycle; 0 others) 0.346 0.475 0.528 0.499 0.552 0.497
Collision-point-back (1 if the collision point is on the back side of the bike; 0 others) 0.181 0.385 0.086 0.281 0.084 0.277
Collision-point-right (1 if the collision point is on the right side of the bike; 0 others) 0.139 0.346 0.219 0.414 0.185 0.389
Collision-point-left (1 if the collision point is on the left side of the bike; 0 others) 0.301 0.458 0.131 0.338 0.136 0.344
Collision-point-none (1 if there was no collision point; 0 others) 0.034 0.182 0.037 0.190 0.044 0.205
Secondary-collision-on-road (1 if the secondary collision occurred on the road; 0 others) 0.011 0.105 0.026 0.158 0.032 0.176
Secondary-collision-off-road (1 if the secondary collision occurred off the road; 0 others) 0.017 0.130 0.014 0.118 0.007 0.084
Secondary-collision-none (1 if there is no secondary collision occurred; 0 others) 0.972 0.164 0.96 0.195 0.961 0.192
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Table 3: Estimation results of the GOL model.

Variables
Roundabouts Crossroads T-junctions

Fatal Serious Fatal Serious Fatal Serious
Bicyclist characteristics
Male 0.100 (0.052)∗ −0.169 (0.063)∗∗ −0.088 (0.033)∗∗
Age 1 0.804 (0.132)∗∗∗ 0.32 (0.105)∗∗ 0.298 (0.053)∗∗∗
Age 2 0.652 (0.071)∗∗∗ 0.389 (0.084)∗∗∗ 0.38 (0.043)∗∗∗
Age 3 1.46 (0.585)∗ 0.461 (0.062)∗∗∗ 0.398 (0.080)∗∗∗ 0.324 (0.041)∗∗∗
Age 4 0.330 (0.060)∗∗∗ 0.191 (0.082)∗ 0.154 (0.041)∗∗∗
Age 6 −0.25 (0.066)∗∗∗ −1.306 (0.495)∗∗ −0.305 (0.096)∗∗ −1.501 (0.280)∗ −0.279 (0.048)∗∗∗
Villager −0.675 (0.246)∗∗ −0.111 (0.057)∗
Part-of-work 0.202 (0.074)∗∗ 0.15 (0.052)∗∗
To-from-work 1.012 (0.370)∗∗
Pupil-school 0.366 (0.098)∗∗∗

Intersection
characteristics
Speed-limit 0.331 (0.048)∗∗∗ 0.944 (0.409)∗ 0.529 (0.097)∗∗∗ 1.239 (0.231)∗∗∗ 0.441 (0.047)∗∗∗
Junction-control 1.613 (0.437)∗∗∗ 0.967 (0.342)∗∗ 0.723 (0.235)∗∗
Divider −1.053 (0.402)∗∗ −0.958 (0.394)∗ −0.29 (0.076)∗∗∗
Urban-junction 0.278 (0.099)∗∗ 0.45 (0.246)∗ 0.321 (0.042)∗∗∗

Environmental
condition
Weather-fine 0.266 (0.125)∗
Weather-raining 0.188 (0.066)∗∗ 0.291 (0.146)∗
Night-peak 0.071 (0.032)∗
Night-light −0.122 (0.033)∗∗∗
Night-nonlight −0.195 (0.074)∗∗
February −0.701 (0.266)∗∗
May −0.14 (0.084)∗
June 0.19 (0.080)∗
October −0.142 (0.079)∗

Bicyclist movement
and location preceding
the crash
Parked −1.971 (1.068)∗ 1.354 (0.600)∗
Waiting-go 0.889 (0.277)∗∗
Righting −0.234 (0.089)∗∗ −0.494 (0.248)∗ −0.113 (0.051)∗
Waiting-right 0.764 (0.377)∗ 0.418 (0.122)∗∗
Ahead-right −0.446 (0.106)∗∗∗ −0.24 (0.073)∗∗
Over-nearside −2.928 (0.907)∗∗ −1.241 (0.404)∗∗
Lane-left −0.483 (0.212)∗
Approaching-parked 1.523 (0.606)∗
Leaving-parked −0.825 (0.256)∗∗ −0.09 (0.046)∗
Entering-main −1.038 (0.400)∗∗ −0.206 (0.110)∗ −1.149 (0.281)∗∗∗ −0.182 (0.057)∗∗
Busway −1.387 (0.768)∗
Pavement −0.534 (0.298)∗ −1.35 (0.615)∗

Type of collision
Collision-point-front 0.51 (0.115)∗∗∗ 0.422 (0.055)∗∗∗
Collision-point-back 0.234 (0.057)∗∗∗ 0.804 (0.144)∗∗∗ 0.652 (0.070)∗∗∗
Collision-point-right 0.15 (0.063)∗ 0.576 (0.122)∗∗∗ 0.444 (0.060)∗∗∗
Collision-point-left 0.416 (0.128)∗∗ 0.544 (0.063)∗∗∗
Secondary-collision-on-
road −0.264 (0.067)∗∗∗

Secondary-collision-off-
road −0.78 (0.248)∗∗ −0.482 (0.278)∗ −1.491 (0.405)∗∗∗ −0.679 (0.125)∗∗∗

Constant 4.394 (0.784) 0.957 (0.132) 2.746 (1.325) −0.04 (0.208) 4.339 (0.542) 0.227 (0.088)
Number of observations 16418 11,623 14491
Log-likelihood at zero,
LL (0) −7800.35 −5544.79 −6810.67

Log-likelihood at
convergence, LL (β) −6817.51 −4823.41 −5932.77

Pseudo R2 0.1260 0.1301 0.1289
AIC 15684.71 11189.57 13662.38
BIC 16008.36 11557.61 13989.59
Note. Standard errors are in parentheses. Level of significance: ∗ indicates parameter is significant at 0.05, ∗∗ indicates parameter is significant at 0.01, and
∗∗∗ indicates parameter is significant at 0.001.
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having a decreased likelihood of a slight injury, consistent
with previous research [11, 14, 15]. )e average marginal
effects (as shown in Table 5) show that at crossroads and

T-junctions, the male indicator variable increases the
probability of serious injuries by 2.37% and 1.24%, re-
spectively. Instead, the variable increases the probability of

Table 4: Estimation results of the PPO model.

Variables
Roundabouts Crossroads T-junctions

Fatal Serious Fatal Serious Fatal Serious
Bicyclist characteristics
Male 0.111 (0.052)∗ 0.111 (0.052)∗ −0.16 (0.064)∗ −0.16 (0.064)∗ −0.089 (0.033)∗∗ −0.089 (0.033)∗∗
Age 1 0.706 (0.143)∗∗∗ 0.706 (0.143)∗∗∗ 0.309 (0.111)∗∗∗ 0.309 (0.110)∗ 0.275 (0.053)∗∗∗ 0.275 (0.053)∗∗∗
Age 2 0.654 (0.071)∗∗∗ 0.654 (0.071)∗∗∗ 0.396 (0.085)∗∗∗ 0.373 (0.043)∗∗∗ 0.373 (0.043)∗∗∗
Age 3 0.467 (0.062)∗∗∗ 0.467 (0.062)∗∗∗ 0.405 (0.080)∗∗∗ 0.405 (0.080)∗∗∗ 0.325 (0.041)∗∗∗ 0.325 (0.041)∗∗∗
Age 4 0.336 (0.060)∗∗∗ 0.336 (0.060)∗∗∗ 0.194 (0.082)∗∗ 0.194 (0.082)∗∗ 0.156 (0.041)∗∗∗ 0.156 (0.041)∗∗∗
Age 6 −0.263 (0.066)∗∗∗ −0.263 (0.066)∗∗∗ −1.571 (0.354)∗∗∗ −0.298 (0.097)∗∗ −1.426 (0.178)∗∗∗ −0.282 (0.048)∗∗∗
Villager −0.716 (0.235)∗∗ −0.114 (0.057)∗
Part-of-work 0.188 (0.075)∗ 0.188 (0.075)∗ 0.146 (0.052)∗∗ 0.146 (0.052)∗∗
To-from-Work 0.981 (0.366)∗∗
Pupil-school 0.366 (0.098)∗∗∗ 0.366 (0.098)∗∗∗

Intersection characteristics
Speed-limit 0.284 (0.054)∗∗∗ 0.284 (0.054)∗∗∗ 1.327 (0.340)∗∗∗ 0.537 (0.097)∗∗∗ 1.287 (0.188)∗∗∗ 0.443 (0.047)∗∗∗
Junction-control 1.492 (0.424)∗∗∗ 0.843 (0.318)∗∗∗ 0.711 (0.232)∗∗
Divider −1.095 (0.397)∗∗ −0.296 (0.076)∗∗∗ −0.296 (0.076)∗∗∗
Urban-junction 0.115 (0.055)∗ 0.115 (0.055)∗ 0.255 (0.110)∗∗ 0.255 (0.110)∗∗ 0.329 (0.041)∗∗∗ 0.329 (0.041)∗∗∗
Road-wet -4.438 (1.873)∗ -4.438 (1.873)∗

Environmental condition
Weather-fine 0.313 (0.131)∗∗ 0.313 (0.131)∗∗
Weather-raining 0.193 (0.067)∗∗ 0.193 (0.067)∗∗ 0.308 (0.161)∗∗ 0.308 (0.161)∗
Weather-foggy −2.202 (1.064)∗∗
Night-peak 0.073 (0.032)∗ 0.073 (0.032)∗
Night-light −0.118 (0.033)∗∗∗ −0.118 (0.033)∗∗∗
Night-nonlight −0.193 (0.074)∗∗ −0.193 (0.074)∗∗
February −0.641 (0.263)∗
May −0.192 (0.105)∗∗ −0.192 (0.105)∗∗
June 0.208 (0.108)∗ 0.208 (0.108)∗
October −0.179 (0.101)∗∗ −0.179 (0.101)∗∗

Bicyclist movement and
location preceding the crash
Parked −2.288 (1.003)∗ 1.314 (0.600)∗
Waiting-go 0.869 (0.292)∗∗∗ 0.869 (0.292)∗∗∗ 0.801 (0.172)∗∗∗ 0.801 (0.172)∗∗∗
Righting −0.115 (0.050)∗ −0.115 (0.050)∗
Waiting-right 0.733 (0.388)∗ 0.733 (0.388)∗∗ 0.4 (0.122)∗∗ 0.4 (0.122)∗∗
Over-nearside −2.531 (0.759)∗∗ −2.294 (0.466)∗∗∗ −1.212 (0.393)∗∗
Ahead-right −0.38 (0.120)∗∗ −0.38 (0.120)∗∗ −0.216 (0.072)∗∗ −0.216 (0.072)∗∗
Entering-main −2.57 (1.063)∗∗ −1.179 (0.239)∗∗∗ −0.233 (0.055)∗∗∗
Lane-left −0.441 (0.220)∗ −0.441 (0.220)∗ −1.034 (0.561)∗ −1.034 (0.561)∗
Busway −1.389 (0.587)∗∗
Pavement −0.495 (0.242)∗ −0.495 (0.242)∗ −1.285 (0.345)∗∗∗

Type of collision
Collision-point-front −0.511 (0.116)∗∗∗ −0.511 (0.116)∗∗∗ −0.446 (0.055)∗∗∗ −0.446 (0.055)∗∗∗
Collision-point-back 0.407 (0.117)∗∗∗ 0.407 (0.117)∗∗∗ 0.812 (0.146)∗∗∗ 0.812 (0.146)∗∗∗ 0.656 (0.070)∗∗∗
Collision-point-right 0.324 (0.119)∗∗ 0.575 (0.123)∗∗∗ 0.457 (0.060)∗∗∗
Collision-point-left 0.414 (0.130)∗∗∗ 0.576 (0.063)∗∗∗ 0.576 (0.063)∗∗∗
Secondary-collision-on-road −0.319 (0.066)∗∗∗ −0.319 (0.066)∗∗∗
Secondary-collision-off-road −0.753 (0.253)∗∗ −0.753 (0.253)∗∗ −0.477 (0.281)∗ −0.477 (0.281)∗ −1.636 (0.386)∗∗∗ −0.69 (0.125)∗∗∗

Constant 4.576 (1.191) 1.042 (1.123) 4.787 (1.613) −0.849 (1.460) 4.000 (0.301) 0.528 (0.087)
Number of observations 16418 11623 14491
Log-likelihood at zero, LL (0) −7778.23 −5525.77 −6810.30
Log-likelihood at
convergence, LL (β) −6776.39 −4788.63 −5929.73

Pseudo R2 0.1288 0.1334 0.1293
AIC 15669.03 11166.97 13627.88
BIC 15869.39 11424.59 13800.70
Note. Standard errors are in parentheses. Level of significance: ∗ indicates parameter is significant at 0.05, ∗∗ indicates parameter is significant at 0.01, and
∗∗∗ indicates parameter is significant at 0.001.
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Table 5: Indicators for model comparison.

Model
Roundabouts Crossroads T-junctions

AIC BIC Pseudo R2 AIC BIC Pseudo R2 AIC BIC Pseudo R2

GOL 15684.71 16008.36 0.1260 11189.57 11557.61 0.1301 13662.38 13989.59 0.1289
PPO 15669.03 15869.39 0.1288 11166.97 11424.59 0.1334 13627.88 13800.70 0.1293

Table 6: Marginal effects for different bicycle crash injury severity levels at different intersections.

Variables
Roundabouts Crossroads T-junctions

Fatal Serious Slight Fatal Serious Slight Fatal Serious Slight
Bicyclist characteristics
Male −0.0003 −0.0145 0.0148 0.0007 0.0237 −0.0244 0.0003 0.0124 −0.0127
Age 1 −0.0022 −0.1149 0.1171 −0.0013 −0.0448 0.0461 −0.0009 −0.0384 0.0392
Age 2 −0.0018 −0.0927 0.0945 0.0020 −0.0584 0.0564 −0.0012 −0.0519 0.0531
Age 3 −0.0012 −0.0655 0.0667 −0.0016 −0.0562 0.0578 −0.0010 −0.0453 0.0463
Age 4 −0.0009 −0.0472 0.0481 −0.0008 −0.0269 0.0276 −0.0005 −0.0217 0.0222
Age 6 0.0007 0.0361 −0.0368 0.0060 0.0372 −0.0433 0.0045 0.0356 −0.0402
Villager 0.0023 0.0140 −0.0163
Part-of-work −0.0005 −0.0288 0.0293 −0.0005 −0.0203 0.0208
To-from-Work −0.0031 0.0073 −0.0042
Pupil-school −0.0012 −0.0510 0.0521
Intersection characteristics
Speed-limit −0.0008 −0.0405 0.0413 −0.0054 −0.0706 0.0760 −0.0041 −0.0590 0.0631
Junction-control −0.0040 −0.0121 0.0161 −0.0034 −0.0065 0.0100 −0.0023 −0.0081 0.0103
Divider 0.0030 0.0034 −0.0064 0.0009 0.0412 −0.0422
Urban-junction −0.0003 −0.0139 0.0142 −0.0011 −0.0394 0.0405 −0.0010 −0.0458 0.0469
Road-wet 0.0115 0.6092 −0.6207
Environmental condition
Weather-fine −0.0010 −0.0369 0.0379
Weather-raining −0.0022 −0.1179 0.1201 −0.0011 −0.0398 0.0409
Weather-foggy 0.0086 −0.0166 0.0080
Night-peak −0.0002 -0.0102 0.0104
Night-light 0.0004 0.0165 −0.0169
Night-nonlight 0.0006 0.0269 −0.0275
February 0.0020 −0.0033 0.0013
May 0.0006 0.0199 −0.0204
June −0.0005 −0.0270 0.0275
October 0.0006 0.0203 −0.0208
Bicyclist movement and location preceding the
crash
Parked 0.0072 −0.1945 0.1872
Waiting-go −0.0038 −0.1343 0.1381 −0.0025 −0.1116 0.1142
Righting 0.0004 0.0160 −0.0163
Waiting-right −0.0033 −0.1162 0.1195 −0.0013 −0.0558 0.0570
Over-nearside 0.0065 −0.0094 0.0029 0.0076 −0.0101 0.0025 0.0038 −0.0157 0.0119
Ahead-right 0.0009 0.0455 −0.0463 0.0007 0.0301 −0.0307
Entering-main 0.0054 0.0241 −0.0295 0.0037 0.0295 −0.0332
Lane-left 0.0010 0.0504 −0.0513 0.0036 0.1288 −0.1324
Busway 0.0044 −0.0059 0.0015
Pavement 0.0014 0.0733 −0.0747 0.0041 0.0151 −0.0192
Type of collision
Collision-point-front 0.0020 0.0696 −0.0715 0.0014 0.0622 −0.0636
Collision-point-back −0.0007 −0.0356 0.0363 −0.0032 −0.1140 0.1172 −0.0002 −0.0932 0.0934
Collision-point-right 0.0016 −0.0238 0.0222 0.0012 −0.0832 0.0820 0.0009 −0.0661 0.0651
Collision-point-left 0.0023 −0.0608 0.0585 −0.0018 −0.0803 0.0821
Secondary-collision-on-road 0.0010 0.0445 −0.0455
Secondary-collision-off-road 0.0021 0.1098 −0.1119 0.0019 0.0680 −0.0699 0.0052 0.0931 −0.0983

8 Journal of Advanced Transportation



serious injuries that happened at the roundabout by 1.45%.
)e primary reason for this phenomenon may be that
bicyclists ordinarily consider that traffic conflicts at
roundabouts are more severe, and they could be more
careful, which results in lower serious accidents [27].

)e age of bicyclists is also a statistically significant
variable to analyze the injury severity. Particularly, older
bicyclists (older than 55 years) are more likely to be involved
in the occurrence of serious injury. According to the average
marginal effects in Table 6, this variable increases the oc-
currence probability of serious injury at roundabouts,
crossroads, and T-junctions by 3.61%, 3.72%, and 3.56%,
respectively. )e result can be supported by previous re-
search [11, 13, 14, 27]. )e possible reason for this finding is
that the older bicyclists are slower and have a longer reaction
and perception times than other age groups. For the younger
bicyclists (the bicyclist is younger than 15 years), they are
always involved in slight injuries. )e indicator increases the
probability of slight injury at roundabouts, crossroads, and
T-junctions by 11.71%, 4.61%, and 3.92%, respectively.
Besides, bicyclists who live in rural areas are more likely to be
seriously injured in cycling crashes at T-junctions, and the
variable increases the occurrence probability of slight injury
by 1.4%.

4.3. Intersection Characteristics. Regarding the intersection
characteristics, in Table 5, many statistically significant
factors influence bicyclist injury severity. Consistent with
previous research [15], traffic control strategies enforced at
intersections appear to be effective in reducing the possibility
of serious and fatal injury. For instance, regarding the speed
limit strategy at intersections, the factor decreases the oc-
currence probability of serious injuries that occurred at
roundabouts, crossroads, and T-junctions by 4.05%, 7.06%,
and 5.9%, respectively. However, nonsignalized control
strategies at intersections decrease serious and fatal injury
while increasing the possibility of slight injuries. Such factor
increases the occurrence probability of slight injury at
roundabouts, crossroads, and T-junctions by 1.61%, 1%, and
1.03%, respectively. At the nonsignalized intersections, bi-
cyclists and drivers might consciously slow down, thus ef-
fectively reducing the occurrence of fatal and severe
casualties [28]. Similarly, bicyclists are less likely to be in-
volved in fatal or severe crashes that occurred at urban
intersections due to integrated traffic control stratagems.

)e widely accepted view is that the implication of road
facilities (for example, divider facilities between motor and
bicycle lanes) can improve the safety of cyclists. However,
this study finds that the provision of divider facilities at
roundabouts and T-junctions increases the likelihood of
fatal and serious injury. )e indicator increases the occur-
rence probability of serious injury at T-junctions by 4.12%. It
is mainly due to the fact that divider facilities are more likely
to cause a secondary collision when the crash occurred, and
the secondary collision will significantly increase the oc-
currence of fatal or severe casualties. It is worth noting that,
consistent with the results in Kim et al. [14], cycling on wet
roads was more prone to severe or fatal injury. To be specific,

the indicator increases the occurrence probability of serious
injuries that happened at the roundabouts by 60.92%.

4.4. Environmental Conditions. Several environmental
conditions related variables are found to affect bicyclist injury
severity significantly, as shown in Table 5. Consistent with
previous research, bad weather can result in more dangerous
cycling [17, 19, 23]. However, the impact of environmental
conditions on the probability of cycling crashes that occurred
at the various intersections is quite dissimilar. Interestingly,
rainy days only affected the possibility of cycling crashes at
roundabouts and intersections, and the variable decreases the
likelihood of fatal and serious injury while increasing the
occurrence probability of slight injury. In particular, on rainy
days, more consideration should be paid to cycling safety at
roundabouts, since the factor can increase the occurrence
probability of slight injury at roundabouts by 12.01%. Besides,
foggy days only have a significant impact on cycling safety at
crossroads. In particular, it significantly increases the likeli-
hood of serious injury crashes, and the factor can increase the
occurrence probability of serious injury by 12.01%.

It is generally considered that lighting conditions are
directly related to the visibility of the bicyclist and drivers,
which will directly affect the severity of cycling crashes.
However, in this study, we find out that lighting conditions
only have a significant effect on the likelihood of serious
cycling crashes at T-junctions. Opening up the street lights at
night reduces the possibility of the slight injury, and the lack
of street lights increases the likelihood of serious injury.
However, with or without street lights, we need to be more
careful when cycling near T-junctions at night [13, 14].

In previous studies, researchers have found that seasons
and months have a significant influence on the probability
of bicyclist injury severity [27]. Furthermore, in this study,
we discover February and June significantly affect bicyclist
injury severity only at T-junctions and roundabouts,
separately. In particular, in May and October, we need to
pay more attention to the possibility of severe cycling
crashes at crossroads, and the factors increase the occur-
rence probability of serious injury by 1.99% and 2.03%,
respectively.

4.5. Bicyclist Movement and Location Preceding the Crash.
In Table 5, a wide range of movement-related variables
shows a statistically significant influence on the outcome of
the bicyclist injury severity. Individually, at roundabouts,
making a right turn, changing lanes to the left, and overtaking
inside the intersections are statistically significant factors re-
lated to bicyclist injury severity. As for cross sections, stopped
following going straight, stopped following turning right,
overtaking inside the intersections, entering the main road
from the intersection, and changing lanes to the left are sta-
tistically significant factors related to bicyclist injury severity.
And the variables, including parked, stopped following going
straight, making a right turn, waiting and turn right, overtaking
inside the intersections, entering the main road from the in-
tersection, and riding on the wrong road, will affect the severity
of the injury that occurred at the T-junctions.
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Particularly, consistent with the previous research [11],
parked or making a right turn has a significant effect on
cycling safety. Interestingly, in this study, these two factors
only appear to have statistically significant impact on the
bicyclist injury severity at T-junctions, and the factor of
parked at T-junctions increases the occurrence probability of
slight injury by 18.72% while decreasing the occurrence
probability of serious injury by 19.45%. However, changing
lanes to the left does not show any significant influence on the
likelihood of bicyclist injury severity at T-junctions and shows
a considerable effect on severe or fatal cycling crashes at
roundabouts and cross sections. Correspondingly, the factor
will increase the occurrence probability of serious injury at
roundabouts and crossroads by 5.04% and 12.88%, respec-
tively. Moreover, cycling on the pavement can also signifi-
cantly impact the likelihood of bicyclist injury severity at
roundabouts and crossroads, and the factor increases the
occurrence probability of serious injury that occurred at these
two types of intersections by 7.33% and 1.51%, respectively.

4.6. Type of Collision. As shown in Table5, the type-of-colli-
sion indicators, including the collision point at the front, back,
right, and left, and the secondary collisions that occurred in or
off the road, could impact the cycling crash injury severity, and
the impact is statistically significant. Similar to previous studies
[13, 14, 27], this study also found that the severity of cycling
crashes at various intersections can be distinctly affected by the
collision point. Specifically, the collision point at the front and
leftmerely appears to have statistically significant impact on the
bicyclist injury severity at crossroads and T-junctions, mainly
since there are few left-turn traffic volumes at roundabouts.)e
factor of the collision point at the front will increase the oc-
currence probability of serious injury at crossroads and
T-junctions by 6.96% and 6.22%, respectively. In comparison,
the factor of the collision point at the left will decrease the
occurrence probability of serious injury at crossroads and
T-junctions by 6.08% and 8.03%, respectively. Interestingly, in
this study, we discover that the factors of the collision point at
the back and left will decrease the probability of serious injury
whiling increasing the likelihood of slight injury. Above all, the
collision point at the front or back is mainly caused by cycling
when going straight. Due to the faster speed of vehicles, serious
cycling crash severity is more likely to occur. Besides, since the
vehicle speed is always slower while turning at the intersections,
the probability of slight injury is more likely to occur at the left
and right collision points.

)e widely accepted opinion is that the secondary col-
lision is dangerous. However, in this study, we find that the
indicator of secondary-collision-on-road only affects the
severity of cycling crashes at T-junctions, and the factor
increases the occurrence probability of serious injury by
4.45% while decreasing the occurrence probability of slight
injury by 4.55%. Also, it should be noted that the indicator of
the secondary-collision-off-road significantly increases the
likelihood of severe cycling crashes. In Table 6, the factor
increases the occurrence probability of serious injury at
roundabouts, crossroads, and T-junctions by 10.98%, 6.8%,
and 9.31%, respectively.

5. Conclusions

To improve the cycling safety of bicyclists at various in-
tersections, in this study, we apply the GOL model and PPO
model to explore the possible factors that may result in the
severity of bicycle injuries. Particularly, according to the
statistical characteristics of data on bicycle crashes that
occurred in the UK from 2009 to 2019, the intersections in
this study are divided into three groups, including round-
abouts, intersections, and T-shaped intersections. )e bi-
cyclist injury severity is divided into three categories: slight
injury, serious injury, and fatal injury. A wide range of
possible factors affecting bicyclist injury severities, including
bicyclist characteristics, intersection characteristics, envi-
ronmental conditions, bicyclist movement and location
preceding the crash, and types of collisions, is considered.

)e model estimation results reveal that the PPO model
outperforms the GOL model for analyzing the factors that
affect the severity of cycling crashes at various intersections.
Further, we calculated the marginal effects of the variables in
the PPO model to explore the differences of factors that
influence the occurrence probability of bicyclist injury se-
verity at various intersections. Regarding the estimation
results of the bicyclist injury severity, we find out that there
are gigantic differences in the factors that influence the
severity of cycling crashes at various intersections. Partic-
ularly, we find that nine variables have significant impacts on
bicyclist injury severity at those three types of intersections,
including male bicyclists, age, speed limit, traffic control
strategies at intersections, urban junctions, overtaking inside
the intersections, the collision point at the back of the bi-
cycle, the collision point at the right of the bike, and the
secondary collision happened on the roadside. Interestingly,
there are two variables (cycling in wet road and cycling in
June) that only have significant impact on bicyclist injury
severity at roundabouts. And four variables (cycling in find
days, cycling in foggy days, cycling in May, and cycling in
October) are discovered to only have significant impact on
bicyclist injury severity at crossroads. Surprisingly, up to
eleven variables are discovered to only have significant
impact on bicyclist injury severity at T-junctions, and the
variables include the cyclist is a villager, journey purpose is
to or from work, pupil is going to or from school alone,
cycling in night peak hours, cycling in the night with a light
on the road, cycling in the night without a light on the road,
cycling in February, parked, turning right, cycling in the
busway, and the secondary collision happened on the road.

Moreover, in this study, we also found that the factors
affecting the cycling safety of intersections may also appear
to have significant impact in different seasons, which means
these factors may not be homogeneous with the time change.
Due to the limitations of the PPOmodel, we cannot consider
the temporal heterogeneity of various influencing factors in
the analysis, and we will continue to focus on such issues in
subsequent studies. With the growing importance relating to
bicyclist safety, this paper provides some essential initial
findings with the dataset from the UK and also provides
some guidance for the analysis of cycling crashes from other
countries. Anyway, this study can help decision makers
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better understand the spatial heterogeneity of the factors that
influence the bicyclist injury severity at various intersections.
)us, more specific and efficient measures can be provided
to enhance cycling safety at different types of intersections.
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