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Abstract: 
 
Increasing motorcycle ownership, especially through its high flexibility and relatively cheap purchasing 

and operating costs compared to automobiles, increased the share of motorcyclists in traffic accidents. 

This situation has brought about the need to investigate the factors affecting motorcycle accidents and 

the prevention to reduce the severity and the number of accidents. In this study, relationships between 

accident frequency and carriageway hazard, road type, and surface condition were examined using the 

data set of motorcycle accidents that occurred in England. Vehicle load, object, animal, pedestrian, and 

previous accident on road were considered as carriageway hazards, one-way street, roundabout, slip 

road, single and dual carriageway were considered as road types, and wet and dry indicates the road 

surface conditions. Thus, accident frequencies were estimated using log-linear analysis, and the 

measures to be taken were discussed. 
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1. Introduction 

 

Increasing capabilities and properties of motorcycles with developing technology (electric battery 

instead of gasoline, GPS tracking, increased range and improved comfort, etc.) and high flexibility 

in traffic encourage individuals to own a motorcycle. Along with all these opportunities, the fact 

that taxes, purchase and operating costs are more affordable than other motor vehicles increase the 

share of motorcycles in road traffic day by day. Considering the potential for increased motorcycle 

traffic to increase motorcycle accidents, the need for accident causality and prevention studies is 

obvious. For this purpose, when the literature is examined, it is seen that various studies have been 

carried out on motorcycle accidents. 

 

In a study conducted in the USA in which the factors affecting the severity of motorcycle accidents 

were investigated with the multinomial logit model, environmental factors, road conditions, vehicle 

characteristics and driver characteristics were taken into account as factors affecting the five levels 

of accident severity (only property damage, potential injury, significant injury, disability injury and 

death) [1]. An ordered probit model was used to examine the factors affecting the severity of injury 

and the severity of damage caused by motorcycle accidents with a disaggregated data set collected 

in Singapore. According to the results, it was observed that the main factors causing more severe 

accidents are the engine capacity, collisions with objects and pedestrians [2]. In an accident analysis 

study conducted in the city of Calgary, it was determined that motorcycle accident severities are 

related to road type, speed, and alcohol use [3]. The study, using the latent class approach with 

https://doi.org/10.33793/acperpro.XXXX


 

KB. AKALIN/ ISHAD2022 Bursa - Turkey    

 

2 

 

motorcycle accident data collected in Iowa, shows a significant relationship between severity and 

factors such as fixed object, road type, riding without helmet, age, and alcohol or drug use [4]. 

In this study, carriageway hazards, surface conditions, and road type factors affecting the number 

of motorcycle accidents were investigated using the log-linear analysis. Frequencies were 

examined according to the best model result and the relationships between categorical variables 

were interpreted. 

 

 

2. Materials and Method 

 

Log-linear analysis was used to find the best model and to test the significance of the model within 

the scope of this paper. The log-linear analysis is used in statistics to examine the relationship 

between more than two categorical variables. The log-linear model expresses the logarithm of the 

frequency of each cell in the probability table as a linear combination of all possible interactions 

between the variables [5-7]. A typical log-linear model can be expressed as in Eq. 1. 

 

ln(𝐹𝑖𝑗𝑘) = 𝜇 + 𝜆𝑖
𝑋 + 𝜆𝑗

𝑌 + 𝜆𝑘
𝑍 + 𝜆𝑖𝑗

𝑋𝑌 + 𝜆𝑖𝑘
𝑋𝑍 + 𝜆𝑗𝑘

𝑌𝑍 + 𝜆𝑖𝑗𝑘
𝑋𝑌𝑍 (1) 

 

where; 

𝐹𝑖𝑗𝑘 is the expected frequency with respect to the related cell, 

X, Y, and Z are the variables, 

i, j, and k are the number of categories of the related variables, 

𝜆 is the relative weight of each variable, 

𝜇 constant term. 

 

In the analysis, 1025 accident data involving motorcycles in England between 2018-2021 were 

evaluated [8]. Here, the data obtained by filtering the motorcycle accidents including carriageway 

hazards are used. The crosstab for the dataset including carriageway hazard, surface condition, and 

road type variables is as given in Table 1. 

 

Table 1. The Crosstab for the Dataset  
 

Surface Road Type 

Carriageway Hazard 

Total Animal in 

carriageway 
Object on road 

Pedestrian in 

carriageway 

Previous 

accident 

Vehicle load on 

road 

D
ry

 

Dual carriageway 1.56% 5.95% 1.27% 1.07% 1.95% 11.80% 

One-way street 0.00% 1.07% 0.20% 0.10% 0.20% 1.56% 

Roundabout 0.10% 0.98% 0.20% 0.29% 0.59% 2.15% 

Single carriageway 12.59% 28.98% 4.78% 2.93% 6.54% 55.80% 

Slip road 0.10% 0.39% 0.00% 0.10% 0.10% 0.68% 

W
et

 

Dual carriageway 0.29% 3.02% 0.29% 0.29% 1.07% 4.98% 

One-way street 0.00% 0.68% 0.49% 0.00% 0.10% 1.27% 

Roundabout 0.00% 0.49% 0.00% 0.20% 0.10% 0.78% 

Single carriageway 2.93% 12.29% 2.24% 0.98% 1.95% 20.39% 

Slip road 0.00% 0.49% 0.00% 0.10% 0.00% 0.59% 

Total 17.56% 54.34% 9.46% 6.05% 12.59% 100.00% 
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Dual carriageway, one-way street, roundabout, single carriageway, and slip road as road type, 

animal in carriageway, object on road, pedestrian in carriageway, previous accident, and vehicle 

load on road as carriageway hazard, wet and dry as surface condition are categorical variables in 

the dataset. 

 

 

3. Results  

 

After trials with log-linear analysis, it was determined that the most suitable model is found to be 

as in Eq. 2, and the parameter estimations of the model are given in Table 2. Please note that 

analysis were made according to accident frequency but converted to percentages in crosstabs. 

 

ln(𝐹) = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 + 𝐶𝑎𝑟𝑟𝑖𝑎𝑔𝑒𝑤𝑎𝑦𝐻𝑎𝑧𝑎𝑟𝑑 + 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 + 𝑅𝑜𝑎𝑑𝑇𝑦𝑝𝑒
+ 𝐶𝑎𝑟𝑟𝑖𝑎𝑔𝑒𝑤𝑎𝑦𝐻𝑎𝑧𝑎𝑟𝑑 ∗ 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 + 𝑅𝑜𝑎𝑑𝑇𝑦𝑝𝑒 ∗ 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 

(2) 

 

Table 2. Parameter Estimations of the Log-Linear Model 

 

 Estimatation Std. Error z-value p * 

Constant 3.182 0.117 27.176 <0.001 a 

Carriageway Hazard      

Object on road 0.958 0.097 9.870 <0.001 a 

Pedestrian in carriageway -0.801 0.148 -5.404 <0.001 a 

Previous accident -1.162 0.169 -6.877 <0.001 a 

Vehicle load on road -0.426 0.131 -3.247 0.001 a 

Surface      

Wet -1.413 0.245 -5.764 <0.001 a 

Road Type      

One-way street -2.023 0.266 -7.606 <0.001 a 

Roundabout -1.705 0.232 -7.355 <0.001 a 

Single carriageway 1.553 0.100 15.524 <0.001 a 

Slip road -2.850 0.389 -7.331 <0.001 a 

Carriageway Hazard:Surface      

Object on road:Wet 0.705 0.213 3.306 0.001 a 

Pedestrian in carriageway:Wet 0.738 0.291 2.539 0.011 a 

Previous accident:Wet 0.438 0.348 1.287 0.198 c 

Vehicle load on road:Wet 0.426 0.279 1.527 0.127 c 

Surface:Road Type      

Wet:One-way street 0.656 0.409 1.605 0.109 c 

Wet:Roundabout -0.148 0.445 -0.332 0.740  

Wet:Single carriageway -0.143 0.185 -0.770 0.441  

Wet:Slip road 0.710 0.581 1.288 0.198 c 

* Level of significance; a 95% confidence interval. b 90% confidence interval. c 80% confidence interval 

Null deviance: 2665.43 on 49 degrees of freedom 

Residual deviance: 58.17 on 32 degrees of freedom 

AIC: 252.93 
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As can be seen from Table 2, there are relationships between accident frequency and carriageway 

hazard, road type, and surface condition. Carriageway hazard, road type, and surface condition 

were included as three main, carriageway hazard-surface and surface-road type were included as 

two-way components in the model. In order to examine the significance of the relationships, please 

refer to the confidence intervals for the estimated parameters. 

 

Accident frequencies according to model estimation are given in Table 3. As can be observed here, 

motorcycle accidents occur most frequently when there is an object on the road in single 

carriageway. This is followed by the presence of animal and vehicle load in single carriageway in 

case the road surface is dry. 

 

Table 3. Accident Frequencies According to Model Estimation 

 

Surface Road Type 

Carriageway Hazard 

Total Animal in 

carriageway 

Object on 

road 

Pedestrian in 

carriageway 

Previous 

accident 

Vehicle load on 

road 

D
ry

 

Dual carriageway 2.35% 6.13% 1.06% 0.13% 1.54% 11.20% 

One-way street 0.31% 0.81% 0.14% 0.74% 0.20% 2.20% 

Roundabout 0.43% 1.11% 0.19% 0.10% 0.28% 2.11% 

Single carriageway 11.11% 28.95% 4.99% 3.48% 7.26% 55.79% 

Slip road 0.14% 0.36% 0.06% 0.04% 0.09% 0.69% 

W
et

 

Dual carriageway 0.57% 3.02% 0.54% 0.28% 0.57% 4.98% 

One-way street 0.15% 0.77% 0.14% 0.07% 0.15% 1.27% 

Roundabout 0.09% 0.47% 0.08% 1.14% 0.09% 1.88% 

Single carriageway 2.34% 12.36% 2.20% 0.03% 2.34% 19.28% 

Slip road 0.07% 0.36% 0.06% 0.04% 0.07% 0.60% 

Total 17.56% 54.33% 9.47% 6.05% 12.59% 100.00% 

 

 

Conclusions 

 

In this research, the effects of carriageway hazards, road types, and surface conditions on 

motorcycle accident frequency were investigated using log-linear analysis. According to the model 

estimation results, it was seen that there were significant relationships between the categorical 

variables and the frequency of motorcycle accidents. 

 

Considering the frequency of accidents according to the model estimation, it is seen that motorcycle 

accidents are more likely to occur on the dry surface than on wet surface conditions. The main 

reason for this might be that fewer motorcycle trips are made and motorcyclists ride more carefully 

in rainy weather. Regardless of whether the road surface is wet or dry, it is predicted that the most 

frequent accident will occur because of an object on road in single carriageway. Other frequent 

accidents are followed by the presence of animals and vehicle load on road in single carriageway. 
The fact that most accidents happen on a single lane road, in case of an object on the undivided 

road, reflexively crossing to the opposite lane or overtaking without control, insufficient braking 

distance due to high speed in case of an oncoming vehicle, and unused reflectors for previous 

accidents can be counted as reasons. In the light of these results, a sustainable measure might be 
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developed to avoid objects on the road by ensuring that traffic officers and local officials are 

immediately aware of the problem by utilizing artificial intelligence and image processing systems 

for surveillance cameras. 

 

For further studies, the factors affecting the frequency and severity of motorcycle accidents can be 

investigated by developing accident causality models that consider more independent variables 

with a disaggregated data set. 
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