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Abstract 

In this research, factors affecting the severity of property damage only (PDO) and injury/fatal accidents were 

examined using taxi-related accident data from March 2015 to March 2021 in urban sites of Rasht city. The 

multiple logistic regression and artificial neural network (ANN) were applied to recognize the most influential 

variables on the severity of accidents. Results indicated that the multiple logistic regression in the backward 

stepwise method had a prediction accuracy of 88.54% and R2 value of 0.871. Moreover, the regression analysis 

revealed that the wet surface condition, night without sufficient light, rainy weather, Kia Pride taxi and lack of 

attentions increased the severity of accidents, respectively. The most important result of the logit model was the 

significant role of environmental factors, including slippery road surface, unfavorable weather as well as poor 

lighting condition, and also indicated the dominant role of poor quality of vehicles along with human factors in 

increasing the severity of accidents. Comparing the correct percentage of prediction in the multiple logistic 

regression and ANN model, the results showed that ANN model performed better so that the prediction accuracy 

of ANN was 95.8%. 
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1. Introduction 

Traffic flow management is certainly one of the 

main problems in modern society in which the 

governments should make considerable 

investments in order to have a well-organized 

transportation system and enhance its 

performance [Hosseinian et al., 2021b]. The 

development of transportation facilities in Iran 

has remarkably increased the damages caused by 

accidents [Nadimia et al., 2017; Nejad et al., 

2019], which can be due to environmental, road 

or pavement conditions [Hosseinian et al., 2020]. 

The fatalities caused by traffic accidents in Iran 

reported in 2016 were 15,932, of which 78% were 

male and 22% were female [Hosseinian and 

Gilani, 2020; Nikookar et al., 2021]. So the 

severity of accidents and the effect of factors 

affecting that should be examined to present 

safety solutions for enhancing safety and 

decreasing the occurrence of accidents. 

Many previous researches have been conducted 

on traffic safety and accidents in recent years 

using multiple logistic regression. A study was 

carried out by Sherafati et al., in which the road 

traffic fatalities after receiving emergency 

services were explored by the use of multiple 

logistic regression. They concluded that males, 

motorbikes and pedestrians had a positive and 

significant relationship with fatalities caused by 

road traffic accidents [Sherafati et al., 2017]. In 

another research, Intini et al. utilized multiple 

logistic regression to examine the relationship 

between road familiarity/unfamiliarity and the 

occurrence of accidents. Results indicated that the 

variables of autumn/winter, speed limit less than 

80 km/h and minor intersections/driveways had 

greater odds of accidents for familiar drivers. 

However, the variables of head-on and rear-end 

accidents, summer, heavy vehicles and young 

drivers had higher odds of having unfamiliar 

drivers involved in accidents [Intini et al., 2018]. 

By investigating the effect of age on accident 

severity using a logistic regression model, 

Casado-Sanz et al. revealed that female drivers 

and motorbikes had a negative impact on the 

likelihood of accidents [Casado-Sanz, Guirao and 

Gálvez-Pérez, 2019]. In another study conducted 

by Hosseinian et al. in recognizing the most 

effective variables on the severity of accidents by 

the use of the multiple logistic regression and a 

type of artificial neural network (ANN), results 

indicated that clothing colors and weather 

conditions had the greatest impact on the 

occurrence of accidents [Hosseinian et al., 

2021a]. 

Various studies have been performed on the 

severity of accidents using ANN models. 

Contreras et al. applied an ANN model in order 

to provide a suitable prediction method for traffic 

collisions in urban areas. The programming 

feature of Scilab software was used in this 

analysis to verify the greatest sensitivity on the 

expected neural network [Contreras, Torres-

Treviño, Torres, 2018]. In a study carried out by 

Amin, the back-propagation ANN approach was 

presented to examine the gender characteristics of 

older driver accidents and model the variables 

affecting their accidents. They demonstrated that 

journey purpose was the highest effective factor 

for older drivers and lighting condition was the 

second most important factor on the accident 

severity [Amin, 2020]. Ghasedi et al. used the 

multiple logistic regression and the pattern-

recognition type of ANN models to determine the 

most effective variables on the occurrence of 

accidents in order to present the most accurate 

model for predicting future accidents. The results 

of the study indicated the important role of 

environmental factors, such as rainy weather and 

inadequate lighting condition on increasing the 

severity of accidents [Ghasedi, Sarfjoo, Bargegol, 

2021]. 

In this study, the effect of various factors 

affecting the severity of injury/fatal and PDO 
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accidents of taxi vehicles in Rasht city was 

investigated by collecting accident data from 

March 2015 to March 2021 by the use of the 

multiple logistic regression and ANN model. 

Finally, the most effective factor on accident 

occurrence was presented. 

 

2. Methodology 

2.1.  Data Collection 

In this research, 272 injury/fatal and PDO taxi 

accidents were used on urban roads of Rasht city, 

Iran, from March 2015 to March 2021. Table 1 

presents the variables influencing the occurrence 

of accidents in Rasht city, as well as the 

appropriate codes for each variable. 

Table 1. The variables applied in this research 

Variables Codes 

Accident severity 
1- Injury/fatal 

2- PDO 

Accident season 

1- Spring 

2- Summer 

3- Autumn 

4- Winter 

Accident time 

1- 07:00 to 13:00 

2- 13:00 to 17:00 

3- 17:00 to 21:00 

4- 21:00 to 01:00 

5- 01:00 to 07:00 

Accident day 
1- Weekdays 

2- Weekends and holidays 

Road classification 
1- Arterial road 

2- Access road 

Road surface 

condition 

1- Dry 

2- Wet 

3- Frost 

Geometry of accident 

location 

1- Alignment 

2- Curve 

3- Roundabout 

4- U-turn/J-turn 

5- Intersection- 4 Legs 

6- Intersection- 3 Legs 

Daylight condition 

1- Day 

2- Sunset and sunrise 

3- Night with sufficient light 

4- Night without sufficient light 

Vehicle type 

1- Peykan taxi 

2- Kia Pride taxi 

3- Samand taxi  

4- Peugeot taxi 

5- Van taxi 
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Variables Codes 

6- Other 

Driver age 

1- Less than 18 

2- 18 to 30 

3- 30 to 45 

4- 45 to 60 

5- 60 and over 

Driver gender 
1- Male 

2- Female 

Driver job 

1- Driver 

2- Retiree 

3- Second job 

Collision type 

1- Rear-end collisions 

2- Head-on collisions 

3- Side collisions 

Weather condition 

1- Clear 

2- Cloudy 

3- Rainy 

Accident reason 

1- Lack of attentions 

2- Back over movements 

3- Inability to control the taxi 

4- Exceeding lawful speed 

5- Crossing a forbidden place 

6- Failure to observe longitudinal space 

7- Failure to observe lateral space 

8- Unsafe lane changes 

9- Hasty-caused accident 

10- Failure to comply with the right of way 

11- Improper turns 

12- Wrong way movements 

2.2. Multiple Logistic Regression 

The logistic regression technique is a 

mathematical approach that has been applied to 

determine the relationships between several 

variables of x and a binary target variable. An S-

shaped function is used in this model, known as 

logistic function [Connelly, 2020; Shah, 2020]. 

Let consider P(Y=i) as a linear function of xi. The 

probability of Pi becomes a chance of success by 

the use of Equation 1. The logarithm of Equation 

1 (logarithm of the chance of success) is then 

obtained as the logit function through Equation 2. 

Anti-logistic as the reverse transfer function is 

then applied to measure the probability in terms 

of logistic using Equation 3 [Gilani et al. 2021a; 

Austin and Merlo, 2017]. 
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2.3. Neural Network 

ANNs are nonlinear systems based on the activity 

of human's brain, which have various advantages 

in engineering areas. These methods have the 

precious capacity to recognize the unknown 

relationships in the natural and complex systems 
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[Gilani et al., 2021b; Gilani et al., 2020a; Gilani 

et al., 2020b; Mahani et al., 2021]. ANNs have 

been considered as a powerful and high-accuracy 

approach that can deal with accident-related 

problems in the transportation fields because of 

their robust relationships between the accidents 

and their direct or indirect effects on the human 

lives. So in this research, urban accidents of Rasht 

city have been modeled in order to find the most 

accurate prediction model by the multi-layer 

perceptron type of ANN to reduce the severity 

and occurrence of accidents. 

3. Results 

3.1.  Multiple Logistic Regression 

In order to model the accident severity in Rasht, 

initially, 62 independent variables and 2 

dependent variables were described. The 

entering, forward stepwise and backward 

stepwise methods were used to examine which 

method has the most appropriate results. The 

criteria of prediction accuracy and R2 were 

considered. The higher the R2 and the prediction 

accuracy, the greater the strength of the model to 

predict accidents. Table 2 represents a summary 

of the three methods.

Table 2. Summary of regression modeling results 

R2 Prediction accuracy Modeling type 

0.681 76.93% Entering 

0.871 88.54% Backward stepwise 

0.839 86.27% Forward stepwise 

Results indicated that the backward stepwise 

method with the correct percentage of 88.54% 

and R2 of 0.871 was selected as the best method 

to create the logit model. 

Results of Table 3 indicate that the significance 

level of the model was less than 5%, 

demonstrating the ability of the model to predict 

accidents. Moreover, it was confirmed that 

independent variables had an impact on the 

dependent variable and indicated a good fit in the 

backward stepwise method. 

Table 3. Backward stepwise results 

 Chi-square df Sig. 

Step 

17 

Step -1.992 1 0.164 

Block 61.038 32 0.000 

Model 61.038 32 0.000 
 

Table 4 shows the output variables of the model 

and their statistical indexes.

Table 4. Regression results in the seventeen step 

Variables β S.E. Wald Sig. Odds ratio 

Winter 2.194 0.762 8.290 0.003 8.971 

01:00 to 07:00 -3.629 1.057 11.789 0.016 0.027 

17:00 to 21:00 2.827 1.254 5.082 0.029 16.836 

Weekends and holidays 1.043 0.361 8.347 0.002 2.838 

Wet surface condition 4.172 1.138 13.441 0.017 64.845 

Roundabout -2.416 0.875 7.624 0.035 0.089 

Night without sufficient light 3.752 1.349 7.736 0.003 42.606 

Kia Pride taxi 2.973 1.154 6.637 0.028 19.551 

Age 45 to 60 -2.036 0.894 5.187 0.001 0.131 

Second job 0.941 0.306 9.457 0.000 2.563 

Rainy 3.617 1.182 9.364 0.021 37.226 

Lack of attentions 2.861 0.774 13.663 0.018 17.479 
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Variables β S.E. Wald Sig. Odds ratio 

Unsafe lane changes 2.392 0.588 16.549 0.004 10.935 

Constant 6.829 2.362 8.359 0.031 924.266 

According to Table 4, the most effective variables 

increasing the severity of accidents were wet 

surface condition, night without sufficient light, 

rainy weather, Kia Pride taxi, lack of attentions, 

accident time 17:00 to 21:00, unsafe lane 

changes, winter season, weekends and holidays 

and second job, respectively. However, the most 

influential variables with negative coefficients 

that decrease the severity of accidents were 

accident time 01:00 to 07:00, roundabout and age 

45 to 60, respectively. As can be seen, the most 

important results of the multiple logistic 

regression model revealed the significant role of 

environmental factors, including slippery road 

surface, unfavorable weather as well as poor 

lighting condition, and also indicated the 

dominant role of poor quality of vehicles along 

with human factors in increasing the severity of 

accidents. 

3.2. Neural Network 

The accident data were modeled by the multi-

layer perceptron in this research and the results of 

the model are presented in this section. The 

number of neurons in the input, hidden and output 

layers was 38, 12 and 6, respectively. The 

prediction accuracy of the data is indicated in 

Table 5.

Table 5. Artificial neural network results 

Sample Observed 
Predicted 

PDO Injury/fatal Accuracy 

Train 

PDO 63 2 96.9% 

Injury/fatal 7 118 94.4% 

Total   95.8% 

Test 

PDO 25 3 89.2% 

Injury/fatal 5 49 90.7% 

Total   90.1% 
 

According to Table 5, 63 and 118 accidents were 

correctly predicted as PDO and injury/fatal 

accidents, respectively. In general, the accuracy 

of the neural network model was 95.8%. 

Furthermore, the cross entropy error in the train 

and test samples were 38.132 and 32.457, 

respectively. 

In Figure 1, the illustrative representation of 

sensitivity against specificity for the accident 

categories, including PDO and injury/fatal 

accidents, is presented.
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Figure 1. Sensitivity analysis in the neural network model 

Area under the curve (AUC) is another parameter 

that is applied to examine the efficiency of the 

prediction model [LeDell, Petersen and van der 

Laan, 2015]. The higher the area under the curve, 

the greater the power of prediction model. Table 

6 illustrates the probability of an accident 

resulting in injury/fatal or PDO accidents that was 

calculated 0.967, more than 0.5, so the response 

of the neural network was positive [Fawcett, 

2006]. 

Table 6. AUC in neural network model 

 AUC 

Accident 

severity 

PDO 0.967 

Injury/fatal 0.967 
 

The influence of each independent variable on the 

dependent variable is presented in Table 7. 

Moreover, the importance of variables affecting 

the severity of accidents is also illustrated in 

Figure 2. 
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Table 7. Importance of independent variables in the neural network model 

Variable Importance Normalized importance 

Road surface condition 0.148 100.00% 

Daylight condition 0.117 79.20% 

Weather condition 0.09 61.30% 

Accident time 0.087 58.60% 

Accident reason 0.085 57.80% 

Vehicle type 0.085 57.50% 

Geometry of accident location 0.083 56.40% 

Accident season 0.072 48.60% 

Driver age 0.065 43.90% 

Accident day 0.055 36.90% 

Driver job 0.043 29.00% 

Collision type 0.035 23.90% 

Driver gender 0.026 17.40% 

Road classification 0.01 6.80% 

 

 
Figure 2. Independent variable importance diagram in the neural network model

As can be seen from Table 7 and Figure 2, the 

variables of road surface condition (14.8%), 

daylight condition (11.7%) and weather condition 

(9%) had the highest effect on the severity of 

accidents, respectively. 

4. Conclusion 

In this study, the effect of various factors 

affecting the severity of accidents of taxi-related 

vehicles in Rasht city was examined using 
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multiple logistic regression and artificial neural 

network. 

The results of multiple logistic regression showed 

that the backward stepwise method was the best 

modeling method to construct the logit model, 

regarding the two criteria of R2 of 0.871 and the 

prediction accuracy of 88.54%. 

Based on the logit model results, wet surface 

condition, night without sufficient light, rainy 

weather, Kia Pride taxi, lack of attentions, 

accident time 17:00 to 21:00, unsafe lane 

changes, winter season, weekends and holidays 

and second job increased the severity of accidents 

with a positive coefficient. Therefore, the 

contribution of environmental factors, including 

slippery road surface, unfavorable weather as 

well as poor lighting condition, will increase the 

likelihood of the occurrence of accidents 

intensely. Moreover, the poor quality of vehicles 

along with human factors indicated a dominant 

role in increasing the severity of accidents. 

The results of neural network model indicated 

that the prediction accuracy was 95.8%. 

Moreover, the sensitivity analysis of the model 

showed a great power of the model to predict 

accidents. 

In the neural network model, road surface 

condition, daylight condition and weather 

condition had the greatest impact on the severity 

of accidents, respectively. 

For future research works, other machine learning 

techniques [Taleghani and Taleghani, 2013; 

Behbahani et al., 2016; Gilani, Hosseinian and 

Nikookar, 2021c; Hamedi et al., 2021; Ziari et al., 

2021] and deep learning methods [Ahmed and 

Hanif, 2020; Addeh and Iri, 2021] can be 

provided to be incorporated into the proposed 

approaches to obtain more accurate results. 
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