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Abstract 

Dhaka is one of the most densely populated cities globally, with pedestrians representing the most vulnerable 

group among road users. Approximately twenty-five percent of road accidents in Dhaka Metropolitan involve 

pedestrians and the incidence of fatalities has shown an increasing trend. Therefore, understanding and mitigating 

factors contributing to fatal pedestrian crashes is vital for enhancing road safety. This study identifies critical 

factors and patterns associated with pedestrian fatalities in Dhaka Metropolitan using Association Rule Mining 

(ARM), a methodology previously unutilized for such analysis in Bangladesh. The research employs secondary 

data comprising police-reported crash records from the Accident Research Institute spanning from 2017 to 2020. 

Data preprocessing included screening, imputation and recoding, ensuring analytical accuracy. Frequency analysis 

determined prevalent crash characteristics, and the Apriori algorithm facilitated pattern extraction. Key findings 

indicate that most fatal pedestrian incidents occurred on well-maintained, straight roads during fair weather 

conditions, with male drivers and younger adults being the most frequently involved, predominantly in areas 

without traffic control. ARM analysis revealed that 87% of fatal crashes involved male drivers speeding on well-

maintained national roads when pedestrians occupied the road center, underscoring the critical role of high-speed 

vehicle movements. These results highlight the urgent necessity for stringent speed regulation and enhanced 

pedestrian infrastructure to improve urban pedestrian safety. 
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1. Introduction 

According to World Health Organization (WHO) 1.19 million die each year because of road traffic crashes. Half 

of them are vulnerable road users like pedestrians, bicyclists, motor cyclists. Pedestrians are the most vulnerable 

road users.92% road crashes occur in the middle- or low-income countries though they only contribute to 60% of 

the traffic (WHO 2024c). As a lower middle-income country(The Daily Star 2024a) Road accident is very 

common in Bangladesh. Excessive speed is the main reason for road crashes and 60% of the pedestrian crashes 

are for over speeding in 2022 alone. According to the Road Safety Foundation, an organization working on 

prevention of the road accidents, 1,627 pedestrians were killed in road accidents in 2022. 48.74% of them had to 

fall prey to accidents while walking on the streets and 51.25% while crossing the road. 59.78% of accidents took 

place due to the reckless speed of vehicles (The Business Standard 2023b). But these are not the only factors for 

pedestrian crashes. Some other factors like road condition, Pedestrian age, weather conditions etc. are related to 

fatal pedestrian crashes.  

Number of pedestrian crashes can be reduced by taking steps according to the factors of the pedestrian crashes. 

The objective of the study is to find the pedestrian crash pattern in Dhaka Metropolitan. These accidents can be 

considered as a series of interconnected events. Some associative reasons are responsible for these accidents. In 

this research paper, a data mining process named association rule mining is used for identifying the factors of the 

fatal pedestrian crashes in Dhaka Metropolitan. Using association rule mining is advantageous over regression 

analysis as regression analysis does not represent the actual condition as much as association rule mining. 
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2. Literature Review 

Different types of data mining processes are used for road traffic analysis. Among them logistic regression, 

probabilistic models, CART (Classification and Regression Trees), artificial neural networks, correspondence 

analysis, association rules, text mining and cluster analysis are most popular (Sivasankaran et al. 2020).  

Association rule mining (ARM), which is also called Market basket analysis is a comparatively new technique 

for road traffic analysis. Karolien Geurts et al. (Karolien Geurts 2003) used a comparative analysis between high-

frequency and low-frequency accident locations was conducted to determine the discriminating characters of the 

accident characteristics of black spots and black zones using association rule mining in 2003. More researchers 

used this process later.  Mirabadi A, Sharifian S(Mirabadi and Sharifian 2010) used ARM in Iranian Railway 

(IRA) to analyze data on accidents which have resulted in loss of life and property by applying association rules, 

a data mining technique. Montella A(Montella 2011) used ARM to investigate the crash contributory factors in 15 

urban roundabouts located in Italy and to study the interdependences between these factors. Kumar S, Toshniwal 

D (Kumar and Toshniwal 2016) used ARM to identify high-frequency accident locations and further analyzing 

them to identify various factors that affect road accidents at various locations. John M, Shaiba H(John and Shaiba 

2019) used ARM to identify causes and patterns associated with road accidents in Dubai. Sivasankaran S et al. 

(Sivasankaran et al. 2020) used ARM to identify potential factors and the underlying pattern between the crash 

characteristics which contribute to Pedestrian crashes in the urban metropolitan city, Chennai. Das S(Das et al. 

2021) used ARM to provide an overview of the characteristics and associated crash scenarios resulting in fatal 

pedestrian crashes in the US. Though this method is used at various countries, ARM is not used for finding the 

major determinants of fatal pedestrian crashes in Bangladesh. This research gap will be filled by this study. 

3. Methodology 

3.1 Data Collection 

The data is collected from the Accident Research Institute (ARI), Dhaka 1000. Data from 2017 to 2020 is used 

for this research. There is a total of 1494 crash data for Dhaka Metropolitan. Data for more recent years has not 

available due to the lack of technical accuracy of data extraction. The collected data is gathered by Dhaka 

Metropolitan Police (DMP). All the recorded information is categorized according to the Accident Record Form 

(ARF).  

3.2 Data Screening 

Out of the 1494 data, the accidents which include at least one pedestrian injury are sorted. There are a total of 681 

cases. 

3.3 Association Rule Mining 

Association Rule Mining is a data mining process. This rule was first named market basket analysis. It was mainly 

used for predicting the selling of the same kind of product. After that, it is used in traffic crash analysis. In this 

method, the antecedents are X, and the consequents are Y. Here, X are the causes and Y are the results. Association 

rule mining can be expressed as   Where X and Y are disjoint items. They are support, confidence, and lift. 

3.3.1 Support 

Support indicates the percentage of transactions or actual number of transactions occurring in the rule. The 

equation of support is given below: 

𝑆(𝑋) =  
𝑃(𝑋)

𝑁
 

 

(1) 

𝑆(𝑌) =  
𝑃(𝑌)

𝑁
 

 

(2) 

𝑆(𝑋 → 𝑌) =  
𝑃(𝑋 ∩ 𝑌)

𝑁
 

(3) 
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where 𝑃(𝑋) = Number of incidents with 𝑋  antecedent;  𝑃(𝑌)= Number of incidents with 𝑌 

consequent; P (𝑋 ∩ 𝑌) = Number of incidents with both 𝑋 antecedent and Y consequent; N = Total 

number of incidents; 𝑆(𝑋)= Support of antecedent; 𝑆(𝑌) = Support of consequent; S (X  → Y) = 

Support of the association rule (𝑋 → 𝑌). 

 

Support thresholds directly control the prevalence requirement for patterns to be considered significant. 

Higher support thresholds produce fewer but more common patterns, focusing the analysis on 

predominant relationships in the data. Conversely, lower support thresholds generate more rules, 

including those representing rare but potentially critical scenarios 

 

 

3.3.2 Confidence    

The equation of confidence is listed in equation 4. Confidence measures the reliability of the inference of a 

generated rule. A higher confidence for X →Y indicates that presence of Y is highly visible in the transactions 

having X 

𝐶(𝑋 → 𝑌) =  
𝑃(𝑋 → 𝑌)

𝑃(𝑋)
 

           (4) 

 

Here 𝐶(𝑋 → 𝑌) is the confidence of the association rule. 

Confidence thresholds determine the minimum reliability required for a rule to be considered valid. Higher 

confidence thresholds produce rules with stronger predictive power but may exclude valuable insights with 

moderate reliability. Lower confidence thresholds generate more rules but increase the risk of including false 

associations. 

3.3.3 Lift 

The lift of the rule makes an association with the frequency of co-occurrence of the antecedent 

and the consequent to the expected frequency of co-occurrence. The equation of the list is listed in equation 5. 

𝐿(𝑋 → 𝑌) =  
𝑃(𝑋 → 𝑌)

𝑃(𝑋). 𝑃(𝑌)
 

           (5) 

 

Here 𝐿(𝑋 → 𝑌) is the confidence of the association rule. 

Lift values serve as a filter to identify truly interesting associations by measuring how much more frequently the 

antecedent and consequent occur together than would be expected if they were independent. Rules with lift values 

substantially greater than 1.0 indicate strong positive correlations deserving special attention.(Das et al. 2019). 

By increasing the value of confidence, number of rules are declined. But it is needed for the limitation of Random-

access Memory (RAM). Data Analysis is performed by using Python 3 in Google Colab. Apriori algorithm is used 

for simplicity. After trial-and-error minimum confidence is used 50% and minimum support is 20%. 

4. Results and Discussions 

For the data analysis five types of variables are used. They are Roadway and Traffic Characteristics, Vehicle and 

Driver-Related Factors, Environmental and Temporal Factors, Pedestrian Characteristics and Behavior, Collision 

Characteristics. All the types of variables have different subdivisions. After analyzing all the variables, frequency 

of top 15 items is shown in figure 1:  
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Figure 1: Frequency of Top 15 Items 

The graph suggests that most pedestrian crashes occur on well-maintained, straight roads during fair weather 

conditions, with male drivers and younger adults being the most frequently involved. Lack of traffic control and 

pedestrian infrastructure could contribute to the high occurrence of crashes in these conditions. 

ARM is applied to find the top rules of fatal pedestrian crashes. The top ten rules were generated using a minimum 

confidence of 50% and a minimum support of 50%. After that, the support value was reduced by 10% in each 

iteration, with the result corresponding to a support value of 20%. The support value was not lowered further, as 

doing so would require more than 128 GB of RAM, which was not accessible. This limitation could be overcome 

by using more expensive and efficient hardware. It is evident that more important rules are generated by decreasing 

support value. So, the result with the lowest possible support value is the most relevant outcome. Top ten rules of 

fatal pedestrian crashes for minimum support 20% and minimum confidence 50% is shown in table 1: 

Table 1: Top rules of Fatal Pedestrian Crashes for minimum support 20%, minimum confidence 50% 

Rules Antecedents Support Confidence Lift 
1 {Seat Belt = Not Worn, Surface Quality = Good, Road Feature 

=None, Driver Age = 40, Driver sex = Male, Road Class = 

National, Vehicle Loading = Legal, Contributory Factors 1= 

Speeding} 

0.2 0.87 1.187 

2 {Seat Belt = Not Worn, Surface Quality =Good, Driver Age = 

40, Driver sex = Male, Road Class = National, Vehicle Loading 

= Legal, Contributory Factors 1= Speeding} 

0.2 0.87 1.187 

3 {Seat Belt = Not Worn, Sealed, Surface Quality =Good, Vehicle 

Defects = None, Driver Age = 40, Road Class = National, 

Vehicle Loading = Legal, Contributory Factors 1= Speeding} 

0.2 0.87 1.187 

4 {Seat Belt = Not Worn, Sealed, Good, Driver Age = 40, Driver 

sex = Male, Road Class = National, Vehicle Loading = Legal, 

Contributory Factors 1=Speeding} 

0.2 0.87 1.187 

5 {Seat Belt = Not Worn, Good, Contributory Factors 2= Careless 

Driving, Vehicle Defects = None, Driver Age = 40, Driver sex = 

0.2 0.87 1.187 
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Rules Antecedents Support Confidence Lift 
Male, Road Class = National, Vehicle Loading = Legal,  

Contributory Factors 1=Speeding} 

6  Seat Belt = Not Worn, Sealed, Good, Contributory Factors 2= 

Careless Driving, Driver Age = 40, Driver sex = Male, Road 

Class = National, Vehicle Loading =Legal, Contributory Factors 

1= Speeding} 

0.2 0.87 1.187 

7 {Seat Belt = Not Worn, Surface Quality = Good, Vehicle 

Defects = None, Driver Age = 40, Road Class = National, 

Vehicle Loading =Legal, Contributory Factors 1= Speeding} 

0.2 0.87 1.187 

8 {Seat Belt = Not Worn, Sealed, Surface Quality = Good, 

Careless Driving, Vehicle Defects = None, Driver Age = 40, 

Road Class = National, Vehicle Loading =Legal, Contributory 

Factor 1= Speeding} 

0.2 0.87 1.187 

9 {Seat Belt = Not Worn, Surface Quality = Good, Driver Age = 

40, Road Class = National, Vehicle Loading = Legal, 

Contributory Factors 1=Speeding} 

0.2 0.87 1.187 

10 {Seat Belt =Not Worn, Surface Type =Sealed, Surface Quality = 

Good, Contributory Factors 2=Careless Driving, Vehicle 

Defects = None,  Driver Age = 40,  Driver sex =Male, Road 

Class = National, Vehicle Loading = Legal,  Contributory 

Factors 1=Speeding}) 

0.2 0.87 1.187 

 

The top association rule in the analysis highlights critical factors contributing to fatal pedestrian crashes. The rule 

{seat belt = not worn, surface quality = good, road feature = none, driver age = 40, driver sex = male, road class 

= national, vehicle loading = legal, contributory factor = speeding} exhibits a support value of 0.2, indicating that 

20 percent of crashes in the dataset followed this pattern. The confidence value of 0.87 suggests that in 87 percent 

of cases where these conditions were met, a fatal crash occurred, demonstrating a strong predictive relationship. 

The lift value of 1.187 indicates that crashes under these conditions were 1.187 times more likely to result in 

fatalities than expected by random occurrence. This rule emphasizes that male drivers aged 40, driving on national 

roads with good surface conditions and no additional road features, are highly prone to speeding-related crashes, 

especially when seat belts are not worn. The findings suggest that speeding enforcement, stricter seat belt 

compliance, and additional road safety features could mitigate such incidents. 

From the rules generated, it is evident that speeding and careless driving are the main causes of pedestrian crashes. 

The main pedestrian crashes occur at the national road. As the speed of the vehicle is higher there. At the time of 

accident, most of the pedestrians were in the road center. 

5. Conclusions & Recommendations 

This study has successfully identified the key factors contributing to fatal pedestrian crashes in Dhaka 

Metropolitan using Association Rule Mining (ARM). The results indicate that speeding, careless driving, 

pedestrian road-crossing behavior, and inadequate infrastructure are the primary causes of pedestrian fatalities. 

Future research integrating real-time data and advanced analytics will further enhance pedestrian safety planning. 

Implementing these findings into policy and infrastructure improvements is crucial for ensuring a safer urban 

environment for pedestrians in Dhaka. 

Raw data and codes are added here. 

 

https://drive.google.com/drive/folders/1CBl3ehnXjLILT-vLxHPvifKfvO8tS7IZ?usp=drive_link
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