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Abstract 
Road accidents are in a forward leap and millions die year after year. 

Close examine of these accidents shows the role of two wheelers in them. 

Considering the importance of two wheelers in day-to-day life, we have to 

take measures to mitigate their crashes. Accidents can never be stopped but 

we can tremendously reduce the rate of crashes. Through this paper, we 

recognize the issues that are affecting two wheeler crashes and provide 

measures for analyst to select the key factor in them according to their 

preference. Data mining algorithms like Apriori algorithm and ELECTRE I 

are used for the investigation, to mine rules and visualize them based on 

accident records. From that rules, the relevant rules are selected by using 

ELECTRE method. The study focus on the two wheeler crashes in Kochi, 

metropolitan city of Kerala, from the year 2010 to 2016. The obtained results 

can be used to invoke cautiousness among motor riders and analysts to 
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create awareness and formulate policies for people. 

Key Words:Association rules, data mining, ELECTRE I, MCDA, two 

wheelers. 
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1. Introduction 

Transportation is one of the major factors that affect the growth of the economy. 

While considering it, we can see that roads are one of the prominent 

transportation medium in India. As economy flourished it provide more job 

opportunities and this gave a broad aspect in the concept of transport. People 

began to depend on private means of transport more than public means as they 

can be used for personal services. And while considering the private ones, the 

most prominent are two wheelers. Since it is affordable, light weight, more 

models are available in the market and of course they can be used by persons of 

any age. But, the two wheelers are the most unprotected and risky vehicle to ride 

in Indian roads. 

Year after year, the population of our country is increasing leading towards the 

economic growth and for the better roads and more vehicles. According to 

government statistics, the Compound Annual Growth Rate (CAGR) shows that 

the growth of roads is 3.9 % while the growth of vehicles is 9.8 % per year [1]. 

Another study reveals that among the accidents occurred, 33.8% are from two 

wheelers and it seems to be in a rise of 31% every year [2]. But for the comfort 

travelling available in cheaper rate and to avoid the traffic congestion, people 

are more being attracted towards two wheelers. Having acquired more literacy 

rate and a good life style, the case of Kerala, state in India, is not much different. 

Accidents have become the third cause of death in India. Kochi, the 

metropolitan city of Kerala, has reported more number of accident cases. 

Majority of them were caused by two wheelers. According to the Kerala Police, 

Ernakulum district, where Kochi is located, reported more number of accidents 

and 79% from them was because of two wheelers [3]. The case becomes more 

shocking as the persons died belong to the working ages who are the family’s 

income earners and child raising groups. We cannot mitigate accidents, but 

through the research, our aim is to find out the various causes of two wheeler 

accidents in Kochi and thus help the rule makers to identify the important ones 

among them and thus to improve the drivers safety. 

Many researchers have used data mining techniques in the analysis about road 

accidents. The intent of Data mining is to automatically discover useful 

information in large data repositories to find novel and useful patterns that might 

otherwise remain unknown [4]. It encompasses many activities such as 

clustering, classification, association rule mining, etc. for knowledge discovery 

from databases (KDD).The association rule is the one most commonly used 

Data Mining functionality. It provides measures to discover the correlation 

between two variables and it generate rules based on the inputs provided by 

satisfying the minimum support and confidence parameters. 

  

International Journal of Pure and Applied Mathematics Special Issue

761



2. Literature Survey 

Till now, numerous researches are performed to predict the reasons for road 

accidents and the reasons behind them. Some even found the response strategies 

for them thus to reduce the fatal rate in accidents. But, the conducted studies 

mainly focused the larger vehicles and public transportation means. There are no 

such studies being conducted for the most abundant vehicle in the road, two 

wheelers.  

In this context, “ A Case Study of Road Accidents in Kerala during 2010 to 

2016” (Chand,2017[6]) used Mean, Standard Deviation, Co-Variance and 

techniques used in Least Square Trend Analysis to conduct a study about road 

accidents in Kerala. The study showed the decrease in road accidents rate but 

the people died has risen from 8 to 12%. Artificial Neural Networks and 

Adaptive Neural Fuzzy Inference (ANFIS) and K-means algorithm has been 

used in “Presentation of clustering-classification heuristic method for 

improvement accuracy in classification of severity of road accidents in Iran” 

(Alikhani et al., 2013[7]) to find out the accuracy of severity of road accidents. 

They have also used Silhouette method for the interpretation and validation of 

the resulted clusters. To understand human factor role in severity of road 

accidents, “The role of human factor in incidence and severity of road crashes 

based on the CART and LR regression:  a data mining approach” (Pakgohar et 

al., 2010[8]) Descriptive Analysis, Multinomial Logistic Regression and 

Classification and Regression Tree where employed. MLP was taken as not to 

limit the dependent variable to two categories .They mainly focused on safety 

belt and driving license. 

A visual Analytics approach was selected to identify the road accidents in 

“Detection of road accident accumulation zones with a visual analytics 

approach” (Ramosa et al., 2015[9]).Here, Classification was used to find black 

spots. They used Temporal Sliding Windows to combine all the data 

visualization graphs. The main reasons for road accidents are revealed in “Study 

of Spanish mining accidents using data mining techniques” (Sanmiquela et al., 

2015[10]) using Bayesian Classifier and Decision Trees. Results and ranks 

where generated using Weka. Association rules from decision trees where used 

to extract relevant factors to evaluate rules which thus helped to develop suitable 

prevention policies to reduce injuries and fatalities. In  “A Perspective Analysis 

of Traffic Accident Using Data Mining Techniques” (Krishnaveni and 

Hemalatha, 2011[11]), they used Classification models like Naïve Bayesian, 

AdaBoostMI, Meta Classifier, PART rule classifier, J48 Decision Tree and 

Random Forest for the prediction of severity of injury that occurred during 

traffic accidents. In the paper “Analysis of Traffic Injury Severity: An 

application of non-parametric classification tree techniques”(Chang and Wang, 

2006[12]) studies the factors that can influence the injury severity in road traffic 

accidents using CART. Their primary goal was to establish a relationship 

between injury severity and characteristics of the driver and vehicle, variables 
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quantifying the highway environment and accident variables. The data was 

organized using a Saturated Tree and branches that add little to the predictive 

values of trees were removed by Pruning. 

For the identification black zones and to find out the different accident pattern in 

segment and non-segment areas “Understanding spatial concentrations of road 

accidents using frequent item sets”(Guerts et al., 2005[13]) used KDD and 

association rules. “The identification of patterns of inter urban road accident 

frequency and severity using road geometry and traffic indicators”(Dadashova 

et al., 2016[14]) used CART, classification tree and random forest to find how 

the geometry of road affects the road accidents and thus how much severity are 

caused. In their study they found different road patterns caused different 

severities. To identify the reasons of accidents in Tamil Nadu and to analyze 

them and to provide measures to resist them “A study on the effective traffic 

management of roads to reduce road accidents in Tamil Nadu”(Bhargavi and 

Raja , 2011[15]) made use of different normalization methods in data mining. 

For the same purpose in Kenya, “Analysis of causes and response strategies of 

road traffic accidents in Kenya” (Ndungu et al., 2015[16]) used mean, median 

and standard deviation. Techniques like spatial and temporal methods, negative 

binomial method, and Poisson regression where used within “Evaluating 

Bicycle – motorized vehicle accident risks in Antwerp, Belgium” (Wang et al., 

2015[17]) to analyze bicycle accidents and how the road infrastructure influence 

them, in order to map them and provide guidelines for government and rule 

makers in Belgium. Hierarchical clustering, K-means and GMM (General 

Mixture Model) where used inside “A data mining approach to creating 

fundamental traffic flow diagram” (Kainfar and Edara, 2013[18]) to create 

traffic flow diagrams and thus find congested and free flow areas in United 

States. To address road safety and to assure pedestrians safety in India, “Road 

safety and accident prevention in India” (Deshpandae, 2014[19]) used different 

classification methods. To achieve the same purpose in Patna, capital of Bihar, 

“Road accident analysis: A case study of Patna city” (Singh and Misra, 

2004[20]) used statistical methods in data mining. To examine the consequences 

of road accidents and the factors  that affect the consequences of it, methods like 

CART, MARS (Multivariate Adaptive Regression Splines) and regression 

models like linear modals and probit models are used in “Using decision trees to 

extract decision rules from police reports on road accidents” (Griselda et al., 

2012[21]).  

So far many association rules and classification methods have been used by 

researchers. But these methods create enormous rules that made it difficult for 

the analyzers to pick out the most important ones. This is where the MCDA 

(Multi Criteria Decision Analysis) comes in. It helps the analyzers to select the 

more effective rules based on the criteria given by them. 
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3. Proposed Work 

Until now every researcher considered accidents as a whole. Thus so far no 

study has been conducted to identify the factors contributing two wheeler 

accidents. In our study we try to find the same from drivers, victims, time and 

environmental constraints. And for the analysis of the data obtained, we 

performed the following methodologies:  

 Association Rule Mining 

Data mining is the process of automatically discovering useful information in 

large data repositories. Its techniques are used to find novel and useful patterns 

that might otherwise remain unknown. It is an integral part of Knowledge 

Discovery in Databases (KDD) [4]. The process of KDD is depicted below in 

Fig 1.  

 

Fig. 1: Knowledge Discovery in Database (KDD) Process 

We first study the generation of association rules that reveal relationships that 

underlie items in the collected data. Among the association algorithms used we 

select Apriori. Apriori mainly focuses on transactional databases [5]. It also 

helps in mining frequent item sets. Rules are generated on the basis of support 

and confidence. Support shows how frequent items appeared in the database and 

Confidence shows how much time they have become true [24]. The Apriori 

algorithm is as follows: 

 Find the frequent itemsets (with minimum support) 

 Find a subset of the frequent itemsets (it must also be a frequent item set) 

 Find frequent itemsets with cardinality (through iterative method) 

 Use the frequent itemsets to generate association rules 

The generated association rules will have two parts, the Antecedent and the 

Consequent. Antecedent is the condition part that we gained from the database 

and the consequent is the result of the particular conditions. 

  Multi Criteria Decision Analysis 

Evaluating multi criterion real world problems using traditional methods are 

very difficult. Thus for the analysis we are using the ELECTRE I, the MCDA 

outranking method. ELECTRE stands for Elimination and Choice Translating 

algorithm. Nowadays, it is considered as one of the leading tool in several 
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application areas [21] since it mainly focuses on the pair wise comparison of 

actions [22]. The overall structure of MCDA is shown below in Fig 2. 

 

Fig. 2: MCDA Process Structure 

ELECTRE I method is simple but it can only be used when the input to the 

process is in numerical format. Every ELECTRE method contains basically two 

parts: First, to identify the alternatives and criteria’s for a particular goal and to 

find their relationship. Second, to predict the MCDA output using the part one 

results. Thus we can simply say that the ELECTRE process is choosing and 

ranking of alternatives based on the conditions given by the analyst. 

The steps of ELECTRE process are: 

1. Calculating evaluation matrix 

2. Calculating weighted normalized matrix 

3. Calculating concordance and discordance matrix  

4. Computing concordance and discordance dominance matrix. 

5. Estimate aggregate dominance matrix 

6. Ranking the alternatives 

4. Experiment and Result Analysis 

Among the approaches used for analyzing road accidents, the statistical analysis 

is widely used because of their quality performance. The data set we analyzed is 

large and complex in nature, traditional statistical methods cannot be fruitful in 

this context. Thus we prefer Data mining in order to identify the underlying 

relationship between items. 

To develop a model for the two wheeler accident analysis, first we have to 

generate rules from the data set and collaborate it with the decision making 

methods, so as to find the most prominent rules that acts as factor towards the 

accident cause. The decision making methods helps the analyst to obtain the 

factors that he/she has to consider for creating awareness among public, the 

creation of new policies, while constructing new road ways etc. The overall 

process model that we have used in the study is demonstrated below in Fig 3. 
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Fig. 3: Overall Process Model 

For our research, the accident data was collected from the East City Traffic 

Police Station, Edapally, Kochi for the period 2010-2016. For each accident 

occurred during these years, police had maintained records and from those we 

have extracted records where the accused or victims where two wheelers. So, 

from a total of 10,491 records 6,580 were selected. And through the data 

cleaning process, we have removed the null, non-available and inexplicable 

data. After the process execution, we got 6,560 records. These records were 

transformed into a 16 variable based format thus to forecast the factors affecting 

the two wheeler accidents. The 16 variables used are shown in Table 1. 

Table 1: Variables Extracted 

 

With the use of these variables, we have transformed our dataset into a more 

informative one, through which we can mine knowledge. The transformed data 

model is demonstrated in Fig 4. 

 

Fig. 4: Transformed Data Model  
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As the first step of our study, we have inputted the data set into WEKA to find 

the most frequent item sets. These are shown below in Fig 5. 

 

Fig. 5: Frequent Item Sets in Data Base 

In the data set, we have large records of items, so to extract association rules, 

Apriori algorithm was used since it can handle large data sets. The minimum 

support is set to 98% and minimum confidence as 90% and after eliminating the 

duplicate ones, 43 rules were obtained. The extracted rules are demonstrated in 

Table 2. 

Table 2: Association Rules Generated 

 

To visualize the rules, we have used two applications. The first one is XLSTAT, 

a Microsoft add-in for data analysis. It generated 43 association rules in a 3D 

Plot diagram as shown in Fig 6. Smart Picker Pro, the second application was 

used for visualization of the prioritized association rules as in Fig 7. 
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Fig. 6: 3D Plot Diagram of 43 Association Rules 

 

Fig. 7: Visualization of 43 Prioritized Rules 

The Apriori is very useful as it is easy to implement and can be easily 

parallelized. But, it generates a large set of rules, holding back the analyst from 

finding the most important ones. Thus, the integration of MCDA method 

becomes inevitable in this multi criterion situation. Here, we used ELECTRE I, 

the basic form of outranking method in the MCDA approach. It acts as a 

decision aid to solve or evaluate the real life problems. Moreover, we can rank 

the given rules on the basis of how they affect the two wheeler crashes.  

The first step of ELECTRE is to generate an evaluation matrix, having 

alternatives and criteria’s. In our context, alternatives are the rules to evaluate 

and criteria’s are the qualitative aspects. The criteria’s we have taken into 

account are lift, support and confidence. The resultant evaluation matrix is 

shown in Table 3. 
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Table 3: Evaluation Matrix 

 

Second step of ELECTRE is to provide weight to each of the criteria selected 

based on the analysts preference. And then the weighted normalized matrix is 

calculated on the basis of the values provided in the evaluation matrix and the 

analyst’s preferred weight. More weight for a criteria means it has more 

importance than other criteria’s. Third step of ELECTRE is to construct the 

concordance and discordance matrix. The concordance matrix represents the 

supremacy of one rule over the other. It is calculated using the weight given by 

the analyst. Then in discordance matrix, the outcomes of the plans are 

considered against others using the weighted normalized matrix, to maintain a 

uniform aspect. 

Fourth step consists of the formation of concordance dominance and 

discordance dominance matrix. This is generated from the concordance and 

discordance matrix. Here we convert both these matrices into a zero-one base 

format. For this, we find the C bar 0.636 and D bar value as 4.022. The next step 

is the intersection of the concordance dominance and discordance dominance 

matrix. The outcome of this matrix is used as the last step of this method, the 

ranking of alternatives. Normally we select a rule which has maximum 

concordance and minimum discordance. But in some cases, there may be 

multiple dominances of rules against one and in another there may be no 

dominance at all. This is based on the values we have provided and the analyst 

preferences.  

Table 4: Categorization of Rules 

 

After ranking the rules, we have classified them into 5 classes based on their 

impact on two wheeler crashes. Class 1 means more impact and it becomes less 

for the following ones. This is represented in Table 4. The rules that appeared in 

Class 1 are represented in Table 5.  
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Table 5: Higher Prioritized Rules 

 

After analyzing the result, following are the inferences: 

1. The major cause of most of two wheeler accident is Rash driving. 

2. Male citizens are directly affected by the accidents. 

3. Accidents occur during the day time between 6 and 12. 

4. Death and grievous injuries happen to the age group of 31-50. 

5. The accident type injury happens mostly in summer season. 

6. In Saturdays numbers of accidents are more. 

7. Most accidents occur in National Highway roads. 

8. Rate of accident are higher in Palarivattom and Kaloor in Kochi city. 

Today’s existing applications and tools that are used for the road accident 

analysis are not much very useful for the government, public and the policy 

makers. As we have researched, these tools generate many rules which can be 

duplicated and ones that are not very useful at all. In situations like these we can 

make use of Data Mining methodologies along with the MCDA approach to 

mine more helpful data. Later on, this can be used by the analyst’s to find two 

wheeler accident rate and the frequency of factors affecting the accidents in the 

selected areas. Thus it can generate policies and plans to mitigate them and to 

provide a faultless comfortable journey for two wheeler riders. 

5. Conclusion and Future Work  

Transportation is one factor that represents the infrastructures of a country. In 

India, transportation means roads, as people mainly depend on roads for 

travelling. But, due to rider’s carelessness, low quality and design of road, the 

accident rate is rising per year. Kochi, the cosmopolitan city of Kerala, suffers 

from the vast number of accident rate and in majority of them the victim or 

accused are two wheelers. According to statistics, 43 among 91 died in road 

accident in Kochi were two wheeler riders [3]. Although many rules were 

initiated to reduce the fatality and injury rate of two wheelers, they were not 

fully succeeded. And thus traffic safety aroused as an issue among public and 

the concerned authorities.  

In our study, we have used the two wheeler accident data set to mine different 

rules so as to find the common factor that appeared in most of the crashes. And 

then to select the significant ones among them, we integrated these rules with 

the MCDA method, ELECTRE to select rules in preference basis. Through this 

approach, we are able to mine association rules, to visualize them and set 

preference according to analyst’s choice and find factors that influence the two 

wheeler crashes. During the research, we discovered that two wheeler crashes 

International Journal of Pure and Applied Mathematics Special Issue

770



cannot be eliminated fully but we can propose solutions to reduce them. The 

rules we derived can be combined with the navigation sites and GPS systems to 

help the commoners especially two wheeler drivers, to have a better 

understanding about the place they travel, the frequency of accidents and its 

factors. Therefore, the Government systems can make use of the above 

mentioned factors to formulate policies and take necessary actions. 

In future work, we can add more variables to the study and have more data sets 

for generating more fruitful relations. If we add this proposed system along with 

the real time traffic systems, we can promote more consciousness among the 

drivers. The proposed system is also applicable with machine learning to 

conduct a deep study and produces more accurate rules. 
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