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OutlineOutline
Issue - Vehicular Accident Injuries
Project Objective
Data source and variables
Research questions
Methods of analysis
– Exploratory analysis
– Descriptive statistics
– Logistic regression
– Discriminant analysis

Results
Recommendations



Factors in Vehicular AccidentsFactors in Vehicular Accidents

Physical environment
Person – driver, passenger
Vehicle related
Other



Data SourceData Source

The Bureau of Transportation Statistics (part of the 
U.S. Dept. of Transportation) gathers data on the 
estimated 6.4 million vehicle accidents reported 
each year. Data are accessible at 
http://www.transtat.bts.gov.  
The most recent sample of 55,000 records relates 
to 2001 vehicle accidents. From this data, we 
selected a random sample of 10,000 records for 
this project.

http://www.transtat.bts.gov/


ObjectiveObjective
Objective
– Evaluate the role of physical environment in 

vehicle accidents that result in injuries, 
specifically

Profile variables of physical environment that increase the 
probability of injuries in vehicular accidents
Predict the probability of injuries in accidents based on the 
selected variables of physical environment

Hypothesis
– Variables of physical environment have major influence on the 

probability of injury in vehicular accidents



Clients for this StudyClients for this Study

Federal Agencies and Dept. of Transportation
State and County Governments
Automobile Industry
Insurance Industry – Health, Auto 
Businesses in road safety
Commuters



Data Data -- List of VariablesList of Variables
Hour of accident - 0-24 hrs
Alcohol
Road alignment
Manner of collision
Traffic lanes - one /two/more

Traffic conditions
Road surface
Population density
Weekday
Interstate Highway
Relative to Roadway

Work zone
Relation to Junction
Number of travel lanes
Region - NE/MW/south/west

Month
Road surface conditions
Traffic Flow
Pedestrian/cyclist 
Light condition
Speed limit
Weather



Sample DataSample Data
CASENUM STRATUM WRK_ZONE WKDY_I EVENT1_I NO_INJ_I INJURY_CR

ASH
MAXSEV_I INT_HWY

110215646 1 0 7 25 3 1 3 0
110215716 3 0 6 25 1 1 2 0
110215725 1 0 3 25 3 1 1 0
110215728 2 0 2 25 0 0 0 0
110215741 1 0 1 25 0 0 0 0
110215744 4 0 3 25 0 0 0 0
110215764 1 0 1 25 4 1 2 0
110215767 2 0 6 45 0 0 0 0
110215782 1 0 5 25 0 0 0 0
110215791 1 0 7 37 3 1 1 0
110215808 4 0 1 45 1 1 1 0
110215823 1 0 1 37 1 1 1 0
110215824 4 0 7 25 1 1 1 0
110215880 1 0 3 25 0 0 0 0
110215887 1 0 7 37 0 0 0 0
110215889 4 0 7 45 0 0 0 0
110215896 4 0 3 25 0 0 0 0
110215925 1 0 3 35 1 1 1 0
110216025 1 0 5 38 0 0 0 0
110216026 4 0 1 25 0 0 0 0
110216061 1 0 2 25 4 1 1 0
110216072 4 0 7 24 0 0 0 0
110216073 1 0 3 38 0 0 0 0
110216134 1 0 4 25 0 0 0 0



Research QuestionsResearch Questions

Data are explored with focus on following 
questions

- What time of day the accidents result in most injuries?
- Are road alignment and profile factors in accident injuries?
- To what extent is speed limit a factor in injuries?
- Do seasonal factors – spring/summer/winter explain injuries?
- Whether manner of collision is a factor in the injury?
- Whether region affects the probability of injury?
- Do number of vehicles involved explain the injury?
- Do accidents on interstate highways result in more injuries



MethodologyMethodology
Started with data organization, exploratory 
analysis and descriptive statistics
Selected variables for modeling the relationships. 
Logistic regression to predict the odds of injury
Discriminant analysis to predict injury/non-injury 
group membership
Evaluation of model results 
Recommendations from the analysis



Exploratory AnalysisExploratory Analysis
Accidents involving injuries occur 

most frequently in the afternoon hours.
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Injuries by Week and MonthInjuries by Week and Month
MONTH 1 2 3 4 5 6 7 Total Percent

1 41 47 72 72 46 46 38 362 7.5
2 31 37 59 65 58 54 63 367 7.6
3 32 51 61 57 81 69 67 418 8.6
4 52 56 52 55 50 73 49 387 8.0
5 41 51 82 83 67 59 43 426 8.8
6 38 61 61 46 50 80 50 386 8.0
7 48 72 89 48 70 52 32 411 8.5
8 60 50 57 74 76 74 51 442 9.1
9 43 45 64 57 56 64 63 392 8.1

10 38 82 59 88 55 71 52 445 9.2
11 45 46 63 45 59 84 58 400 8.3
12 35 56 60 61 65 58 64 399 8.3

Total 504 654 779 751 733 784 630 4835 100
Percent 10.4 13.5 16.1 15.5 15.2 16.2 13.0 100



Exploratory AnalysisExploratory Analysis
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The day of the week 
doesn’t seem to be a 
factor…

… but when you isolate 
alcohol related accidents 
a story begins to emerge.



Exploratory AnalysisExploratory Analysis

Most accidents occur at approximately 35 miles per hour.
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Exploratory AnalysisExploratory Analysis
If you isolate accidents that occur on 

Slippery conditions, you see that most 
injuries occur at 55 MPH.
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Variables chosen for modelingVariables chosen for modeling

Hour – 6 hr intervals
Road alignment
Road profile
Season
Region

Manner of collision
Speed limit
Vehicles involved



Modeling StrategyModeling Strategy
General to specific
– Time, season, road, and collision
– Time, season, region, road, and collision 
– Time, season and region interaction, road, and collision

Model criteria
– Reasonableness
– Predictive accuracy

Data preparation
– Sample of 10,000 records
– Initial variables – 28
– Model variables – 12 to 15, dummy variables
– Data partition – 60%/40%



Logistic RegressionLogistic Regression
Qualitative response var.  1= Injury 0 = No injury
Independence of variables
Profile of variables that best describes injury
Prediction of injuries based on profiling
Minimize misclassifications and maximize overall 
accuracy
Cut off value 0.5



Logistic RegressionLogistic Regression

Training data Validation data
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Logistic Regression Logistic Regression 
Model 2

Training data Validation data
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Logistic RegressionLogistic Regression

46.4518584000Overall

46.2993620220

46.6192219781

% Error# Errors# CasesClass

Error Report

46.4518584000Overall

46.2993620220

46.6192219781

% Error# Errors# CasesClass

Error Report

44.1226476000Overall

42.78129430250

45.48135329751

% Error# Errors# CasesClass

Error Report

44.1226476000Overall

42.78129430250

45.48135329751

% Error# Errors# CasesClass

Error Report

Training data Validation data

Model 3



DiscriminantDiscriminant AnalysisAnalysis
Qualitative response var.  1= Injury 0 = No injury
Profile variables that best describes groups
Given the variables predict membership to injury or 
non-injury groups
Estimation of classification functions for two groups
Minimize misclassifications and maximize overall 
accuracy
Cut off value 0.5



DiscriminantDiscriminant AnalysisAnalysis

Model 1
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DiscriminantDiscriminant AnalysisAnalysis
Training data

Model 2

46.1818474000Overall

47.4395920220

44.8988819781

% Error# Errors# CasesClass

Error Report

46.1818474000Overall

47.4395920220

44.8988819781

% Error# Errors# CasesClass

Error Report

44.4726686000Overall

45.59137930250

43.33128929751

% Error# Errors# CasesClass

Error Report

44.4726686000Overall

45.59137930250

43.33128929751

% Error# Errors# CasesClass

Error Report

Validation data



DiscriminantDiscriminant AnalysisAnalysis
Training data
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Model SummaryModel Summary
Results of Logistic and Discriminant analysis 
are consistent
Error rate is high since we only focus on the 
variables of physical environment. Inclusion of 
person and vehicle variables may help in 
reducing the error rate
Considering several qualitative variables the 
odds of logistic regression are more intuitive in 
explaining the relative significance of variables



Results InterpretationResults Interpretation
Physical environment variables predicts between 
55% to 60% injuries that occur in vehicle accidents.
You are more likely to meet with an accident that 
results in injury during evening rush hours.
The odds of injuries in accidents are higher in 
spring and summer than those in fall and winter.
Accidents on curved roads and on hilly terrain are 
more likely to result in injuries.
You are less likely to meet with an accident that 
results in injury on Mondays



Results InterpretationResults Interpretation
The probability of injury is likely to be higher in accidents 
involving more than two vehicles.
Accidents in the Western states are more likely to result in 
injuries.
Rear and angular collisions are have greater probability of 
injury than those involving head on and side collisions.
Speed limit within the context of physical environment 
variables is less significant.
The accidents on interstate highways are less likely to 
results in injuries than those occurring on other roads.



Main MessagesMain Messages
Injuries in accidents are likely to occur during 
evening rush hours.
Injuries are likely in accidents that occur during 
spring and summer.
You are more safer in the front passenger seat 
than in the back seat.
Keep a safe distance from the front vehicle and 
pay attention to rear view mirror.
Be careful when driving in California !



RecommendationsRecommendations

Use large data and variables – cell phone use etc.
Combine data on physical environment, person, 
and vehicle for better prediction
Use these results in better road design and traffic 
management
Periodically evaluate safety measures through ex-
post analysis
Collect more data on events leading to accidents



Questions ?Questions ?
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