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Issue - Vehicular Accident Injuries
Project Objective

Data source and variables
Research guestions

Methods of analysis
— Exploratory analysis
— Descriptive statistics
— Logistic regression
— Discriminant analysis
e Results

e Recommendations
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Factors in Vehicular Accidents

e Physical environment
e Person — driver, passenger
e VVehicle related

e Other
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Data Source

estimated 6.4 million vehicle accidents reported
each year. Data are accessible at

e 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/
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Objective

e Objective

— Evaluate the role of physical erfwgonment in
vehicle accidents that result in inj

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

e Hypothesis

— Variables of physical environment have major influence on the
probability of injury in vehicular accidents
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Clients for this Study

e Federal Agencies and Dept. of Tr ortation
e State and County Governments
e Automobile Industry

e Insurance Industry — Health, Auto

e Businesses in road safety (@

e Commuters @, 79
Z
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Data - List 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

Junction
Number of traveblanes
Region - NE/MW/South/west
Month

Road surface conditions
Traffic Flow
Pedestrian/cyclist

Light condition

Speed limit

Weather
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Sample Data

N
CASENUM| STRATUM | WRK_ZONE WKDY_I| BEVENTZL1_I NQJNlJINmﬁ“;EE MAXSEV_I| INT_HwWY
110215646 1 o) 7 25 3 1 3 o)
110215716 3 o) 6 25 1 2 o)
110215725 1 o) 3 25 3 1 o)
110215728 2 o) 2 25 o) o) o)
110215741 1 o) 1 25 o) ( o) o)
110215744 4 o) 3 25 o) o) o) o)
110215764 1 o) 1 25 4 1 2 o)
110215767 2 o) 6 45 o) o) o o)
110215782 1 o) 5 25 o) o) o o)
110215791 1 o) 7 37 3 1 1 o)
110215808 4 o) 1 45 1 1 1 o)
110215823 1 o) 1 37 1 1 1 o)
110215824 4 o) 7 25 1 1 1 o)
110215880 1 o) 3 25 o) o) o) o)
110215887 1 o) 7 37 o) o) o) o)
110215889 4 o) 7 45 o) o) o) o)
110215896 4 o) 3 25 o) o) o) o)
110215925 1 o) 3 35 1 1 1 o)
110216025 1 o) 5 38 o) o) o) o)
110216026 4 o) 1 25 o) o) o) o)
110216061 1 o) 2 25 4 1 1 o)
110216072 4 o) 7 24 o) o) o) o)
110216073 1 o) 3 38 o) o) o) o)
110216134 1 o) 4 25 o) o) o) o)
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Research Questions

Data are explored with fosus on following

guestions
- What time of day the accidents result in mostinjukies?
- Are road alignment and profile factors in accidentinjuries?
- 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
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Methodology

e Started with data organization, e
analysis and descriptive statistics

e Selected variables for modeling the relatiohships.
e Logistic regression to predict the odds of mjury

e Discriminant analysis to predict injury/non-injury
group membership

e Evaluation of model results
e Recommendations from the analysis

oratory
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Exploratory Analysis

Accidents involving injuxies occur
most frequently in the aftern hours
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Injuries by Week and Month

N
MONTH 1 2 3 4 5 [5 7|Total Percent
1 41 47 72 72 46 46\ 7.5
2 31 37 59 65 58 54 7.6
3 32 51 61 57 81 69 8.6
4 52 56 52 55 50 73 8.0
5 M 51 82 83 67 59 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
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Exploratory Analysis

The day of the week ol =
doesn’t seem to be a
factor... B

: ... but when you isolate
alcohol related accidents
d a story begins to emerge.
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Exploratory Analysis

Most accidents occur at approximatel miles per hour.
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Exploratory Analysis

If you isolate accidents th

OCCuUr on
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Blue = snow or slush

Burgundy = ice
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Variables chosen for modeling

e Hour — 6 hr intervals e Manneraf.collision
e Road alignment e Speed IImit®

e Road profile e Vehicles involved
® Season |

e Region

il
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Modeling Strategy

e General to specific
— Time, season, road, and collision
— Time, season, region, road, and collision %
— Time, season and region interaction, road, and collision
e Model criteria
— Reasonableness
— Predictive accuracy

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

Qualitative response var. 1= Inj
ndependence of variables

Profile of variables that best describes' |
drediction of injuries based on profiling

Minimize misclassifications and maximize overall
accuracy

e Cut off value 0.5

0 = No Iinjury

ry
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Model 1

Logistic Regression

Input variables Coefficient Std. Error p-value Odds
Constant term 063953114 0.1 63067 0.0001 059 *
035_05 0.099158542| 012917139 044257037 110427105
na_14 00302764 | 012239034 080461746 097017735
15_20 OA16337Y635| 0.05974631 | 0.03051673| 1.12393659
ALIGR_|_2 014121759 0078453415 007196909 115167522
Spring 021965012 0.05355181 | 0.00555972 1.245640587
Summer 024119572 005267291 | 000352843 1.27277395
Faill 01036064 | 0.07549339| 015973081 111665074
PROFIL_I_S 045330581 | 047831323 001110615 1.57350525
=POLIM_H 0.001357584 | 0.00206925| 036160126 1.00155959
“EH_IMSL 01346066 0.04126047 0.00110458 11440366
MARMCOL_|_2-REAR O.7853713258| 019452409 0.00005022 2.20056319
hARMCOL_|_4-ARNGLE 013385917 0.0E03674| 000232163 1.201 5466

Training data

Va

Idation data

Error Report

Error Report

Class # Cases

# Errors

% Error

Class

# Cases

# Errors

% Error

1 2975

0 3025

1558

1209

52.37

39.97

1978

2022

1055

863

53.34

42.68

Overall 6000

2767

46.12

Overall

4000

1918

47.95
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Logistic Regression
Model 2

_lﬂlnput variables Coefficient Std. Error p-value Odds
- [Constant term -0.60905415 a1725107 o.00041491 *
0s_0S 005363532512 013005994 050559369 1.0901 6073
o9_14 -0.051 07665 012323972 067354476 09502055
15_20 a1158750 1 ao.0s010022 0.0431 6355 112603922
AL ]2 0.095501 29 0o.07911576 02259335655 14005404
Spring 023217715 0.0540555 O.00s76062 1.26135343512
Summer 0.247 329435 005315539 0.00293654 1. 25050091
Fall 0.1165991 0075964535 013576545 1.124006035
REZSICOR_2 -0.37093136 003665573 0.00001 365 0.690091 31
REZGICOR_3 0.07451 551 O.07952057 0343051 41 1.07747006
REICM_4 0249357354 0.05951 555 000540555 1.25354221
PROFIL_1_S 0. 45062925 0173593954 0.0103245 1.55507/1039
SPDLIM_H 0.002407 76 ao.a0o0210s02 02533753532 1.00241065
WEH_ ML 0.119351 346 004144797 o.0os99404 1126723505
mlLMCOL | 2-REAR 0.50401332 019552338 ao.ooooz92 223450154
mALRCOL | d4-akGLE 019053356 005074547 o001 770373 1.20990095
Training data Validation data
Error Report Error Report
Class # Cases # Errors % Error Class # Cases # Errors % Error
1 2975 1289 43.33 1 1978 887 44.84
0 3025 1379 45.59 0 2022 958 47.38
Overall 6000 2668 44.47 Overall 4000 1845 46.13
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Model 3

Logistic Regression

Input variables Coefficient Std. Error p-value Odds
Con=stant term -0.50230372 01552923532 o001 50754 *
Oz_0sS 00535259 | 043008741 081264002 1 085305922
o9_14 -0.05159255 01232645 061730155 0.94026559
15_20 0122738658 O.0s005347 004107196 1.1 3055559
AL SR 2 01053452865 0.0790s218| OAs0s9129] 111165047
Spring*REGIOR 2 -0.2471 3554 011725279 003505315 O.7FS103226
Spring*REGIOR_S 026005752 o.09s465112 O.00544=16 1.29701505
Spring*REGICR_4 04257546 013465824 0.001 45601 1.535304424
Summer*REGICM_ 2 007674035 011590154 0507596422 1.07976162
Summer*REGIOM_ 3 011095104 009377426 023674114 1. 11734021
Summer*REEGICOr 4 0. 20575554 012736752 10519207 1.22545925
Fall*REGIOrM_2 -0 492549651 o A0451107F O.00000245 0.611005351
Fall*REGICMN_= 0.0s2s2438 0086313 033¥26S576| 1.03635104
Fall*RESGOorM_ 4 040245445 011010551 000025677 1.4955353573
FROFIL_1_= 0465151905 017959625 0010127396 1.55695517
=PDLIM_H 000222055 0.00209726| 0.28983975| 1.00222301
EH_IMYL 02032049 o.04149419 000373526 112785528
mALRCOL | 2-REAR 081657379 0139556554 000002955 2.26541 295
rLMNCOL | 4-AMGLE 019331911 O0E072655 | 0.00145547 | 1.21326995
Training data Validation data
Error Report Error Report
Class # Cases # Errors % Error Class # Cases # Errors % Error
1 2975 1353 45.48 1 1978 922 46.61
0 3025 1294 42.78 0 2022 936 46.29
Overall 6000 2647 44,12 Overall 4000 1858 46.45
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Discriminant Analysis

e Qualitative response var. 1= Inj 0 = No Iinjury

e Profile variables that best describes PS

e Given the variables predict membershiptalinjury or
non-injury groups

e Estimation of classification functions for two groups

e Minimize misclassifications and maximize overall
accuracy

e Cut off value 0.5
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Discriminant Analysis
Taining data

I\/I O d eI 1 Error Report
Class # Cases # Errors % Error
Classification Function !
Variables - - 1 2975 " 1558 52.37
Constant -20 8185373 199732423 0 3025 120 3967
03_0s 17 75182915 17 65247345
09 14 1750257874 | 17 . 53284073
15_20 031071767 019373249 O ey Ciiel A
ALIGH |2 317435193 3.03376412
Spring B 10405397 58843379
SLmmer §.12920046| 558793802 SLfelr [REpel
Faill EB.09493407 | 593459765
PROFIL_] 3 1236625739 0.758991449 Class # Cases # Errors % Error
=PDLIM_H 026759824 0.26571327
WEH_IMYWL 28991668417 2.85741496 1 1978 1055 53.34
MARMCOL | 2-REAR 1737253739 0.87E3T3E1
MAMCOL | 4-ARGLE 130636736 1.12199306
0 2022 863 42.68
Overall 4000 1918 47.95

Validation data
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Discriminant Analysis

aining data

M O d el 2 Error Report
Class # Cases # Errors % Error
Classification Function
Variables ‘
1 0 1 2975 289 43.33
Constant 22 255703 | -21 646759
0308 17 6318264 | 17 54524994 . o o I
09 14 17 39513206 | 17 44645745
15_20 0241785| 012303332
AL |2 33757205 3.28043652 ol e e AT
Spring 606763605 583570671
Summer 614355516 589635324
Fall 606384502 | 594693095 Error Report
REGIOR_2 520578146 S5STETI213
REGIOR_3 463215132 460669661
REGION_4 5. 56409597 5312325 Class #Cases # Errors v Error
PROFIL_|_3 1 590641 26| 113673627
SPDLIM_H 024531736 024590679 1 1978 888 44.89
WEH_IRSL 2 04136548 252220197
MANMCOL | 2-REAR 195152771 117475144
FASMCOL_|_4-AMNGLE 1536335731 | 117159658 0 2022 959 e
Overall 4000 1847 46.18

Validation data
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Discriminant Analysis
Training data

Model 3

Variables

Classification Function

1 i
Constant -18.7303326 | -15.2771034
o3_03 17 B3314972 | 175921 7262
oa_14 17 . 49413681 | 17 55600156
15_20 030733269 01354413525
AL SR 2 SATEE2T 306508153
Spring*REGION_2 27022512 293005315
Spring*REGION_3 2. 328765444 20557399
Spring*REGION_4 2895250701 253193575
Summer*REGIOr_2 2777878053 27003165691
Summer*REGIOr_35 210354945 1991217357
Summer*REGIOr_4 27067635374 | 249545292
Fall*REZIOM_2 283930152 F.3226353947
Fal*REZFIOM_S 212632442 Z2.04203055
Fal*REZIOM_4 3030052158 Z.E74556897
PROFIL_1_3 1.33905427 | 0.534025352
SPOLIM_H 026123258 0.25900945
wWEH_IRNYWL 297345072 28329427393
mMAMNCOL | 2-REMAR 1.71974123 | 0.93042305
MARNCOL | 4-ARGLE 1.335390702 | 1144551351

Error Report
Class # Cases # Errors % Error
1 2975 ‘ 1352 45.45
0 3025 1294 42.78
Overall 6000 2646 44.10
Error Report
Class # Cases # Errors % Error
1 1978 921 46.56
0 2022 936 46.29
Overall 4000 1857 46.43

Validation data
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Model Summary

e Results of Logistic and Discrimi
are consistent

e 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

e Considering several qualitative variables the
odds of logistic regression are more intuitive in
explaining the relative significance of variables
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Results Interpretation

e Physical environment variables pr
55% to 60% injuries that occur in ve accidents.

e You are more likely to meet with an accident that
results In injury during evening rush hours:

e The odds of injuries in accidents are higher in
spring and summer than those in fall and winter.

e Accidents on curved roads and on hilly terrain are
more likely to result in injuries.

e You are less likely to meet with an accident that
results in injury on Mondays
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Results Interpretation

e The probability of injury is likely to be twgher in accidents
Involving more than two vehicles.

e Accidents in the Western states are more i
Injuries.

e Rear and angular collisions are have greater probability of
Injury than those involving head on and side collisions.

e Speed limit within the context of physical environment
variables is less significant.

e The accidents on interstate highways are less likely to
results in injuries than those occurring on other roads.

elypto result in
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Main Messages

e Injuries in accidents are likely to~gccur during

evening rush hours.

e Injuries are likely in accidents that oc
spring and summer.

e You are more safer in the front passenger'seat
than in the back seat.

e Keep a safe distance from the front vehicle and
pay attention to rear view mirror.

e Be careful when driving in California !

unduring



@ ROBERT H.SMITH
7 2Ws SCHOOL OF BUSINESS

Leaders for the Digital Economy

Recommendations

e Use large data and variables — ce one use etc.

e Combine data on physical environmentpperson,
and vehicle for better prediction

e Use these results in better road design and traffic
management

e Periodically evaluate safety measures through ex-
post analysis

e Collect more data on events leading to accidents
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Questions ?
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