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16. ABSTRACT (Con't)

virtually identical for serious (A+K) vehicle severity accidents. This
is the case since only 1.5 percent of the fata1s (K) and 4.6 percent of
the serious (A+K) crashes are excluded from the towaway sampling frame
(i.e., appear in the drivable sample). Contrarily, when comparing
towaway versus all accidents without regard to vehicle severity, the
distributions differ markedly with a preponderance of rural accidents,
ran off road accidents, and frontal impacts in the towaway sample.
Serious (A+K) driver injury rates are from two to three-fold greater in
the towaway sample with the difference decreasing as car size decreases.
On the other hand, belt usage rates and corresponding effectiveness
estimates are consistently lower for the towaway sample. The magnitude
of these differences by car size, model year, and/or driver injury level
is given in Table 4.7 and 4.8.
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I. INTRODUCTION

The National Highway Traffic Safety Administration (NHTSA) collects

statistical data on accidents for use in developing, evaluating and implementing
vehicle and highway safety standards. Specifically, NHTSA will be depending on

the National Accident Sampling System (NASS) established by the National Center

for Statistics and Analysis (NCSA) to collect this data. Under the National

Accident Sampling System (NASS), relatively thorough investigations are being

carried out on a probability sample of towaway traffic accidents, where towaway

means non-drivable.
Because NASS relies on the "to\\laway" criterion for the inclusion of an

accident into its sample, NHTSA is interested in investigating the possible

bi ases whi ch may be introduced by thi s procedure. For exampl e, one wou lj 1i ke

to know if rural accidents are over-represented in the towaway crashes cr if

driver characteristics are different in a NASS-type file from the overall

acci dent popul ati on. Unfortunately, very 1ittl e work has been done to answer

such questions, even though several studies (Reinfurt, Silva and Seila, 1976;

Scott, Flora and Marsh, 1976) have been carried out using the Restraint Systems

Evaluation Program (RSEP) data, which is a prototype of NASS.

Accordi ngly, the purpose of thi s study is to i nvesti gate the possi b1e

effects of biases in a data base restricted to towaway accidents. This requires

an acci dent fil e contai ni ng both to\'Ja~'Jay and non- towaway acci dents, along ~Jith

information on vehicle drivability. The 1976 North Carolina and 1975 New York

accident files meet these criteria, and ~I/ere therefore selected for use in the

analysis.
The remainder of this report discusses the data sources utilized in this

study, the analysis procedure employed, the principal findings, and implications

of these findings. More specifically, Chapter II describes both the North

Carolina and New York data sources in greater detail and the procedures followed

in setting up the final working files. Chapter III presents the analysis

procedures and results. In Chapter IV, some accident charCicteristics, injury
rates, helt usage rates and belt effectiveness measures are examined and

comparisons made as a function of sampling crit~rion. Finally, Chapter V
summarizes the study findings and their implications.

It should be noted that the results could be compared across states with
New York representing a more urban state than North Carolina. The reporting

threshold for North Carolina accidents is any ~otor vehicle collision resulting
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in lnJury or death or total property damage of at least two hundred dollars.
New York State requires all accidents causing death, personal injury or damage
over two hundred dollars to the property of anyone person to be reported. The •
New York police, however, restrict their investigations to injury and hi~h

property damage accidents only. The remaining less severe accidents are
reported by motorists themselves. Thus, there is more between-reporting-source
variation in the New York data.

•



II. THE DATA

Data Sources
Although many states have towaway information on their accident forms, only

a few have stored this data on their computerized accident tapes. The 1976
North Carolina accident tapes contain towaway information for all reportable
1976 motor vehicle accidents in North Carolina (see Appendix A). Similarly, the
State of New York has collected and computerized towaway information on its
revised 1975 accident report form. The latter data was made available to the
Highway Safety Research Center by the New York Department of Motor Vehicles and
provides an excellent complement to the North Carolina data set.

The New York accident form specifically indicates if the vehicle was towed
from the scene while the North Carolina fonn indicates vehicle drivability.
Although there may be cases where the distinction in the two criteria could make
a difference, in this report they are considered equivalent and are used inter
changeably.

Data Editing
While the North Carolina 1976 accident data had already been converted into

an SPSS-usable format, the New York data involved a considerable amount of
processing before it could be used for data analysis. Figures 2.1 and 2.2 show

1975 New York police and motorist accident report forms, respectively.
The police accident form in New York consists of two sheets. The first

sheet is used as a template and overlaid within the bold-lined boundary on the
second sheet. The cells along the edges of the second she~t are filled from the
corresponding items on the template. Once this has been done, the template is
removed and the data items within the bold outline on the second sheet are
filled in.

The purpose of the motorist report form is to cover non-injury accidents
thus restricting its use to non-serious accidents. Data editing problems arose
because the 1975 New York accident tape contained data from both types of forms.
As may be seen, the motorist report forms dQ not contain information on some
important variables. For example, the motorist form has no information on
apparent contributing factors, point of impact, occupant injury by seat
location, usage of safety equipment or location of first event. Unfortunately,
even for data items provided on the motorist report form, a substantial
proportion were left blank.
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61.
62.
63.

'n;/l/cli,.A If.

AI. Accelerato' De~e="..,e

42. Bra~es De'ee"."
43. Headl.ght.De'""".e
44. Other Lighton; DeleclS
45. O.e'Slzed V.h'cle
46. S'ee"nll Fool"re
47. T "" F ailu,e/h:ldequot"
48. Tow H,tch D"I"ol>.e
49. W,ndsh,eld Inc~"quot"
60. Othe, vehicular •

ENVIRONMENTAI.
Anlmol's A"lol\
Glare
Lane Mar~lng Improp.,1
Inodequor.
Ob s,ruct.orv'Deb,i s
Povement Defec'lve
Pavem.n'SI,ppe'y
Shoulders Defeclov./lmprop"r
T,aff,c Con'rol D•• ic"
Imp,op",/Non.Working
Vi" .... Obstruct"dlLimit.d
Other Envi,onmental •

64.
65.
66.
67.
68.

69.
80.

LOCATION OF FIRST EVENT
1. On Roadway
2. Off Roadway

TYPE OF ACCIDENT
COLLISION WITH

1. Oth.r Mo'or Vehicle
2. P.destrio"
3. 8 icyc Ii st
4. Animal
S. Railroad Train

10. Othe, Obj.ct (No' F ,xed)" Elle"t
COLLISION WITH FIXED OBJECT

11. Light Suppori/Util"y Pal.
12. Guide Roil
13. Crash Cu shion
14. Sign Pos'
15. Tr••
16. BuildinafWolI
17. Cu,bing
18. F.nce
19. Bridg. S',uctu'.
20. Culv.rt/Head Wall I. V.hicl.
21. M.dion/Borri.' ~ 2 30
22. Snow Eml>ankm.nt
23. Earth Embonkm.nt/Rocl. Cut/D,'ch
24. Fir. Hyd,ont
30. Oth., Fixed Oblect"

NON.COLlISION
31. Ove,'urned
32. F "./E xplosion
33. Subm.rs.on
34. Ron Off Road ....ay Only
40. O,he,-

PRE·ACCIDENT VEHICLE ACTION
1. Going S',oight Ahead
2. Moking Right Tu,n
3. Making Left Turn
4. Making U Tu,n
5. S'o,'ing Irom Pa,king
6. Sto,'ing in Trollic
7. Slowing or Stopping
8. S'opp.d in Traffic
9. En,..ring Po,k.d Posotion

10. Pa,k.d
11. Avoiding Object in Roadwoy
12. Changing Lan...
13. Ove"aking
14. Me'ging
15. Backing
20. Oth..r.

APP ARENT CONTRIBUTING
FACTORS

MV·104A (9/751

VICTlM'S PHYSICAL AND
EMOTIONAL SfATUS

1. Appor.n' D.o,h
2. Unconscious
3. Semiconscious
4. Incoh.ren'
5. Shack
6. Conscious

TYPE OF PHYSICAl.
COMPLAINT

1. Amp"to'ian
2. Concussion
3. In'ernol
4. Minor Bl••ding
5. S.ve,. BI.eding
6. Mino, Burn
7. Mod.rat. 8u,n
8. Sever. 8urn
9. Froc'ur.· Dislocation

10. Con'usion. B,uis.
11. Abrasion
12. Complaint of Pain.
13. None Visibl.

POLICE ACCIDENT REPORT

• EXPLAIN IN ACCIDENT DESCRIPTION

IF A QUESTION DOES NOT APPLY, ENTER
A DASH (-).

IF AN ANSWER IS UNKNOWN, ENTER AN "X"

LOCATION OF MOST SEVERE
PHYSICAL COMPLAINT

1. H.od
2. Fac.
3. Ey.
4. N.cl.
S. Chest
6. Bacl.
7. Should.r·Upp.r A,m
8. Elbow·Low..r Arm·Hond
9. Abdam.n. P.lvis

10. Hip-Upp.r Leg
II. Kn...·Low., L.g·Foo'
12. Enti,. Body

4. Snow/itl.
S. Slush

10. Oth.r"

LIGHT CONDITIONS
1. Daylight
2. Dawn
3. Duok
4. Dark· Road Ughted
5. Dark·Road UnlIghted

r~----""'----"-----------,r-"--------------------------"'-----'
PEDESTRIAN LOCATION

1. Ped.strlon Cil In'.rsect,on
2. P.destrlon No' af Interlection

ROADWAY CHARACTER
I. S'roigh' and L.vel
2. Straigh' and Grad.
3. S'raight 0' H,lIcr..'
4. Cu,v. a"d L.v.1
5•• C"rv. and G,od.
6. Curv. 0' Hillc,.s'

ROADWAY SURFACE
CONDITION

I. Dry
2. We'
3. Muddy

WEATHER
1. CI.a,
2. Cloudy
3. Rain
4. Snow
S. SI••,/Hoil/Fr.ezing Rain
6. FoafSmog/Smo~.

10. Oth.r·

DIRECTION

r-----------...,1,.-----:~~~~~~-_._-_'IOFTRAVELState of New York
Department of Motor vehicles

PEDESTRIAN ACTION flU!otAN
1. (,o ...ng. W.rk S,,~nol 2. Alcohol Involvemen.
2. (ro.. ,n\l. A;o,n" S'llnol 3. Boc~inll Unsol"ly
3. (,o .. in\l. No S'llnol. Mo,~ed Crosswol~ 4. D,ive, Inollenllon (lnd,cote)"
•• C,o .. ,nll. No S'llnol 0' Cro..wal~ 5. Driv.r In.xp."enc. (lndicat.)·
5. Wol~inll Alo"1I H'ghway W,th Trall,c 6. Drulls (1IIegat)
6. Wal~ing Alana Hlllhway Alla,nst Trall,c 7. Failu,. to Y,.ld Right.al.Way

- 7. Em.'lIinll "0"" ,n Front oI/B.h,nd Pa,~ed Vehicl" 8. F.II Asl••p

-{
8. Going To/From S,app.d School Bus 9. Following Too Clos.ly
9. Ceiling On 'Oil Veh,cle Oth., Than School Bus 10. IIln...

10. Push.nafWar~':'Ig On Car 11. Las' Cansciausne ..
11. Wo,king in Ro..~way 12. Po...ng.,Dist,action
12. Playing in RO:ldway 13. Passing or Lan. Usag.lmprap.r
13. O,h.r Act,,,,, s ,n Roadway· 14. P.dutrian· s ErradCanlusian
14. No' in Raad .. "y llndicat.)" 15. Physic,,1 Disability

~T=R""A"'F=F"'IC"""C""O=N""T""R":;":O-L~~=":";'----------1116.Pr.scription Medication
1. None 7. No Passing Zone 17. Traffic Control Disregarded
2. Traffic Signal 8. RR Crossing Sign 18. Turning Improperly
3. Stop Sign g. RR Crossing Flashing Lt 19. Unsafe Speed
4. Flashong Light 10. RR Crossing Gates 40. Other Human·
5. Vield Sign 11. Stopped SChool Bus·
6.0fficer/Flagman/Gua,d Red Lights Flashing

20. Other·

WHICH VEHICLE OCCUPIED
1. V.hicleNa. 1 B. Bicyclist O.Oth.r·
2. V.hicl.No.2 P. P.d.st"on

POSITION IN/ON VEHICLE
I. D,;v..r, 2-7. Pa.."ng.rs
8. RidinafHonging On Ou"id.

SAFETY EOUIPMENT USED
1. No R. stro;n' Us.d
2. Lop B.It
3. Harn...
4. Lap B.1t and Horn...
S. Child R.st,ornt

10. Oth.,·
r----------I
EJECTION FROM
VEHICLE
I. No' E."ct.d
2. Par'ially Ej.ct.d
3. e ,.c'.d

r--A-=-Go::-1E,...~.".,E".X--f

W W W \tY W 13 W W \JY 1-'-'-17-,.-=.,----,,,----,-,,,--.:..:.J

Fi gure 2.1 New York police accident report form.
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Figure 2.1 (Con't)
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SECTION A SECTION B

INSTRUCTIONS

PLEASE PRINT OR TYPE ALL INFORMATION
USE BLACK OR DARK BLUE INK

An occident in New Yorl< State causing death, person6(jni~'Yor
damage over $200 to the property o( ony one person must be
reported within 10 days. Failure to report within 10 days is a
misdemeanor ond subiects License and/or Registration to
suspension unril report is (iled. •

M'J·I04
t 1/74)

2

1. North
2. Northeast
3. East
4. southeast
5. South
6. Southwest
7. west
8. Northwest

4. Curve and Level
5. Curve and Grade
6. Curve at HIllcrest

6. Officer/Flagman/Guard
7. No Passing Zone
8. RR Crossing Sign
9. RR Crossing FlaShing Light

10. RR Crossing Gates
20. Other

9. Entering Parked POSition
10. Parked
11. AVOiding Object In Roadway
12. Changing Lanes
13. Overtaking
14. Merging
15. BaCKing
20. Other

TRAFFIC CONTROL

s

State 01 New York· Department of Motor Vehicles

ROADWAY CHARACTER

REPORT OF MOTOR VEHICLE ACCIDENT

BE SURE FORM IS fOLDED ALONG THIS LINE
BEFORE ANSWERING THE QUESTIONS IlELOW.

FILL IN THE 9 BOXES TO THE RIGHT BY
ENTERING THE NUMBER OF THE ITEM WIIlCH
BEST DESCRIBES THE CIRCUMSTANCES OF
TIlE ACCIDENT.

IF A QUESTION DOES NOT APPLY ENTER A
DASH (-).

IF AN ANSWER IS UNKNOWN ENTER AN "X".

1. Clear
2. Cloudy
3. Rain

1. Straight and Level
2. Straight and Grade
3. Straight at Hillcrest

1. None
2. Traffic Signal
3. Stop Sign
4. Flashing Light
5. Vlel d Sign

31. Overturned
32. Fife/Explosion
33. Suumersion

1. GOIng Straight Ahead
2. Making Right Turn
3. Making Left Turn
4. Makmq U Turn
5. 5tar11119 from Parking
6. starting in TraffiC
7. SlOWing or Stopping
8. Stopped In TraffiC

I'I.FASE READ INSTRUCTIONS I
TlIIWUGJI 6 ON 011lFR SIDI:' OF FOUl
BFFOI?E COMPLETING THE INSl/J1:' OF
RI:1)()RT

----------1[
ACTION OF VEHICLES BEFORE ACCIDENT ~

"':9~,r~._'\

[
~6~i~leB )

TYPE OF ACCIDENT ~/
COLLISION WITH

1. Other Motor VehiCle 4. Animal
2. Pedestrian 5. Railroad Train
3. Bicyclist 10. Other Obwct (Not Fixed)

COLLISION WI1H FIXED OBJEC I ~

11. Liqht Supportj 18. Fence '\

12. ~:~iil~~ ::~/Ie ~6: ~~il~~~t7:.r~laCci\;"~ltl 0)
]3. Crash Cushion 21. Median/Barrier
14. Sign Post 22. Snow EmbanKnH~nt

15. Tree 23. Earth Embankment/
16. Building/Wall Rock Cut/Ditch
17. Curbing 24. Fire hydrant

30. Other Fixed Object

NON-COLLISION

34. Ran Oft
Roadway Only

40. Other

ROADWAY SURFACE CONDITION :('

_..:~:.:.:..:.~:.:.~::.:~= --,:..::~:.:.:...:~::.:ru:.:.~~~:.../I_c_e_______ 33. Muddy 10. Other

WEATHER

4. snow s('5. Sleet/Hail/Freezing Rain 4
6. Fog/Smog/smoke

___________--'1"'0;,.., Oth:,:e:...r 1

DIRECTION OF TRAVEL
Your

~~~if7

[~
Vehicle 6
No.2

A
Severe lacerations, broken or distorted
limbs, skull fracture, crushed chest,
internal injuries, unconscious when
taken frolll the accident scene. un~ble
to leave accident scene without
assistance.

K
Any injury tha t resul ts in
death.

('

Momentary unconsciousness. limping,
nausea. hysteria, complaint of pain
(no visible injury).

If there are more than four persons injured, another one of these report
forms is needed. In the injury section of that report, record the
required information for all additional injured persons.

B
Lump on head, abrasions,
minor lacerations.

4. The location of the accident is very important and you should describe
it as accurately as possible in the space provided. In addition, if the
accident occurred on a State highway, you will find a small green sign.
called a Reference Marker, somewhere near the crash site. They are
posted each IOlh of a mile along the highway. The reference marker
section should include the number~ as it appears on the sign.

5. For each person injured in the accident, describe his injuries and check
the injury code K, A. B, or C, that applies. When a Pedestrian is injured,
place a "P" in the box labeled "In Vehicle Number". Injuries are
defined as follows:

Owner information must be entered exactly as it appears on the
Registration of each vehicle involved in the accident.

3. If you were involved in an accident in which there were more than two
vehicles, an additional one of these report forms must be filled out. On
that form. place the information for the third vehicle in the space
m'lrked "Your Vehicle No. I" and mark it No.3. Use the space marked
"Other Vehicle NO.2" for the fourth vehicle, and mark it No.4 and so
on.

Begi/l by foldillg aloll$( this /ille ••••••••••••••••~
al/(1 Jill/ow the imtnlctiollS at the top of Sectio/l B.

I. If you were involved in an accident with a pe4estrian, enter the
pedestrian information in the DRIVER block of the space provided for
other Vehicle No.2, and print "PEDESTRIAN" in the OWNER block.

If you were involved in an accident with a vehicle other than a motor
vehicle, e.g., snowmobile, mini-bike, aircycle, all-terrain vehicle, trail
bike or other non-motor vehicle. enter the driver, owner and vehicle
information as you would normally for Other Vehicle No.2.

If a vehicle is unoccupied, enter all available information. Be sure to
enter the correct vehicle plate number and vehicle type in the
appropriate VEHICLE block.

2. Driver information must be entered exactly as it appears on each
driver's license.

6. Attach any additional report forms to page onc. Each page of the
report must be numbered in the upper left corner, dated and signed on
the bottom line and submitted to:

COMMISSIONER OF MOTOR VEHICLES
THE SOUTH MALL
ALBANY, NEW YORK 12228

Figure 2.2 New York motorist-reported
accident form.
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Thus, even though the police-reported cases tend to be more serious, the
ana lysi s of the Ne\'1 York data is necessari ly 1il1li ted to pol ice-reported
accidents.

nata Files
The 1976 North Carolina accident tape had over 286,000 vehicle-oriented

accident records. To facil i tate data analysi s a 20 percent sample of cases

(N = 60,000) was selected from this tape. Furthermore, as the original accident

record was 215 characters long and contained a number of variables that were not

of interest in this study, for convenience, an extract was created from the 20
percent sample tape. Table 2.1 gives a listing of the variables included on the

final North Carolina data file extract.
The 1975 New York accident tape contained over 600,000 vehicle-oriented

acci dent records. Once agai n to faci 1i tate data hand1 i ng, a 25 percent sarllpl e

(N 150,000) was created from this tape. This sample tape contained data from

both police-reported and 1:lotorist-reported cases. As stated previously, because

the motorist-reported cases lacked some important variables and also had
significant portions blank, it was decided to consider only police-reported

cases. Therefore, the extract tape that was created from this 25 percent sample

contained over 78,000 police-reported cases. Since the vehicle-oriented record

in the NeH York file was only 101 characters long, it was retained in its

entirety (see Appendix B).

•
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Table 2.1 Variables included on the 20 percent sample file
of 1976 North Carolina accidents.

Variable Name

1. Day of week
2. Time of day
3. Investigating agency
4. Hi ghway cl ass
5. Light condition
6. Object struck
7. Accident severity
8. Accident type
9. Initial point of contact

10. Roll-over
11. Vehicle maneuver
12. Vehicle defect
13. Estimated speed prior to impact
14. TAD rating--impact site
15. TAD rating-severity
16. Amount of damage to vehicle
17. Vehicle model year (officer reported)
18. HSR vehicl e si ze
19. Body style
20. Model year (HSR)
21. Total number of occupants
22. Physical condition of driver
23. Sobriety of driver
24. Violation charged to driver
25. Vehicle drivability
26. Vehicle severity
27. Injury class of driver
28. Restraint of driver
29. Race of driver
30. Sex of driver
31. Age of driver
32. Means of involvement
33. Region of impact
34. Speed of accident

IFor a listing of the levels for those variables
utilized in the analysis, see Appendix A.
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III. ANALYSIS: PROCEDURES AND RESULTS

Variables of Interest
Table 3.1 lists the independent variables and their levels that ~"ere

utilized in this analysis of the sample of 1976 North Carolina accidents.
Appendix A shows the original format for these variables of interest on the
sample tape. Some variables such as "accident type" were excluded from the list
because the variable "means of involvement" was derived from accident type and
included all of its information. Similarly, "initial point of contact" ·./as

rep1 aced by "region of impact".
The variable levels were categorized by one of three methods. If the

towawaYt non-towaway percentages were similar for two levels in a given
variable, then these levels were combined. A second basis for combining levels
within a variable was low frequencies for some of the levels. FinallYt some
levels for a few variables v/ere combined on an ~ priori basis; for example, the
levels of the variable "investigating agency" were combined to form a dicho
tomous variable indicating accident location, rural or urban.

In addition to these independent variab1es t there is another set of
variables which may be described as co-response variables. These variables
(such as dollar damage to vehic1e t TAD severity score, driver injury and vehicle
severity) along with vehicle drivability are all "outcomes" or consequences of
the accident. It is likewise of interest to study the relationship between
these co-response variables and vehicle drivability. This is addressed in a
later section of this chapter.

Appendix B shows the format for the vehicle-oriented New York accident data
with only the variables of interest for this study included. For the New York
filet the data was first partitioned into single vehicle accidents and nJulti
vehicle accidents 9nd then appropriate variable levels were defined for each
group. Table 3.2 shows the various levels for the two groups. These levels
were combined on the same basis as the North Carolina data.

Variable Selection
One of the primary goal s of this study vias to determine which independent

variables listed in Tables 3.1 and 3.2 most affected vehicle drivability
i

resulting from a crash. Thus, for example, if it were determined that front-end
impacts resulted in a higher proportion of towaway accidents, then an
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Table 3.1 Independent or environmental variables of interest
from the N.C. sample data and their levels.

•
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Table 3.1 (Continued) .

13. Sobriety

Values

1 1 Not drinking
2 2,3 Had been drinking

14. Restraint of Driver

1 1 No belt
2 2,3,4 Belt

15. Sex of Dri ver

1 1 Male
2 2 Female

16. Age of Driver

5 16-20
6 21-30
7 31-60
8 61-97

17. Means of Involvement

2 1,2,3 Single vehicle

"
4 4,5 Two vehicles
6 6 t~re than two vehicles
7 7 Other

18. Region of Impact

1 1 Front
2 2,3 Side
4 4 Rear

19. Speed of Accident

1 1 Low
2 2 r~edi unl
3 3 High
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Table 3.2 Independent or environmental variables of interest
from the 1975 N.Y. sample data and their 1evels. '

•

Single Vehicle Accidents Multi-Vehicle Accidents

1 1-7, 21-24 Late evening, dawn
2 8-20 Other

1. Hour

Values Description

1. Hour

Values Description

1 23,24, 1-5 Late night, dawn
2 6-10 Morning
3 11-20 Evening
4 21,22 Late evening

2. Land Usage 2. Land Usage

1 1-5, 7 Residential, industrial 1-5, 7 Residential, in-
2 6 Agricultural dustri al

2 6 Agricultural

3. Weather 3. Weather

1 1 Clear 1 1 Clear
2 2 Cloudy 2 2 Cloudy
3 3 Rain 3 3 Rain
4 4,5.6 Snow. sleet, hail 4 4,5,6 Snow. sl eet, hail

4. Road Character 4. Road Character

1 1 Straight-l eve1 1 1 Straight-12vel
2 2.3 St ra ight-other 2 2,3 Straight-other
3 4,5.6 Curved 3 4,5,6 Curved

5. ~oad Surface Condition 5. Road Surface Condition

1 1 Dry 1 1 Dry
2 2,3 Wet, muddy 2 2,3 Wet, muddy
3 4,5 Snow, ice. sleet 3 4.5 Snow, ice, sleet

6. Type of Road System* 6. Type of Road system*

1 1 1 1
2 2 2 2
3 3 3 3
4 4.9,10 4 4
5 5,6.7,8,11 5 5.6,7,8.11

6 9,10

7. Manner of Collision 7. Manner of Collision*

Inadequate data 1 1,5,6
2 2
3 3
4 4
5 7
6 8
7 9

*See Appendix B for descriptions of tha vqriable levels.
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Table 3.2 (Continued).

..
Single Vehicle Accidents Multi-Vehicle Accidents

8. Age of Dri ver 8. Age of Driver

Values Values

1 1-29 1 1-29
2 30-76 2 30-59

3 60-76

9. Model Year 9. Model Year

1 pre-66 1 pre-66
2 66-68 2 66-68
3 69-72 3 69-72
4 73-77 4 73-79

10. Apparent Contributing Factors* 10. Apparent Contributing Factors*

1, 41-60 1 1
61-80 2 2,6,8.10,11

2 2,6,8,10 16,4,5.12
11,16,4,5 14.15
12,14,15 3 7

3 3,7,40 4 3,40
9,13,18 5 9.13,18

4 17 ,19 6 17 ,19
7 41-60
8 61-80

11. Pre-Accident Vehicle Action 11. Pre-Accident Vehicle Action*

1 1 Going straight 1 1
2 2-20 Other 2 2,7,8

3 3,4,12,14
13

4 5,6.9.10
5 11.15.20

12. Area of Impact 12. Area of Impact

1 10,20,80 Front 1 10,20,80 Front
2 30,70 Side 2 30,70 Side
3 40,50,60 Rear 3 40,50.60 Rear

13. Number Occupants 13. Number Occupants

1 1 1 1
2 2 2 2
3 3-98 3 3-98

14. Restraint Use of Driver 14. Restraint Use of Driver

1 1 No 1 1 No
2 2.3,4,5 Yes 2 2,3,4,5 Yes

*See Appendix B for descriptions of the variable levels.
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Table 3.2 (Continued).

Single Vehicle Accidents Mu1ti-V~hic1e Accidents

15. Tota1#of Injuries 15. Tota1#Of Injuries

Values Values

1 1 1 1
2 2-98 2 2

3 3-98

16. Second Event* 16. Second Event*

1 1-10 1 1-10
2 11-40 2 11-40

*See Appendix B for descriptions of the variable levels.
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overrepresentation of front-end impact accidents would be expected in the NASS
fil es •..

In this study, the procedure as described by Higgins and Koch, 1977 was

used to determine the relative strengths of associations of the independent
variables with the outcome measure, vehicle drivability. This procedure
utilizes appropriately constructed Pearson Chi-square statistics divided by
their degrees of freedom, which provides measures of the relative importance of
certain combinations of variables in a multivariate relationship. The selection
algorithm proceeds in the same spirit as forward stepwise regression.

More specifically, the first independent variable selected is the one
having the largest Chi-square per degree of freedom with respect to its first
order relationship with vehicle drivability. Table 3.3 shows the overall
Chi-square, degrees of freedom and Chi-square per degree of freedom for each of
the independent variables listed. These results indicate that speed of accident
has the highest Chi-square per degree of freedom.

Before further variables were selected, the accidents were split into two
groups, single vehicle accidents and multi-vehicle accidents. This was done
because certain interim frequency tabl es showed that the towaway proportions
were consistently higher for single vehicle accidents for all the independent
variables in the study. This was true of both North Carolina and New York
data.

Subsequent variables were selected by similar rules using the Chi-square
per degree of freedom computed for the appropriate higher order contingency
tables for the eligible combined set of variables (e.g., at the second stage,
two-way tables with one dimension being the outcome variable and the other
being all combinations of levels of the first variable chosen (speed) with those
of a candidate second independent variable, say, day of week).

The procedure for both determining the significance of including a
particular variable at a given stage and for terminating the selection of
statistically important variables involves two types of statistics:

(i) The Pearson Chi-square statistic for examining the relationship
(two-way tables) of a specific variable with the dependent
variable summed over all possible combinations of variables already
selected with the sum then being divided by the sum of the degrees
of freedom.

(ii) A modified Mantel-Haenszel statistic which combines information
with respect to the effect of a given variable on the outcome
variable over all possibl~ combinations of previously selected
variables (see Stewart and Stutts, 1978, p. 25-28).
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Table 3.3 Chi-squares for N.C. data; vehicle drivabi1ity
by independent variable. (Source: 20% North
Carolina data)

Variable Name x2 D.F. x2 / D. F.

Day of week 271 .85 1 271.85

Time of day 1550.46 4 387.62

Rural/urban 1406.93 1 1406.93

Highway class 1406.93 4 351.70

Light condition 1986.87 4 496.72

Object struck 4629.57 7 661.36

Vehicle maneuver 3560.95 6 593.50

Vehicle defect 475.40 1 475.40

Vehicle size 656.77 6 109.50

Body style 271.82 4 67.96

Model year 164.16 3 54.72

Physical condition 575.70 1 575.70

Sobriety 2174.79 1 2174.79

Restraint of driver 74.51 1 74.51

Sex of dri ver 108.13 1 108.13

Means of involvement 7012.29 4 1753.07

Region of impact 2901. 90 2 1450.95

Speed of accident 5894.50 2 2947.25

Age of driver 613.80 3 204.60
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In the preliminary selectioh process (i) was used, but, as the cell
frequencies became smaller, (ii) was followed as the selection criteria.
Although more complicated, an advantage of (ii) is that it also detects
consistency in the relationships. The procedure was terminated when none of the
variables not yet selected was significant according to (i) or (ii), as in
forward stepwise regression. Table 3.4 summarizes the independent variables most
closely associated with vehicle drivability for single vehicle and multi-vehicle
accidents for the North Carolina data.

Table 3.4 Independent variables (listed in order of importance)
affecting vehicle drivability for single and multi
vehicle accidents (North Carolina data).

Single Vehicle

Speed of accident
Region of impact
Object struck

Multi-Vehicle

Speed of accident
Region of impact
Vehicle maneuver
Vehicle size

A similar analysis \'/aS carried out on the New York police-reported data
to identify the variables most clearly related to vehicle drivability. Table 3.5
presents the results for single vehicle and multi-vehicle accidents.

Table 3.5 Independent variables (listed in order of importance)
affecting vehicle drivability for single and multi
vehicle accidents (New York data).

Single Vehicle

Location of first event
(on road/off road)

Type of road system
Area of impact
Apparent contributing factor

Multi-Vehicle

Manner of collision
Area of impact
Type of road system
Pre-accident vehicle action
Driver age
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The variables in Tables 3.4 (North Carolina) and 3.5 (New York) are fairly

similar for corresponding types of accidents. Thus, for example, the variable

"type of road system" in Table 3.5 is basicalljl a surrogate for speed of

dccident. Unfortunately, the New York data had no variable indicating vehicle

size. In addition, Table 3.5 does not have object struck in single vehicle

accidents because this variable was used to define such accidents for the New

York data. That is, a single vehicle accident was defined by the number of

vehicles involved being one and the type of accident being greater than ten,

i.e., collision \vith fixed object (refer to Appendix R).

Analysis of Independent Variables
Once the variables of interest had been identified for each accident type,

the data \'las set up as multi-\'Jay contingency tables and analyzed. The purpose

of this analysis was to take into account the relationship between the various

factors of the multi-way tables. The analysis was based on fitting a

hierarchial ,log-linear model to the cell frequencies. These models \/ere fit by

an iterative proportional fitting algorithm developed by HaberrIian (1972).

The section on variable selection indicated that the variables of IfiOSt

interest for single vehicle accidents in the 1976 North Carolina data were

vehicle drivability, speed of accident, region of impact and object struck.

Table 3.6 sho\'JS the corresponding four-Hay table. A log-linear liiodel Has fit to

this table using the Biomedical Computer Programs (B~':DP, 1977). The three-\vay

and higher level interactions Here non-significant, and a model includinS all

the t\'/o-way interactions \lIas found adequate (likelihood ratio Chi-square of 59.7
with 52 degrees of freedon: and p = 0.2). Table 3.7 ShOHS the predicted values

using this model.

PI conveni ent \/a)1 to summari ze the i nformati on presented in Table 3.7 is to

consider the odds ratio of a vehicle not being drivable: the ratio of the

(fitted) number of vehicles towed a\Jlay to the (fitted) nunlber of vehicles that
\JJere not towed away. For example, in Table 3.7 the odds of being to\/ed dHdY

when object struck is tree, utility pole, etc. for low speed, front imracts is
151.4/69.1 = 2.2. Thus, as expected, the odds of being towed is high fer front

end high speed impacts regardless of the object struck, while the odds of being

to\JJed is low for alrdost all rear-end impacts. This implies that, for example, a
sample based on towaway accidents will have an overrepresentation of front-end
hi9h speed impacts and an underrepresentdtion of virtually all rear-end irdpacts

when compared to a data base consisting of all reportable accidents.
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Table 3.6 Frequencies of non-drivable vs., drivable vehicles in single vehicle accidents by object
struck, accident speed, and region of impact. (Source: 20% 1976 North Carolina data)

Object Struck

Guardrai 1 Underpass,
Tree, Fence, on Shoulder Animal,

Impact Accident Drivable Util ity Pol e, Guardrai 1 in Bridge, Median Parked Veh.
Site Speed Ditch Bank Rollover Median, Sign or Curb Other Obj.

Front 0-29 No 157 12 14 20 28
Yes 78 3 13 8 23

30-49 No 850 43 110 108 132
Yes 168 16 46 29 48

50+ No 1131 63 131 126 145
Yes 123 5 39 22 26

Side 0-29 No 32 16 6 6 7
Yes 40 14 9 5 23

30-49 No 252 65 34 36 29
Yes 115 23 38 17 34

50+ No 450 80 64 44 55
Yes 80 23 37 9 23

Rear 0-29 No 4 2 1 3 2
Yes 7 3 4 0 7

30-49 No 27 3 3 5 3
Yes 16 3 6 4 8

50+ No 69 6 1 5 3
Yes 11 1 2 2 5

I
N
--'
I



Table 3.7 Fitted frequencies and odds ratio for non-drivable vs. drivable vehicles
in single vehicle accidents ~y object struck, accident speed, and region
of imoact. (Source: 20%1976 North Carolina data)

Object Struck

Tree. Fence, Guardrail on Underpass..
Impact Accident Drivable Utility Pole, Guardrail in Shoulder, Bridge, Animal, Parked
Site Speed Ditch Bank Roll over Median, Sign Median or Curb Veh., Other Obj.

Front 0-29 No 151.4 12.9 14.4 19.3 30.7
Yes 69.1 6.6 16.4 11.0 29.3

(Odds Ratio) (2.2) (2.0) (0.9) (1.8) (1.0)

30-49 No 848.1 49.9 102.5 113.9 122.3
Yes 172.9 11.3 52.1 29.1 52.3

(Odds Ratio) (4.9) (4.4) (2.0) (3.9) (2.3 )

50+ No 1151.2 57.8 136.1 126.5 140.1
Yes 117.3 6.6 34.6 16.2 29.8

(Odds Ratio) (9.8) (8.8) (3.9) (7.8) (4.7)

Side 0-29 No 41.6 14.1 4.9 5.1 8.6
Yes 39.4 14.9 11.5 6.1 17 .0

(Odds Ratio) (1.1 ) (0.9) (0.4) (0.8) (0.5)

30-49 No 254.3 59.4 37.8 32.9 37.4
Yes 107,.7 28.0 39.9 17.5 33.1

(Odds Ratio) (2.4 ) (2.1) (0.9) (1.9) (1.1)

50+ No 436.7 87.1 63.5 46.2 54.0
Yes 92.4 20.5 33.5 12.3 23.9

(Odds Ratio) (4.7) (4.2) (1.9) (3.8) (2.3)

Rear 0-29 No 8.6 1.9 0.7 1.3 2.0
Yes 11.0 2.6 2.2 2.2 5.4

(Odds Ratio) (0.8) (0.7) (0.3) (0.6) (0.4)

30-49 No 30.6 4.6 3.2 5.0 5.2
Yes 11 .4 2.9 4.5 3.6 6.1

(Odds Ratio) (1.6) (1.6) (0.7) (1 .4) (0.9)

50+ No 54.1 6.9 5.5 7.3 7.7
Yes 15.4 2.2 3.9 2.6 4.6

(Odds Ratio) (3.5) (3.1) (1.4) (2.8) (1.7)

..

I
l'\
l'\
I
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A similar model fitting procedure was carried out for multi-vehicle
accidents where the variables of interest were vehicle drivability, speed of
accident, region of impact, vehicle maneuver and vehicle size. The fitted model
included all two-way interactions and the three-way interactions involving all
the variables mentioned above except vehicle size. For this model the
likelihood ratio Chi-square was 481.4 with 480 degrees of freedom and p = 0.5.
Appendix C shows the fitted frequencies. As mentioned earlier in the variable
selection section, the towaway proportions and correspondingly the towaway odds
were much lower for multi-vehicle accidents than for single vehicle accidents.

Table 3.8 presents the predicted towaway odds by speed, impact site, and
vehicle size for the case where the cars were going straight ahead (vehicle
maneuver = 3).

Table 3.8 Towaway odds for passenger cars by speed, impact site and
vehicle size for multi-vehicle accidents with vehicles
going straight ahead. (Source: 20% 1976 North Carolina data)

Speed
HSRC

Vehicle Low Medi um Hi gh
Impact Si te Si ze Group* 0-29 30-49 50+

1 Lux., Med. 0.4 0.9 1.8
Front 2 Std. , Int. 0.4 1.0 2.1

3 Compact 0.5 1.4 2.8
4 Sub-Compact 0.7 1.8 3.6

-"-

I Lux., r~ed. O. 1 0.4 0.6
Side 2 Std. , Int. 0.2 0.4 0.7

3 Compact 0.2 0.5 0.9
4 Sub-Compact 0.3 0.7 1.2

1 Lux., Med. 0.1 0.2 0.4
Rear 2 Std. , Int. 0.1 0.2 0.5

3 Compact 0.2 0.3 0.7
4 Sub-Compact 0.2 0.4 0.9

*See Appendix 0 for vehicle makes included in size groups.

This particular maneuver was selected because, for multi-vehicle accidents,
more than half the sample fell in this category. Thus, for example, from
Appendix C the towaway odds for front-end low speed impacts for luxury and
medium-sized cars was 0.4 (=140.0/397.0).

Table 3.8 shows that, for all impact site and speed combinations, smaller
vehicles have higher towaway odds. Similarly, for any given speed and car size,
front-end impacts have higher towaway odds than side impacts which, in turn, have
higher odds than rear-end impacts. Also, as expected, high speed impacts have
higher towaway odds than low speed impacts.
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Hence, in a sample based on towaway accidents involving more than one
vehicle, one would expect to have an overrepresentation of front-end impacts,
high speed impacts and also accidents involving smaller cars. Overrepresen-

-tation of small cars should especially be kept in mind \'1hen any accident rate
comparisons are being made across different vehicle sizes from data based on
towaway crashes only, such as will be done in NASS.

Analysis of Co-Response Variables
It was mentioned in an earl ier section that, in addition to the independent

variables examined thus far, there is a set of variables, each of which is a
consequence of the accident. Variables such as driver injury, vehicle severity,

TAD severity and vehicle dollar damage are included in this set of co-response
variables. This section presents the results of an analysis which examines the
relationships between these co-response variables and vehicle drivability.

Table 3.9 shows the levels of the co-response variables used in this study.
It should be pointed out here that the variables, vehicle severity and driver

Table 3.9 Co-response variables and their levels. (N.C. data)

Variable Level

Driver injury 1 Not injured
2 Injured (K,A,B,C)

Vehicle severity 1 Not i nj ured
2 Inj ured

Vehicle dollar damage 1 0-199
2 200-599
3 600-1199
4 1200+

TAD severity score 1 TAD 1,2
2 TAD 3,4
3 TAD 5,6,7

Vehicle drivability 1 Towed
2 Not towed

lnJury, are very closely related since vehicle severity describes the worst
occupant injury in the vehicle--including the driver.
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To examine the relationships between the co-response variables, the Mantel
Haensze1 procedure was used. Here the response variable was vehicle drivabil ity
dnd ~1ante1-Haensze1 statistics were computed to measure the strength and
consistency of the relationship between vehicle drivabi1ity and the co-response
variables listed in Table 3.9. The results of the Mante1-Haensze1 tests are
presented in Table 3.10.

Table 3.10 Mante1-Haensze1 tests for consistency of differences in
towaway proportions in North Carolina co-response
variables. (Source: 20% 1976 North Carolina data)

Variable

Damage Severity

(1) TAD (1,2,3,4) vs. (5,6,7)

(2) TAD (1,2) vs. (3,4,5,6,7)

Vehicle Dollar Damage

(1) (0-199) vs. (200+)

(2) (0-599) vs. (600+)

Driver Injury

Vehi c1 e Severity

M- HX2
( 1 d. f. )

469.5

1162.8

1544.9

2385.8

169.3

118.1

The Mante1-Haensze1 tests indicate that, even after controlling for
each level of each of the remaining co-response variables, towaway accidents
do appear to be associated with higher TAD scores, higher vehicle dollar
damages, and higher percentages of driver injuries and vehicle occupant injuries
than the non-towaway accidents. In addition, as Table 3.11 shows, the analysis
indicates that there was a consistently lower proportion of vehicles towed away
,-,hen the inj ury occurred to an occupant other than the dri ver.

A similar analysis was carried out on the New York data. Table 3.12 shows
the co-response variables and the corresponding Mantel-Haensze1 statistics. The
three variables included here from the New York data were vehicle drivabi1ity,
extent of vehicle damage, and driver injury. Once again, the Mante1-Haensze1
tests indicated that towaway accidents do appear to be associated with a higher
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Table 3.11 Frequencies (percentages) of vehicles towed away by
TAD severity and dollar damage (Source: 20% 1976
North Carolina data)

Injury to Occupant
Dollar Damage Driver Inj ury Other Than Driver

($ ) TAD Severity N (%) N (%)

1,2 110 (22.5) 12 (6.1)
0-199 3,4 22 (71.0) 5 (62. 5)

5,6,7 13 (81.3) 1 (20.0 )

1,2 540 (49.9) 138 (34.4)
200-599 3,4 762 (74.0) 145 (52.4)

5,6,7 241 (89.9) 32 (64.0)

1,2 230 (76.7) 56 (65.9)
600-1199 3,4 1044 (88.5) 193 (74.5)

5,6,7 876 (94.7) 120 (86.3)

1,2 106 (87.6) 9 (69.2)
1200+ 3,4 530 (94.8) 67 (88.2)

5,6,7 1240 (98. 1) 101 (97.1 )

Table 3.12 Mantel-Haensze1 tests for consistency of differences in
towaway proportions in New York co-response variables.

Variables Levels 2 . )M-H x (1 d. f.

Extent of damage (a) 1 None
2 Damaged or demolished 1220.6

(b) 1 None or 1ight
2 Moderate, severe or demolished 4514.9

(c) 1 None, light, moderate
2 Severe or demolished 2396.3

Driver injury 1 Inj ured
2 Not inj ured 5030.3
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proportion of driver injury and more severe vehicle damage, even after con
trolling for each level of the co-response variables. In addition, Table 3.13
shows that the proportion of vehicles towed was higher for each level of vehicle
damage when the driver was injured.

Table 3.13 Frequencies (percentages) of vehicles towed, by
vehicle damage and driver injury (Source: 25%
1975 New York police-reported accidents)

Driver Injured Driver Not Injured
Vehic1 e Damage N (%) N (%)

None 31 (10.4) 62 (1.3 )
Li ght 1649 (30.5) 2089 (11.1)
Moderate 6706 ~54.4) 5072 (26.7~

Severe or Demolished 3291 73.8) 1207 (49.7





IV. EFFECT OF TOWAWAY CRITERION ON SOt1E mpORTANT COMPARISONS

Chapter I I I presented the effect of SOllie independent and co-response

variables on whether or not a vehicle was drivable. For example, it was shown

(Table 3.8) that in multi-vehicle accidents, for all impact site and speed

combinations, smaller vehicles have higher towaway odds. Similarly Table 3.7

showed that in single vehicle accidents, the odds of being towed is high for

front-end, high-speed impacts regardless of the object struck. This implied

that in a data source based on a tovJa~{ay reporting threshold, there would be an

overrpresentation of front-end high speed impacts and an underrepresentation of

almost all rear-end impacts. In this chapter the emphasis is on comparing
accident and injury measures in a towa~~ay data set \tJith similar measures from a

data source without such a threshold.

Vehicle Comparisons
Table 4.1 shows the distribution of accidents by area, vehicle severity

(most severe injury to occupant of tIle vehicle) and sampling criterion. ~'!hen

vehicle severity is not controlled for, the percentage of rural accidents is

higher (56.1 perce'nt (tov/aHay criterion) against 44.3 percent (no restriction)).

For severe injuries (A+K), the distribution of vehicles is virtually identical

Table 4.1 Vehicle frequencies (percentages) by vehicle severity, area
and sampling criterion. (Source: 1976 North Carolina data)

Vehicle Severity Any + P.O.O. (A+K)

Sampling Criterion Towa\'Jay All Acc. Towd~Jay fJ 1 Ace.

Area

Urban 28502 105762 1279 1404
(43.9) (55.7) (24.4) (25.3)

Rural 36488 84130 3971 4146
(56. 1) (44.3) (75.6) (74.7)

by. area for the two sampling criteria. This is expected, since, as mentioned in

Chapter III, given that there is a serious injury involved, it is highly likely

that the vehicle reqired towing. Hence for serious ;'njury accidents the h/o

populations are nearly the same.
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Tables 4.2, 4.3 and 4.4 show the distribution by vehicle severity and
sampling criterion by highway class, region of impact, and accident type,

respectively. The three tables show that, while the distributions were quite

different when vehicle severity was not controlled for, they are almost

identical for serious injuries (A+K).

Table 4.2 Frequencies (percentages) by vehicle severity,
highway class, and sanJpl ing criterion. (Source:
1976 North Carolina data)

Vehicle Severity Any + P.D.O. (A+K)

Sampling Criterion Towaway All Ace. Towa\'/ay All Ace.

Highway Class

Interstate 1444 3643 152 158
(2.3) (2.0) (2.9) (2.9)

u. S. 11635 30616 1194 1240
(18.2) (17.0) (22.8) (22.4)

N.C. 8803 20176 998 1038
(13.8) (11.2) (19.0) (1?7)

Rural Roads 17353 36880 1832 1924
(27.1) (20.5) (34.9) (34.7)

City Streets 24776 88504 1071 1186
(38.7) (49.2) (20.4) (21.4 )

Table 4.3 Frequencies (percentages) by vehicle severity, region of
impact and sampling criterion. (Source: 1976 North
Carolina data)

Vehicle Severity Any + P.D.O. (A+K)
---

Sampling Criterion Towaway All Ace. Towaway All Ace.

Region of Impact

Front 40193 88427 3336 3458
(67.0) (51.8 ) (68.7) (67.5)

Right Side 7179 23831 629 660
(12.0) (14.0) (13.0) (12.9)

Left Side 8239 28182 694 732
(13.7) (16.5) (14.3) (14.3)

Rear-end 4399 30356 198 270
(7.3) (17.8) (4.1) (5.3)
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Table 4.4 Frequencies (percentages) by vehicle sevet'ity, accident
type and sailipliny criterion. (Source: 1976 North Carolina
data)

Vehicle Severity Any + P.D.O. (A+K)

Sanlp1 i I1g Criterion TovJavlay All Ace. TowaHay All Ace.

Accident Type

Ran off Road 18,660 23,080 2259 2335
(28.7) (12.2) (43.0) (42.1 )

Hit Fixed Object 589 935 52 56
(0.9) (0.5) (1. 0) (1.0 )

Hit Non-Fixed 608 984 35 54
Obj ect (0.9) (0.5) (D.?) (1.0 )

Car vs. Car 28,420 104,795 1669 1771
(43.7) (55.2) (31.8) (31.9)

Car vs. Truck 8638 33,747 686 733
(13.3) (17.8) (13.1) (13.2)

> 2 Vehicles 5472 15, 138 389 425
Involved (8.4) (8.0) (7.4) (7.7)

Other Involvement 2603 11 ,213 160 176
(4.0) (5.9) (3.0) (3.2)

Thus, if the purpose of a given study vias to deterrnine the extent to which,

say, a particular Federal Motor Vehicle Safety Standard (FMVSS) such as the side

door beam standard, prevented serious injuries, restriction to towaway crashes

vJOuld not produce serious biases. HmJever, if the outcome measure Has lI any

injuryll or even IItotal accident-involved vehicles,1I relatively fevler Vlould arise

from an underrepresentation of city street accidents, rear-end crashes and/or

car vs. car accidents in the towaway sample than in the population of all

acci dents.

[ie1t Usage and Injury Cornpari sons

Towaway accidents are in general more severe than non-towaway accidents.

t,S a result, one vvould expect that a data source vlhich includes only towavldY

vehicles in crashes v10uld miss very few serious occupant lnJuries and \lJould

excl ude IlIdny 1ess severe and no injury cases. Tabl e 4.5 confi rms thi sand shovI/s
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that a towaway data set is likely to miss only 1.5 percent of occupant

fatalities as opposed to 64 percent \I:hen the injury threshold includes all

levels (injured +. not injured). As stated before this will be a prob1el;: if one

is specifically interested in less severe accidents such as rear-end crashes or

other low speed impact situations.

Table 4.5. Occupant lnJury by vehicle drivabi1ity.
(Source: 1976 North Carolina data)

Occupant Injury
Vehicle

Drivabil ity I< jJ, B C Not Injured Total

No 794 6192 17,708 15,723 65,086 105,503
(98.5)* (95.4) (88.4) (76.0) (35.8) (35.8)

Yes 12 325 2,903 9,498 176,753 189,491
(1. 5) (4.6) (11.6) (24.0) (64.2) (64.2)

Total 806 6517 20,611 25,221 241,839 294,994

*Percent ~Iith occupant injury ~ least as serious as given level. For example,

for A, 95.4 ~~:: ~~{~ x 100

Table 4.6 presents driver injury rates (per 1000 drivers) by model year,

vehicle size and salllpliny criterion. As expected, for more serious injuries,

the rates are approximately two to four fold higher in the towaway data set for

each model year and vehicle size combination. Table 4.6 shov:s that, within each

vehicle size group, both A + K rates (towaway and all accidents) decrease for

newer model cars. In addition, Table 4.6 indicates that the serious injury

rates are somevihat higher for smaller vehicles. For minor and rnoderate (P'+C)

lnJuries, the tHO rates differ generally by a factor of hiO \/hi1e, as expected,

for non-i njury cases the rel ati ve rates are rever'sed Vii th fe~ler dri vers bei ng

uni njured in towaway crashes.

An important parameter often studied in injury analysis is restraint usage

and subsequent effectiveness in reducing injuries. Table 4.7 shows the

restraint usage rates calculated on a towaway basis and on an overall basis

where essentially no threshold has been used. The restraint usage rates are

consistently higher when all accidents are used. This is expected since a lack
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Table 4.6 Driver injury frequencies and rates (per 1000 drivers)
by sampling criterion, model year and vehicle size.
(Source: 1976 North Carol ina data)

Driver Inj ury
.-

Vehicle Model Sampl i ng ( A+K) (8+C) (None)
Si ze Year Criterion N Rate N Rate N Rate

1960-1965 Towaway 97 63.7 490 321.9 935 614.3
All Ace. 100 24.7 656 161.7 3300 813.6

1966-1968 Towaway 161 53.5 997 331.3 1851 615.2
All flee. 166 18.5 1393 155. 1 7422 826.4

Luxury,
Med ium 1969-1972 Towaway 245 52.9 140l 302.5 2986 644.6

All Ace. 266 17.0 2070 132.3 13312 850.7

1973-1977 Towaway 127 47.9 831 313.2 1695 638.9
All Ace. 139 13.5 1376 134.0 8754 852.5

All Years Towaway 630 53.3 3719 314.7 7467 632.0
All Ace. 671 17.2 5495 141. 1 32788 841.7

1960-1965 Towaway 465 85.2 1792 328.5 3198 586.3
All Ace. 489 38.5 2328 183.5 9868 778.0

1966-1968 Towaway 776 67.5 3643 317.1 7072 615.4
Standard, All flee. 815 29.1 4795 171.3 22383 799.6

Intermediate
1969-1972 Towa,way 839 56.5 4668 314.4 9342 629. 1

All Ace. 883 20.6 6484 151.0 35563 828.4

1973-1977 Towaway 525 59.3 2902 327.8 5426 612.9
All Ace. 554 17.2 4587 142.4 27066 840.4

fl,ll Years Towaway 2605 64.1 13005 319.9 25038 616.0
All Ace. 2741 23.7 18194 157.1 94880 819.2

1960-1965 Towaway 168 87.0 627 324.7 1136 588.3
All Ace. 174 43.2 806 200.2 3046 756.6

1966-1968 To wa way 264 76.3 1129 326.5 2065 597.2
Compact All Ace. 272 36.8 1422 192.4 5696 770.8

1969-1972 Towaway 441 69.6 2051 323.6 3847 606.8
All Ace. 451 32.0 2562 181.6 11092 786.4

1973-1977 Towaway 303 63.4 1614 337.7 2862 598.9
All Ace. 314 24.4 2281 177.4 10262 798.2

. . --~- "----~._-------

All Years Towaway 1176 71.2 5421 328.4 9910 600.4
All Ace. 1211 31.6 7071 184.2 30096 784.2.
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Table 4.6 (Con1t)

Driver Injury

VE-~hj c1t~ r10del Sampling (I\+K) (B+C) (None)
Size Year CriteY'i on N Rate N Rate N Rate

- I-- - ------- ------- ..-

1960-1965 TO\,Jav>ioy 64 68.9 347 373.5 SIS 557.6
All Ace. 70 40.8 420 244.8 1226 714.4

1966-1968 Towaway 108 68.3 628 397.2 845 534.5
All Acc. 114 39.0 740 253.2 2069 707.8

Su b- compact
1969-1972 To \lJa way 492 73.5 2335 348.7 3870 577 .8

All Ace. 505 35.6 2942 207.3 10744 757. 1

1973-1977 Towaway 686 73.0 3296 350.6 5~ 18 576.4
All Ace. 708 32.1 4294 194.6 17062 773.3

All Years TO\,JavJay 1350 72.6 6606 355.0 10651 572.4
All Ace. 1397 34.2 8396 205.3 311 01 760.5

- -

Overall TowavJay 5671 64.8 28751 328.3 53066 605.9
All Acc. 6020 25.7 39156 167.3 1888(,5 807.0

of restraint use would usually lead to a more severe injury, and as mentioned

earlier the towaway data set is characterized by having a higher proportion of

severe vehicle damage and corresponding driver injuries. Both (towaVJaj' and all

accidents) restraint usage rates for lap and for lap and shoulder belts increase

for ne\'ler rilodel cars. Lap bel t usage tends to decrease wi th decreasi n9 car si ze

except for sub-compacts VJhereas lap and shoulder belt use, if anything,

increases VJith decreasing car size.

In summary, lap and lap and shoulder belt usage rates for drivers in all

acci dents are somewhat hi gher than those for the subset of dri vers in ttl\vaVJay

crashes where the bel ts \'Ioul d be more important due to the increased cr,'sh

severity. But \'/hat about the corresponding injIH'y-reducing effectivene~)s of

belts in the tHO accident populations?

One of the most often examined measures in automobile injury analysis

is belt effectiveness. Belt effectiveness is generally computed using the

following expression:

Belt Effectiveness = (
(Proportion injured (Proportion injUred)
with no restraint) - with restraint)

(Proportion injured
with no restraint

(4. 1 )
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Table 4.7 Driver restraint usage frequencies and rates (per 1000 drivers)
by sampling criterion, model year and vehicle size.
(Source: 1976 North Carolina data)

Restraint Usage

Vehicle Model Sampling Lap Lap &Shoulder None
Si ze Year Criterion N Rate N Rate N Rate

1960-1965 Towaway 47 30.9 0 -- 1503 969.1
All kc. 138 33.3 3 0.7 4133 966.0

1966-1968 Towaway 124 40.2 4 1.3 2942 958.5
All kc. 465 49.7 24 2.8 9004 947.5

Luxury,
Medium 1969-1972 Towaway 336 70.4 35 7.3 4322 922.3

All Acc. 1396 85.2 131 8.0 15,000 906.8

1973-1977 Towaway 295 110.4 96 35. 1 2312 854.5
All kc. 1282 118.5 495 45.7 9087 835.8

All Years Towaway 802 66.6 135 11.1 1079 922.3
All Acc. 3281 80.4 653 16.0 27,224 903.6

1960-1965 Towaway 101 18.0 10 1.6 5448 980.4
i All flec. 290 21.4 12 0.9 12,989 977.7

1966-1968 Towaway 364 31.2 17 1.5 11 ,254 967.3. Standard, All kc. 1164 39.9 51 1.8 28,190 958.3
Intermediate

1969-1972 Towaway 808 53.8 70 4.5 14,215 941. 7
All Acc. 3045 67.5 232 5. 1 42,177 927.4

1973-1977 Towaway 776 86.4 395 44. 1 7784 869.5
All Acc. 3274 96.8 1689 49.9 29,005 853.3

All Years Towaway 2049 49.7 492 11 .9 38,701 938.4
All Acc. 7773 64.0 1984 16.3 112,361 919.7

1960-1965 Towaway 40 20.7 1 0.5 1922 978.8
All Acc. 123 29.6 3 0.7 4084 969.7

1966-1968 Towaway 111 31.8 4 1.2 3405 967.0
Compact All Acc. 288 38.0 14 1.8 7409 960.2

1969-1972 Towaway 319 50.0 39 5.8 6094 944.2
All Acc. 896 60.9 78 5.0 13893 934. 1

1973-1977 Towaway 84 79.7 170 35.8 4294 884.5
All Acc. 1171 88.4 599 45.3 11744 866.3

.
All Years Towaway 854 51.4 214 12.9 15715 935.7

All kc. 2478 62.4 694 17.4 37130 920.2
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Table 4.7 (Conlt)

Restraint Usage

Vehicle t10de1 Sampling Lap Lap &Shoulder None
Si ze Year Criterion N Rate ~! Rate N Rate

1960- 1965 TO\'/a\tJay 25 26.9 4 4.3 0,1=; 968.8-"oJ

All Ace. 55 30.9 4 2.2 17:'3 966.9

1966-1968 Tm'1away 57 36.1 4 2.5 15<4 961.4
All Ace. 110 35.9 16 5. 1 29'8 959.0

Sub-compact
1969-1972 Towaway 422 62. a 118 17.8 62(·7 920.3

All Acc. 1039 70.9 268 18.6 135'l3 910.5

1973-1977 Towa\'Jay 829 87.0 556 58.4 81 i3 854.6
All Ace. 2188 95.7 1421 62.5 194'L8 841.9

_._--- I-- --f--------- ------ --
All Years TO\'Ja\tJay 1333 70.7 682 36.3 l6f '9 893.0

All Ace. 3392 80.1 1709 40.6 37(,117 879.3
1----------t-------.----- ----- --1----

Overall TO\'/a\iJay 4671 56.8 1503 17.2 811 04 926.0
All Pice. 16215 69.3 4839 20.7 2l2~;n 910.0

Table 4.8 shows belt effectiveness for the two sampling criteria for various

combinations of model year, injury severity and vehicle size.

The effectiveness measures are rather consistently lower when a tov~way

salllpliny criterion is used. This is consistent \'/ith the hypothesis put for-Hard

by Campbell and Reinfurt (1979). Figure 4.1, which appears in this paper, shows

belt effectiveness as a function of the cumulative injury distribution (X).

From Table 4.5 the percentage of (A+K) injuries \vhen no sampling criterlon is

806 + 6517 .
used is 2.5 percent (= 294,994 x 100). The correspondlng percentagE' for the

towaway subset is 6.6.

Thus, if the hYrothesized relationshilJ holds, the helt effectiverlf ,s

estirdate frolll Figure 4.1 should shift front approximately 0.67 for the flJrlI:er

case to 0.53 in the to\'Jaway suhset. The corresponding values from Tablf} 4.B,

for an average size vehicle (standard and intenJediate) for all model years

cOlilbined are 0.66 and 0.56, respectively!

Table 4.8 shaHS that in general, both effectiveness measures (i.e., for

towaway threshold and for all accidents) for serious injuries decrease rith

i ncreas; ng car si ze and decrease for ne~-.;er [ilode1s Hi thi n the same car Size

sroup. Thus, although there may be a difference in the effectiveness of

•
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Table 4.8 Belt effectiveness (lap or lap and shoulder) by model year,
sampling criteria, driver injury and vehicle size.
(Source: 1976 N.C. data)

Vehicle Driver Samp1 ing All
Si ze Inj ury Criterion 160- '65 166- '68 169- 172 173- 177 Years

(A+K) Towaway 0.67 0.26 0.39 0.33 0.39
Luxury All Ace. 0.71 0.44 0.52 0.43 0.52
Medi urn

Any Towaway 0.35 -0.15 0.17 0.08 o. 11
Inj ury All Ace. 0.39 0.05 0.19 0.12 0.18

(A+K) Towaway 0.78 0.61 0.57 0.47 0.56
Standard All Ace. 0.74 0.71 0.67 0.50 0.66

Intermediate
My Towaway 0.35 0.32 0.21 O. 15 0.21

Inj ury All Ace. 0.38 0.35 0.25 0.10 0.25
•

-- '-----------~-~~--------_._---------~._-----

. (A+K) Towaway o. 72 0.78 0.49 0.63 0.62
All Ace. 0.82 0.82 0.58 0.67 0.70

Compact
Any Towaway 0.23 0.16 0.20 0.17 o. 18

Inj ury All Ace. 0.30 0.27 0.31 0.15 0.24

(A+K) Towaway 0.51 0.53 0.33 0.55 0.48
All Ace. 0.59 0.58 0.43 0.58 0.55

Subcompact
Any Towaway -0.18 0.16 0.24 0.25 0.24

Inj ury All Ace. ...,0.07 0.12 0.27 0.24 0.26

(A+K) Towaway 0.73 0.56 0.47 0.52 0.52
All Ace. 0.74 0.66 0.58 0.55 0.61

All Si zes
Any To wa way 0.25 0.18 0.21 0.19 0.19

Injury All Ace. 0.31 0.25 0.26 0.16 0.23
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Figure 4.1 Belt effectiveness (%) as a function of
injury severity, Campbell and Reinfurt, 1979.

restrai nts in the t~/O data bases, the trends across car si zes and model years

are preserved for the tHO crash populations.

In summary, the results in this section indicate that, for serious lnJury

accidents, accident characteristics (e.g., rural-urban area, highway class,

accident type, region of vehicle impact) are independent of sampling criterion.

However, there are some differences ~Jhen injury is not controlled for. Injury

rates are overestimated in to\'/away data sets relative to all accidents, while
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the opposite is true for restraint usage rates. However these rates, in towaway

data sets and data sets that also include non-towaway crashes, show consistent

trends across different vehicle sizes and model years.

Belt effecti veness is underestimated in tovlaway data sets compared vlith an

illl accidents data set. For serious driver injury, this ranges from 25 percent

for 1uxury and medi Ulll- si zed cars to about 13 percent for sub-compacts, for all

model years combined. For any injury accjdents, belt effectiveness is under

estimated by nearly 39 percent for luxury and medium-sized cars and 7 percent

for sub-compacts. Thi sis to be expected if the hypothesi s put fan-lard by

Campbell and Reinfurt (1979) is valid. Here, too, the trends across caY' sizes

·and model years are similar for the t\'IO sampling criteria.





v. SUM~ARY AND CONCLUSIONS

The aim of this study was to investigate the effect of using a data set

consisting of tOVJa~/ay crashes ~/hen compared to~ accidents in the same

sallipling frallle. This was done in two parts. First, the effects of certain

independent variables on vehicle drivability were studied to determine v/hich of

these variables vlere 1110st highly associated Hith drivability. Secondly, the

relationships bet\"leen vehicle drivability and saine measures of accident severity

It/ere examined.

Thi s study used data from two states. A 20 percent systelllati c ranrloTil

sampl e vias obtai ned fronl the r~orth Carol i na 1976 acci dent data. A simi 1ar

sample \'/as obtained from the NevI York 1975 accident data for police-reported

cases only.

The first portion of the analysis using North Carolina data showed that,

for single vehicle accidents, the independent variables speed of accident,

region of impact, and object stt'uck (listed in order of importance) were most

highly related to vehicle drivability. For multi-vehicle accidents, speed of

accident, region of irTipact, vehicle maneuver, and vehicle size v/ere most

crucial. Similarly for the New York data, location of first event, typE' of road

system, area of i IIIpact, and apparent contri but i ng factor were most important for

single vehicle accidents, and wanner of collision, area of impact, type of road

system, pre-accident vehicle action, and driver age for multi-vehicle

accidents.

The variables selected from the tv/O data sources were fairly comparable.

For example, type of road system in the New York data should be essentially a

proxy variable for speed of accident which ~'/as not available in the Ne~'1 York

data. For the NevI York data, obj ect struck Has used to determi ne It/hether or not

an accident vias a single vehicle crash. Hence this variable does not appear in

the list. The only major difference is the fact that driver age was not

important for North Carol ina accidents.

A log-linear model fitting procedure (BtJiDP, 1977) shov/ed that, for single

vehicle accidents in North Carolina, front-end, high speed ililpacts It/ould be

relatively more frequent (four-fold or more) in a NASS-type file. Simi"larly,

for multi-vehicle accidents in North Carolina, it \las found that, for vehicles

~oing straight ahead, one wo\lld expect a higher proportion (h/o to four-fold) of

front-end impacts, high speed impacts and accidents involving smaller cars in a

tO~1av/ay fi 1e.
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In the second step of the analysis the relationships between vehicle

drivability and driver injury, vehicle sl:Nerity, TAD severity score and vehicle

dollar damage were examined for the North Carolina data. It was observed that

(,dch of these variables had a Iil0re serious consequence (e.g., driver injured,

severe vehicle damage) when tovJing VJas required, even after controlling for all

of the remaining measures of accident severity. In addition, the analysis

indicated a consistently lower proportion of vehicles tovJed when injury occurred

to an occupant other than the driver.

In a comparable analysis of the New York data, it was feasible to include

only two measures of acci dent severity, namely, dri ver injury and extent of

vehicle damage. Here again, tov·jaway accidents were associated \'Jith more serious

levels of each of the two variables \/hen the other Has being controlled for. It

vIas also observed that the proportion of vehicles towed was higher for each

level of vehicle damage when the driver was injured. In all likelihood, this is

due to the width of the five damage categories: none, slight, moderate, severe,

demolished. Given a particular category, to\'Jing would be rnore likely to occur

at the upper end of that damage cate90ry vlhere the rel ati vely more severe

crashes occur.

The relative odds representing the chance of a vehicle being towed give an

indication of the magnitUde (Jf the differences introduced by using a tOWClWdY

reporting threshold rather than using all accidents. Thus, for example, if one

",ere focusing on side impacts in sirlg1e vehicle accidents, then from Table 3.7

there \1Ou1d be fe\'/er than expected such crashes at low speeds in a data set

based on a to\I/away reporting threshold. In addition, for single vehicle

accidents, such data sets v/i11 have an underrepresentation of accidents when the

object struck is not very rigid such as fence, sign or guardrail. Similarly for

multi-vehicle accidents, if a particular study required a representative sample

of vehicle sizes in accidents -- not just of those involved in serious accidents

then, frolil Table 3.8, it is apparent that a NASS-type data set would not be

suitable.

In Chapter 4 the effect of towaway crashes as a sampling criterion on

acci dent and injury characteri sti cs as \tie11 as on effecti veness i nvesti gati ons

Has studied. The results showed that there were overall differences in accident

characteristics under the two sampling schemes. HO~Jever, for accidents \/ith

severe occupant i nju ri es, there VJere not apparent differences in acc i dent

characteristics such as rural-urban area, hiyh\tlay class, accident type under the

two salilpl ing schemes (i .e., the to~/away subset constitutes virtually all of the

sampling frame of serious injury-producing accidents).
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The results in Chapter 4 indicate that, compared with all accidents, injury

rates are overestimated, while restraint usage and belt effectiveness are

underestimated in towaway accidents and provide estimates of these differences.

lIowever, each of these measures showed simil ar trends across vehicle si ze and

IIIode1 year under the two samp1 i ng cri teri a.

The study shows that n~st of the effects introduced by using a towaway

reporting threshold agree vrith intuition. Thus for instance, it Vias shmm that

the odds for high speed, single vehicle accidents being included in towaway

sanip1es are about four times the odds for 10\'1 speed, single vehicle accidents

[jeing included. As high speed accidents yenera11y have d Idore severe

consequence, such an effect v/Ould in many analysl~s not be too restrictive.

In summary, the results of the investigation indicate that there dl'e

differences between accident data based on a towaway criterion and accident data

based on a typical statewide reporting threshold (e.g., lJer'sonal injury and/or

property damage exceedi n9 $200). l~ost confi gurati ons such as hi gh speed,

front-end impacts, vlhich result in [,lOre severe accidents \Jou1d be overrt:pre

sented in such data bases, and consequently this should be accounted for when

non-lnJury or minor injury accidents are the focus of a ~iven study. However,

v/hen the injury criterion is relatively serious, the towavvay sample will not

exclude many injuries of interest. For example, the towaway sample will exclude

only approximately 1.5 percent of the fatalities (K) and only 4.6 percent of the

serious (A+K) injuries. Thus, the injuries generally of IllOSt inter'est lii11

by-and-large be included in the towaway sample.



..
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APPENDIX A

Variables of Interest from 1976
North Carolina Accident Data
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l. Day of Week

1 ~1onday 5 Friday ..
2 Tuesday 6 Saturday
3 Wednesday 7 Sunday
4 Thursday 8 Not stated

2. Time of Day
(24 hour clock including minutes)

0000 Midnight
1200 Noon
2460 Not stated
example: 1630 = 4:30 PM

3. Investigating Agency

1 Municipal police
2 Sheriff
3 Rural or county police
4 Highway patrol
5 Other traffic investigating agency
6 Not stated

4. Highway Class

1 Interstate
2 U.S.
3 N.C.
4 Rural paved road

5 Rural unpaved road
6 City street"
7 Private property
8 Not stated

..

5. Light Condition

1 Dayl i ght
2 Dusk
3 Dawn
4 Darkness (street lighted)
5 Darkness (street not lighted)
6 Not stated

6. Object Struck

1 Tree
2 Ut i 1ity po1e
3 Fence or fence post
4 Guardrail or guardpost in median
5 Guardrail or guardpost on

shoulder
6 Bridge
7 Underpass
8 Traffic island, curb or median

9 Sign or sign post
10 Animal
11 Ditch ban k
12 Parked vehicle
13 Pedestrian
14 Other object
15 No object struck
16 Not stated



Acci dent Severit
Most severe injury in

1 Fatal
2 A or B class lnJury
3 C class injury
4 Property damage only
5 Not stated

•

7.

8.

9.

A-3

accident using the definition given in the
"Classification of Motor Vehicle Traffic
Accidents" (1976) published by the National
Safety Counci 1)

Accident Type

1 Ran off road - right
2 Ran off road - left
3 Ran off road - straight ahead
4 Non-collision in road - overturn
5 Non-collision in road - other
6 Collision of motor vehicle with pedestrian
7 Collision of motor vehicle with parked vehicle
8 Collision of motor vehicle with train
9 Collision of motor vehicle with bicycle

10 Collision of motor vehicle with animal
11 Collision of motor vehicle with fixed object
12 Collision of motor vehicle with other object
13 Collision of MV with another MVs rear end - stopping or slowing
14 Collision of MV with another MVs rear end - turning
15 Collision of MV with another MV turning left from same roadway
16 Collision of MV with another MV turning left across traffic
17 Collision of MV with another MV turning right from same roadway
18 Collision of MV with another MV turning right across traffic
19 Collision of MV with another MV head on
20 Collision of MV with another MV sideswipe
21 Collision of MV with another MV at an angle
22 Collision of MV with another MV backing
23 Not stated

Initial Point of Contact

(The 1st of 3 points possibly marked)
1-24 as diagrammed

•

25 Front end - distributed impact
26 Left side - distributed impact
27 Rear end - distributed impact
28 Right side - distributed impact

NOTE: To be distributed, at least
were marked .

29 Roll-over only,
30 No contact
31 Not stated

2 of the 3 impact sites
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10. Roll-over

1 Yes
2 No

11. Vehicle Maneuver**

1 Stopped in travel lane
2 Parked out of travel lanes
3 Parked in travel lane
4 Going straight ahead
5 Changing lanes or merging
6 Passing
7 Making right turn
8 Making left turn

12. Vehicle Defect

1 Defective brakes
2 Defective headlights
3 Defective rear lights
4 Defective steering

13. Estimated Speed Prior to Impact

Actual speed (0 is valid)
999 Not stated

9 Making U turn
10 Backing
11 Slowing or stopping
12 Starting in roadway
13 Parking
14 Leaving parked position
15 Other
16 Not stated

5 Defective tires
6 Other defect
7 No defect detected
8 Not stated

"

14. TAD Rating #1

(NOTE: TAD is all blank if n.s.)
Impact site &type of impact
Possible codes are alphabetic
(See ·Vehicle Damage Scale for Traffic Accident Investigators" (1971)

published by the National Safety Counci 1)
15. Damage Severity Rating

1-7 possible

16. Amount of Damage to Vehicle

In tens of dollars
9999 Not stated
example: 0050 = $500-509

17. Vehicle Model Year

(As noted by investigating officer)

18. Vehicle Size (derived from the VIN)

1 Luxury car
2 Medium car
3 Standard car
4 Intermediate car
5 Compact car
6 Subcompact car

7 Mini car
8 Specialty car
9 Imported car

10 Small Truck (van, pickup, etc.)
11 Large Truck or Tractor-Trailer
12 Unknown i

**See the Vehicle Maneuver Recodes at the end of this Appendix.
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19. Body Style (derived from the VIN)

1 2 door sedan
2 2 door hardtop
3 2 door convertible
4 2 door stationwagon
5 4 door sedan
6 4 door hardtop
7 4 door convertible

20. Model Year (derived from the VIN)

8 4 door stationwagon (2 seat)
9 4 door stationwagon (3-4 seat)

10 Van body (hood size unknown)
41 Truck body - long hood
42 Truck body - short hood
43 Truck body - cab-aver-engine
99 Unknown

NOTE: may differ by 1 year from the year recorded by the officer

21. Total Number of Occupants

0-8
9 More than 8 occupants
- Not stated

22. Physical Condition of Driver

•

1 III
2 Fatigued
3 Asleep
4 Other physical impairment

23. Sobriety of Driver

5 Restriction not complied with
6 Normal
7 Not stated

1 Had not been drinking
2 Drinking--abi1ity impaired
3 Drinking--unab1e to determine impairment
4 Not stated

24. Driver Charged with Violation

1 Yes
2 No
3 Not stated

25. Vehicle Drivabi1ity (beginning 1/76)

1 Dri vabl e
2 Not drivable
a Not stated

26. Vehicle Severit
Most severe injury in vehicle)

•

1 Fa ta1
2 A class injury
3 B class injury

4 C class injury
5 Property damage only
6 Not stated
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27. Injury Class of Driver

1 Not injured
2 Class C injury
3 Class B injury
4 Class A injury

28. Restraint of Driver

1 No belt
2 Lap belt
3 Shoulder &lap
4 Shoulder belt

29. Race of Driver

1 White
2 Negro
3 Indian

30. Sex of Dri ver

1 Male
2 Female
3 Dri ver not present
4 Not stated

3l. Age of Dri ver

(Actual age on day of accident)
01-96
97 01 der than 96
98 Driver not present
99 Not stated

32. Means of Involvement

Single Vehicle Accident

Ran-off- road
(1 veh. with acc. type = 1,2,3)

2 Hit fixed object
(1 veh. with acc. type = 11)

3 Hit non-fixed object
(1 veh. with acc. type = 4,5,12)

Other Accidents

5 Killed
6 Driver not present
7 Not stated

5 Child restraint
6 Driver not present
7 Not stated

4 Other
5 Driver not present
6 Not stated

Multi-vehicle Accident

4 Car vs car
(2 cars of veh. type - 1,4,14,19)

5 Car vs truck or bus
(car with above veh. type &
truck of veh. type = 5 thru 13)

6 More than two vehicles involved

7 Any 1 or 2 veh. accident not categorized above
(e.g. acc. type = 6,8,9,10 &2 vehicle accidents involving
2 trucks or any motorcycles)
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~ 33. Region of Impact

1 Frontal collision
(pt. of contact - 1,2,3,4,21,25)

2 Right side collision
(p.o.c. = 18,19,20,28)

3 Left side collision
(p.o.c. = 5,6,7,26)

4 Rear end collision
(p.o.c. = 8,14,15,16,17,27)

5 Unspecified
(p.o.c. = 9 thru 13 &

22,23,24,29,30,31)

34. Speed of Accident (created from vehicle speed(s) and accident configuration)

1 00-29 mph
2 30-49 mph
3 50-79 mph
4 Not stated

Vehicle Maneuver Recodes (Variable #7, Appendix A)

1 Stopped in travel lane (01)
Making right turn (07)

2 Parked out of travel lanes (02)
Parked in travel lane (03)
Other (15)

3 Going straight ahead (04)

4 Changing lanes or merging (05)
Leaving parked position (14)

5 Passing (06)
Making left turn (08)
Making U turn (09)

6 Slowing or stopping (11)
Starting in roadway (12)

7 Backing (10)
Parking (13)

•



I
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APPENDIX B

Variables of Interest from 1975
New York Accident Data



i



..

B-2



B-3

Collision With Fixed Object

11 Light support/Utility pole 19 Bridge structure
12 Guide rail 20 Culvert/Headwall
13 Crash cushion 21 Medi an/Barri er
14 Sign post 22 Snow embankment
15 Tree 23 Earth element/Rock/Ditch
16 Bui 1di ng/t~a 11 24 Fire hydrant
17 Curbing 30 Other fixed object
18 Fence

Non-Collision

31 Overturned
32 Fire/Explosion
33 Submersion
34 Ran off road only
40 Other

7. Manner of Collision

0 Unknown 5 Right Turn
1 Rear End 6 Ri ght Turn
2 Overtaking 7 Head On
3 Left Turn 8 Sideswipe
4 Intersecti on 9 Other

8. Type of Road System

o Unknown
1 State Highway
2 County Roads
3 Town Roads
4 Municipal Streets
5 Parkway

9. Age of Driver

00-76 Years
99 Unknown

10. Model Year

o Unknown
21-76

11. Apparent Contributing Factors

o Unknown
1 None

6 Thruway
7 Northway
8 Other Limited Access Highway
9 Unknown Roadway

10 Non-Traffic
11 Interstate



B-4

Human

2 Alcohol Involvement 12 Passenger Distraction
3 Backing Unsafely 13 Passing or Lane Usage Improper
4 Driver Inattention 14 Pedestrian's Error/Confusion
5 Driver Inexperience 15 Physical Disability
6 Drugs (Ill ega1) 16 Prescription Medication
7 Failure to Yield Right of Way 17 Traffic Control Device Disregarded
8 Fell Asleep 18 Turning Improper
9 Following Too Close 19 Unsafe Speed

10 III ness 40 Other (Human)
11 Lost Consciousness

Vehicular

41 Accelerator Defective 46 Steering Failure
42 Brakes Defective 47 Tire Failure/Inadequate
43 Headlights Defective 48 Tow Hitch Defective
44 Other Lighting Defects 49 Windshield Inadequate
45 Oversized Vehicle 60 Other (Vehicle)

Envi ronmenta1

61, Animal 's Action 66 Pavement Slippery
62 Gl are 67 Shoulders Defective/Improper
63 Lane Marking Improper/Inadequate 68 Traffic Control Device Improper/

• 64 Obstruction/Debris Non-Worki ng
65 Pavement Defective 69 View Obstructed/Limited

80 Other (Environmental)

12. Pre-Accident Vehicle Action

•

•

o Unknown
1 Going Straight Ahead
2 Making Right Turn
3 Making Left Turn
4 t1aking U-Turn
5 Starting from Parking
6 Starting in Traffic
7 Slowed or Stopping
8 Stopped in Traffic

13. Area of Impact

o Unknown
1 Undercarriage

10 Hood and Front
20 Right Front Fender
30 Right Door(s)
40 Right Rear Fender

14. No. of Occupants

00-98
99 Unknown

9 Entering Parked Position
10 Parked
11 Avoiding Object in Roadway
12 Changing Lanes
13 Overtaking
14 Merging
15 Backi ng
20 Other

50 Rear and Trunk
60 Left Rear Fender
70 Left Door(s)
80 Left Front Fender
90 Roof
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15. Restraint Use of Driver

o Unknown
1 No Restraint Used
2 Lap Belt
3 Harness

16. Total of Injuries

4 Lap Belt and Harness
5 Child Restraint
6 Other

00 No injuries or no injury information
01-99

17. Second Event

o Unknown

Collision ~Jith

1 Motor vehi c1 e
2 Pedestrian
3 Bicyclist

4 An ima1
5 Railroad Train

10 Other

Collision With Fixed Object

11 Light Support/Utility Pole 19 Bri dge St ruct ure
12 Guide Rail 20 Culvert/Headwall ..
13 Crash Cushion 21 Median/Barrier
14 Sign Post 22 Snow Emba nkmen t
15 Tree 23 Earth Element/Rock Cut/Ditch ..
16 Building/Hall 24 Fi re Hydrant
17 Curbing 30 Other Fixed Object
18 Fence

Non-Collision

31 Overturned
32 Fire/Explosion
33 Submersion

13. Extent of Damage

o Unknown
1 (N) None
2 (L) Light
3 (M) ~1oderate

4 (S) Severe
5 (D) Demolished

1q. Vehicle Towed

o No
1 Yes

34 Ran Off Road Only
40 Other

1
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.. 20. Driver's Type of Physi cal Complaint

0 Unknown 7 Moderate Burn
1 Amputation 8 Severe Burn
2 Conc uss i on 9 Fracture Dislocation
3 In terna1 10 Contusion-Bruise
4 t~i nor B1 eedi ng 11 Abrasion
5 Severe Bleeding 12 Compl ai nt of Pain
6 t1i nor Burn 13 None Visible

2l. Driver's Status

0 Not Applicable or Unknown 5 C Inj ury
1 K or Apparently Dead 6 Incoherent
2 A or Unconscious 7 Shock
3 Semiconscious 8 Consci ous
4 B Injury 9 No Inj ury

22. Location of Driver's Physi cal Complaint

0 Unknown 7 Shoulder-Upper Arm
1 Head 8 Elbow-Lower Arm-Hand
2 Face 9 Abdomen-Pelvis
3 Eye 10 Hip-Upper Le9
4 Neck 11 Knee-Lower Leg-Foot

• 5 Chest 12 Entire Body
6 Back

•

•
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. Table C.l Fitted frequencies and odds ratios of non-drivable vs. drivable
accidents by vehicle maneuver, vehicle size, impact size, and
accident speed. (Source: 20% 197'6 North CilrolinD. data)

--r ..-

I Vehicle ~~neuver*

Impact Vehicle Vehicle
5peed Site Si~eh Drivable 1 2 3 4 5 6 7---

No 16.5 2.4 140.0 3.7 19.3 19.4 0.4
LM Yes 102.7 7.1 397.0 33.7 85.8 96.5 4.0

(Odds Ratio) (0.2) (0.3) (0.4) (0.1 ) (0.2) (0.2) (0.1 )--_._.'_...• - --
No 46.9 5.2 440.2 9.8 60.8 57.9 1.2

SI Yes 258.3 13.5 . 1100.6 77 .5 237.9 254.1 11.3
(Odds Ratio) (0.2) (0.4) (0.4) (0.1) (0.3) (0.2) (0.1 )

No 18.6 2.3 177.9 3.6 26.6 24.0 0.4
Front Co Yes 77 .5 4.6 336.2 21.7 78.8 79.6 3.1

(Odds Ratio) (0.2) (0.5) (0.5) (0.2) (0.3) (0.3) (0.1 )

No 35.9 2.9 266.1 7.1 37.4 36.4 0.4
S Yes 115.1 4.4 387.5 32.8 85.4 93.1 2.2

(Odds Ratio) (0.3) (0.7) (0.7) (0.2) (0.4) (0.4) (0.2)

No 8.1 1.4 95.9 2.7 11.7 11.8 0.5
Tr Yes 65.3 5.2 351.6 31.4 67.4 76.3 6.4

(Odds Ratio) (0.1) (0.3) (0.3) (0.1 ) (0.2) (0.2) (0.1 )

No 5.0 2.1 33.4 1.6 14.4 3.4 0.5
LM Yes 55.0 12.8 227.2 26.2 93.0 16.4 10.9

(Odds Ratio) (0.1) (0.2) (0.2) (0.1 ) (0.2) (0.2) (0.1)

No 14.1 4.5 104.6 4.1 45.0 10.2 1.5
SI Yes 137.7 24.4 626.9 60.1 256.8 43.0 30.4

(Odds Ratio) (0.1) (0.2) (0.2) (0.1 ) (0.2) (0.2) (0.1 )
----'--

No 5.4 1.9 40.3 1.5 18.8 4.0 0.5
Low Side Co Yes 39.4 7.9 182.7 16.1 81.2 12.9 7.9

(Odds Ratio) (0.1 ) (0.2) (0.2) . (0.1 ) (0.2) (0.3) (0.1 )--
No 10.3 2.4 60.1 2.8 26.4 6.1 0.5

5 Yes 58.4 7.5 209.8 24.2 87.6 15.0 5.7
(Odds Rat i 0) (0.2) (0.3) (0.3) (0.1 ) (0.3) (0.4) (0.1)
-

No 1.9 1.0 18.2 0.9 6.9 1.7 0.5
Tr Yes 27 .8 7.5 159.7 19.4 58.0 10.3 13.7

(Odds Ratio) (0.1 ) (0.1 ) (0.1) (0.1 ) (0.1) (0.2) (0.1)

No 18.3 2.4 9.8 1.2 5.6 12.5 1.1
LM Yes 207.4 10.7 88.6 9.3 43.5 107.7 71.6

(Odds Ratio) (0.1) (0.2) (0.1) (0.1 ) (0.1) (0. J) (0.0)

No 53.2 5.3 31.3 5.2 18.0 38.1 3.4
51 Yes 532.0 20.9 250.5 21.8 123.0 289.4 204.4

(Odds Ratio) (0.1 ) (0.3) (0.1 ) (0.2) JO.l ) (0.1 ) (0.0) __

No 22.1 2.5 13.2 1.2 8.3 16.6 1.3
Rear Co Yes 167.2 7.5 80.1 6.4 42.7 94.9 58.5

(Odds Rat i 0) (0.1) (0.3) (0.2) (0.2) (0.2) (0.2) (0.0)

No 40.3 2.9 18.7 2.3 11.0 23.8 1.1
5 Yes 234.9 6.7 87.3 9.2 43.7 105.0 39.7

(Odds Ratio) (0.0) (0.4) (0.2) (0.3) (0.3) (0.2) (0.0)
-

No 8.9 1.3 6.6 0.9 3.4 7.6 1.3
Tr Yes 130.7 7.9 77 .8 8.6 33.9 84.4 112.7

(Odds Ratio) (0.1) (0.2) (0.1) (0.1) (0.1) (0.1) (o.a)

*For recoded vall;es see page A-7
**LM: Luxury, r':edilJll; 51 ~ Standard, Intermediate; Co ~ Compact; S = Sub(:Qr;]poct. Imported; Tr = Trucks •
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Table C.l (Can't)
•

Speed
Impact
Site

Vehicle
Si ze**

LM

Vehicle
Drivable

No
Yes

(Odds Ratio)

Vehicle Maneuver'

1 2 3 4 5 6 7

8.8 2.3 302.0 5.5 35.6 17.2 0.7
25.5 2.2 335.5 19.1 71.7 39.0 1.5
(0.3) (1.0) (0.9) (0.;3) (0.5) (0.4) (0.5)

51
No
Yes

(Odds Ratio)

25.1 4.0 956.7 14.4 112.7 51.9 2.1
64.6 4.2 937.0 44.3 200.5 103.3 4.1
(0.4) (1.0) (1.0) (0.3) (0.6) (0.5) (0.5)

Front Co
No
Yes

(Odds Ratio)

10.1 2.2 389.3 5.4 49.7 21.6 0.8
19.5 1.4 288.2 12.5 66.9 32.6 1.1
(0.5) (1.6) (1.4) (0.4) (0.7) (0.7) (0.7)

No
Yes

(Odds Rat i 0)
Tr.

5
No 16.3 2.3 491.3 8.9 59.0 27.7 0.6
Yes 24.5 1.2 280.2 16.0 61.1 32.2 0.7

t-__-t.....:(_Od_d_s_Ra_t_io~)_I--:""(O_. 7...:.)__(:....1_.9..:..)__.:...(1_.8~)__(:....0_.6...:.)_~(_1._0.:....) _-.:..-(0_.9-.:.)__-.:(_0.---..:9!_

4.7 1.4 227.7 4.3 23.8 11.6 0.9
17.9 1.8 327.2 19.7 62.1 33.9 2.5
(0.3) (0.8) (0.7) (0.2) (0.4) (0.3) (0.4)

LM
No
Yes

(Odds Ratio)

5.0
27.1
(0.2)

1..7 106.1 4.7 37.6 9.0 0.8
3.5 298.2 32.1 116.6 20.6 4.1

(0.5) (0.4) (0.1) (0.3) (0.4) (0.2)

SI
No
Yes

(Odds Ratio)

14.2
68.2
(0.2)

Medi lIlI Side Co

5
No
Yes

(Odds Ratio)

Tr
No
Yes

(Odds Ratio)

2.1 0.8 63.5 3.0 20.0 4.8 0.9
15.0 2.3 230.8 26.1 80.1 14.2 5.7
(0.1) (0.3) (0.3) (0.1) (0.2) (0.3) (0.2)

lM
No
Yes

(Odds Ratio)

8.7
41.7
(0.2)

6.0
32.0
(0.2)

0.7
13.4
(0.1 )

No
51 Yes

(Odds Ratio)
I--.__...~.

Rear Co

5

No
Yes

(Odds Ratio)

No
Yes

(Odds Ratio)

Tr
No
Yes

(Odds Ratio)

5.8
54.3
(0.1 )

5.8
35.8
(0.2)

4.0
27.6
(0.1)

0.9
23.2
(0.0)

*ror recoded values see p<lge A-7
**lM" luxury, Nedium; 51 " 5tanddr'd, Intermediate; Co ~ Cornpact; 5; Subcompact. ImpoI'ted; Tr = Trucks.
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Table C.l (Can't)

*ror recoded val ues see page A-7
ulM = Luxury, ~1edilIn; 51 = Standard, Intermediate; Co = Compact; S = Subcompact. Imported; 11' = Trucks •

Vehicle Maneuver l

Impact Vehicle Vehicle
Speed Site Si ze** Drivab1 e 1 2 3 4 5 6 7

No 2.2 1.4 106.0 2.0 15.5 5.7 0.5
lM Yes 3.7 0.8 57.9 3.6 16.7 8.0 0.3

(Odds Ratio) (Q.6) (1.8) (1.8) (0.6) (0.9) (0.7) (1.7)

No 6.3 3.1 332.8 5.1 48.8 17.0 1.5
SI Yes 9.3 1.5 160.2 8.2 46.2 21.1 1.0

(Odds Ratio) (0.7) (2.1 ) (2.1 ) (0.6) (1.1) (0.8) (1.5)

No 2.5 1.4 132.6 1.9 21.1 6.9 0.5
Front Co Yes 2.8 0.5 48.3 2.3 15.1 6.5 0.3

(Odds Ratio) (0.9) (2.8) (2.8) (0.8) (1.4) (1.1 ) (1.7)

No 2.9 1.0 122.6 2.3 18.3 6.5 0.3
S Yes 2.5 0.3 34.4 2.1 11.0 4.7 O. 1

(Odds Ratio) (1.1) (3.3) (3.6) (1.1) (1.7) (1.4) (3.0)

No 1.5 1.1 100.4 2.0 13.1 4.8 0.8
Tr' Yes 3.3 0.8 70.9 4.6 18.1 8.8 0.8

(Odds Ratio) (0.5) (1.4) (1.4) (0.4) (0.7) (Q.6) (1.0)

No 1.4 1.2 45.1 1.9 18.8 2.9 1.0
lM Yes 5.2 1.7 72.9 7.8 36.3 4.8 2.0

(Odds Ratio) (0.3) (0.7) (0.6) (0.2) (0.5) (0.6) (0.5)

No 4.0 2.5 140.8 4.9 58.8 8.6 3.1
51 Yes 12.9 3.2 200.9 17 .9 100.1 12.7 5.5

(Odds Ratio) (0.3) (0.8) (0.7) (0.3) (0.6) (0.7) (0.7)

No 1.5 1.1 53.5 1.7 24.2 3.3 1.1
lIigh Side Co Yes 3.6 1.0 57.7 4.7 31.2 3.7 1.4

(Odds Ratio) (0.4) (1.1) (0.9) (0.4) (0.9) (0.9) (0.8)

No 1.8 0.8 49.3 2.1 21.0 3.1 0.6
5 Yes 3.3 0.6 41.0 4.4 20.8 2.7 0.6

(Odds Ratio) (0.6) (1.3) (1. 2) (0.5) (1.0) (1.2) ( 1.0)
--

No 0.8 0.7 33.8 1.5 12.5 1.9 1.3
Tr Yes 3.6 1.3 70.9 8.0 31.3 4.2 3.4

(Odds Ratio) (0.2) (0.5) (0.5) (0.2) (0.4) (0.5) (0.4)

-
No 4.7 1.8 4.0 0.5 4.5 2.1 0.4

lM Yes 18.5 1.9 9.0 1.0 10.7 6.6 2.3
(Odds Ratio) (0.3) (1.0) (0.4 ) (0.5) (0.4) (0.3) (0.2)

tlo 13.8 3.9 12.8 1.3 14.3 6.5 1.2
SI Yes 47.3 3.8 25.3 2.3 30.4 17 .8 6.4

(Odds Rat i 0) (0.3) (1.0) (0.5) (0.6) (0.5) (0.4) (0.2)--_._- -_.__._--
---"---'~--'----"------"------'-------'-'--'---'-'-_..._------------_._.

No 5.6 1.8 5.3 0.5 6.5 2.8 0.4
Rear Co Yes 14.7 1.3 8.0 0.7 10.4 5.8 1.8

(Odds Ratio) (0.4) (1.4) (0.7) (0.7) (0.6) (Q.S) (0.2)

No 6.4 1.3 4.7 0.6 5.3 2.5 0.2
S Yes 12.7 0.7 5.4 0.6 6.6 3.9 0.8

(Odds Ratio) (0.5) (1.9) (0.9) (1.0) (0.8) (0.6) (0.3)
f----------

No 3.2 1.4 3.7 0.5 3.7 1.8 0.6
Tr Yes 16.1 2.0 10.9 1.2 11.6 7.2 4.9

(Odds Ratio) (0.2) (0.7) (0.3) (0.4) (0.3) (0.3'- (0.1 )-_.

•



Appendix D. HSRC vehicle make and size groups.

Size Group Make-Model (Example)

Luxury Big Buick (Electra)
Cadillac (Fleetwood)
Big Pontiac (Bonneville)

MeditlTl Medium Buick (LeSabre)
Med i urn 01 dsmob il e (Delta 88)
Medium Pontiac (Catalina)

Standard Standard Chevrolet (Impala)
Standard Ford (Galaxie)
Standard Plymouth (Fury)

..

Intermediate

Compact

Domestic
Subcompact

Foreign

Chevrolet Chevelle (Chevelle Malibu)
Intermediate Ford (Fairlane)
Intermediate Oldsmobile (Cutlass)
Intermediate Pontiac (LeMans)

Chevrolet Nova
Ford Maverick
Ford Mustang
Plymouth Valiant

Chevrolet Vega
Ford Pi nto

Datsun
Toyota
VW Beetl e
VW Fastback

i
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