
 

This report is an electronically scanned facsimile reproduced from a 
manuscript contained in the HSRC archives. 
 

 
 

University of North Carolina 
Highway Safety Research Center  

e‐archives  
 
 
 
 
 

• Hunger, W.W., Reinfurt, D.W., Cyr, 

C.St., Stewart, J.R., Hirsch, M.G., 

Little, C.M., and Stutts, J.C. 

(1990). Analysis of Occupant 

Restraint Issues from State 

Accident Data. Chapel Hill, NC: 

University of North Carolina 

Highway Safety Research Center. 

 

Scanned and uploaded on
January 17, 2012 



ANALYSIS OF OCCUPANT RESTRAINT

ISSUES FROM STATE ACCIDENT DATA

William W. Hunter
Donald W. Reinfurt

Cheryl St. Cyr
J. Richard Stewart
Margaret G. Hirsch
Christine M. Little

Jane C. Stutts

September 1990

NHTSA PROJECT DTNH22-87-C-07103

University of North Carolina
Highway Safety Research Center

Chapel Hill, N.C. 27599-3430



This research was supported (in part) by the National Highway Traffic
Safety Administration (NHTSA). U.S. Department of Transportation.
Under Contract No. DTNH22-87-C-07I03. The opinions. findings and
recommendations contained herein are those of the authors. and do not
necessarily represent those of the NHTSA.



SECTION • J

I. ..... , N.

Analysis of Occupant Restraint Issues from
State Accident Data

Page 1 of 1
At tachment Ho.

Tech..iur Rtf"" Decw.... '.'i... 'e••
J. . .. ., ...,'. "",......

h~:-:::,:":"~~::--::~-:---:~,:",,,,,,-=-~~--~-~---------1I ' •• ,•••••• 0 , "'•.

HSRC-TR75
•. ' 0· •• · N._. ea ..

Highway Safety Research Center
University of North Carolina
CB #3430
Chapel Hill, N.C. 27599-3430

11 , .

National Highway Traffic Safety Administration
400 Seventh Street, S.W.
Washington, D.C. 20590

I). 1••• 4•••• ' •• , ......

I. At ..... '

It c: , , "'•.
DTNH22-87-C-07l03

... " " , c:.4.

Using police-reported crash data from a variety of states, this three-year
project (1987-1990) dealt with a series of occupant restraint questions defined
by NHTSA, plus other topical issues that emerged, such as the use of automatic
restraints in the population. Data for the analysis were derived from a multi
year 18-state data base that resides at NHTSA, plus data from the State of
North Carolina. A confounding factor in the analysis was the worse than
expected quality of the reported belt use data in accidents contained in the
individual state data bases, a problem sometimes referred to as the "lie
factor" in police-reported belt use. Because of motorists falsely claiming
belt use with the passage of mandatory belt use laws, some of the originally
planned analyses were substituted for analyses where belt use status was not
required.

Topics covered in this report include injuries to restrained and
unrestrained occupants, the effect of a state seat belt law on use, the effect
of a mandatory belt law on injury and fatality reduction using time series
analysis of Ohio and Louisiana injury data, ejection trends in Maryland before
and after the mandatory belt law, results of an on-road survey of automatic
seat belt use and misuse in North Carolina, and an investigation of the double
pair method of Evans (1986) for examining seat belt effectiveness.
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TECHNICAL SUMMARY

Background and Objectives

In the United States over the last two and a half decades, much has been

accomplished in terms of occupant injury reduction due to changes in the

vehicle, improvements in roadway crashworthiness, and to some extent,

modification of the driver's behavior. It is somewhat paradoxical that this

decrease in injuries has occurred without the widespread national use of

occupant restraints, even though restraints have existed in a great majority of

our vehicles for nearly two decades. Thus, the potential for additional safety

enhancements seems highly promising if an increase in occupant restraint use is

realized.

This report is the product of a three-year project (May 1, 1987 

September 30, 1990) that has focused on questions pertaining to occupant

restraints. Using police-reported crash data from a variety of states, the

project was primarily concerned with answering a series of occupant restraint

questions, plus other topical issues that emerged in regard to restraints.

Below are the five questions that were listed in the original solicitation that

were candidates for analysis:

1. How effective are restraints?

2. How are restrained people injured?

3. How can restraints be improved?

4. Who is using restraints?

5. How does a State law affect use of restraints?

Method

Data for the analysis were derived from a multi-year IS-state data base

that resides sat NHTSA. North Carolina is not included in the NHTSA data base;

nevertheless, these data were available for use in this project.

A confounding factor in the analysis was the worse than expected quality

of the reported belt use data in accidents contained in the individual state

data bases, a problem sometimes referred to as the "lie factor" in police

reported belt use. Because of motorists falsely claiming belt use with the

passage of mandatory belt use laws, some of the originally planned analyses

were substituted for analyses where new and reliable data were collected.
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Results

Injuries to Restrained and Unrestrained Occupants. To examine injuries to

restrained and unrestrained occupants, data from 1984-1986 for New Jersey,

whose belt law and enforcement became effective March 1985, were contrasted to

similar data for Pennsylvania, a proximate state without a belt law in 1984

1986. In general, covered occupants in New Jersey tended to experience less

A+K injuries, bleeding injuries, concussions, fractures/broken bones, head, and

face injuries. The New Jersey covered occupants experienced !2!! neck,

chest/abdomen and complaint of pain injuries. These findings generally held

across a variety of accident types.

Indiana injury data from 1985-1988 were similarly examined (belt law

effective July 1987). Like New Jersey, head and face injuries tended to

decline over time, and neck and chest/abdomen/pelvis injuries tended to

increase. This tendency was present for the different crash types examined.

However, most of these changes appeared to be long term and not directly

associated with the seat belt law.

To further address the question of how restrained people are injured, pre

law 1984 accident data for New Jersey and Pennsylvania were used in order to

minimize the bias in police-reported use rates found after the introduction of

a belt law. Not surprisingly, when seat belts were used the odds of sustaining

a major injury or being killed were about half as much as when belts were not

used. The percentage of head and face injuries was clearly smaller when belts

\~ere used, while a slightly larger percentage of belted occupants sustained

chest/abdomen injuries than unbelted occupants.

Effects of State Law on Belt Use. Assessing the effect of belt use

changes in accident data is not as straightforward now that the "lie factor" is

an issue. Unfortunately, the police officer often relies on the response given

by the accident victim, rather than looking for additional evidence of belt

use.

This analysis was primarily concerned with comparing accident versus

population-at-risk belt usage from North Carolina data. Results show that

effects of the "lie factor" are prevalent throughout the crash data, including:

(1) crashes investigated by the Highway Patrol (as well as all other crashes),

(2) crashes distributed by race and sex groups, and (3) fatal crashes. Thus,

analyses involving changes in mortality and morbidity arising from seat belt
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laws need to be designed so that reported belt use in the crash is ignored

(e.g., using time series to examine long term injury patterns).

Time Series Analysis of Ohio and Louisiana Injury Data. Accident victims

were classified as either "covered occupants" or "not covered others" and

structural time series models of the form used by Harry and Durbin (1986) in

their evaluation of seat belt legislation in Great Britain were used to analyze

these data series covering 1982-1987.

In Ohio the belt use rate rose from about 15 percent pre-law to about 47

percent just after enforcement. However, there was no evidence of a reduction

in motor vehicle related injuries at any severity level as a result of the seat

belt law. In Louisiana the belt use rate rose from about 12 percent pre-law to

about 36 percent post-law. Statistically significant decreases were shown for

both the percent killed and percent killed or seriously injured series for

"covered occupants." No significant intervention effects were found for the

"not covered" series, nor for two series focusing on ejection.

Effectiveness of a Belt Law in Reducing Ejection. Due to overreporting of

belt use in accidents, the alternative indirect approach of examining ejection

trends was used with Maryland data as a measure of effectiveness of the belt

law, since the ejection rate should decrease as reported and observed belt use

increases.

Besides examining ejection rates in injury related crashes, other

variables receiving close scrutiny included overturns, fixed-object crashes,

~nd vehicle wheelbase. As population belt use increased in Maryland during the

study period, ejection rates for both drivers and right front passengers

decreased, and the largest decreases were obtained after passage of the belt

law. The driver ejection rate in overturn crashes was similar. Regardless of

wheelbase greater than or equal to 102 inches, the ejection rates decreased

during the study period. Ejections in fixed-object crashes showed no clear

trend.

Usage Patterns and Misuse Rates of Automatic Seat Belts by System Type.

Since relatively little is known about the use and misuse of automatic seat

belts, observational data were gathered as part of North Carolina's on-going

statewide seat belt survey. Over 4,000 observations were obtained during three

sampling periods. License plate and vehicle description data were used to

obtain the vehicle identification number (VIN), from which belt system type was

obtained.
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Shoulder belt usage rates for all systems (automatic belts 79.6 percent,

air bags 73.9 percent, manual belts 76.3 percent) considerably exceeded the

statewide average of approximately 60 percent largely because these vehicles

are nearly all new model cars. Within the automatic belt group, usage was

highest (94.2 percent) for the motorized automatic shoulder/manual lap belt

system, intermediate (83.8%) for the non-motorized system with automatic

shoulder belts, and lowest (76.9%) for the non-motorized automatic

shoulder/automatic lap belt system. The results seen in North Carolina are

quite consistent with the 19-city U.S. DOT survey rates of 97.2 percent, 81.3

percent, and 76.9 percent, respectively.

In regard to misuse, only 30 percent of the drivers having a motorized

shoulder belt were also using the available manual lap belt. The three-point

non-motorized automatic belt systems were defeated nearly 25 percent of the

time. Further, drivers under age 25 had lower use rates than other age groups

except for the case of manual belts. Hales and females used automatic belts

with about the same frequency. Correct use rates for non-white drivers were

lower than for their white counterparts.

Double Pair Versus Traditional Belt Effectiveness Estimates. The double

pair comparison procedure was utilized by Evans (1986) to determine how

occupant characteristics affect fatality risks in traffic crashes. This

method, which originally used data from the Fatal Accident Reporting System

(FARS) , compares pairs of occupants in the same vehicle. By utilizing the

fatality risk of an "other" occupant in the same vehicle, the procedure

controls for many vehicle and roadway factors.

The analysis in this report, which uses the reliable seat belt data from

NeSS, estimates seat belt effectiveness for the driver and right front

passenger in reducing moderate, serious, and severe injuries (AIS ~ 2, AIS ~ 3,

and AIS ~ 4, respectively). The procedure yields estimates of 36 to 66 percent

effectiveness over these categories.

The findings by this technique are compared to traditional estimates

controlling for crash severity (Partyka, 1988). The results of the double pair

analysis are generally higher than the traditional approximations with regard

to seat belt effectiveness. Further, adjusting for damage type typically

produces the lowest estimates of belt effectiveness.
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CHAPTER 1. INTRODUCTION

Overview

This report is the product of a three-year project that has focused on

questions pertaining to occupant restraints. The project officially began on

May 1, 1987, and ended on September 30, 1990. Interim reports describing the

first and second years of effort are contained under separate cover (Hunter,

Reinfurt and Hirsch, 1988, and Hunter, Reinfurt, Stewart and St. Cyr, 1989).

The project was primarily concerned with answering a series of occupant

restraint questions, using police-reported crash data from a variety of states,

plus other topical issues that emerged in regard to restraints, such as the use

of automatic seat belts in the population. Shown below are the five questions

that were listed in the original solicitation that were candidates for

analysis:

1. How effective are restraints?

2. How are restrained people injured?

3. How can restraints be improved?

4. Who is using restraints?

5. How does a State law affect use of restraints?

Data for the analysis were derived from a multi-year 18-state data base that

resides at NHTSA. The process of acquiring the data was begun some years ago

by other NHTSA staff, although up to now only limited use has been made of the

data. North Carolina is not included in the NHTSA data base; nevertheless,

these data were available for use in this project.

Background

In the last two and a half decades, the motor vehicle death rate in the

U.S. has been cut in half -- from 5.63 deaths per hundred million vehicle miles

in 1964 to 2.46 in 1988 (Accident Facts, 1989 Edition). Our death rate is the

lowest in the world, and we have achieved this superior safety record without

addressing the occupant restraint issue to a significant degree until the mid

80's.

Much has been accomplished in terms of occupant injury reduction due to

changes in the vehicle, improvements in roadway crashworthiness, and to some

extent, modification of the driver's behavior. It is somewhat paradoxical that



this decrease in injuries has occurred without the widespread national use of

occupant restraints t even though restraints have existed in a great majority of

our vehicles for nearly two decades. Thus t the potential for additional safety

enhancements seems highly promising if an increase in occupant restraint use is

realized.

There are several factors now in place that may aid the process of having

more motor vehicle drivers and passengers using their available restraints.

First t Federal Hotor Vehicle Safety Standard (FHVSS) 208 had a major revision

in 1984 that spelled out a schedule of increases in th~ availability of

automatic restraints and/or air bags in newly manufactured passenger cars. The

schedule called for passive restraints (i.e. t automatic belts or bags) to be

available in 10 percent of the model year 1987 cars t in 25 percent of the cars

in model year 1988t in 40 percent of the cars in model year 1989 t and in all of

the 1990 model year cars t unless two-thirds of the U.S. population was covered

by mandatory belt laws meeting certain criteria established by the U.S. DOT.

Second t mandatory laws were passed in a number of states t with well over two

thirds of the U.S. population being covered t but the above mentioned schedule

imposed by FHVSS 208 was not rescinded as many of the laws did not meet the DOT

criteria. And thirdlYt the automotive manufacturers started developing new

automatic belt designs that would be expected to lead to increased restraint

use.

Given the present situation t there continue to be identifiable restraint

related research needs t including:

1. How the increased number of mandatory belt laws affect
restraint use t

2. The need for information on population subgroups continuing
to ride unrestrained t and

3. The need for more information concerning the injury-related
effectiveness of the various restraint designs now being
marketed.

The current version of FHVSS 208 plus the enactment to date of 38 safety

belt laws is an historically important set of interventions on behalf of

highway safetYt notwithstanding the fact that belt laws have been rescinded in

Massachusetts t Nebraska t and Oregon. The monitoring of this process is

therefore of utmost importance. It is essential for NHTSA and the national
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research community to be able to quantify the degree of success of safety belt

laws as well as safety belt designs, not only to optimize the effects of the

laws, but also to optimize planning for (1) future occupant restraint systems,

(2) further improvements in vehicle interior design, and (3) considerations of

crashworthiness designed in highway appurtenances and other life saving

treatments.

Data Acquisition and Management

During the course of the project, the following states' crash data tapes

(in SAS format) were received from NHTSA by the Highway Safety Research Center

(HSRC) :

Indiana
Kansas
Louisiana
Maryland
Michigan
New Jersey
Ohio
Pennsylvania
Texas
Washington

Years Available

1984-1988
1984-1986
1982-1987
1984-1986
1982-1985
1984-1986
1982-1987
1984-1986
1984-1986
1982-1986

After tape copies were made, 20 to 30 individual records from each tape

were printed to verify that the tapes contained usable data. Relevant fields

were examined to ensure that data values were what would be expected based on

the state code books. Frequency counts on many relevant fields were also made.

In general, each state's data are different enough that standardization

across states is not usually possible, making it necessary to carry out

analyses within states. Very similar variables across states, such as dates,

position in vehicle, or injury type, could be standardized across states to an

extent by naming and formatting conventions. However, most other attempts to

force data sets from different states into rigid formats would not have been

useful -- a lesson learned in a previous NHTSA project entitled, "Trend

Analysis: State and National Accident Summary Files" (Reinfurt, Rodgman and

Stutts, 1982).
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Project Limitations

Analysis questions were formulated by HSRC and NHTSA staff on a year-to

year basis. During the first year of the project, emphasis was directed toward

the following two questions:

- How are restrained people injured?

- How does a State law affect use of restraints?

After examining these issues, it was apparent that some of the original

proposed project activity could not be explored with much chance of success.

The confounding factor was the worse-than-expected quality of the reported belt

use data in accidents contained in the individual state data bases, a problem

sometimes referred to as the "lie factor" in police-reported belt use. Even

before the project began, it was clear from North Carolina data that the

officer-reported belt use status was much less reliable than it was prior to

the law. More than ever, motorists falsely claimed belt usage because "it is

the Law."

As an example, North Carolina is generally considered to have good traffic

records data. Even with good reporting agencies, the North Carolina data in

Table 1.1 show huge differences between population belt use data and the

reported belt use for drivers in crashes after the initiation of a belt law.

And contrary to numerous previous studies, belt use in crashes was higher than

in the driving population throughout the citation phase.

At the project outset, it was believed that adjustments to the post-law

crash data might be made based on pre-law outcomes. However, adjusting for the

"lie factor" in police-reported belt use did not prove to be feasible. Thus,

instead of closely following the original set of questions, HSRC and NHTSA

staff had to find alternative ways of seeking answers to restraint questions

when reliable belt data by age, sex, seating position, and other variables was

not available.

Report Composition

What follows are chapters pertaining to the variety of restraint questions

that were pursued. Topics covered include injuries to restrained and

unrestrained occupants (Chapter 2), the effect of a state seat belt law on belt

use (Chapter 3), the effect of a belt law on injury and fatality reduction

using time series analyses of Ohio and Louisiana injury data (Chapter 4),

ejection trends in Maryland before and after the mandatory belt law intended to
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Table 1.1. Percent driver belt use reported in crashes and
in the population-at-risk in North Carolina.

Driver Belt Use %

In the
Belt Law In Population-

Period Time Period Crashes at-risk

Pre-law September 1985 31 26

Oct. - Nov. 1985 68 47

Warning January 1986 44
Ticket
Phase June 1986 45

October 1986 45

December 1986* 62

$25 January 1987 78
Citation

Phase June 1987 67

October 1987 65

December 1987* 89

January 1988 62

June 1988 65

December 1988* 88

January 1989 60

June 1989 61

December 1989* 89

January 1990 58

*The data reported for December in 1986-1989 actually cover all
reportable crashes in the State for the particular year.
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reflect changes in belt use in the post-law period (Chapter 5), results of a

survey of automatic seat belt use and misuse in North Carolina (Chapter 6), and

an investigation of the double pair method of Evans (1986) for examining seat

belt effectiveness (Chapter 7).
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CHAPTER 2. HOW ARE RESTRAINED PEOPLE INJURED?

New Jersey - Pennsylvania Comparisons

To answer a question like this. data beyond the normal police-reported

KABCO (K-killed. A-major injury. B-moderate injury. C-complaint of pain. O=no

injury) coding scheme used by most states are needed. Two states in the system

having supplemental injury data are New Jersey and Pennsylvania. Both of these

states routinely collect type and location of the most severe injury sustained

in a motor vehicle accident. Common codes for injury type include amputation.

bleeding. concussion. broken bones. burns. contusions/bruises/abrasions. etc.

Location codes include body areas such as head. face. neck, chest. arms, legs,

entire body, etc.

Besides having comparable injury codes, another advantage to using

these two states is that for the period of analysis. New Jersey had enacted a

seat belt use law (SBUL) whereas Pennsylvania had not. New Jersey's SBUL

became effective March 1, 1985, while Pennsylvania's SBUL did not become

effective until November 23, 1987. The years of data included in the present

analysis were 1984-1986 for both New Jersey and Pennsylvania.

Seat belt use in the driving population within each state for the

period under consideration is certainly an important variable. but only limited

population belt use data are available. One source of belt use data is a

report by Campbell. Stewart. and Campbell (1988) that examines the belt law

experience in the United States for 1985-1987. Direct observation survey data

reported for New Jersey ("overall percent use") are the following:

Date

February 1985

July 1985

July 1986

January 1987

August 1987

Belt Use Rate Comments

18~ Pre-law

42~ Law and enforcement
became effective
March 1985

357-

35~

41~



Thus, after the law and enforcement became effective in March of 1985, the belt

use rate more than doubled.

Pennsylvania had no statewide observation scheme in place for the period

covered by this analysis; a sampling scheme is now being implemented to help in

evaluating their belt law. Belt use in accidents was about nine percent in

1984 and 32-33 percent in 1986.

New Jersey and Pennsylvania are proximate and comparable in other respects

as well. They are both heavily populated states -- Pennsylvania with a

population of 11.8 million, the fourth most populous state, and New Jersey at

7.6 million, the ninth most populous. On a square mile basis, New Jersey is

the most densely populated of all states, but Pennsylvania has the eighth

highest population residing in ~~tro areas. A few additional comparisons:

Pennsylvania has 7.9 million licensed drivers compared to New Jersey's 5.8, and

7.2 million registered vehicles (cars, trucks, and buses) to 4.9 in New Jersey.

In both states motor vehicle related deaths per 100,000 population are

relatively low -- 15.0 for Pennsylvania (41st highest in the nation) and 13.1

for New Jersey (46th highest) (all data from Statistical Abstracts of the

United States, 1987, U.S. Department of Commerce).

In addition to these similarities, there are clear differences between the

two states. Most obvious is Pennsylvania's greater land mass and more

extensive rural land use. Whereas 93 percent of Pennsylvania's land use is

classified as rural, only 75 percent of New Jersey's is so classified.

Pennsylvania also has a much more extensive system of rural (non-Federal aid)

roadways -- 87,000 miles versus only 11,500 miles for New Jersey.

Some of the analytical focus of Question 2 concerns changes in injury

patterns as related to belt use. In this regard, much of what follows

disregards the belt use in the crash as reported by the investigating officer

~rimarily because there is a known and sizable bias in this variable with the

passage of SBUL's. As we analyzed the data, we examined various distributions

containing an indication of belt status, but mainly to be sure that the trends

were in the right direction -- that is, that restrained occupants showed a less

severe injury pattern -- as was indeed the case.

The analyses also pay particular attention to occupants in vehicles

covered by the SBUL as well as to those not covered by the SBUL who serve as

comparison groups. Since the New Jersey law pertains to front seat occupants

of passenger vehicles, these were designated as "covered," with rear seat
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occupants as well as occupants of non-covered vehicles (vehicles other than

passenger cars, station wagons, and vans) being designated as "not covered."

Similar comparisons were performed with Pennsylvania front-seat occupants (the

Pennsylvania data used being pre-law).

To try to ensure more uniformity in regard to type of restraint used,

children under five years of age were deleted from the analyses. This should

eliminate the vast majority of occupants in child restraint devices.

One final strategy was to attempt to delete older vehicles (say, 1973 and

earlier) from consideration, so that lap and shoulder restraint systems would

generally be the three-point type. However, it was determined that while New

Jersey routinely collects model year information for each accident-involved

vehicle, this information is not processed for analysis. Thus, the data could

not be subsetted in this manner. For uniformity, the model year filter was not

applied to the Pennsylvania data.

Trends Across Time

What follows are comparisons of the New Jersey and Pennsylvania data,

concentrating on covered occupant lnJury patterns for various types of crashes.

We first examine injury patterns in all crashes and then follow with

examinations of injury patterns for specific crash types (e.g., rollovers,

~ead-on crashes, etc.). It should be noted that different reporting thresholds

are in effect for the two states. Both states require crashes to be reported

in case of injury. In regard to property damage, New Jersey has a minimum of

$500 to anyone party, while Pennsylvania requires property damage of an amount

sufficient to prevent the vehicle from being driven away. Thus, one would

expect the Pennsylvania criteria to result in a higher average crash severity.

KABCO - Like Results. Figure 2.1 shows KABCO-like results for the covered

occupants in the two states for all crashes. New Jersey injury codes are

standard -- killed, incapacitated, moderate injury, complaint of pain, and

uninjured. The Pennsylvania injury codes substitute the category "minor

injury" for "complaint of pain," so that the scale is killed, major injury,

moderate injury, minor injury, and no injury. Examining the injury data for

the two states, it would appear that the definitions of fatal, major, and

moderate injuries are reasonably consistent. Plotting the percentages of fatal

injuries, major injuries, and moderate injuries by quarters across several

years shows (as expected) little, if any, change in the Pennsylvania data
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(Figure 2.1a). The moderate injuries show a slight downward trend in New

Jersey after the SBUL became effective during the first quarter of 1985,

although this trend actually started prior to the law's onset and leveled off

during 1986. The percentages of fatal and major injuries in New Jersey appear

unchanged across all time periods (Figure 2.1b).

The differences in the magnitudes of the percentage values for the two

states (with Pennsylvania being consistently higher) most likely relates to the

accident reporting threshold. For further detail, see the Appendix A tables

which contain both frequencies and percentages from which the figures in the

text were derived.

Injury Type. Figure 2.2 concerns certain common injury types for covered

occupants for all crashes. The injury types reported here (and at other places

in the text) are ones in which there were sufficient cell sizes to make

comparisons, as well as representing injury types where a belt law might be

expected to show some effect. Although the percentages of concussions and

broken bones are relatively small in Pennsylvania (1-2 percent), the trends

across time are basically flat. In New Jersey, both fractures/dislocations and

concussions are generally less frequent after the SBUL (although again small in

magnitude). The percentage of internal injuries (not available for

Pennsylvania) appears, if anything, somewhat higher after passage of the SBUL.

Figure 2.3 shows bleeding injuries and complaint of pain injuries for the

covered occupants in all accidents. While the percentages of bleeding

occupants are relatively unchanged in both states, the complaint of pain

percentages have gradually risen in both states, although in NJ this trend

appears to have leveled off.

Body part injuries in all accidents are portrayed in Figure 2.4. For

Pennsylvania, all plots are relatively flat. In New Jersey, the percentage of

head injuries to covered occupants appears to have decreased since the SBUL,

while the percentage of neck injuries appears to have increased. Injuries to

the face also appear to have decreased slightly.

Injury Percentage Reductions. The plots across time in Figures 2.1-2.4

generally did not provide a clear indication of injury changes. To examine the

changes in further detail, specific comparisons were made for both states

across comparable time periods, namely April - December 1984 (pre-law for New

Jersey) versus April - December 1985 (post-law for New Jersey). To attempt to
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x 100

quantify the respective changes, one can compare the respective percentage

reductions, namely, for New Jersey

(% A+K pre) - (% A+K post)

% A+K pre

= 1.58 - 1.48

1.58
x 100

.. 6.3%

and similarly for Pennsylvania, a 2.3 percent reduction where no belt law was

in effect (see Table 2.1).

To examine shifts in nature of injury (Figures 2.2 and 2.3 along with

Tables A.2 and A.3) as well as body region of injury (Figure 2.4 and Tables A.4

and A.5), one can again look at percentage reductions across time periods

between the two states. Table 2.1 presents the results for those injury types

,:nd/ or body reg ions with reasonable sample sizes.

Table 2.1. Percentage reduction for injury level, nature of injury, and
body region when comparing April - December 1984 versus
April - December 1985 for New Jersey and Pennsylvania.

Percentage Reduction

NJ PA
Criterion (Belt Law 3/85) (No Belt Law)

Injury Level:
A+K 6.3 2.3
Any Injury 1.1 1.2

Nature of Injury:
Bleeding 9.7 1.7
Concussion 16.7 9.1
Fracture/Broken

Bones 8.3 1.9
Complaint of Pain -5.8 -4.7

Body Region:
Head 11. a 2.8
Face 6.2 5.6
Neck -13.2 -5.3
Chest/Abdomen -22.9 1.6
Arms -3.7 5.2
Legs 1.5 -1.3
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As one might hypothesize. the percentage reduction in bleeding, concussion

and/or fracture/broken bones is in the right direction and greater in the belt

law state of New Jersey. It is also reasonable that the complaint of pain

"reduction" is actually an increase (note the use of the negative sign), since

belt effectiveness would likely result in some minor and moderate injuries

shifting into the complaint of pain category.

With respect to body region, the New Jersey percentage reductions are

greatest for the head and face and, in the opposite direction (i.e.,

increases), for neck and chest/abdomen. There is a mixed message for the

extremities. Other than for the extremities. these overall results (New Jersey

and Pennsylvania) are reasonably consistent with the literature with respect to

relative changes in location of injury resulting from increasing belt usage.

A Comparison of Rollover and Non-Rollover Accidents. Figures 2.5-2.11

pertain to comparisons of covered occupants in rollover and non-rollover

crashes. Figure 2.5 shows the percentages of A+K (serious and fatal) as well

as bleeding injuries in rollover crashes. The Pennsylvania data are remarkably

similar, although more variable, and likewise seem to follow a seasonal trend

across the three years. The A+K plot for New Jersey shows a downward trend

following the enactment of the seat belt law, but increasing slightly during

1986. The percentage of bleeding accidents shows no clear trends over time.

As would be expected from the reporting criteria, the percentages of these more

serious A+K accidents are somewhat greater in Pennsylvania.

Figure 2.6 is a companion plot for Figure 2.5 and concerns the percentages

of A+K and bleeding injuries in non-rollover crashes. While the Pennsylvania

plots are again reasonably flat, the percentage of bleeding injuries in non

rollover crashes appears to be declining after the SBUL in New Jersey.

Figure 2.7 portrays the percentage of uninjured covered occupants for both

rollover and non-rollover crashes in the two states. In Pennsylvania, the

percentage of uninjured occupants in non-rollover crashes remains "constant" at

around 82 percent, as compared to a "constant" value of about 73 percent for

New Jersey. For the rollover crashes, the percentage of uninjured occupants in

Pennsylvania fluctuates between roughly 55 and 70 percent. In New Jersey, the

fluctuation is between 40 and 55 percent, with no clear trend.

The final rollover/non-rollover plots pertain to the body part injured

(Figures 2.8-2.11). Figures 2.8 and 2.9 show the rollover crash injuries.

Except for mild fluctuations within the head injury plot, the Pennsylvania data
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are relatively constant over time. In New Jersey, the trends are far from

clear, with only the percentage of occupants with face injuries in rollover

crashes appearing to decrease slightly after the SBUL.

Figures 2.10 and 2.11 are the companions to Figures 2.8 and 2.9 and

concern non-rollover crashes. Once again, the Pennsylvania data are relatively

constant, while the New Jersey head, neck and face plots show slight

variability (Figure 2.10). The percentages of New Jersey head and face

injuries appear to be decreasing over time, while neck, back and

chest/abdomen/pelvis injuries appear to be slightly increasing.

A Comparison of Head-On and Non-Head-On Accidents. The next crash types

analyzed were head-ons versus non-head-ons. Head-on is defined as frontal,

corner-to-corner damage. The figures follow the same scheme as before and

concern only covered occupants. Figure 2.12 shows the percentage of occupants

in head-on crashes with A+K and/or bleeding injuries. In Pennsylvania, the A+K

plot appears to have a slight upward trend, while the bleeding injury plot

appears relatively flat. The same general tendency was present in the New

Jersey data, although the data are more variable.

Figure 2.13 is the companion plot for Figure 2.12 and pertains to the non

head-on crashes. About the only change is a slight downward trend for the

bleeding injuries plot for New Jersey.

Figure 2.14 shows the percentage of uninjured occupants for both head-on

and non-head-on crashes in the two states. Both the Pennsylvania and New

Jersey data look quite constant over time.

The final graphs in this series (Figures 2.15-2.18) concern the body part

injured in head-on and non-head-on crashes. For Pennsylvania head-on crashes,

the only plot with any apparent slope is that for head injuries, where the

trend is slightly upward (Figure 2.15a). Neck injuries may also be increasing

but the trend is even less pronounced than for head injuries. The same

tendency for neck injuries is present for the New Jersey data (Figure 2.15b),

while the head injuries appear relatively constant over time. For New Jersey,

chest/abdomen/pelvis injuries are increasing over time (Figure 2.16).

For the non-head-on crashes (Figures 2.17 and 2.18), the Pennsylvania

plots are all relatively flat. For New Jersey, the head injuries appear ~o

decline slightly over time, while the neck, back and chest/abdomen/pelvi~

injuries appear to increase (Figures 2.17b and 2.18b).
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A Comparison of Single-Vehicle and Multi-Vehicle Accidents. The last

iteration in this series deals with single-vehicle and multi-vehicle accidents.

In Figure 2.19, the Pennsylvania single-vehicle A+K and bleeding injuries

appear to cycle across time in a manner similar to that for rollover accidents

(Figure 2.5), while the single-vehicle bleeding accidents in New Jersey appear

to be declining over time. The same type of pattern holds for the mu1ti

vehicle crashes (Figure 2.20), except that the Pennsylvania cycling trend has

disappeared.

Figure 2.21 concerns the single and multi-vehicle crashes with uninjured

occupants. While the Pennsylvania data seem to lack direction, the percentage

of uninjured occupants in single vehicle crashes have been increasing after the

SBUL in New Jersey.

Single-vehicle body part injuries are covered in Figures 2.22 and 2.23,

and the percentage of head injuries appears to decline in New Jersey (Figure

2.22b). Face injuries also appear to decline slightly, while neck injuries

show a slight increase. The Pennsylvania plots are all relatively flat.

Finally, Figures 2.24 and 2.25 concern body part injuries for mu1ti

vehicle crashes. For New Jersey (Figure 2.24b), the plot is very similar to

the head-on crashes shown earlier in Figure 2.17, where the head injuries

appear to be declining over time and the neck injuries increasing. In

addition, it appears from Figure 2.25b that both back and chest/abdomen/pelvis

~njuries are increasing across time in New Jersey multi-vehicle accidents.

Real or Reporting Changes. Since it is possible that any of the trends

observed in either the New Jersey or Pennsylvania data could reflect changes in

data collection procedures rather than actual changes in accidents and/or

injuries, an attempt was made to contact appropriate personnel in both states

to ascertain that this was not the case and that any observed trends were in

fact genuine. The New Jersey contact in their highway safety office's seat

belt section indicated that their office only looked at changes in numbers of

injuries and fatalities as a result of the law, and not changes in injury

locations, etc. Nevertheless, he was unaware of any event over the past

several years that might have affected this coding. He noted that with passage

of the New Jersey belt law there had been an increased emphasis placed on the

officers to fill out accident report forms completely, but no changes in how

they were to fill out the form. For coding information such as location of
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injury, officers were continuing to rely primarily on whatever claims were made

by the victim.

Similarly, for Pennsylvania (where no seat belt law was in pL: during

the time period of this analysis), our contact in the Informationnagement

Division of the State DOT indicated that there had been no change~ ~n accident

reporting procedures, and that no training or other intervention that might

affect coding of injuries had taken place (at least not on a large scale).

Like the New Jersey contact, he indicated a general increased awareness of seat

belt issues by the police and highway patrol, but did not feel that these would

have impacted on the injury coding. (The same would also be true for North

Carolina.) From these contacts, it does appear that any observed trends in our

New Jersey and Pennsylvania data should reflect real changes in

accidents/injuries, rather than changes in reporting or coding procedures in

these states.

Restrained Occupant Injury Trends Using Indiana Data

Similar to New Jersey and Pennsylvania, the Indiana accident report form

contains supplemental injury codes pertaining to injury type and body location.

A major difference, however, is that uninjured occupants are excluded from the

accident report form. Thus, the analyses that follow necessarily pertain to

drivers only.

The Indiana belt law became effective in July 1987. Our analysis period

begins with the start of the 1985 calendar year and ends with the third quarter

of 1988. Thus, five quarters of injury data are available following the onset

of the law.

Statewide seat belt use data for the driving population are available from

on-road surveys conducted by Indiana University and Purdue University, as shown

below:

Belt Use
Date Rate Comments

May 1985 20% Pre-law
June 1987 28% Pre-law
August 1987 51% Immediate post-law
October 1987 46% Post-law
April 1988 43% Post-law
July 1988 46% Post-law
October 1988 44% Post-law
April 1989 44% Post-law

2-34



Thus, the belt use rate almost doubled after enforcement of the law became

effective, with a small decline thereafter.

The analyses for Indiana are similar to those performed with the New

Jersey and Pennsylvania data. In other words, the belt use in the crash as

reported by the investigating officer is disregarded because of the known bias

in this variable with the passage of SBUL's. The analyses pay attention to

occupants in vehicles covered and not covered by the law. "Covered" occupants

are drivers of passenger vehicles, while "not covered" occupants are the rear

seat occupants of passenger vehicles as well as occupants of non-covered

vehicles (vehicles other than passenger cars, station wagons, and vans).

Finally, children under five years of age were deleted from the analyses to

eliminate the vast majority of occupants in child safety seats.

KABCO-Like Results. The reporting threshold for Indiana is $200, as

compared to $500 for New Jersey and property damage of an amount that makes the

vehicle a "towaway" for Pennsylvania. The Indiana accident report form does

not use standard KABCO codes, but NHTSA has developed an algorithm that

converts their injury classifications to the KABCO scale. Figure 2.26 portrays

the KABCO-like results for covered drivers in all accidents. The percent of

drivers killed, injured, or not injured across time is virtually unchanged.

Injury Type. Figure 2.27 concerns the injury type for covered drivers.

While there appears to be a downward trend (actually starting before the belt

law) for injuries like abrasions, contusions, and bruises, the more serious

injuries like fractures/dislocations and internal injuries appear relatively

unchanged.

Injury distributions are shown in Figure 2.28 for bleeding, serious and

fatal (A+K) , and complaint of pain injuries. Starting in 1985, the percentages

of drivers with bleeding and A+K injuries show slight downward trends (with the

bleeding injury trend more pronounced), while the complaint of pain injuries

seem to exhibit only seasonal variation.

Figures 2.29 and 2.30 pertain to injured body parts. Both head and face

injuries (Figure 2.29) appear to be declining over time, although it is not at

all clear whether the decline is associated with the onset of the seat belt

law. Neck injuries appear to be slightly increasing. The trends for the head

and neck injuries are similar to the results in New Jersey. Chest/abdomen/

pelvis injuries (Figure 2.30) appear to have increased since the onset of the
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seat belt law, while knee/lower leg and elbow/lower arm injuries appear to have

slightly declined.

A Comparison of Rollover and Non-Rollover Accidents. The remaining

portion of this analysis covers several accident types, the first of which are

rollovers and non-rollovers. Figure 2.31 pertains to serious (A+K) and

bleeding injuries. Here the Indiana data behave much like the Pennsylvania

data, in that there is some seasonal variation, although no apparent upward or

downward trend. Figure 2.32 is a companion plot that pertains to non-rollover

serious (A+K) and bleeding injuries. The non-rollover bleeding injuries seem

to be decreasing over time, but the effect appears to be long term and not

associated with the onset of the seat belt law.

Figure 2.33 portrays the percent of uninjured drivers in rollover and non

rollover crashes. While the percent uninjured in non-rollover crashes appears

relatively constant at around 86 percent, a range in percent from about 40 to

60 is the case for the drivers in rollover crashes, with perhaps only a

seasonal trend.

The last set of plots (Figures 2.34-2.37) for this group concern the part

of the body injured. In Figure 2.34, neck injuries appear to be slightly

increasing over time, while the trends for head and face injuries are unclear.

For the non-rollover crashes (Figure 2.35), both the head and face injuries

appear to slightly decrease after the seat belt law, while again the opposite

is true for the neck injuries. For the other body parts, only the

chest/abdomen/pelvis injuries show much of a change over time, and here the

trend is slightly upward for the non-rollover crashes (Figure 2.37).

A Comparison of Head-On and Non-Head-On Accidents. The next accident

types examined are head-on and non-head-on impacts. Figure 2.38 portrays the

serious (A+K) and bleeding injuries for the head-on impacts. Although the

trend is not strong, it appears that over time the bleeding injuries are

slightly decreasing. This change does not appear to be associated with the

onset of the seat belt law, however. The same type of result appears for the

non-head-on accidents (Figure 2.39). The percentage of drivers uninjured in

both head-on and non-head-on crashes appears unchanged over time (Figure 2.40).

Examining the driver body part injuries shows some change for these

crashes. In head-on events, injuries both to the head and face appear to

decline over time, while neck injuries again appear to slightly increase

(Figure 2.41). However, none of these changes appear directly related to the
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seat belt law. The same types of changes can be seen in the non-head-on

crashes (Figure 2.42). In this plot. however. there does appear to be a shift

to fewer head injuries after the belt law becomes effective.

Figures 2.43 and 2.44 show injuries to other parts of the body. The only

apparent change involves an increase to chest/abdomen/pelvis injuries. and in

both plots the changes appear to occur when the seat belt law becomes

effective. The overall trends for injuries by body region resemble those for

New Jersey and Pennsylvania.

A Comparison of Single-Vehicle and Multi-Vehicle Accidents. The next

crash types examined are single-vehicle and multi-vehicle. For single-vehicle

serious (A+K) and bleeding injuries. some seasonal variation is present but no

clear cut trend (Figure 2.45). The multi-vehicle crashes show a slight

downward trend over time for these same injuries (Figure 2.46). but the trend

seems long term and not associated with the seat belt law. The increased

severity of the single-vehicle compared to the multi-vehicle crashes is evident

in Figure 2.47 (uninjured drivers), but no trend within crash type can be

identified.

For the body part injuries, the results are similar to those seen for

other Indiana crashes. The trends show decreases in head and face injuries and

an increase in neck injuries for both single- (Figure 2.48) and multi-vehicle

(Figure 2.49) crashes. The single-vehicle plots show no apparent changes for

the other body part injuries (Figure 2.50). but the multi-vehicle plots show a

slight increase in chest/abdomen/pelvis injuries over time (Figure 2.51). Once

again. none of these changes appears to be associated with the seat belt law.

Summary. For the Indiana data examined. the changes in the percentage of

injuries for drivers covered by the seat belt law are relatively similar to

those seen for the covered occupants in New Jersey. For all accidents. head

and face injuries tend to decline over time. and neck and chest/abdomen/pelvis

injuries tend to increase. The same tendency is present for the different

crash types examined. However. almost all of the changes appear to be long

term and not directly associated with the seat belt law.

A Comparison of Restrained and Unrestrained Occupants

To address the question of how restrained people are injured, we used pre

law 1984 accident data for New Jersey and Pennsylvania in order to minimize the

bias in police-reported usage rates found after the introduction of a belt law.
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Data from 1984 are the earliest available data for both states in this current

report. All occupants in passenger vehicles over the age of five are included

and have been categorized according to restraint usage: belted or non-belted.

An attempt was made to exclude vehicles whose model year was pre-1974, but due

to model year not being available for New Jersey, this could not be done.

Data available to characterize injuries in both New Jersey and

Pennsylvania are injury severity, nature of injury, and injury location. These

data were compared for belted and non-belted occupants within each of the

states for all crashes. Also of interest was how occupants are injured in

specific types of crashes. These types include: rollovers, head-ons, single

vehicle crashes, and ejection accidents. The statistical significance for

selected comparisons is assessed by means of the z-statistic for the difference

of two proportions (Fleiss, 1973).

Overall Results. From Figure 2.52, for all accidents in Pennsylvania and

New Jersey, occupants who are belted are injured less, and when injured sustain

less severe injuries then those occupants who are nonbelted. In New Jersey,

the proportions of restrained and unrestrained occupants who are uninjured are

77 percent and 72 percent, respectively, while in Pennsylvania, the

corresponding proportions are 90 percent and 82 percent. (Pennsylvania, even

with its higher reporting threshold, has a higher proportion of uninjured

occupants because complaint of pain injuries are included with the uninjured.)

In both states, these differences are significant (p < .001). When seat belts

are used, the odds of sustaining a major injury or being killed are about half

as much as when seat belts are not being used. For New Jersey, the proportions

are 0.9 percent vs. 1.6 percent, belted vs. not belted, and for Pennsylvania

1.4 percent vs. 3.3 percent, respectively.

The most common injury types for all occupants of vehicles involved in

accidents are: complaint of pain; bleeding; contusions, bruises and abrasions;

fractures and dislocations; and concussions. The difference in the proportion

of restrained and unrestrained occupants reporting complaint of pain as the

most severe type of injury was minimal in both states (15.8 percent vs. 16.5

percent, respectively, in New Jersey, and 4.2 percent vs. 5.2 percent.

respectively. in Pennsylvania); likewise. for the proportion reporting

contusions. bruises and abrasions as their most severe type of injury.

Concussions. fractures and dislocations, and bleeding injuries were about twice
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as likely to happen to non-belted occupants as belted occupants in both New

Jersey and Pennsylvania. (See Figures 2.53 and 2.54)

Figure 2.55 shows the distribution of injury locations for all occupants

in both New Jersey and Pennsylvania. The percentage of head (H) and face (F)

injuries is clearly smaller when belts are used than when belts are not used.

In New Jersey. the percentage of neck (N) injuries rises slightly when seat

belts are used compared to when belts are not being used. while in Pennsylvania

the percentage of neck injuries is slightly smaller when seat belts are used.

For both states. again a slightly larger percentage of belted occupants

sustained chest/abdomen (C) injuries than non-belted occupants.

Rollover Accidents. Figure 2.56 shows the distribution of the percentage

uninjured occupants -- belted and non-belted -- in rollover (R) accldents and

all other (0) accidents. A smaller percentage of occupants remain uninjured in

rollover accidents than in other accidents. and in both New Jersey and

Pennsylvania the percentage of uninjured is consistently higher for restrained

occupants than for unrestrained occupants. The percent injured in New Jersey

in rollover accidents is 53 percent for unrestrained occupants and 45 percent

for restrained occupants. In Pennsylvania. the corresponding percentages of

injured occupants in rollover accidents are 40 percent and 23 percent. Both of

these differences are significant at the p • .001 level.

Figure 2.56b shows A+K comparisons for rollover (R) and non-rollover (0)

accidents. In both states the percentage of A+K is highest for unrestrained

occupants in rollover accidents. In Pennsylvania. more so than in New Jersey.

there is a reduction in A+K injuries when belts are used. In New Jersey. the

percentages of A+K injuries are 6.3 percent and 4.8 percent for unrestrained

and restrained occupants. respectively. and in Pennsylvania are 10.3 percent

and 4.2 percent, respectively. The difference in the proportion of A+K

injuries is significant in Pennsylvania (p < .001), but not in New Jersey

(p>.2). In all other accidents. the percentage of A+K injuries is lower than

in rollover accidents. and as before restrained occupants incur a smaller

percentage of A+K injuries than unrestrained occupants.

Figures 2.57 and 2.58 show the distribution of three of the most common

types of injuries in rollover (R) and non-rollover (O)accidents: concussions.

contusions. and bleeding. In rollover accidents in both states. there is a

reduction in the percentage of these three types of injuries when restraints
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are used. A similar pattern exists for all other accidents; as expected, the

percentages are smaller for non-rollover accidents.

In rollover accidents injuries to the head, face, back and arm are the

most common. Figures 2.59 and 2.60 show that there is a reduction in these

injuries in rollover crashes when restraints are used in both New Jersey and

Pennsylvania. Comparisons between rollover accidents and all other accidents

indicate a larger percentage of head, back and arm injuries in rollover

accidents.

Head-on Accidents. The next item of interest is the head-on crash.

Figure 2.61a presents the distribution of percent uninjured non-restrained and

restrained occupants for head-on (H) and all other (0) types of crashes in New

Jersey and in Pennsylvania. Similar to previous analyses, a smaller percentage

of occupants are uninjured in head-on crashes than other accidents and for

unrestrained occupants than restrained occupants (see Figure 2.61a). The

respective percentages of injured are 26 percent for unrestrained occupants and

23 percent for restrained occupants in New Jersey, and 27 percent for

unrestrained occupants and 16 percent for restrained occupants in Pennsylvania.

The differences in the proportions in both states were statistically

significant (p < .001). For both states, the A+K graph (see Figure 2.61)

follows the same pattern as described for rollover crashes.

The distributions of bleeding and fracture and dislocation injuries are

shown in Figure 2.62. The percentage of bleeding injuries is consistently

higher for unrestrained people than for restrained occupants, in both states.

Bleeding injuries also tend to occur with higher frequency in head-on (H)

accidents than in other accidents (0). The same is true for fractures and

dislocations (see Figure 2.62).

Figure 2.63 shows the distribution of concussions and contusions in head

on (H) and all other (0) accidents. In New Jersey. the percentage of

contusions and concussions is consistently higher in head-on crashes than other

accidents. and consistently higher among unrestrained occupants than among

restrained occupants. The results are similar in Pennsylvania.

Figures 2.64. 2.65 and 2.66 show the percentages of injuries by body part

injured. For head-on (H) crashes. the percentage of face and head injuries. as

well as back injuries, is smaller for belted occupants than for non-belted

occupants, while for chest/abdomen injuries the percentages are higher for

belted occupants than non-belted occupants. for both states. The distribution
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of neck injuries was different in each state. In New Jersey, the percentage of

neck injuries was higher among belted occupants than non-belted occupants,

while in Pennsylvania the percentage of neck injuries was highest among the

non-belted occupants. The results were similar for the non-head-on crashes.

Single Vehicle vs Multiple Vehicle Accidents. Figures 2.67 to 2.72

present percentages of selected injuries for single vehicle (S) and multiple

vehicle (M) accidents. Non-belted occupants of single vehicle crashes incurred

the largest percentage of all injuries (NJ: 36 percent; PA: 28 percent) and the

largest percentage of A+K injuries (NJ: 4 percent; PA: 6 percent). Belted

occupants were injured less frequently than non-belted occupants in both states

and in both types of crashes. The percentage of belted occupants injured in

single vehicle crashes (S) are 24 percent and 12 percent, in New Jersey and

Pennsylvania, respectively. In multiple vehicle accidents (M), 27 percent and

15 percent of non-belted occupants, and 23 percent and 10 percent of belted

occupants, in New Jersey and Pennsylvania, respectively, were injured. The

differences in percentages are significant for both the uninjured and the A+K

injuries (p < .005).

In single vehicle crashes, bleeding, contusions, concussions, and

fractures and dislocations occurred for a larger percentage of occupants who

were non-belted than for belted occupants. Figures 2.68 to 2.70 show that a

similar pattern also exists for multiple vehicle accidents.

Figures 2.71 and 2.72 show the distribution of injuries by body part. For

both states, in single vehicle accidents, face, head and back injuries were

incurred more often among non-belted occupants than among belted occupants. In

Pennsylvania, a larger percentage of non-belted occupants incurred neck

injuries than belted occupants, while in New Jersey the relationship was

reversed. For New Jersey multi-vehicle accidents, there was a slight increase

in the percent of back injuries for belted versus non-belted occupants.

Ejection Accidents. Figure 2.73 and Table A.31 present the percent of

ejected (E) and non-ejected (NE) occupants who were uninjured and the percent

of ejected (E) and non-ejected (NE) occupants who were killed or incurred a

severe injury. Because the number of ejected occupants who were coded as

restrained is larger than we would have expected, we are hesitant to make

injury comparisons based on the restrained versus unrestrained variable. An

examination of the unrestrained occupants shows that those who are ejected are

more likely to incur severe injuries. In New Jersey, the percentage of
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unrestrained occupants who were severely injured or killed in ejection (E)

accidents was 27 percent, compared to 52 percent for Pennsylvania.

Comparison of Males and Females. A comparison of injuries between

restrained and unrestrained males (M) and females (F) in accidents in 1984 in

New Jersey and Pennsylvania is also of interest. Figure 2.74a shows the

percentage of all male and female occupants of vehicles who were uninjured. A

smaller percentage of restrained (NJ: 19 percent; PAl 8 percent) and

unrestrained (NJ: 23 percent; PA 16 percent) males were injured than restrained

(NJ: 29 percent; PA 13 percent) and unrestrained (NJ: 35 percent; PA 23

percent) females. The differences between the males and females were all

significant at p < .01. Overall from Figure 2.74b, a slightly smaller

percentage of male occupants were killed or sustained a major injury than

female occupants. The difference was not significant (p=.69). The results are

similar in both New Jersey and Pennsylvania.

Contusions, concussions, and fractures and dislocations occurred for a

larger percentage of restrained and unrestrained female occupants than for male

occupants. Figures 2.75 and 2.76 show these results.

Figures 2.77, 2.78, and 2.79 show the distribution of injuries by body

part. For both New Jersey and Pennsylvania, female occupants -- restrained and

unrestrained -- sustained a larger percentage of head, face, neck, back and

abdominal injuries than male occupants.
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CHAPTER 3. HOW DOES A STATE LAW AFFECT SEAT BELT USE?

Background

Currently 34 states and the District of Columbia have statewide seat belt

use laws. The goal of each of these laws is primarily to increase the

proportion of the driving population that is restrained in motor vehicles with

the expectation of considerable reduction in morbidity and mortality from the

inevitable highway crashes. This analysis question deals with the usage of

restraints by accident-involved occupants but by necessity must also look at

usage by the population-at-risk primarily as a comparison or normative group.

With respect to population-at-risk belt usage, Campbell, Stewart, and

Campbell ("1985-1986 Experience with Belt Laws in the United States," 1987)

present restraint usage results for 26 states plus the District of Columbia

which currently have seat belt laws. They provide pre-law or baseline belt

usage rates as well as the highest belt usage seen in the state and the most

recent belt usage figures. Although the results are not as favorable as seen

in many foreign countries such as Australia, England, Sweden and West Germany,

it is nevertheless clear that the legislation has brought about a considerable

increase in belt usage. Generally, pre-law belt usage ranged from around 10

percent to 25 percent among the states; highest belt use seen ranged from

slightly over 20 percent to 77 percent in one state, while the most recent

usage generally fell in the 35 to 60 percent range. Thus, it is clear that the

collective legislation has resulted in increased belt usage by the population,

which should translate into increased usage among accident-involved occupants.

Assessing the effect of belt use changes in the accident data is not as

straightforward now that it is "the law" to wear seat belts. The direct

approach would be to look at belt use as indicated on the accident report form

for various subpopulations of interest for those persons covered by the law in

a given state versus non-covered occupants as well as non-occupants

(pedestrians, bicyclists, etc.) serving as control groups. As will be seen,

there are considerable problems with this direct approach in the post-law era

due to an increasing phenomenon referred to here as the "lie factor." Accident

victims are now telling the investigating officer that they are wearing their

belts in unbelievably high numbers. Unfortunately, the police officer often

relies only on the response given by the accident victim, rather than looking

for additional evidence.
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This effort represents an attempt to look at various subgroups of accident

data to see if the observed overall "lie factor" is as troublesome in certain

of these subgroups; that is, to see if certain subsets of the data are less

biased with respect to belt use in crashes in the post-law period. To do this,

accident and population-at-risk data for North Carolina were utilized for three

periods, namely the baseline (January 1, 1985 - June 30, 1985), warning ticket

(January 1, 1986 - June 30, 1986), and the $25 citation phases (January 1, 1987

- June 30, 1987). All reportable crashes were examined and vehicle model year

was limited to 1968 and later to guarantee availability of belts.

To examine the extent and nature of the "lie factor," population-at-risk

data for various subgroups of the population are most useful. Relationships

between observational data and accident data in pre-law eras have been studied

extensively. One would expect many of these relationships seen previously to

obtain if the belt use data in accidents is to be believed in the post-law era.

Accident Versus Population-at-Risk Belt Usage

With respect to the observational studies, seat belt usage in North

Carolina has been sampled bi-monthly starting just prior to enactment of the

law, with three major waves covering 72 sites and three mini-waves covering a

subsample of 12 of the original sites surveyed annually. At the outset, a

sampling plan was drawn up by which 72 locations were selected as long term

sampling sites for North Carolina. Sites included one-third in the eastern or

coastal part of the state, one-third in the central or piedmont section, and

one-third in the western or mountainous portion. The twenty-four sites within

each of the three areas were divided between rural and urban settings, and the

specific sites within each area selected in order to cover the full variety of

highways ranging from interstate to city streets to secondary roads and rural

intersections, etc.

Data collected included time of day, day of week, and location as well as

vehicle type and belt usage by race and sex of all front seat occupants of

vehicles covered by the law. Each major wave of observations yielded

information on over 20,000 drivers, while each of the mini-waves averaged

around 4,000 vehicles. The overall belt usage for each sample is weighted

according to traffic volume in order that the aggregate is representative of

belt use trends across the state as a whole. Thus, it is felt that the
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estimates of belt use in the population-at-risk in North Carolina are

representative of usage in the State as a whole.

The study groups of accident-involved vehicles consist of the following:

covered (cars, vans, light trucks), non-covered (buses, big trucks), and non

occupant (pedestrians, bicyclists, motorcyclists). Certain other vehicle

groups were excluded from the data such as farm equipment, recreational

vehicles, etc. Using these vehicle groups, the study or analysis groups were

defined as follows: covered occupants (front seat occupants of covered

vehicles), non-covered occupants (rear seat occupants of covered vehicles and

any occupants of non-covered vehicles), and non-occupants.

Examination of the post-law North Carolina accident data shows the obvious

bias in the data when contrasted with the population-at-risk data. Over the

years, belt usage in crashes has always been slightly lower than that seen in

the population observed at the same period of time under similar circumstances

(e.g., road type, time of day, sex, age, etc). Now that the various states,

including North Carolina, have seat belt laws, that relationship has reversed

dramatically.

Figure 3.1 shows the overall belt usage rates in crashes for North

Carolina for each of the three study periods -- pre-law or baseline, warning,

and citation phase. The population-at-risk versus accident wearing rates are

24.1 versus 21.3 percent in the pre-law period, 43.1 versus 60.4 percent in the

warning ticket phase and 70.7 versus 90.0 percent in the citation phase,

respectively! Clearly, as mentioned previously, accident victims are telling

the investigating officer that they are now wearing their belts in unbelievably

high numbers.

Also plotted in Figure 3.1 are the corresponding results for the Highway

Patrol, whose accident investigating and reporting should be at the highest

level of quality among police agencies in North Carolina. Although the Highway

Patrol belt usage percentages in crashes are consistently lower than those for

all reporting agencies (19.9 vs 21.3, 54.7 vs 60.4, and 87.5 vs 90.0 percent,

respectively), they are still considerably higher in the warning ticket and $25

citation phases than the belt usage rates seen in the corresponding rural areas

of North Carolina.

Belt usage is also available by race and by sex for the population-at-risk

as well as for crash-involved occupants. Historically, lower usage rates have

been found among both blacks and among males (Campbell, 1969; Campbell, et al.,
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Figure 3.1. Accident vs. population-at-risk belt usage for
covered occupants across time periods (NC).

100

0 Crashes: White occupant

80 • Crashes: Black occupant
a Belt Use: White occupant

• Belt Use: Black ocaJpant
60

'C
~
CI)

CD 40
~

20

0

Baseline Warning $25 Citation
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1984; and Reinfurt, et al., 1988). As can be seen in Figure 3.2, belt usage is

higher for both whites and blacks in crashes than in the general driving

population in the warning phase, and in the $25 citation phase. It is of

interest to note the closing of the rather wide gap in belt usage differences

between races from the baseline period to the citation phase, with a slightly

higher usage rate in the black population rate in the most recent observational

and crash data.

It should be noted in all of these comparisons that the accident-involved

people are covered occupants (i.e., front seat occupants of covered vehicles),

while the observational data represents corresponding covered occupants,

namely, those front seat occupants of covered vehicles seen in the roadside

surveys.

Figure 3.3 depicts the results by occupant sex for Highway Patrol

investigated crashes versus the observational data by time period. In both the

accident and observational data across each time period (with the lone

exception of baseline crashes), belt usage among females exceeds that for

males, which is consistent with previous experience. However, the wearing

rates in accidents again show a dramatic reversal as one moves from the

baseline period into the warning and then the citation phase, reaching a high

of 90.1 and 85.8 percent in crashes for female and male occupants,

respectively, versus 74.2 percent and 64.5 percent for female and male

passengers in the roadside surveys.

In summary, as can be seen in Figure 3.1, the accident percentages exceed

the observational percentages by a large margin, during both the warning ticket

phase and the $25 citation phase, for not only all crashes but also the

presumably better data provided by the Highway Patrol. This is likewise

apparent in Figures 3.2 and 3.3 examining differences by race and sex,

respectively.

In fact, the rate of growth in the percentage for accident-involved belted

occupants is in the counter-intuitive direction. Due to proven belt

effectiveness, as a larger percentage of the population is wearing belts, the

rate seen in crashes for belted occupants should grow but not at the

accelerated rate seen in each of the figures. In fact, due to this

effectiveness, it should not grow as fast as the observed wearing rates.

The rising belt use across time periods within injury categories is

depicted in Figure 3.4 for Highway Patrol-investigated crashes. The crash data
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are consistent within time periods with respect to belt usage by level of

injury, namely, lowest usage rate for the fatally injured and highest for the

all injury category with moderate and severe injuries intermediate.

Also plotted are the population-at-risk belt usage rates for each of the

three time periods. Note the increase in wearing rates (24.1 percent, 43.1

percent and 70.7 percent for the pre-law, warning and $25 citation periods,

respectively) in the general driving population. However, the rates of

increase in belt usage at each level of injury (as shown by their respective

slopes) are consistently nearly as great as the population-at-risk and for the

most part greater. This is contrary to what one would expect with reliable

crash data due to the proven effectiveness of belts in reducing injuries and

fatalities. Thus, for example, if the population belt usage doubled in the

citation phase compared with the warning phase, belt usage among the fatally

injured should not have increased by much more than about one and a half times

(given that belts are 40-50 percent effective in reducing fatalities). This is

clearly not the case here.

The bottom line with respect to the tllie factor" is that it is increas

ingly apparent in the citation phase compared to the warning phase. It cuts

across both sex and race groups. It is prevalent not only for all crashes but

also for the Highway Patrol investigated crashes, and it cuts across all levels

of injury. For those populations and particular subgroups for which we also

have the observational data, there are no special subsets where the tllie

factor tl appears to be unimportant. The analysis implication is that, unless

there are mathematical adjustments that can be made with the data, the seat

belt information provided by police officers in the presence of a seat belt law

appears to be quite unreliable and thus not nearly as useful as in the past.

One final subpopulation of interest is for those fatally injured in

crashes. It is generally held that the police crash data for fatal crashes is

more reliable than for any other level. Table 3.1 gives the population-at

risk usage rates for each of the time periods as well as the wearing rates for

fatally injured covered occupants. (Sample sizes precluded looking at the

fatally injured non-covered occupants.) Presented in Table 3.1 are the overall

comparisons as well as comparisons within urban and rural groups and by race

and by sex for fatally injured occupants. Note the rise in wearing rates for

fatally-injured covered occupants in crashes as opposed to the population-at

risk wearing rates. Whereas the population estimates do not even double as one
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90 percent but not at

Males -- generally a

76 percent from the

apparently raised

moves from one period to the next, the wearing rates for fatally injured

occupants more than double, as one moves from pre-law to warning phase to

citation period. This is exactly the reverse of what should be expected due to

the known effectiveness of seat belts.

It has been suggested that, as belt usage becomes more widespread, belts

would be used more and more by the risk takers and hence the "true" proportion

of belted crash-involved occupants would increase at the rate seen in Table

3.1. This would necessarily be true at usage rates above

the level seen during the citation phase (70.77. overall).

high risk group -- did indeed increase their belt usage by

warning ticket phase to the citation phase. However, they

Table 3.1. Belt use (7.) for the population-at-risk vs.
fatally injured covered occupants by time period.

Time Period Percentage Point Change

$25 Warning vs $25 Citation
Baseline Warning Citation Baseline vs Warning

Overall* Pop-at-Risk 24.1 43.1 70.7 19.0 27.6
Accident Group 5.5 14.2 38.9 8.7 24.7

Urban Pop-at-Risk 27.0 44.8 72.6 17.8 27.8
Accident Group 9.8 13.6 50.9 3.8 37.3

Rural Pop-at-Risk 21.2 38.3 65.6 17.1 27.3
Accident Group 4.8 14.3 37.1 9.5 22.8

White Pop-at-Risk 25.2 42.5 68.5 27.3 26.9
Accident Group 5.4 14.2 38.4 8.8 24.2

Black Pop-at-Risk 14.4 32.2 70.5 17.8 38.3
Accident Group 6.2 14.1 40.0 7.9 25.9

Male Pop-at-Risk 22.3 36.7 64.5 14.4 27.8
Accident Group 4.7 9.8 31.9 5.1 22.1

Female Pop-at-Risk 25.9 46.9 74.2 21.0 27.3
Accident Group 7.1 23.8 53.1 16.7 29.3

*Overall rates are weighted by ADT (Average Daily Traffic)
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their usage in fatal accidents by 225 percent, which is inconsistent with the

proven life-saving benefits of belts.

On the other side, it would appear that there is less of a "lie factor" in

the fatal data than in the data for any injury or for moderate or worse (BAK)

injuries (see Figure 3.4). As should be the case with population wearing rates

no greater than 70 percent, the wearing rates for fatally injured occupants

should be lower than in the population-at-risk. This is the case for all three

time periods for both fatally (K) injured and seriously or fatally (A+K)

injured occupants but not so for the other injury severities.

Finally, looking at the percentage point changes across time periods (see

Table 3.1), these are generally most expectable for the population-at-risk and

for the fatally injured occupants except for the urban strata and for females.

Here the increases are inordinately great (comparing the citation phase with

the warning ticket phase) yielding unlikely wearing rates of over 50 percent

for crash-involved occupants in both stratal

In short, although the best usage data look better in the fatal data than

in either the all injury data or the Highway Patrol data, there remain

unexplainable discrepancies in police-reported belt usage data which render it

much less useful than in the days prior to belt usage legislation.

Adjustment Procedures

Two analytical adjustment procedures were utilized to further examine the

evident "lie factor" now present in accident-reported seat belt use. The first

procedure assumed that the ratio of observed to accident belt usage was the

same in the warning ticket phase as in the baseline phase and likewise the

citation phase. Thus, in the following relationship

observed useb I' observed use .______=a~s~e=1.;.;n;,;;;;.e = warn1ng

accident useb I'ase 1ne x

where X • wearing rate in the warning phase accidents,

one solves for X which is the predicted accident wearing rate in the warning

ticket phase. A similar expression would yield the corresponding predicted

accident wearing rates in the citation phase.

Table 3.2 gives the results for the adjustment by phase for overall as

well as within race and sex groups. Presented are the reported usage rates in
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Table 3.2. Predicted vs. reported accident restraint usage rate by
time period -- overall and within race and sex groups.

Warning Citation

Accident Pop-at Accident Pop-at
Report Predicted Risk Report Predicted Risk

Overall 54.7 38.1 43.1 87.5 62.5 70.7

White 54.3 34.1 42.5 86.9 54.9 68.5

Black 56.1 40.7 32.2 90.3 89.1 70.5

Male 52.6 32.4 36.7 85.8 57.0 64.5

Female 57.8 36.6 46.9 90.1 57.9 74.2

accidents, the predicted rates, and the usage rates seen in the population-at

risk. Except for the black subpopulation, the predicted rates are most

reasonable. The cause for the unreasonable predicted rates in this

subpopulation is that the observed baseline usage was lower than the

corresponding accident baseline usage for the black population. Whatever the

causes for this reversal, it does make this adjustment procedure less than

ideal.

The second analytical procedure employed to further examine the extent of

the apparent "lie factor" assumes that injury rates for restrained and for

unrestrained occupants remain constant as the population of restraint users

increases (and perhaps changes in other respects). It also assumes that the

restraint usage data for the pre-law period are reliable. Given these

assumptions, the observed injury by restraint usage distribution in the post

law period is then compared with the predicted distribution where the latter is

derived from belt effectiveness estimates from the pre-law period.

The procedure is illustrated using actual Highway Patrol-reported crash

data from North Carolina during the pre-law period (July-September 1985) and

the post-law (or citation) period (July-September, 1987) (see Table 3.3). For

simplicity, the observed totals have been proportionally scaled down to table

totals of 1000 cases in each period (see Table 3.4).

For the required predicted table (see Table 3.5), the column totals are

obtained from the observed post-law injury totals (Table 3.4) which assumes
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Table 3.3. Observed restraint usage by injury severity
by time period.

Pre-Law Injured Not Injured Total

Restrained 1727 5258 6,985

Not Restrained 6831 11,516 18,347

Total 8558 16.774 25,332

Post-Law Injured Not Injured Total

Restrained 7.233 17,682 24.915

Not Restrained 2,286 2.006 4.292

Total 9,519 19.688 29.207

Table 3.4. (Proportional) observed restraint usage by
injury severity by time period.

Pre-Law Injured Not Injured Total Pr (Injured)

Restrained 68 208 276 0.246

Not Restrained 270 454 724 0.373

Total 338 662 1000 0.338

Rpr e = restraint usage (Pre-Law) = 27.6%
Epr e = effectiveness (Pre-Law) = 34.1%

Post-Law Injured Not Injured Total Pr (Injured)

Restrained 248 605 853 0.291

Not Restrained 78 69 147 0.531

Total 326 674 1000 0.326

Rpost = restraint usage (Post-Law) = 85.3%
Epos t = effectiveness (Post-Law) = 45.2%
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Table 3.5. Constraints for predicted post-law restraint usage
by injury severity distribution.

Post-Law Injured Not Injured Total Pr (Injured)

Restrained * * N* 0.246Nll N12 1.

Not Restrained * * N* 0.373N21 N22 2.

Total 326 674 1000 0.326

that POliCE

over time.

utilized:

(1)

cers have not changed their determination of iniury severity

*)tain the row totals (Ni.), the following relat~onships are

,'c *
(2) N1• (0.246) + N2• (0.373) = 0.326

1000

Solving for * and * yieldsN1' N2'

* 370N1' =
* 630N2' =

Finally, assuming Pr (A+Klrestrained) = 0.246, then the predicted value of

Nt1 is derived from Nt1/Nt. = Nt1/370 = 0.246; thus, Nt1 = 91. Hence the

predicted post-law injury distribution is given by Table 3.6, which is vastly

Table 3.6. Predicted post-law restraint usage
by injury severity.

Post-Law Injured Not Injured Total

Restrained 91 279 370

Not Restrained 235 395 630

Total 326 674 1000

R= predicted restraint usage (Post-Law) z 37.0%
~ = predicted effectiveness (Post-Law) • 34.1% = Epr e
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different from the observed distribution (Table 3.4). Note also the sizable

discrepancy in the effectiveness estimates (45.2% observed post-law vs. 34.1%

predicted post-law). In addition. the observed restraint usage percent in the

post-law period (85.3% from Table 3.4) is clearly inconsistent with both the

population-at-risk estimate of belt usage (58.3% for covered front seat

occupants during the July-September. 1987 period) and historical data showing

lower belt usage in crashes than in the general population. All of these

results are clearly consistent with the presence of a "lie factor."

The Question of Unknown Belt Use

The final dimension to the investigation of the usefulness of post-law

accident belt usage information deals with the question of unknown belt use.

Here the analysis focuses on Highway Patrol-investigated crashes and covered

occupants only. It is to be expected that with the stigma of not wearing a

belt even though there is a law. the officer might tend to use "unknown" for

belt use more in the citation phase than in either the warning or baseline

phase.

As can be seen in Figures 3.5 for the overall population of covered

occupants as well as Figure 3.6 by race and Figure 3.7 by sex. the rate of

unknown belt usage in accidents increases slightly in the warning phase over

that of the baseline phase and dramatically once the $25 citation phase is

reached I This is true across all levels of injury as well as within each race

and sex group -- again across all levels of injury. The rate of unknown belt

usage rises directly as injury severity increases; that is, the rate is lowest

for the any injury category and consistently highest in fatal crashes. For the

most part, the unknown usage rates are higher for black occupants and for males

in crashes.

The relatively high unknown belt usage rates in the citation phase provide

further evidence of the lack of usefulness of police-reported belt data in

post-law periods. Combining this with the "lie factor" results leads one to

conclude that. at present, belt usage from belt law states in the post-law

period is extremely tenuous at best and not to be recommended. provided the

results in other states are similar to those seen in North Carolina.
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injury severity across time periods (NC Highway Patrol).
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Conclusions

Realizing these ~dequacies in the data. current attempts at looking at

mortality and morbidi reduction arising from seat belt laws tend to use time

series analyses cover~ng a long period prior to the passage of the law and

examine injury fluctuations regardless of reported belt usage categories. This

would appear to be the recommended procedure for the foreseeable future.

Another strategy. however. is to examine a variable such as ejection (or

ejection rates) which is directly affected by belt use. Increases in belt

usage rates in the population should yield decreases in ejections (.or ejection

rates). without having to examine the belt use category.

In short. the question. "How does a State law affect seat belt use?" can

at best only approximately be described from the accident data and more

appropriately can be gleaned from the various observational studies that are

being carried out in the belt law states. Inferences can be made from changes

in injury patterns over time but are especially difficult to quantify.

Clearly. the accident belt usage data is flawed and hence does not provide

adequate direct answers to the question.
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CHAPTER 4. TIME SERIES ANALYSIS OF STATE INJURY DATA

Ohio Injury Data

In the last few years, the technique of time series analysis has been used

to analyze the effectiveness of seat belt legislation. For example, in

Campbell, Stewart, and Campbell (1988), injury data from five states were

examined in this fashion. It was decided to use time series analysis on two

states from the NHTSA data base that had not previously been analyzed by

Campbell, Stewart, and Campbell, and the States of Ohio and Louisiana were

selected.

For these analyses, six different monthly data series relating to occupant

injury were prepared. Accident victims were first classified as either

"covered occupants" or "not covered others". Covered occupants included

drivers and front seat occupants of vehicles covered by the Ohio seat belt

legislation, while not covered others included other occupants along with

nonoccupants (e.g., pedestrians, motorcyclists). Injuries to these subjects

resulting from motor vehicle accidents were then classified by three levels of

severity: killed (K), killed or seriously injured (A or K), and moderately

injured through killed (A, B, or K). Counts of injured covered and not covered

subjects for each of the three severity levels were then accumulated by month

over the time interval from January 1982 through December 1987. Finally, these

counts were expressed as percentages of all accidents involving covered or not

covered subjects. Thus, for May 1984, we have the percent of all accident

involved covered occupants who were killed, the percent who were killed or

seriously injured, and the percent who were moderately injured or worse;

similarly, for not covered others and for all other months.

If Ohio's seat belt law resulted in a substantial increase in seat belt

usage, then we might expect to see a sharp reduction in the percentage of

covered occupants who were injured at the various severity levels coinciding

with the beginning of the law. For the not covered others, one might not

expect to see such a shift. Population seat belt use for Ohio as noted in

Campbell, et al. (1988) was



Date

Early 1984
Mid 1985
June 1986
September 1986

March 1987
June 1987
June 1988

Belt Use
Rate

15%
16%
387
47%

48%
417
347-

Comments

Pre-law
Pre-law

Immediate post-law
Just after enforcement

began July 1986
Post-law
Post-law
Post-law

Thus, the belt use rate tripled after enforcement, compared to pre-law, but

then declined thereafter.

Structural time series models of the form used by Harvey and Durbin (1986)

in their evaluation of seat belt legislation in Great Britain were used to

analyze these data series. The computer routine, Structural Time Series

Analysis and Modelling Package (STAMP) developed by ESRC Center in Economic

Computing, was used to carry out the analyses. Structural time series models

were formulated in terms of stochastic (randomly varying) levels, slope

components, and seasonal effects, and a purely random or irregular component.

These models can also include regression effects due to exogenous and

intervention variables. The basic form of the model is

K
Yt = ~t + ~t + E Qj Xj t + Et

j=l

where Yt is the series being modelled, ~t is the trend component, ~t the

seasonal component, Xj t represent independent variables including

interventions, and Et is an error term.

The simplest such model contains only a stochastic level and an irregular

component. It has the form Yt = ~t + Et, where ~t = ~t-1 + 6t• Both Et and 6t
are random terms each having mean zero and variances a~ and a~. Thus, the

value of the series Yt at time t is the level ~t plus an error term Et. The

value of the level ~t is its value at time t-1, ~t-1 plus a second error term

6t. Note that the only fixed parameters in this model are the variances, a~

and a~. Slopes, seasonals, etc. add other terms and variances to the equation.

Each model contained either one or two intervention variables indicating

either the beginning of the law (May 1986) or the start of enforcement (July

1986) or both. These intervention variables consisted of a series of zeros
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from January 1982 up to the point of intervention, then a series of ones from

that point onward. A statistically significant intervention effect, thus, is

an indication that the series has undergone an overall shift in level beginning

at the point of intervention. The algebraic sign of the estimated effect

determines whether the shift is an increase (positive sign) or a decrease

(negative sign).

Plots of the six data series are shown in Figures 4.1-4.6. Figure 4.1

shows the percent of the covered occupants with either an A, B, or K injury,

while Figure 4.2 shows the percent of the covered occupants with either an A or

K injury. Figure 4.3 is a plot of the percent of the covered occupants who

were killed. Figures 4.4-4.6 cover the same sequence of injuries for the "not

covered others."

These figures show that all of the series seem to contain a certain amount

of seasonal variation, though this is more pronounced for the not covered

series. The figures also show that there seems to be no major shifts in the

level of the series associated with either of the intervention points. For the

covered occupant series, models with autoregressive terms at lag 11 fit the

data better than models with 12 month seasonal patterns.

For each series, models were fit which adequately accounted for the

observed autocorrelational patterns and contained the intervention variables.

Results of these analyses are presented in Table 4.1. The values in the first

row of each cell of Table 4.1 are t-statistics for the two intervention effects

when fit separately (i.e., from two models each containing a single

intervention). The values in the second row are from a third model containing

Table 4.1. T-statistics for intervention effects.

Covered Occupants Not Covered

Interventions

Injury Level May 1986 July 1986 May 1986 July 1986

A, B. K .37 .66 -.57 -.88
.56 and .78 -.18 and -.74

A. K -.44 .08 -.19 -.30
-.68 and .59 -.09 and -.26

K -.33 -.06 .91 1.33
-.72 and .65 .35 and .88
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two intervention variables. All t-statistics should be compared with a t

distribution with 60 degrees of freedom. For covered occupants, we would

expect a negative effect (decrease) so that a one-tailed test would normally be

used. For not covered others a two-tailed test would be used. None of the t

statistics of Table 4.1 was significant at a significance level of .10.

Thus, we see no evidence from the data of a reduction in motor vehicle

related injuries at any severity level as a result of Ohio's seat belt law.

Louisiana Injury Data

Six monthly data series were developed using accident injury data from the

state of Louisiana. Three of these series pertained to accident involved motor

vehicle occupants who were covered by the state's mandatory seat belt law,

which became effective in July 1986. These series consisted of the percent of

these occupants who were killed, the percent who were killed or seriously

injured, and the percent who were ejected from the vehicle. The other three

series were developed similarly for occupants not covered by the law and non

occupants.

The population belt use for Louisiana as noted in Campbell, et al. (1988)

was:

December 1985
December 1986

January 1988

Belt Use
Rate

12%
35%

36%

Conunents

Pre-law
After enforcement

began August 1986
Post-law

Thus, while the use rate tripled after enforcement of the law, still only about

one-third of the occupants were restrained.

Louisiana does not use the KABCO injury severity scale, but serious

injuries were designated to match as closely as possible A-level injuries.

Thus, the killed or seriously injured series should be reasonably comparable to

A+K series which we typically analyze.

Plots of the six data series are shown in Figures 4.7 through 4.12.

Figure 4.7 shows the series for percent of covered occupants killed or

seriously injured. The plot shows an abnormally high peak at the very

beginning (i.e., Jan. - Feb. 1982) of the series which may reflect an error in

either the numerator or denominator of this series. Although these data points
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are far removed (in time) from the onset of the seat belt law and should not

affect the estimation of intervention parameters, the first two data points of

this series were not used in any of the analyses. From March 1983 onward the

series in Figure 4.7 shows a steady decrease in the percent killed or seriously

injured, and a rather sudden drop late in 1986. Figures 4.8 and 4.9 show

roughly similar patterns for the other covered occupant series.

As was done with the Ohio data, structural time series models were fit to

each of these data series. These models contained trend and seasonal

components, random components, and intervention variables to characterize the

effect of the mandatory seat belt law on the subsequent data. In particular,

since enforcement of the Louisiana seat belt law started in August 1986, an

intervention variable having the value of zero for each month prior to August

1986 and the value one from that point onward was included in the models. When

such a model was fit to the data of Figure 4.7, a negative but not significant

(p > .10) intervention effect was estimated. If, however, the intervention

point was shifted to December 1986, the estimated effect (decrease) was quite

significant (p < .025). Thus, it seems that most of the sudden shift in level

shown in Figure 4.7 comes some four months after the start of the seat belt

law. While we know of no reason for this December 1986 shift, models

containing such an intervention variable were also fit to the other data

series. Figure 4.13 shows the same data as Figure 4.7, but beginning in March

1982. This figure also shows the estimated trend from a model containing the

August 1986 intervention variable.

Table 4.2 gives the results of the intervention analyses for all six

series (Figures 4.7-4.12). Table 4.2 shows that a statistically significant

Table 4.2. Intervention analysis results.

August 1986 December 1986

Effect P-Value Effect P-Value

Percent A+K, covered -.11 >.10 -.27 <.025
Percent K, covered -.06 <.025 -.08 <.005
Percent ejected, covered - .11 >.20 -.03 >.25

Percent A+K, not covered -.23 >.25 .50 >.20
Percent K, not covered -.06 >.25 -.07 >.25
Percent ejected, not covered -1.22 >.10 -1. 27 >.10
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decrease in the percent of covered occupants killed was estimated for the

August 1986 intervention point. Both the percent killed and percent killed or

seriously injured series for covered occupants exhibit larger decreases

somewhat after the August 1986 start-up of seat belt law enforcement. In fact,

when an intervention point of December 1986 is used in the models, both series

are found to decrease significantly. No significant intervention effects were

found for the not covered series, nor for either ejection series.
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CHAPTER 5. EFFECTIVENESS OF A STATE MANDATORY BELT USE LAW
IN REDUCING EJECTIONS IN MOTOR VEHICLE CRASHES

Background

Ejection was first identified as a major factor in fatal and serious

injury automobile crashes in 1954 (Wolf, 1962). Initially, better designed

safety door locks were implemented and only later were lap safety belts

introduced. This early study by Wolf indicated that usage of safety belts had

the potential to significantly reduce fatalities by at least 35 percent.

A subsequent study by Huelke, Marsh, and Sherman (1972) examined injuries

associated with ejection in rollover crashes. They concluded that occupants

involved in overturns have a nearly two-fold increase in fatal injuries

compared with their counterparts in non-rollover crashes. Their data imply

that this is due to higher ejection rates, in that 21 percent of the occupants

of rolled vehicles were ejected, contrasted with a 3 percent ejection rate for

occupants of non-rolled vehicles. Further, within the rolled vehicles, 49

percent of the ejected occupants were fatally injured, compared to 7 percent of

those not ejected.

The National Highway Traffic Safety Administration has examined the

ejection issue several times. Hedlund (1979) used National Crash Severity

Study data to determine that the fatality rate given ejection in rollover

crashes was about twice the fatality rate given ejection in frontal or side

impacts. Bondy and Hart (1982) used National Center for Statistics and

Analysis data to conclude that ejection increased the chance of death by a

factor of 25, but without controlling for crash severity. In a 1986 NHTSA

study, Sikora used the double pair method of Evans (1986) to account for crash

severity and concluded that ejection increased the risk of death four times for

ejected drivers compared to non-ejected drivers and 2 1/2 times for ejected

right front passengers compared with non-ejected right front passengers.

One of the more recent studies of the risk of death associated with

ejection was conducted by the Insurance Institute of Highway Safety (IIHS)

(Esterlitz. 1989). Using paired comparison criteria. Fatal Accident Reporting

System (FARS) data from 1982-1986 were used to examine trends in ejections

resulting from various crash types (including single or multiple vehicle) and

crash modes (including rollover, non-rollover, and other points of impact).

The data included both passenger cars and "other vehicles". where the "other

vehicle" category was stated to include pickups, vans. tractor-trailers. and so



forth. Given an ejection. Esterlitz found that depending on these factors. the

risk of death ranged from 1.5 to 8. with single vehicle rollover crashes having

the highest increase in risk of death for both drivers and right front

passengers. In single-vehicle rollover crashes. ejection increases the risk of

death eight times to drivers and seven times for right front passengers.

Method

To evaluate the effectiveness of a state mandatory usage law (MUL) in

reducing (the generally serious) ejections. accident data from Maryland were

examined for the years 1981-1988. This interval spanned both the pre- and

post-law periods. with the inception of the law on July 1. 1986. Thus. 1986

was a "mixed" year with six months of pre-law data and six months of post-law

data. If Maryland drivers were similar to those in other states passing belt

laws (e.g .• North Carolina). it would have been reasonable for some to start

wearing their belts (perhaps developing the habit) prior to the law actually

becoming effective. or closer to the first part of 1986. Since the overall

data for the year (labelled as 1986 in the tables and charts that follow)

appeared to behave more like post-law activity. the 1986 year is treated as

post-law in the analysis.

Since the federal requirement of front seat lap belt installation was

mandated in the early 1960's. practically all cars on the road today are

equipped with safety restraints (i.e •• lap or lap/shoulder belts). While

earlier studies (1970's) had shown that usage of these devices reduces the

likelihood of certain injuries. the vast majority (nearly 907.) of drivers and

front seat occupants elected not to restrain themselves. Now that 36 states

plus the District of Columbia have mandatory use laws (MUL's). there has been a

wholesale increase in belt use. with national use estimated at roughly 50

percent in NHTSA's 19-city survey (Bowman and Rounds. 1986). Coupled with

MUL's is an increasingly present phenomenon referred to as the "lie factor". in

which crash victims are telling the investigating officer that they are wearing

their belts at higher rates than what would be predicted based on population

observations (Hunter. Reinfurt. and Hirsh. 1988). These "lie factor"

occurrences now make the measurement of the effectiveness of these laws more

difficult. Therefore. for this analysis the alternative indirect approach of

examining ejections was employed. since the rate of ejections should decrease

as reported and observed belt usage increases (Figure 5.1).
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Due to the implications of the "lie factor", in order to get a sense of

how belt usage in crashes compares with belt usage in the population,

observational study results from a series of statewide surveys in Maryland were

obtained from the Transportation Studies Center at the University of Maryland

(average of 29 sites). Additionally, results of an independent study conducted

by the Maryland Association of Women's Highway Safety Leaders were obtained (11

sites). Of the two studies, the Transportation Studies Center approach

appeared to provide a more unbiased estimate of statewide belt use. Contrary

to what would be expected but consistent with the effect a "lie factor" might

have, belt usage rates in injury related crashes from the accident file were

higher than the rates of the two observational studies (Figure 5.2). These

comparisons are limited to the latter three years of the study period, since

observational study data are not available for the earlier years (Tables

s.la-s.1b).

Table s.la. Driver belt usage percentages.

Year

1986
1987
1988
1989

Injury
Crashes

62
80
81

Transportation
Studies Center

53
51
SO

Women's
Highway Safety

52
66
73
80

Table s.lb. Right front passenger belt usage percentages.

Injury Transportation Women's
Year Crashes Studies Center Highway Safety

1986 56 53
1987 75 49 66
1988 77 41 74
1989 54 72

The analysis files consisted of all vehicles in crashes in which there was

either an injured driver or an injured right front passenger. This subset of

the overall accident file was selected in order to alleviate problems involved

with reporting changes over the years. Beginning in 1985, an investigating
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officer reported to the scene of an accident only in cases where there was an

injured occupant. Nonetheless, examination of the total accident files for the

years 1981-1988 showed very little variation in ejection rates.

Results

A variety of roadway and driving conditions were examined (i.e., straight

and curved roadway sections, and wet weather and "good" dry weather) to

determine if serious injury and ejection rates are higher under certain

constraints. There was little evidence to show that ejections varied by any of

these roadway or driving condition factors. However, since it is known that

ejections are more likely to occur in overturns and in crashes involving fixed

objects, these variables, as well as wheelbase (which is an indicator of the

size of the vehicle) were analyzed.

Injury related crashes had an overall downward trend in ejection rates for

drivers and right front passengers (Table 5.2). From 1981-1985 (pre-law),

drivers experienced a reduction in ejections of approximately 15 percent.

Extending into the post-law period, there was an even greater reduction in

ejections for drivers (267. when 1981 is compared to 1988). The experience of

Table 5.2. Ejection percentages of drivers and right front passengers
in injury related crashes.

Pre
Law

Post
Law

Drivers* Right Front Passengers*

Percent Percent
Year Ejected Ejected

1981 1.10 1.30
1982 1.02 1.11
1983 0.88 1.07
1984 0.97 1.17
1985 0.94 1.16

1986 0.88 1.00
1987 0.74 1.00
1988 0.81 1.02

*based on an average of 43,278 drivers/yr and
17,201 right front passengers/yr
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right front passengers followed a similar pattern. During the pre-law period,

1981-1985, ejections decreased by 11 percent. After the inception of the MUL,

the rate of ejections was reduced even further (227. reduction between 1981 and

1988). Coinciding with the reduction of ejections of these front seat

occupants, belt usage as reported on the accident form increased steadily

(Table 5.3).

Table 5.3. Reported belt usage percentages of drivers and right front
passengers in injury related crashes.

Pre
Law

Post
Law

Drivers* Right Front Passengers*

Percent Percent
Year Reported Belted Reported Belted

1981 16 10
1982 17 11
1983 20 14
1984 25 21
1985 33 27

1986 62 56
1987 79 75
1988 81 77

*based on an average of 40,400 drivers/yr and
16,093 right front passengers/yr

As expected, the ejection rates of drivers and right front passengers

involved in overturn crashes is much higher than those involved in

non-overturns (Figure 5.3). Based on the average of the pre- and post-law

estimates, driver ejection in overturn crashes was reduced by nearly 17 percent

with the law in effect. In contrast, the average estimates for right front

passengers yielded a three percent decrease. While right front passengers had

steady increases in terms of ejections during the pre-law phase, with the

inception of the MUL in 1986, there was a substantial reduction of

approximately 29 percent (when 1985 is compared to 1986).

Because wheelbase is a factor which influences vehicle overturns, it has

an indirect relationship on the rate of ejections. Figure 5.4 shows that

regardless of the size of the vehicle, the ejection rates decreased during the

sample period. As expected, occupants in small cars (i.e., wheelbase less than
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102 inches) were more likely to be thrown from the vehicle than their

counterparts in larger vehicles (i.e., wheelbase greater than or equal to 102

inches).

The final factor believed to affect the likelihood of being ejected is the

fixed object crash (Figure 5.5). During the eight-year period, the percentages

of both drivers and right front passengers ejected in fixed object crashes

showed no clear trend. Examining the no-object crashes, there appeared to be a

slight downward trend for both drivers and right front passengers. (Because of

a coding change, the no-object data were unavailable for 1988.)

Conclusion

In conclusion, now that seat belt laws are in effect in 34 states

(including Maryland) plLs the District of Columbia, it has become increasingly

difficult to measure the effectiveness of restraints. As reported by Hunter

et. al., 1988, information on seat belt usage provided by police officers is

unreliable when there is an existing mandatory usage law. Indications of this

"lie factor" are evident in Maryland's accident data. During the period from

1981-1988, reported belt usage rates of front seat occupants in crashes

increased steadily and exceeded the rates of two independent statewide

observational studies.

Assessing ejections yielded indirect evidence that ejections may be

decreasing overall in injury related crashes. For the most part, the ejection

rates of front seat occupants remained lower in the post-law period from

1986-1988 than in the preceding years. These results indicate that since

Maryland imposed a MUL there have been reductions in ejections and thus a

decreased likelihood of serious or fatal injuries.
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CHAPTER 6. USAGE PATTERNS AND MISUSE RATES OF
AUTOMATIC SEAT BELTS BY SYSTEM TYPE1

Background

Seat belts have now been required in passenger vehicles for over two

decades; lap belts were required in 1966 and lap and shoulder belts in 1968.

The early lap and shoulder belt systems were not connected (a four-point

system), but interconnected lap/shoulder belts (a three-point system) became

standard in 1974. Through the early 1980's, however, U.S. seat belt use rates

were approximately 10-15 percent, so that the vast majority of motor vehicle

occupants were electing not to use their available restraints.

In 1974 an ignition interlock system was required on all new cars, such

that they would not start unless the driver lap/shoulder belt was engaged.

However, this system was so unpopular that Congress also repealed the interlock

rule effective February 1975.

The knowledge about design and implementation of air bags in motor

vehicles has been available for several decades, yet movement to require these

automatic devices has been quite slow. Many highway safety specialists feel

that the protracted arguing between seat belt and air bag advocates over which

system should be preferred was a major factor in holding down the seat belt use

rate in the U.S. thus maintaining the status quo from around 1975 till 1984.

This dichotomy did not exist in Europe and Australia, and many of these

countries had high belt use rates in the 1970's and 1980's.

Tennessee became the first state to pass a child passenger safety law in

1977, and many states followed suit over the next few years. By 1985 alISO

states had such a law in place. This activity may have helped to initiate the

movement that was to come in regard to adult belt laws.

In 1984, Federal Motor Vehicle Safety Standard (FMVSS) 208 was amended to

promulgate the use of automatic protection in motor vehicles. A phase-in was

set up such that all cars manufactured during the 1990 model year and later

would be required to have some form of automatic protection that would meet

federal crash test requirements. The four-year phase-in took place in the

following manner: 107. of all 1987 model year cars sold in the U.S. were

1This chapter is a reV1S10n of the paper that was presented at the 34th
Annual Meeting of the Association for the Advancement of Automotive Medicine
held October 1-3, 1990, in Scottsdale, Arizona.



required to have automatic protection; 257. of 1988 model year cars; 407. of 1989

model year cars; and 1007. of all 1990 model year cars.

During the ear1y-to-mid 1980's. the auto manufacturers began promoting the

passage of mandatory belt use laws (MULls). no doubt aided by the prospect of

possibly not having to meet the automatic protection phase-in schedule if two

thirds of the U.S. population were covered by adequate MUL's. In 1984. New

York became the first state to require belt use by drivers and front seat occu

pants. By the end of 1985. fifteen additional states plus the District of

Columbia had passed mandatory use laws. Although there have been repeals of

MUL's by four states. as of April 1990 there were belt laws in 33 states plus

the District of Columbia that covered more than 85 percent of the U.S.

population.

Although much of the U.S. population was covered by belt laws. the federal

government on other grounds declined to overturn the amendment to FMVSS 208

that required the automatic protection phase-in. Initially the majority of

vehicles with automatic restraints were equipped with automatic seat belts.

Now there is an increased production of driver air bags which will eventually

also include right front-seat passenger air bag systems. These air bag

restraint systems are supplemental systems designed to activate in frontal and

frontal oblique collisions only. Therefore. it is important for the three

point manual seat belts to be used by air bag-equipped automobile drivers.

Relatively little is known about the usage of automatic seat belts by the

popu1ation-at-risk or the effectiveness of these systems in crashes. The same

can be said with respect to the effectiveness of the supplemental air bag

systems in reducing deaths and injuries. In 1981. Chi and Reinfurt reported on

a study involving some 10.336 Volkswagen Rabbits involved in crashes. The

dataset consisted of both manual restraint system Rabbits as well as automatic

shoulder belt/knee bolster restraint Rabbits. They concluded that the

automatic belt Rabbits experienced between 20 and 30 percent fewer serious and

fatal injuries than their counterparts in Rabbits with conventional three

point belt systems. The overriding factor for this reduction was the increase

(at least two-fold) in the belt usage rates in the automatic belt Rabbits.

This study concluded that. when used. the two belt systems are equally

effective in reducing serious injuries.

More recently. Nash (1989) reports on the effectiveness of automatic belts

in reducing fatality rates in Toyota Cressidas. Comparing Toyota Cressidas
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equipped with motor-driven automatic belts since 1981 with similar Nissan

Maxima's equipped with three-point manual belts and using data from the Fatal

Accident Reporting System, he concluded that the fatality reduction

effectiveness for the Toyota automatic belts is approximately 40 percent. This

is consistent with the existing estimates of the effectiveness of manual

restraint systems in fatality reduction (Partyka, 1988).

Automatic seat belts are available in three basic designs. VW produced

the first automatic belts in its 1975 Rabbit models. These consisted of two

point shoulder belts attached to the upper rear of the front door and connected

to a take-up reel located between the front seats. Lower body restraint was

provided by a knee bolster since no lap belts were provided. These belts were

detachable but an ignition interlock was installed to encourage usage.

With the 1981 Cressida, Toyota introduced a second design which is a two

point motorized automatic belt system. The belt is a motor-driven, non

detachable automatic shoulder harness. Also included are manual lap belts

along with a knee bolster.

The third type of automatic belt, used extensively by General Motors and

Honda, is a three-point non-motorized belt mounted near the upper and lower

rear edge of the front door of the vehicle. There are variations on these

basic systems, such as the two-point automatic shoulder belt along with a

manual lap belt found in all 1990 VW's.

Again, as the majority of automatic belt systems are detachable and also

are not accompanied with ignition interlock systems, relatively little is known

about the acceptance of these systems by the motoring public. The usage in

crashes reported by Chi and Reinfurt (1981) suggested usage rates for the

automatic belts roughly two-fold that of the manual belts -- at least in VW

Rabbits. The estimates ranged from 17 to 42 percent for manual belts versus 43

to 74 percent for automatic belts based on crash data from New York, North

Carolina, Maryland and Colorado.

With respect to belt usage in the population-at-risk, a study conducted by

Williams, Wells, Lund and Teed (1989) showed significantly higher belt usage

rates for drivers with automatic restraints compared with manual belts.

Additionally, there were differences with regard to lap belt use among the

various automatic systems. The data were comprised of 1987 model year vehicles

observed in different suburban areas of Washington, D.C., Chicago, Los Angeles,

and Philadelphia. The authors concluded that some manufacturers were indeed
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more successful than others in providing automatic belt systems that result in

high usage rates.

The most extensive study to date was conducted in conjunction with the

NHTSA's annual belt survey in 19 cities (Bowman and Rounds t 1989). As an add

on to their regular national survey of belt usage across the United States t

information was collected during 1987 and 1988 on a total of 21 t308 drivers in

automatic belt passenger cars. The results from this study provide usage rates

by type of automatic belt systems by manufacturer and make/ model. Comparisons

are made with manual belt usage and also by model year groups. Results are

limited to shoulder belt usage only because the cars observed were not

necessarily stopped. In addition t these results are strictly for urban

vehicles and do not include information on driver characteristics such as age t

race t and sex.

To close some of these gaps in the data t the Highway Safety Research

Center collected belt use data in cars equipped with automatic belts t along

with air bag and manual belt vehicles (as a baseline). The goal was to provide

knowledge about whether some belt systems were more acceptable (i.e. t used)

than others t and whether drivers with air bags actually use their available

belts. Comparisons are made with the U.S. DOT 19-city survey where

appropriate.

Method

To obtain data on the use of restraints in cars equipped with automatic

restraints (lap/shoulder belts and/or air bags)t supplemental data were

collected as part of an on-going statewide belt use survey for North Carolina.

Data were collected in January-FebruarYt 1989 t June-JulYt 1989 t and January

March t 1990. Observers were sent to signal- or stop-controlled intersections

scattered across the State t both in rural and in urban locations. The

requirement for signal- or stop-controlled intersections was to enable the data

collectors to correctly ascertain lap belt use -- an essential ingredient of

this survey.

Starting with model year 1986 t passenger cars have been required to have

center t high-mounted rear brake lights. And starting with the 1987 model

vehicles t some of the new cars were also required to have automatic restraints

-- either air bags or automatic seat belts. Thus t the observers focused on

cars with the center t high-mounted brake lights with the exception of VW
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Rabbits, which have had a portion of their vehicles equipped with automatic

belts since model year 1975. Since only 10 percent of the 1987 model year cars

were required to have automatic restraints and 25 percent of the 1988 models,

the data collectors were trained to recognize the various makes and models

likely to be equipped with automatic restraints by visiting automobile dealer

showrooms and studying the available literature. However, the data were not

restricted only to air bag or automatic seat belt vehicles, as information was

needed for new model vehicles equipped only with manual belts which would serve

as baseline data.

The data collectors worked in pairs at these various controlled

intersections. One observer recorded age, (under 25, 25-54, 55 and older),

race (white, non-white), and sex of the driver; belt type (e.g., motorized

automatic shoulder belt vs. manual three-point system); and usage of the lap

and of the shoulder belt. In addition, this observer recorded misuse which

included the belt being unhooked from the mounting position, excessive slack,

or the shoulder belt placed under the arm of the driver.

The second observer, positioned toward the rear of the vehicle, first

determined that there was a center, high-mounted brake light present or else

that the vehicle was a VW Rabbit and hence an eligible vehicle, recorded the

license plate number for cars with North Carolina license plates and provided a

description of the car, namely, the make and model as well as body style (e.g.,

two-door vs. four-door vs. station wagon). The description of the vehicle was

necessary to confirm the subsequent match with the North Carolina vehicle

registration data since, when there is a vehicle transfer, the license plate

stays with the owner. Thus, there is a period of time after this transfer when

the old plate is on the new vehicle but the registration file information has

not yet been updated. Therefore, to guarantee that the observed license plate

corresponds to the vehicle data on the registration file, this additional

description of the car was required. Data on belt use for a total of 4820 cars

were collected during these three sampling periods.

To determine the type of restraint system installed in the vehicle, it was

necessary to obtain the vehicle identification number (VIN). This is available

on the North Carolina registration file for all cars registered in the State.

Thus, each of the observed license plate numbers was checked against the

vehicle registration file. If the description of the vehicle agreed with that

on the registration file, then the VIN from the file was recorded for that
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vehicle. Otherwise it was necessary to exclude that vehicle from the study.

Of the initial 4820 cars observed, some 4225 vehicles (or 87.77.) matched the

data on the registration file, and hence had appropriate VIN's.

Using VINDICATOR, the VIN-decoding software package developed by the

Insurance Institute for Highway Safety (IIHS), the sample VIN's were decoded to

obtain restraint type. The resulting levels of restraint type provided by this

program are manual three-point belts, air bags, or automatic seat belts. Some

4151 VIN's were decoded using the VINDICATOR package (i.e., 86.17. of the

original sample).

As with the U.S. DOT study, there was particular interest in the types of

automatic seat belts -- the motorized two-point belts, the non-motorized

shoulder belt only, and the non-motorized three-point (i.e., automatic

shoulder/automatic lap combination) belt. In order to provide this level of

detail, the make/model and model year information from the VINDICATOR program

was used, along with detailed documentation on specific type of automatic belt

system provided annually by NHTSA, IIHS, and also Geico Automobile Insurance

Company.

Thus, the final study sample consisted of belt usage by system type for

831 drivers with manual three-point belts, 230 with air bags (along with three

point manual belts), and 3,090 with automatic seat belts. Of these 3,090,

there were 413 motorized automatic shoulder/manual lap belts, 148 non-motorized

automatic shoulder belts, 2,518 non-motorized automatic shoulder/automatic lap

belts, and an additional 11 non-motorized belt with type unknown.

Results

The distribution of the study sample of 4,151 drivers of late model

passenger cars is shown in Table 6.1 by restraint type system. The majority

(74.47.) of the sampled vehicles had automatic seat belts, 5.5 percent had air

bags with manual three-point belts and the remaining 20.1 percent had manual

three-point belts without air bags. As there were only 21 cars with a non

motorized automatic shoulder/manual lap belt system (e.g., 1990 model VW

Jetta), they were combined with the more common automatic shoulder belt only

system (e.g., VW Rabbit). The column identified as "Shoulder Belted 7."

represents drivers where the shoulder belt was in use. The next column,

labeled "Full System Usage 7." indicates that the entire system was being used

appropriately. As will be seen, the main instance of misuse was when there was
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a manual lap belt that was not buckled. The final column presents the results

from the US DOT 19-city survey of driver automatic belt use rates (see Bowman

and Rounds, 1988).

Table 6.1. Percent shoulder belted and percent full system
usage by restraint type.

Restraint
~

Auto Belt

Motorized:
Auto S/Manual L

3090

413

Shoulder
Belted

%

79.6

94.2

Full
System
Usage

%

68.8

28.6

19 City
Shoulder
Belted

%

88.7

97.2

Non-Motorized:
Auto S
Auto S/Auto L
Type Unknown

Air Bag

Manual Belt

Overall

148* 83.8
2518 76.9

11 90.9

230 73.9

831 76.3

4151 78.6

75.7
74.9
81. 8

73.5

73.8

70.0

81. 3
76.9

*148 = 127 (Auto S) + 21 (Auto S/Manual L)

It should be noted that in both the air bag cars and the manual belt cars,

shoulder belt usage percentages correspond to usage of three-point manual belts

prOVided by these vehicles.

For the full sample, there was at least a shoulder belt used in 78.6

percent of the cases. When looking at "Full System Usge," the percentage drops

to 70.0 percent. This rather high usage is partly due to the observations

focusing on new model cars (basically 1986 and later model years) and also the

sampling being carried out in North Carolina where belt usage in the population

has been approximately 60 percent for the last several years.

Results of applying Pearson's Chi-square test indicate that there is a

significant difference in "shoulder belted" usage rates among drivers of

vehicles equipped with automatic belts, manual belts, or air bags (Chi-square =
7.5, df = 2, p = 0.02). Shoulder belt usage is highest for drivers with
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automatic belts (79.6%) compared with 76.3 percent for manual belts and 73.9

percent for air bags. Within the automatic belt systems, there is also a

significant difference in "shoulder belted" usage rates (Chi-square • 67.7, df

= 3, P < .001). The generally non-detachable motorized systems have the

highest usage rates, namely 94.2 percent. This was followed by the automatic

shoulder belt system with 83.8 percent, and, somewhat lower at 76.9 percent,

the three-point automatic shoulder belt combined with the automatic lap belt as

is commonly found in General Motors and Honda vehicles.

A special feature of this study was the determination of not only shoulder

belt usage but also lap belt use. This is particularly important in cases

where the lap belt must be fastened separately, such as in the Toyota Camry and

Cress ida and the Ford Tempo and Escort. As is seen in Table 6.1, in- the case

of the non-motorized automatic shoulder/automatic lap belt, generally when the

shoulder belt is used, the lap belt is also utilized (76.9% vs 74.9%,

respectively). For the non-motorized automatic shoulder belt systems, the drop

from 83.8 percent shoulder-belted to 75.7 percent fully restrained is mainly

attributable to the 21 vehicles for which the lap belt must be buckled manually

(e.g., 1990 model VW Jetta).

For the increasingly popular motorized automatic belts where the shoulder

belt is motor-driven and a separate lap belt must be manually attached, there

is a 70 percent reduction going from 94.2 percent shoulder belt usage down to

28.6 percent where the lap belt is also manually attached. Often motorists

would tell the data collectors that "they just forget to buckle the lap belt"

or that "they didn't know that they had a lap belt." For whatever the reason,

it is clear that the drivers with the motorized shoulder belts are most often

neglecting to use the important manual lap belt. See Figure 6.1 for usage rate

comparisons across restraint types.

Comparing the second and final columns of Table 6.1, it is of interest to

note that the results from the urban DOT study are relatively similar to those

found in North Carolina. Again, highest shoulder belt use rates (97.2% DOT vs

94.2% N.C.) were seen with the motorized automatic belts and lowest for the

non-motorized automatic shou1der/ automatic lap belt combination (identical at

76.9%).

Note was made by the observers of obvious misuse of the shoulder belt

portion. Categories of misuse included (1) belts that were unhooked from the

door mounting, (2) shoulder belts with obvious excessive slack (i.e., being
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Figure 6.1. Percent Shoulder Belted vs. Percent
Fully Restrained by Restraint Type
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"too loose" with at least six inches of extra belt webbing) and (3) shoulder

belts worn under the arm. The most common form of misuse was the shoulder belt

being "too loose." In 3.0 percent of the cases (i.e., 126 drivers), there was

obvious excessive slack in the shoulder belt. In an additional 1.5 percent of

the cases, the driver was wearing the shoulder belt underneath the arm. And in

another 1.3 percent of the cases, the driver had detached the shoulder belt

from the door mounting. Thus, overall nearly six percent of the drivers

observed in this survey were wearing their shoulder belt incorrectly.

The next two tables deal with belt use by car manufacturer and by make and

model within automatic belt type. For the most part results are limited to

those subgroups with reasonable sample sizes.

Table 6.2 displays belt usage by restraint type across manufacturer.

First, for each manufacturer, the percent- age distribution by restraint type

is given. For example, in our survey 21.6 percent of the Chrysler products had

automatic belts and 19.8 percent had air bags with the remaining 58.6 percent

having only manual belts. Consistent with the previous table, the first three

listed automatic belt manufacturers (i.e., Chrysler, Ford and Toyota) have high

shoulder belt use rates ranging from 83 percent to 97 percent. However, too

often the manual lap belt is not being used resulting in a sizable decline to a

"Full System Usage %" ranging from 26 percent to 37 percent.

Although the shoulder belt usage rate for the non-motorized automatic belt

is lower than that for the motorized system, these systems are much more likely

to be fully used. Here the range in usage of the shoulder belt is from 77

percent to 88 percent with little decline for full system usage, namely 75

percent to 88 percent.

For the air bag cars as well as the manual belt cars, the usage rates of

the manual three-point belts are somewhat lower but there is very little

difference between the percentage indicated as shoulder belted versus having

the entire belt system being used.

Table 6.3 gives a further breakdown for the automatic belt systems for

various make/model combinations and compares the results of the North Carolina

study with that done by U.S. DOT. Note the similarity in the results between

the belted percent in North Carolina and the indicated belted percent for the

19-city survey. Except for the VW Rabbit/Golf and the Honda Prelude, the

percentages are most comparable between the two surveys. Part of the reason
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Table 6.2. Belt usage by restraint type across manufacturer.

Full
Shoulder System

Restraint Belted Usage
~ Manufacturer (%)* Total x .--L--

Auto Belt
Motorized Chrysler (21.6) 35 82.9 37.1

Ford (61.1) 181 94.5 26.0
Toyota (93.1) 122 96.7 28.7

Non- VW (97.0) 98 87.8 87.8
Motorized GM (91.8) 2337 76.9 74.8

Honda (72.6) 193 77.7 76.7

Air Bag
Chrysler (19.8) 32 68.8 68.8
Ford (9.5) 28 78.6 78.6

Honda (3.8) 10 50.0 50.0

Mercedes (80.2) 93 68.8 68.8
Volvo (21.9) 40 90.0 90.0

Manual Belt
Chrysler (58.6) 95 71.6 70.5
Ford (29.4) 87 72.4 69.0
Toyota (6.1)**

VW (3.0)**
GM (8.2) 208 80.3 76.0
Honda (23. 7) 63 77 .8 76.2

Mercedes (19.8) 23 69.6 69.6
Volvo (78.1) 143 80.4 79.7

)'cRestraint type percent within manufacturer.
)'c*Cell size < 10
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Table 6.3. Belt usage by type of automatic belt sy'tem
for various make/model combinations.

Restraint
~

Motorized:

Non
Motorized:

Auto S

Auto S/
Auto L

Make

Ford

Toyota

vw

Buick

Chev.

Olds.

Pont.

Honda

Model

Escort
Tempo

Camry
Cress ida

Jetta
Rabbit/
Golf

LeSabre
Regal
Skylark

Beretta
Corsica

Calais
Cutlass
Delta 88

Bonneville
Grand AM
Grand Prix

Accord
Prelude

Total

105
40

78
42

47
49

315
114

98

150
87

170
99

254

195
446
123

110
68

Shoulder
Belted

%

93.3
97.5

98.7
92.9

95.7
79.6

85.4
73.7
78.6

67.3
71.3

70.6
77.8
81.5

81.0
72.2
74.8

72.7
83.8

Full
System
Usage

%

27.6
27.5

24.3
35.7

95.7
79.6

83.8
71.1
74.5

62.7
70.1

68.2
74.7
80.3

80.5
70.2
67.5

71.8
83.8

19 City
Should.
Belted

%

97.7
97.7

99.3
99.6

93.9
96.2

76.9
81.2
81.0

76.9
81. 8

67.7
81. 3
77.0

79.4
74.4
84.0

75.3
67.0

for this difference is that older model Rabbits with lower use rates are

included in the North Carolina sample. Again all four motorized shoulder belt

make/models show high shoulder belt usage, namely 92.9 percent to 98.7 percent,

but with a dramatic decline when accounting for full system usage. In

contrast, for the non-motorized systems, when the shoulder belt is used, the

lap belt is generally also in use.

The final three tables deal with driver characteristics such as age, sex,

and race. With respect to belt usage by type of system, overall frequencies

and usage percentages by restraint type are given in the first row of each

section of the table to serve as a baseline for comparison.
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Belt use by driver age is shown in Table 6.4. As can be seen, the

percentage of drivers of cars with automatic seat belts using at least the

Table 6.4. Belt use by restraint type
by age of driver.

Full
Shoulder System

Restraint Belted Usage
~ Age Total .a, %---

Auto Belts 3090 79.6 68.8
Under 25 343 74.6 57.4
25-54 2016 79.9 69.1
55 and over 731 81.3 73.2

Air Bags 230 73.9 73.5
Under 25 9 66.7 66.7
25-54 162 75.3 75.3
55 and over 59 71.2 69.5

Manual Belts 831 76.3 73.8
Under 25 55 83.6 78.2
25-54 562 74.4 72.2
55 and over 214 79.4 76.6

shoulder belt (Le., "Shoulder Belted %") is lowest for the youngest drivers.

For air bags and manual belts, the small sample sizes limit drawing conclusions

for the younger drivers. Within restraint type, the range of percentage of

drivers buckled up among the various age groups is from seven to nine percent

for automatic belts and manual belts, respectively. The decline in percentages

when accounting for full system usage is generally greater for the younger

drivers, dropping to below 60 percent for those younger drivers in automatic

belt cars.

Table 6.5 provides results of belt usage by restraint type according to

driver sex. The sample is split 44/56 by sex (male/female driver). Shoulder

belt usage is higher for female drivers in both the air bag cars with three

point manual belts and in the manual belt cars -- namely some six to 12

percentage points higher. This is consistent with many surveys dealing with

belt usage by driver sex. Similar comments apply to the "Full System Usage"

percentages by driver sex. For the automatic belt category, both the

percentage of drivers using at least shoulder belt as well as the percentage of

6-13



Table 6.5. Belt use by restraint type
by sex of driver.

Full
Shoulder System

Restraint Belted Usage
~ Sex Total % --L--

Auto Belts 3090 79.6 68.8
Male 1371 79.4 69.3
Female 1719 79.8 68.4

Air Bags 230 73.9 73.5
Male 125 71.2 70.4
Female 105 77.1 77 .1

Manual Belts 831 76.3 73.8
Male 413 70.2 68.8
Female 418 82.3 78.7

drivers using the full system are about the same for both male and female

drivers.

Finally, Table 6.6 examines belt use by driver race. In North Carolina,

since the seat belt law with a $25 citation went into effect in January 1987,

Table 6.6. Belt use by restraint type by race of driver.

Full
Shoulder System

Restraint Belted Usage
~ Race Total -L -L--

Auto Belts 3090 79.6 68.8
White 2737 79.4 69.6
Non-white 353 81.3 62.0

Air Bags 230 73.9 73.5
White 217 74.2 73.7
Non-white 13 69.2 69.2

Manual Belts 831 76.3 73.8
White 719 77 .1 74.5
Non-white 112 71.4 68.8

the wearing rates of non-white drivers has consistently been slightly greater

than that for their white counterparts. In this survey of new model cars, the
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wearing rates for the non-white driver are lower in both the air bag cars and

the manual belt cars. They are slightly higher, however, in the automatic belt

vehicles. For all three restraint types, the percentage of drivers using the

full belt system is higher for the white driver ranging from nearly five to

eight percentage points higher.

Discussion

Since all 1990 model year cars are required to be equipped with passive

restraints (e.g., automatic seat belts or air bags) following a gradual phase

in which started in 1987, and since relatively little is known about public

acceptance of these new devices, an opportunity was seized upon to capture data

on driver belt usage for new model cars in North Carolina. This survey was

carried out in conjunction with our periodic statewide survey of belt use being

done to help evaluate our mandatory use law.

For the most part, the sample of 4,151 drivers were driving 1986 and later

model year cars selected on the basis of having center, high-mounted brake

lights. Some 74.5 percent of the sample were in automatic belt cars with 20.0

percent in cars equipped with manual three-point belts and the remaining 5.5

percent in air bag cars with manual three-point belts.

Shoulder belt usage rates for all systems (automatic belts 79.6 percent,

air bags 73.9 percent, manual belts 76.3 percent) considerably exceeded the

statewide average of approximately 60 percent largely because these vehicles

are nearly all new model cars. Within the automatic belt group, usage was

highest (94.2 percent) for the motorized automatic shoulder/manual lap belt

system, intermediate (83.8%) for the non-motorized system with automatic

shoulder belts and lowest (76.9%) for the non-motorized automatic

shoulder/automatic lap belt system.

The results seen in North Carolina are quite consistent with the 19-city

U.S. DOT survey rates of 97.2 percent, 81.3 percent, and 76.9 percent,

respectively. There are several features of this survey which are

unique. First, data were collected on two types of automatic belt system

misuse. The first type consisted of drivers not fully utilizing the restraint

system available. The second kind of misuse dealt with misuse of the shoulder

belt falling into categories of (1) belt being detached from the door mounting,

(2) excessive slack in the belt, and (3) shoulder belt being placed underneath
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the arm. The other area in which this survey is unique is that it compares

usage rates by various driver characteristics. namely. age. sex and race.

With respect to the first type of misuse. that is. failing to utilize the

full restraint system provided. this problem was primarily experienced by

drivers in vehicles equipped with motorized shoulder belts and manual lap belts

such as the Ford Escort and Tempo and the Toyota Camry and Cressida. Here.

there was a 70 percent decrease in "usage" (from 94.2% "Shoulder Belted" to

28.6% "Fully Restrained"). The corresponding drop in percent- ages for the

other systems (non-motorized automatic belts as well as three-point systems

available in both the air bag cars and in the manual belt cars) was relatively

minor -- generally. only several percentage points.

The most common form of incorrect usage was having too much slack in the

shoulder belt (3.0% of the sample) followed equally by the belt being detached

from the door mounting (1.3%) and the shoulder belt being placed underneath the

arm (1.5%). These rates of misuse totaling nearly six percent are very

consistent with that which has been observed in the North Carolina statewide

surveys of all cars regardless of belt system or model year.

With respect to driver age. the younger driver (under 25) had lower usage

rates than other age groups except for the case of manual belts. The lower

rates for the younger driver are certainly consistent with past seat belt sur

veys conducted in the U.S. The decline accounting for full system usage is

likewise greatest for the under 25 year old dropping to 57.4 percent.

As has been seen in other surveys. females tended to wear manual three

point belts more frequently than males ranging from six to 12 percentage points

higher. Female usage of automatic belts is most comparable with that of the

male drivers. Likewise. their usage of the full restraint system (Le .• "Full

System Usage %") is higher in the air bag cars and in the manual belt cars than

that of male drivers.

In our North Carolina surveys covering cars of model years 1968 and newer.

belt usage has consistently been higher for non-white drivers than for white

drivers since implementation of the North Carolina seat belt law in January

1987. In this survey involving newer model cars. belt usage for non-white

drivers was generally somewhat lower in the air bag and manual belt cars. For

all three restraint systems. "Full System" usage rates for non-white drivers

were lower than that for their white counterparts.
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Several points bear mentioning. First, more and more cars are being

produced with motorized shoulder belt systems. However, even though the

shoulder belt was nearly always in use (94.27.), fewer than 30 percent of the

l~rivers observed in this survey were getting the full protection available

which included buckling the lap belt. Sometimes this was likely a result of

ignorance while perhaps more often it was the result of not developing the

special habit required. Evidently, having the motorized belt fall into place

gives drivers of these cars the feeling of being buckled up. Clearly,

additional educational efforts are warranted in this situation.

Secondly, the three-point non-motorized automatic belt systems were

defeated nearly 25 percent of the time. Motorists indicate that it is very

easy to disconnect these systems and often if they elect to use them, they use

them as manual belts; in other words, they disconnect them as they get out of

the car and reconnect them once they have entered the car for the next trip.

It would seem clear that usage rates of approximately 75 percent for these non

motorized automatic shoulder/automatic lap belt systems is below what was

anticipated.

On an encouraging side, it is good to see relatively high usage of the

three-point manual belts in air bag cars (namely, 73.9%). Clearly air bags are

designed to be supplemental systems in that they do not protect the occupant in

many crash modes such as side impacts or rollovers. From data collectors

talking with many drivers in air bag-equipped cars, it was clear that many did

appreciate the fact that they needed to use the manual three-point belts.

However, some drivers were not even aware that their car was equipped with air

bags. Clearly, as more and more air bag cars are produced, public infor

mation and education with respect to utilizing the manual belts will become

increasingly important.
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CHAPTER 7. AN EMPIRICAL EXAMINATION OF THE DOUBLE PAIR COMPARISON
METHOD FOR EXAMINING SEAT BELT EFFECTIVENESS

Background and Data

One of the basic questions posed for analysis in this project dealt with

effectiveness of existing manual restraints. As has been addressed previously

in this report, this question cannot be answered directly from recent state

level crash data because of the unreliability of the information provided by

the investigating officer.

However, there does exist a national data set that contains reliable data

on seat belt use by occupants of towed vehicles involved in 12,050 crashes

between January 1977 and March 1979. This data collected in the National Crash

Severity Study (NCSS) was intended to provide a data base on the crash condi

tions of towaway passenger vehicle crashes, which was sufficiently large and

representative to provide an overall picture of these conditions while detailed

enough to support in-depth analysis of such issues as seat belt effectiveness

controlling for such factors as crash severity. For a detailed description of

the history of NCSS along with an explanation and description of the sample

frame, sampling plan, and automated data file (accident level variables,

vehicle level variables, and occupant level variables), see NHTSA (1981).

This data file was used to investigate belt effectiveness comparing two

different methods: (1) double pair comparison (Evans, 1986) -- a method being

used increasingly by NHTSA and the research community in general -- and

(2) traditional estimates controlling for crash severity as measured by the

joint effect of extent and region of principal vehicle damage (Partyka, 1988).

As a proportional sampling scheme was utilized in NCSS, the data utilized

in both procedures were weighted data, where the weights were the inverse of

the sampling proportions. To obtain more data on the more serious crashes, the

following sampling strata according to the most severe injury consequence were

utilized:

(1) 100%:

(2) 25%:

(3) 10%:

(4) 5%:

fatality or overnight hospitalization

transported to a hospital or emergency treatment facility
(but no overnight hospitalization)

not transported and not Team 6 (Southwest Research
Institute) in the post-March 1978 period

not transported, Team 6 in the post-March 1978 period



The variables utilized in the analysis included the following:

Occupant belt use

Occupant Injury

Primary damage
area of car

=

==

=

yes if Land S, L only, S only,
air bag and L

no if not used

AIS (Abbreviated Injury Scale)
for most severe injury

front
side (left or right)
rear
top
undercarriage

1 minimum damage
Extent of primary == 2
damage to the car 3

4
5
6+7
8+9 maximum damage

The highest damage levels were combined due to sample size limitations. The

final data set consisted of complete information on 11,692 drivers, 5376 right

front seat occupants, 675 left rear seat occupants, and 826 right rear seat

occupants. As will be seen, sample size limitations precluded using rear seat

occupants in the double pair comparison investigation.

Double Pair Comparison

Method. This procedure was utilized by Evans (1986) to determine how

occupant characteristics affect fatality risk in traffic crashes. The method,

which originally used data from the Fatal Accident Reporting System (FARS),

compares pairs of occupants -- the "subject" occupant and an "other" occupant.

The probabilities of a fatality to the subject occupant when that occupant has

one of two characteristics (e.g., restrained by a seat belt) are compared.

Since the "other" occupant is in the same vehicle, many vehicle and roadway

factors are controlled for when comparing the fatality risk of the "subject"

occupant with the "other" occupant. Such factors would include vehicle size,

r.rash severity, roadside hazard, etc. Thus, the "other" occupant serves in an

exposure estimating role.

7-2



Areas of applicability of this procedure have included car occupant

fatality risk as a function of sex. age. or alcohol use; motorcycle fatality

risk as a function of helmet use; potential fatality reductions through

eliminating occupant ejection from cars; and relative fatality risk in

different seating positions versus car model year.

Griffin (In Press) presents a very intuitive and clear description of the

method and relates it to earlier work by Woolf (1955) where he applies this

weighted average logs odds ratio statistical technique to the problem of

estimating the relationship between blood group and disease. In addition.

Griffin raises the possibility of three potential problems in Evans' applica

tion of log odds ratio methodology and suggests several modifications to the

method.

As the details of the procedure are well described in both Evans (1986)

and Griffin (In Press). they will not be repeated herein. Rather. the sample

calculations will be illustrated in the next section for examining driver belt

effectiveness at AIS ~ 2 when compared with the right front seat occupant (the

"other" occupant).

Results. In this analysis. the effectiveness of occupant restraint use

(lap and/or shoulder) was restricted to driver and to right front seat

occupants due to sample size limitations for the rear seat occupants. Injury

criteria used included the following:

Moderate
Serious
Severe

AIS > 2
AIS > 3
AIS > 4

Thus. for comparing the driver (subject) with the right front seat occupant

(other). the double pairs and corresponding injury (AIS > 2 vs. AIS = 1) given

in Table 7.1 were involved:

Table 7.1. Double pair (belt use x injury) distribution.

12 12 21 2D F D F D F D F1 Total

(1) DuFu 577 421 422 1689 3109
DrFu 16 4 2 44 66

(2) DuFr 0 6 3 19 28
DrFr 7 14 17 67 105

3308
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where

Du = unrestrained driver

Dr = restrained driver

D1 = uninjured (AlS-1) driver

D2 • injured (AlS ~ 2) driver

and similarly for F, the right front seat occupant.

The odds ratio, U, for the driver with an unrestrained "other" occupant

(section (1) of Table 7.1) is calculated from the following:

AlS > 2

F D

Thus

998

20

843

6

Likewise

U(l) = odds ratio for driver vs unbelted "other"

= (998/20) + (843/6) = 0.355

= (6/21) (9/31) = 0.984

Now since the distribution of U is rather skewed, we utilize a log transfor

mation as follows:

=

=

In (odds ratio) = In (U(l» = In (0.355) = -1.036

In (U(2» = -0.016

Then to combine the log odds ratios, L(l) and L(2)' use W(i) = 1/(Lse(i»2
where an approximate estimate of the standard error of L(l) (assuming initial

simple random sampling) is given by
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Lse(l) = (1/998 + 1/20 + 1/843 + 1/6)~

= 0.468

and similarly, Ls e(2) = 0.598. Thus, W(l) = 4.57 and W(2) = 2.80, and the

overall log odds ratio is given by

L =

Therefore,

= [(4.57)(-1.036) + (2.80)(-0.016)]/(4.57 + 2.80)

= -0.648

U = eL = 0.523

and the desired effectiveness estimate for reducing driver AIS > 2 injuries is

given by

-
E = (1-U)100 = 47.7%

Ordinarily, as indicated in Evans (1986), we would derive estimates of

effectiveness for the driver comparing with the left rear occupant, then the

right rear occupant, and finally obtain an overall weighted estimate that

combines the three separate estimates. However, the Ness data limitations

preclude deriving estimates for either of the rear seating positions. Thus,

the double pair comparison estimate for belt effectiveness in reducing driver

AIS > 2 injuries is given by 47.7 percent.

In similar manner, double pair comparison estimates are derived for

serious (AIS > 3) and severe (AIS > 4) injuries for the driver along with- -
corresponding estimates for the right front seat passenger. These estimates

are presented in Table 7.2 below.
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Table 7.2. Double pair comparison effectiveness
estimates for the weighted NeSS data.

Effectiveness
Seat Position Injury Threshold Estimate 00

Driver Moderate AIS~2 47.7
Serious AIS>3 36.3
Severe AIS>4 40.2

Right Front Moderate AIS~2 65.7
Passenger Serious AIS~3 60.6

Severe AIS~4 46.1

Traditional Estimates of Effectiveness

Method. Estimates of belt effectiveness were derived both without making

any adjustments -- "overall" -- as well as adjusting for vehicle damage

severity -- "adjusted". Extent of primary damage to the car (1 = minimum,

9 ... maximum) combined with primary damage area of car (front, side, rear, top,

undercarriage) was utilized to define vehicle damage severity.

Overall estimates. Here the traditional estimate is derived for AIS > 2

from the table of weighted driver (injury x belt use) frequencies

Belt
Yes

No

AIS>2

150

3624

AIS=l

686

8712

Total

836

12336

as follows:

Eo (l - proportion of belted drivers with AIS > 2 ) 100...
proportion of unbelted drivers with AIS > 2

... (l - 150/836 ) 1003624/12336

... 38.9 7.

Adjusted estimates. To the extent that belted drivers are involved in

less serious crashes than unbelted drivers -- and there is evidence that such

is the case (Hunter, et al., 1988) -- crash severity should be controlled for

in calculations of overall belt effectiveness. Partyka (1988) illustrates one
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such adjustment procedure using a combination of NeSS and NASS (National

Accident Sampling System) data.

As was illustrated by Partyka (1988), the weighted NCSS data in this

analysis are adjusted in three ways: (1) adjust damage type (extent x impact

site) of unrestrained drivers to mirror the damage type for restrained drivers;

(2) adjust damage type of restrained and unrestrained drivers to reflect the

overall crash conditions for all drivers; and (3) adjust damage type of

restrained drivers to reflect the crash conditions of unrestrained drivers.

These estimates are then compared among themselves as well as with both the

overall estimates and the estimates from the double pair comparison procedure.

To illustrate, consider the damage type adjustment of the unrestrained

NCSS drivers to reflect the damage type experienced by the restrained drivers.

The basic damage distribution is given for restrained drivers as follows:

Damage Area

where

Extent

1
2
3
4
5

6+7
8+9

Total

Front Side Rear Top Under Total

R

= no. restrained drivers with vehicle extent = i
and area = j, i = 1, .•. ,7; j = 1, ... ,5

e.g., rll = minimal damage primarily to the front

R = total no. restrained drivers

Similarly, let

= no. unrestrained drivers with vehicle extent, i
and area, j

= no. drivers (restrained or unrestrained) with
vehicle extent, i and area, j

= r·· + u··1J 1J
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The actual damage type (injury AIS ~ 2) distributions for restrained

(rij(rlij» and unrestrained (uij (ulij» drivers are given in Tables 7.3 and

7.4, respectively.

Table 7.3. Damage type (injury AIS > 2) distribution for restrained drivers.

Area

Extent Front Side Rear Top Undercarriage

142 (19) 67 (2) 12 (0) 5 (0)

94 (33) 95 (22) 8 (0) 20 (4)

18 (0) 27 (10) 5 (0) 9 (5)

2 (2) 2 (0) 4 (0) 2 (2)

6 (4) 1 (1) 10 (0) 5 (5)

22 (3) 0 (0) 5 (1) 0 (0)

1

2

3

4

5

:3+9

145 (22)* 16 (0) 34 (0) 1 (1) 4 (0)

6 (1)

o (0)

o (0)

o (0)

o (0)

o (0)

767 (137)

* 145 (22): 145 drivers in cars with minor frontal damage of which
22 had AIS > 2

Table 7.4. Damage type (injury AIS > 2) distribution for unrestrained drivers.

Area

Extent Front Side Rear Top Undercarriage

1 1406 (221) 135 (13) 107 (2) 4 (0) 46 (4)

2 3026 (748) 614 (105) 149 (18) 25 (2) 56 (16)

3 1345 (548) 1655 (518) 96 (11) 258 (84) 15 (5)

4 400 (233) 376 (199) 78 (4) 112 (38) 1 (1)

5 199 (109) 92 (59) 45 (12) 82 (39) 0 (0)

6+7 231 (103) 33 (27) 76 (20) 52 (24) 0 (0)

8+9 194 (89) 8 (6) 6 (5) 3 (2) 0 (0)

10,925 (3265)
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Then the damage type distribution for injured (AIS ~ 2) unrestrained drivers

adjusted for the damage type of restrained drivers (adjustment (1)) is given

by

where

*u ..
1J = ( uIi; )

r ..
1J u ..

1J

UIij = no. injured (AIS > 2) unrestrained drivers in cell (i,j)

*Note that the adjusted Uij is the product of the injury rate for the

unrestrained occupant and the severity distribution of the restrained occupant.

Then the traditional effectiveness estimate, with the unrestrained driver data

adjusted to mirror the damage distribution of the restrained drivers (I), is

given by

E(r) = 1 _(proportion of belted drivers with AIS > 2 )
proportion of "unrestrained" drivers with AIS > 2 100

( I:rr-.
~u:. )= 1

_ 1J
100 (1)

I:u~ .. /1J 1J

Similar calculations yield the other adjustments, namely,

(2) Adjusting for total drivers

* ( r Ii j)
r .. = t ..

1J 1J r ..
1J

* t (~)u .. =1J ij u ..
1J

(2) Adjusting for unrestrained drivers

* (~)r. = u ..
1J 1J r i j

The effectiveness estimates, E(t) and E(u)' follow as in equation (1).

Results. The overall estimates along with the three estimates adjusting

for damage type differences are provided in Table 7.5. For comparison

purposes, the corresponding estimates derived using the double pair procedure

are also shown in the table.
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Table 7.5. Belt effectiveness for traditional method
(overall and adjusted for damage type) and
double pair comparison method.

Belt Effectiveness (in

Moderate Serious Severe
AIS > 2 AIS > 3 AIS > 4

DRIVER:

Traditional

Overall 38.9 28.0 52.6

Adjusted for

(1) Restrained 33.5 17.1 42.6

(2) Total 29.5 9.8 30.3

(3) Unrestrained 29.2 9.4 29.6

Double Pair Method 47.7 36.3 40.2

RIGHT FRONT:

Traditional

Overall 38.2 41.5 3.27*

Double Pair Method 65.7 60.6 46.1

*only 9 belted. injured cases

Discussion.

This chapter has examined belt effectiveness in reducing moderate (AIS >
2). serious (AIS ~ 3). and severe (AIS ~ 4) injuries using the weighted

National Crash Severity Study data. This file was used because it contains

reliable restraint usage data by seating position along with information on

crash severity as indicated by the combination of extent of damage (minor = 1

to maximum = 9) and area of principal damage (front. side. rear. top.

undercarriage). Only occupants of cars required to be towed from the scene

were used in the analysis.

As can be seen from Table 7.5. the estimates from the double pair

comparison method generally exceed those from the traditional estimates. which.

in turn. are generally higher than those for any of the estimates adjusted for

damage type.
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Among the latter estimates, adjusting for the damage type distribution of

the unrestrained drivers (3) has the greatest effect on the effectiveness

estimates across all injury levels; adjusting for the restrained drivers (1)

has the least impact.

Sample size limitations of the weighted NeSS data precluded a full

analysis of belt effectiveness using the double pair comparison method with a

weighted combination of log odds ratios (i.e., comparing driver (D) with right

front (F), with left rear (L), and with right rear (R), and then combining the

results to obtain an overall belt effectiveness estimate for the driver and

likewise for the other seating positions).

Likewise sample size limitations posed problems with the traditional

overall and adjusted estimates. For example, for severely injured (AIS ~ 4)

right front seat occupants, there were only 9 belted cases. Similarly in the

adjustment procedure (especially adjusting for the restrained damage

distribution), there were a number of empty cells even when combining the upper

extent categories. Indeed, it would have been helpful to have had data

adequate for making additional adjustments such as by driver age and sex.

Nevertheless, it was helpful to see the relative consistency of the

estimates from both procedures at each injury level.
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APPENDIX A

Data for New Jersey and Pennsylvania



Table A.1. Number and percent of covered occupants in all accidents with moderate, major or
fatal injuries across time periods (data for Figure 2.1).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Severity

Killed 228 206 243 243 186 253 259 253 229 271 293 290
(0.58) (0.54) (0.61) (0.56) (0.51) (0.62) (0.64) (0.54) (0.60) (0.64) (0.64) (0.59)

Major 902 891 903 1006 816 1009 953 1081 846 1103 1110 1127
(2.31) (2.33) (2.27) (2.31) (2.22) (2.47) (2.35) (2.31) (2.22) (2.60) (2.43) (2.31)

Moderate 5396 5454 5618 6321 5150 5859 5732 6332 5405 6005 6481 7204
( 13.80) 04.26) (14.09) (14.53) (14.03) (14.36) (14.15) (13.51) (14.17) (14.17) (14.22) (14.75)

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Severity

Killed 65 94 107 113 107 119 108 107 102 104 131 124
(0.10) (0.12) (0.14) (0.13) (0.15) (0.15) (0.13) (0.11) (0.13) (0.11) (0.14) (0.12)

Major 921 1148 1114 1207 946 1071 1148 1222 974 1047 1245 1276
(1.41) (1.47) ( 1.46) (1. 42) (1. 35) (1. 35) (1. 41) (1. 29) (1.27) (1. 14) (1. 33) (1. 28)

Moderate 4879 5599 5667 6142 5067 5457 5395 6019 4990 5864 6203 6223
(7.50) (7.18) (7.44) (7.25) (7.21) (6.88) (6.65) (6.33) (6.51) (6.38) (6.64) (6.22)



Table A.2. Number and percent of covered occupants in all accidents with certain injury
types across time periods - Pennsylvania data (data for Figures 2.2a and 2.3a).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Type

Bleeding 2338 2271 2426 2558 2036 2417 2383 2634 2157 2487 2640 2799
(5.98) (5.94) (6.09) (5.88) (5.54) (5.92) (5.88) (5.62) (5.65) (5.87) (5.79) (5.73)

Broken Bones 736 707 720 802 638 747 736 799 666 767 902 907
(1. 88) ( 1.85) (1.81) (1. 84) (1.74) (1. 83) ( 1.82) (1. 70) (1.75) (1.81) (1. 98) (1. 86)

Concussion 296 263 245 301 271 256 255 254 251 265 293 321
(0.76) (0.69) (0.61) (0.69) (0.74) (0.63) (0.63) (0.54) (0.66) (0.63) (0.64) (0.66)

Complaint of 2146 2160 2259 2677 2260 2562 2435 2745 2397 2724 2861 3293
Pain (5.49) (5.65) (5.67) (6.15) (6.16) (6.28) (6.01) (5.86) (6.28) (6.43) (6.27) (6.74)



Table A.3. Number and percent of covered occupants in all accidents with certain injury
across time periods - New Jersey (data for Figures 2.2b and 2.3b).

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Type

Concussion 177 178 187 231 176 156 178 196 184 199 186 235
(0.27) (0.23) (0.25) (0.27) (0.25) (0.20) (0.22) (0.21) (0.24) (0.22) (0.20) (0.24)

Internal 151 239 224 221 172 234 246 283 206 231 300 299
(0.23) (0.31) (0.29) (0.26) (0.24) (0.30) (0.30) (0.30) (0.27) (0.25) (0.32) (0.30)

Bleeding 3488 4006 3924 4352 3545 3739 3850 4144 3532 3807 4185 4265
(5.36) (5.14) (5.15) (5.14) (5.05) (4.72) (4.74) (4.36) (4.61) (4.14) (4.48) (4.27)

Fracture! 318 345 371 405 337 355 338 394 319 390 452 421
Dislocation (0.49) (0.44) (0.49) (0.48) (0.48) (0.45) (0.42) (0.41) (0.42) (0.42) (0.48) (0.42)

Complaint of 10190 12652 12514 14588 11750 13948 13822 16717 13199 16025 16058 16935
Pain (15.66) (16.23) (16.43) (17.22) (16.73) (17.59) (17.03) (17.59) (17.21) (17.44) (17.18) (16.94)



Table A.4. Number and percent of covered occupants in all accidents with certain injury
locations across time periods - Pennsylvania data (data for Figure 2.4a).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Face 1426 1307 1336 1524 1264 1341 1217 1545 1266 1373 1462 1646
(3.65) (3.42) (3.35) (3.50) (3.44) 0.29) (3.00) (3.30) (3.32) (3.24) 0.21) (3.37)

Head 1967 1969 1974 2309 1892 2074 2001 2259 1956 2105 2189 2555
(5.03) (5.15) (4.95) (5.31) (5.15) (5.08) (4.94) (4.82) (5.13) (4.97) (4.80) (5.23)

Neck 721 785 820 886 738 882 893 960 820 1053 1084 1159
(1. 84) (2.05) (2.06) (2.04) (2.01) (2.16) (2.20) (2.05) (2.15) (2.48) (2.38) (2.37)

Back 434 445 471 498 409 510 525 501 477 527 580 606
0.11) ( 1.16) (1.18) (1. 14) (1.11) (1. 25) (1. 30) (1.07) (1. 25) (1. 24) (1.27) (1. 24)

Chest/ 527 468 487 565 463 503 469 587 479 516 600 658
Stomach (1. 35) (1. 22) (1. 22) (1. 30) (1. 26) (1. 23) ( 1.16) (1. 25) (1. 26) (1. 22) (1. 32) (1. 35)



Table A.5. Number and percent of covered occupants in all accidents with certain injury
locations across time periods - New Jersey data (data for Figure 2.4b)

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Head 6357 6910 6765 8103 6296 6303 6246 7962 6756 7296 7397 8194
(9.77) (8.86) (8.88) (9.57) (8.96) (7.95) (7.70) (8.38) (8.81) (7.94) (7.92) (8.20)

Face 2224 2365 2199 2796 2266 2093 2096 2547 2123 2221 2220 2633
(3.42) (3.03) (2.89) (3.30) (3.23) (2.64) (2.58) (2.68) (2.77) (2.42) (2.38) (2.63)

Neck 2614 3998 4164 4371 3471 4820 4944 5277 4041 5510 5695 5665
(4.02) (5.13) (5.51) (5.16) (4.94) (6.08) (6.09) (5.55) (5.27) (6.00) (6.09) (5.67)

Back 1487 1724 1802 2043 1739 2047 2105 2560 1925 2417 2516 2428
(2.28) (2.21) (2.37) (2.41) (2.48) (2.58) (2.59) (2.69) (2.51) (2.63) (2.69) (2.43)

Chest/Abd. 1867 1026 1000 1232 1115 1346 1333 1557 1235 1405 1535 1656
Pelvis (1. 33) (1.31) (1. 32) (1.45) (1. 59) (1. 70) (1. 65) ( 1.63) (1.61) (1. 53) (1. 64) (1. 65)



Table A.6. Number and percent of covered occupants in rollover accidents with bleeding or
serious (A+K) injuries across time periods (data for Figure 2.5).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury

A+K 110 147 133 134 82 166 147 124 113 177 185 129
(8.54) (12.78) (11. 08) (9.29) (7.21 ) (13.13) (11. 81) (8.12) (7.86) (12.67) (12.19) (7.57)

Bleeding 117 175 196 208 122 199 206 156 161 208 244 189
(9.09) (15.22) (16.32) (14.41) (10.73) (15.73) (16.55) (10.22) (11.20) 14.89» (16.07) (11.10)

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oet-
Mar Jun Sept Dec Mar Jun Sept Dee Mar Jun Sept Dec

Injury

A+K 15 25 15 26 8 18 15 10 10 12 19 16
(4.79) (9.16) (5.02) (8.00) (2.91) (5.55) (4.92) (2.97) (3.06) (4.11) (5.69) (4.64)

Bleeding 43 32 41 55 44 49 50 53 43 39 51 42
(13.74) (11. 72) (13.71) (16.92) (16.00) (15.12) (16.39) (15.73) (13.15) (13.36) (15.27) (12.17)



Table A.7. Number and percent of covered occupants in non-rollover accidents with bleeding or
serious (A+K) injuries across time periods (data for Figure 2.6).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury

A+K 751 712 758 827 676 811 792 907 720 903 923 936
(2.86) (2.91) (3.01) (2.93) (2.80) (3.12) (3.07) (2.98) (2.85) (3.34) (3.16) (2.95)

Bleeding 1747 1664 1752 1851 1513 1735 1718 1947 1586 1811 1892 2041
(6.65) (6.79) (6.96) (6.56) (6.26) (6.68) (6.67) (6.40) (6.29) (6.69) (6.48) (6.44)

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- Jul- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury

A+K 971 1217 1206 1294 1045 1172 1241 1319 1066 1139 1357 1384
(1. 50) (1.57) ( 1.59) (1. 53) (1. 49) (1. 49) (1. 53) (1. 39) (1. 39) (1. 24) ( 1.46) (1. 39)

Bleeding 3445 3974 3883 4297 3501 3690 3800 4091 3489 3768 4134 4223
(5.32) (5.12) (5.12) (5.09) (5.00) (4.67) (4.70) (4.32) (4.57) (4.11) (4.44) (4.24)



Table A.8. Number and percent of uninjured covered occupants in rollover and non-rollover
accidents across time periods (data for Figure 2.7).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Uninjured

Non-Rollover 21652 20143 20666 23185 20019 21381 21147 25245 20745 22207 23848 25935
Uninjured (82.43) (82.18) (82.12) (82.17) (82.84) (82.32) (82.05) (82.94) (82.22) (82.00) (81. 71) (81. 86)

Rollover 912 648 684 903 779 679 695 1028 938 789 840 1126
Uninjured (70.86) (56.35) (56.95) (62.58) (68.51) (53.68) (55.82) (67.32) (65.23) (56.48) (55.34) (66.12)

NEW JERSEY

1984 1985 1986

Jan- Apr- Ju1y- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Uninjured

Non-Rollover 47428 56525 54808 60610 50778 56978 58741 68961 55715 66753 67801 73265
Uninjured (73.22) (72.76) (72.23) (71.83) (72.57) (72.16) (72.66) (72.82) (72.96) (72.89) (72.82) (73.54)

Rollover 161 127 130 149 117 146 133 178 160 130 137 168
Uninjured (51. 44) (46.52) (43.48) (45.85) (42.55) (45.06) (43.61) (52.82) (48.93) (44.52) (41.02) (48.70)



Table A.9. Number and percent of covered occupants in rollover accidents with certain injury
locations across time periods - Pennsylvania data (data for Figures 2.8a and 2.9a).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Face 50 62 80 93 51 81 77 67 64 77 84 90
(3.89) (5.39) (6.66) (6.44) (4.49) (6.40) (6.18) (4.39) (4.45) (5.51) (5.53) (5.28)

Head 109 145 146 173 109 175 156 146 158 171 177 155
(8.47) (12.61) (12.16) (11. 99) (9.59) (13.83) (12.53) (9.56) (10.99) (12.24) (11.66) (9.10)

Neck 38 38 33 38 35 47 47 49 55 50 54 58
(2.95) (3.30) (2.75) (2.63) (3.08) (3.72) (3.78) (3.21) (3.82) (3.58) (3.56) (3.41)

Back 28 31 42 33 35 52 42 42 39 57 44 55
(2.18) (2.70) (3.50) (2.29) (3.08) (4.11) (3.37) (2.75) (2.71) (4.08) (2.90) (3.23)

Chest! 29 37 30 39 21 37 28 25 28 34 47 36
Stomach (2.25) (3.22) (2.50) (2.70) (1. 85) (2.92) (2.25) ( 1.64) (1. 95) (2.43) (3.10) (2.11)



Table A.10. Number and percent of covered occupants in rollover accidents with certain injury
locations across time periods - New Jersey data (data for Figures 2.8a and 2.9a).

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Head 39 33 37 52 36 47 42 45 49 40 39 46
(12.46) (12.09) (12.37) (16.00) (13.09) (14.51) (13.77) (13.35) (14.98) (13.70) (11. 68) (13.33)

Face 13 15 10 17 16 8 12 10 12 6 12 13
(4.15) (5.49) (3.34) (5.23) (5.82) (2.47) (3.93) (2.97) (3.67) (2.05) (3.59) (3.77)

Neck 11 11 13 18 17 19 20 14 15 20 22 19
(3.51) (4.03) (4.35) (5.54) (6.18) (5.86) (6.56) (4.15) (4.59) (6.85) (6.59) (5.51)

Back 13 14 10 13 19 11 14 12 10 12 26 14
(4.15) (5.13) (3.34) (4.00) (6.91) (3.40) (4.59) (3.56) (3.06) (4.11) (7.78 ) (4.06)

Chest/Abd. 9 10 7 12 6 7 8 9 6 7 3 10
Pelvis (2.88) (3.66) (2.34) (3.69) (2.18) (2.16) (2.63) (2.67) (1. 84) (2.39) (0.90) (2.90)



Table A.11. Number and percent of covered occupants in non-rollover accidents with certain
injury locations across time periods - Pennsylvania data (data for Figures 2.10a and 2.11a).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- Ju1y- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Face 1130 1025 1029 1145 987 1009 937 1211 993 1066 1139 1266
(4.30) (4.18) (4.09) (4.06) (4.08) (3.88) (3.64) (3.98) (3.94) (3.94) (3.90) (4.00)

Head 1379 1303 1305 1546 1259 1320 1345 1516 1302 1392 1447 1681
(5.25) (5.32) (5.19) (5.48) (5.21) (5.08) (5.22) (4.98) (5.16) (5.14) (4.96) (5.31)

Neck 353 349 390 433 349 402 438 453 434 498 504 567
(1. 34) ( 1.42) (1. 55) (1. 53) ( 1.44) ( 1.55) (1. 70) (1. 49) (1.72) ( 1.84) (1. 73) (1. 79)

Back 219 220 234 243 204 222 261 225 244 236 299 283
(0.83) (0.90) (0.93) (0.86) (0.84) (0.85) (1.01) (0.74) (0.97) (0.87) (1. 02) (0.89)

Chest! 371 296 322 371 296 329 317 389 309 344 392 450
Stomach (1. 41) (1.21) (1. 28) (1.31) (1. 22) (1.27) (1. 23) (1. 28) (1.22) (1.27) (1. 34) (1. 42)



Table A.12. Number and percent of covered occupants in non-rollover accidents with certain
injury locations across time periods - New Jersey data (data for Figures 2.10b and 2.11b).

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Head 6318 6877 6728 8051 6260 6256 6204 7917 6707 7256 7358 8148
(9.75) (8.85) (8.87) (9.54) (8.95) (7.92) (7.67) (8.36) (8.78) (7.92) (7.90) (8.18)

Face 2211 2350 2189 2779 2250 2085 2084 2537 2111 2215 2208 2620
(3.41) (3.02) (2.88) (3.29 ) (3.22) (2.64) (2.58) (2.68) (2.76) (2.42) (2.37) (2.63)

Neck 2603 3987 4181 4353 3454 4801 4924 5263 4026 5490 5673 5646
(4.02) (5.13) (5.51) (5.16) (4.94) (6.08) (6.09) (5.56) (5.27) (5.99) (6.09) (5.67)

Back 1474 1710 1792 2030 1720 2036 2091 2548 1915 2405 2490 2414
(2.28) (2.20) (2.36) (2.41) (2.46) (2.58) (2.59) (2.69) (2.51) (2.63) (2.67) (2.42)

Chest/Abd. 858 1016 993 1220 1109 1339 1325 1548 1229 1398 1532 1646
Pelvis 0.33) (1. 31) (1. 31) (1. 45) (1. 59) (1. 70) (1.64) ( 1.64) (1. 61) (1. 53) (1. 64) (1. 65)



Table A.13. Number and percent of covered occupants in head-on accidents with bleeding
or serious (A+K) injuries across time periods (data for Figure 2.12).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury

A+K 222 211 232 230 218 219 187 266 212 239 212 243
(5.06) (6.19) (6.30) (5.98) (5.38) (6.38) (6.39) (6.74) (6.50) (7.56) (6.38) (6.37)

Bleeding 410 356 374 410 349 363 283 404 314 334 365 411
(9.35) (10.43) (10.16) (10.b!) (8.61) (10.58) (9.67) (10.23) (9.62) 00.56) (11.00) 00.78)

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury

A+K 154 181 176 203 182 194 210 235 179 142 232 234
(3.21) (4.89) (5.11) (5.00) (3.90) (5.11) (5.55) (4.82) (4.10) (3.71) (5.52) (5.07)

Bleeding 393 369 337 443 382 358 372 423 399 312 400 412
(8.20) (9.98) (9.78) (10.90) (8.19) (9.43) (9.85) (8.66) (9.15) (8.14) (9.51) (8.93)



Table A.14. Number and percent of covered occupants in non-head-on accidents with bleeding
or serious (A+K) injuries across time periods (data for Figure 2.13).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury

A+K 908 886 914 1019 784 1043 1025 1068 863 1135 1191 1174
(2.61) (2.54) (2.52) (2.57) (2.40) (2.79) (2.72) (2.49) (2.48) (2.89) (2.81) (2.61)

Bleeding 1928 1915 2052 2148 1687 2054 2100 2230 1843 2153 2275 2388
(5.55) (5.50) (5.67) (5.41) (5.16) (5.49) (5.59) (5.20) (5.28) (5.49) (5.38) (5.31)

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury

A+K 439 633 645 668 488 597 634 694 552 666 701 764
(0.89) (0.99) (1. 04) (0.98) (0.90) (0.92) (0.96) (0.90) (0.91) (0.87) (0.91) (0.94)

Bleeding 1738 2332 2289 2426 1720 2114 2153 2318 1853 2330 2441 2445
(3.53) (3.64) (3.67) (3.54) (3.19) (3.26) (3.25) (3.00) (3.06) (3.04) (3.17) (3.00)



Table A.15. Number and percent of uninjured covered occupants in head-on and
non-head-on accidents across time periods (data for Figure2.14).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Uninjured

Non-Head-On 28893 28877 30072 32918 27241 30926 31133 35947 28922 32346 34854 37172
Uninjured (83.21) (82.89) (83.11 ) (82.98) (83.40) (82.73) (82.85) (83.75) (82.89) (82.46) (82.44) (82.58)

Head-On 3336 2514 2751 2766 3063 2496 2146 2889 2386 2272 2349 2706
Uninjured (76.09) (73.68) (74.74) (71.96) (75.57) (72.73) (73.32) (73.12) (73.10) (71.81) (70.77) (70.95)

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Uninjured

Non-Head-On 37399 47617 45894 50220 40441 47776 48896 57139 45085 56599 57052 60756
Uninjured (75.88) (74.30) (73.58) (73.28) (74.91) (73.59) (73.92) (73.98) (74.49) (73.79) (74.19) (74.55)

Head-On 3192 2359 2139 2459 3029 2326 2406 3042 2812 2440 2553 2905
Uninjured (66.58) (63.77) (61.84) (60.51) (64.97) (61.28) (63.68) (62.31) (64.48) (63.67) (60.73) (62.95)



r-
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Table A.16. Number and percent of occupants in head-on accidents with certain injury
locations across time periods - Pennsylvania data (data for Figures 2.l5a and 2.l6a).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Face 231 210 219 228 230 202 145 239 185 172 191 236
(5.27) (6.15) (5.95) (5.93) (5.67) (5.89) (4.95) (6.05) (5.67) (5.44) (5.75) (6.19)

Head 321 262 272 338 291 264 218 313 265 269 267 339
(7.32) (7.68) (7.39) (8.79) (7.18 ) (7.69) (7.45) (7.92) (8.12) (8.50) (8.04) (8.89)

Neck 76 60 63 80 73 72 71 85 61 71 88 98
(1.73) (1.76) (1.71) (2.08) (1. 80) (2.10) (2.43) (2.15) 0.87) (2.24) (2.65) (2.57)

Back 36 32 26 31 43 27 40 33 39 27 33 35
(0.82) (0.94) (0.71) (0.81) (1. 06) (0.79) (1.37) (0.84) (1.19) (0.82) (0.99) (0.92)

Chestl 67 83 68 91 96 76 57 93 78 62 95 74
Stomach (1. 53) (2.43) (1. 85) (2.37) (2.37) (2.21) (1. 95) (2.35) (2.39) (1. 96) (2.86) 0.94)



Table A.17. Number and percent of occupants in head-on accidents with certain injury
locations across time periods - New Jersey data (data for Figures 2.l5b and 2.l6b).

NEW JERSEY

1984 1985 1986

Jan- Apr- Ju1y- Oct- Jan- Apr- Ju1y- Oct- Jan- Apr- Ju1y- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Head 607 460 464 577 602 465 410 611 579 461 539 543
(12.66) (12.44) (13.46) (14.20) (12.91) (12.25) (10.85) (12.52) (13.28) (12.03) (12.82) (11. 77)

Face 233 187 152 234 203 199 195 223 181 152 207 245
(4.86) (5.06) (4.41) (5.76) (4.35) (5.24) (5.16) (4.57) (4.15) (3.97) (4.92) (5.31)

Neck 145 134 156 160 155 163 170 245 159 162 202 224
(3.02) (3.62) (4.53) (3.94) (3.32) (4.29) (4.50) (5.02) (3.65) (4.23) (4.80) (4.85)

Back 99 75 84 92 103 87 87 99 88 83 97 96
(2.07) (2.03) (2.44) (2.26) (2.21) (2.29) (2.30) (2.03) (2.02) (2.17) (2.31) (2.08)

Chest/Abd. 99 96 92 130 134 118 117 166 131 115 151 132
Pelvis (2.07) (2.59) (2.67) (3.20) (2.88) (3.10) (3.09) (3.40) (3.00) (3.00) (3.59) (2.86)

r- ______



Table A.18. Number and percent of occupants in non-head-on accidents with certain injury
locations across time periods - Pennsylvania data (data for Figures 2.17a and 2.18a).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- Ju1y- Oct- Jan- Apr- Ju1y- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Face 1195 1097 1117 1296 1034 1139 1072 1306 1081 1201 1271 1410
(3.44) (3.15) (3.09) (3.27) (3.17) (3.05) (2.85) (3.04) (3.10) (3.06) (3.01) (3.13)

Head 1646 1707 1702 1971 1601 1810 1783 1946 1691 1836 1922 2216
(4.74) (4.90) (4.70) (4.97) (4.90) (4.84) (4.74) (4.53) (4.85) (4.68) (4.55) (4.92)

Neck 645 725 757 806 665 810 822 875 759 982 996 1061
(1. 86) (2.08) (2.09) (2.03) (2.04) (2.17) (2.19) (2.04) (2.18) (2.50) (2.36) (2.36)

Back 398 413 445 467 366 483 485 468 438 501 547 571
(1.15) (1.19) (1. 23) (1.18) 0.12) (1. 29) 0.29) (1. 09) (1. 26) (1. 28) 0.29) (1.27)

Chestl 460 385 419 474 367 427 412 494 401 454 505 584
Stomach (1. 32) (1.11) (1.16) (1.19) (1.12) (1.14) (1. 10) (1.15) (1. 15) (1. 16) (1.19) 0.30 )

r-
»<:» /



Table A.19. Number and percent of occupants in non-head-on accidents with certain injury locations
across time periods - New Jersey data (data for Figures 2.17b and 2.18b).

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Head 4209 5242 5084 6022 4169 4649 4608 5942 4803 5659 5563 6268
(8.54) (8.18) (8.15) (8.79) (7.72) (7.16) (6.97) (7.69) (7.94)- (7.38) (7,/.23) (7.69)

~

Face 1110 1364 1318 1605 1139 1182 1147 1460 1168 1350 1270 1511
(2.25) (2.13) (2.11) (2.34) (2.11) (1. 82) (1.73) (1. 89) 0.93) (1. 76) (1. 65) (1. 85)

Neck 2250 3662 3832 3980 3030 4392 4512 4744 3563 5058 5164 5085
(4.57) (5.71) (6.14) (5.81) (5.61) (6.76) (6.82) (6.14) (5.89) (6.59) (6.72) (6.24)

Back 1186 1510 1599 1778 1455 1805 1838 2249 1663 2160 2221 2117
(2.41) (2.36) (2.56) (2.59) (2.69) (2.78) (2.81) (2.91) (2.75) (2.82) (2.89) (2.60)

Chest/Abd. 580 742 717 881 756 996 973 1153 853 1077 1126 1264
Pelvis ( 1.18) (3.28) (1.15) (1. 29) (1.40) (1. 54) (1.47) (1. 49) (1.41) (1.41) (1.46) (1.56)



Table A.20. Number and percent of covered occupants in single vehicle accidents with
bleeding and serious (A+K) injuries across time periods (data for Figure 2.19).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July-. Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury

A+K 486 449 468 524 375 516 463 548 411 578 613 528
(4.41) (5.19) (5.27) (4.99) (4.14) (5.83) (5.26) (4.96) (4.12) (6.21) (6.06) (4.60)

Bleeding 1039 956 1044 1106 848 955 984 1071 925 1059 1116 1141
(9.44) (11.05) (11. 77) (10.52) (9.38) (10.78) (11.17) (9.70) (9.27) (11.37) (11.04) (9.94)

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury (-
r<:»

A+K 380 417 385 434 364 381 385 382 328 331 422 369
(3.60) (4.25) (3.85) (3.73) (3.29) (3.76) (3.59) (3.12) (2.92) (3.05) (3.59) (2.81)

Bleeding 1322 1284 1271 1444 1398 1223 1274 1355 1237 1120 1292 1349
{12.51) (13.08) {12.70) {12.43) (12.63) (12.07) (11.89) (11.05) (11.00) {10.32) (10.98) (10.26)



Table A.21. Number and percent of covered occupants in multi-vehicle accidents with
bleeding and serious (A+K) injuries across time periods (data for Figure 2.20).

PENNSYLVANIA /'-
»<::

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury

A+K 644 648 678 725 627 746 749 786 664 796 790 889
(2.29) (2.19) (2.18) (2.20) (2.27) (2.33) (2.36) (2.19) (2.35) (2.40) (2.22) (2.38)

Bleeding 1299 1315 1382 1452 1188 1462 1399 1563 1232 1428 1524 1658
(4.62) (4.44) (4.46) (4.40) (4.29) (4.57) (4.41) (4.36) (4.37) (4.32) (4.29) (4.44)

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury

A+K 606 825 836 886 689 889 871 947 748 820 954 1031
(1.11) (1.21) (1.27) (1.21) (1.16) (1.17) (1.24) (1.15) (1. 15) (1. 02) (1. 16) (1.19)

Bleeding 2166 2722 2653 2908 2147 2516 2576 2789 2295 2687 2893 2916
(3.97) (3.99) (4.01) (3.98) (3.63) (3.64) (3.66) (3.37) (3.51) (3.32) (3.54) (3.36)



Table A.22. Number and percent of uninjured covered occupants in single and multi-vehicle
accidents across time periods (data for Figure 2.21).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Crash Type

Multi-Vehicle 23774 24953 26350 27779 23356 26925 26796 30378 23674 -----27764 29855 31154
Uninjured (84.59) (84.31) (85.02) (84.16) (84.39) (84.25) (84.54) (84.79) (84.03) (83.93) (84.13) (83.42)

Single Vehicle 8455 6438 6473 7905 6948 6497 6483 8458 7634 6854 7348 8724
Uninjured (76.86) (74.43) (72.97) (75.22) (76.83) (73.37) (73.60) (76.58) (76.49) (73.60 ) (72.67) (76.01)

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Crash Type

Multi -Vehicle 40908 50221 48276 53017 43828 50390 51615 60648 48283 59367 59985 64154
Uninjured (75.03) (73.70) (72.96) (72.53) (74.07) (72.86) (73.28) (73.26) (73.77) (73.27) (73.44) (73.88)

Single Vehicle 6681 6431 6662 7442 7067 6734 7259 8491 7592 7516 7953 9279
Uninjured (63.21) (65.50) (66.56) (66.64) (63.85) (66.46) (67.74) (69.27) (67.52) (69.23) (67.59) (70.60)



Table A.23. Number and percent of covered occupants in single vehicle accidents with certain
injury locations across time periods - Pennsylvania data (data for Figures 2.22a and 2.23a).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Face 695 577 626 696 549 561 532 680 584 607 655 728
(6.32) (6.67) (7.06) (6.62) (6.07) (6.34) (6.04) (6.16) (5.85) (6.52) (6.48) (6.34)

Head 755 647 670 76'; 642 689 660 761 698 715 736 752
(6.86) (7.48) (7.55) (7.28) (7.10) (7.78) (7.49) (6.89) (6.99) (7.68) (7.28) (6.55)

Neck 158 115 150 147 138 126 141 152 156 141 171 189
(1. 44) (1. 33) (1. 69) (1. 40) (1. 53) ( 1.42) ( 1.60) (1. 38) ( 1.56) (1.51) (1.69) 0.65)

Back 116 96 137 114 93 133 125 117 110 118 134 133
( 1.05) (1.11) (1. 54) (1. 08) (1. 03) (1. 50) (1.42) (1. 06) ( 1.10) (1.27) 0.33) (1.16)

Chest! 202 140 149 185 148 155 150 157 159 163 193 200
Stomach (1. 84) ( 1.62) (1. 68) (1.76) (1. 64) (1.75) (1. 70) (1.42) ( 1.59) (1. 75) (1.91) (1.74)



r>
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Table A.24. Number and percent of covered occupants in single vehicle accidents with certain injury
locations across time periods - New Jersey data (data for Figures 2.22b and 2.23b).

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- Ju1y- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Head 1503 1164 1180 1438 1475 1152 1177 1347 1313 1124 1239 1315
(14.22) (11.86) (11.79) (12.38) (13.33) (11.37) (10.98) (10.99) (11.68) 00.35) (l0.53) (10.01)

Face 856 805 719 933 893 691 726 830 752 698 722 847
(8.10) (8.20) (7.18) (8.03) (8.07) (6.82) (6.77) (6.77) (6.69) (6.43) (6.14) (6.44)

Neck 207 188 193 215 268 244 241 266 293 273 306 334
(1. 96) (1.91) (1. 93) (1. 85) (2.42) (2.41) (2.25) (2.17) (2.61) (2.51) (2.60) (2.54)

Back 192 132 112 160 173 140 146 197 163 166 182 187
(1. 82) (1.34) (1.12) (1. 38) (1. 56) (1. 38) (1. 36) (1.61 ) ( 1.45) (1. 53) (1.55) ( 1.42)

Chest/Abd. 183 181 . 184 212 209 222 229 226 238 203 240 242
Pelvis (1. 73) ( 1.85) (1. 84) (1. 83) (1. 89) (2.19) (2.14) (1. 85) (2.11) (1.87) (2.04) (1. 84)



Table A.25. Number and percent of covered occupants in multi-vehicle accidents with certain
injury locations across time periods - Pennsylvania data (data for Figures 2.24a and 2.25a).

PENNSYLVANIA

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Face 731 730 710 828 715 780 685 865 682 766 807 918
(2.60) (2.47) (2.29) (2.51) (2.58) (2.44) (2.16) (2.41) (2.42) (2.32) (2.27) (2.46)

Head 1212 1322 1305 1544 1250 1385 1341 1498 1258 1390 1453 1803
(4.31) (4.47) (4.21) (4.68) (4.52) (4.33) (4.23) (4.18) (4.47) (4.20) (4.09) (4.83)

Neck 563 670 670 739 600 756 752 808 664 912 913 970
(2.00) (2.26) (2.16) (2.24) (2.17) (2.37) (2.37) (2.26) (2.36) (2.76) (2.57) (2.60)

Back 318 349 334 384 316 377 400 384 367 409 446 473
(1.13) (1.18) (1. 08) (1.16) 0.14) 0.18) 0.26) (1.07) 0.30) (1. 24) (1. 26) (1.27)

Chest! 325 328 338 380 315 348 319 430 320 353 407 458
Stomach (1.16) (1.11) (1. 09) (1.15) (1.14) (1. 09) (1.01) (1. 20) ( 1.14) (1.07) (1.15) (1.23)

r
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Table A.26. Number and percent of covered occupants in multi-vehicle accidents with certain injury
locations across time periods - New Jersey data (data for Figures 2.24b and 2.25b).

NEW JERSEY

1984 1985 1986

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec

Injury Location

Head 4854 5746 5585 6665 4821 5151 5069 6615 5443 6172 6158 6879
(8.90) (8.43) (8.44) (9.12) (8.15) (7.45) (7.20) (7.99) (8.32) (7.62) (7.54) (7.92)

Face 1368 1516 1480 1863 1373 1402 1370 1717 1371 1523 1498 1786
(2.51) (2.29) (2.24) (2.55) (2.32) (2.03) (1. 95) (2.07) (2.09) (1. 88) (1. 83) (2.06)

Neck 2407 3810 4001 4156 3203 4576 4703 5011 3748 5237 5389 5331
(4.41) (5.59) (6.05) (5.69) (5.41) (6.62) (6.68) (6.05) (5.73) (6.46) (6.60) (6.14)

Back 1295 1592 1690 . 1883 1566 1907 1959 2363 1762 2251 2334 2241
(2.38) (2.34) (2.55) (2.58) (2.65) (2.76) (2.78) (2.85) (2.69) (2.78) (2.86) (2.58)

Chest/Abd. 684 845 816 1020 906 1124 1104 1331 997 1202 1295 1414
Pelvis (1. 25) (1. 24) (1. 23) ( 1.40) (1. 53) (1. 62) (1.57) (1. 60) (1. 52) (1. 49) (1. 58) (1. 63)

/'-
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Table A.27. Number and percent of' non-belted (NB) and belted (SB) occupants
in all 1984 accidents for New Jersey and Pennsylvania by injury
severity, injury type, and injury location.

)
1984

\.
Overall

NJ PA

n n n n
(i0 (i0 (i0 (i0

Injury Severity NB SB NB SB

Uninjured 193,115 46,645 77, 936 22,878
(71.79) (76.66) (81.68) (89.87)

Killed 352 23 716 48
( 0.13) ( 0.04) ( 0.75) ( 0.19)

Major Injury/Incap. 4,074 492 2,467 307
( 1. 51) ( 0.81) ( 2.59) ( 1.21 )

Moderate Injury 20,732 2,843 14,027 2,141
( 7.71) ( 4.67) (14.70) ( 8.41)

Complaint of Pain 50,728 10,841
(18.86) (17.82)

Unknown Injury 266 84
( 0.28) ( 0.33)



Table A.27 (Con't)

1984

Overall

NJ ) FA

n n -: n n
00 (:'0 (i0 00

Injury Type NB SB NB SB

Uninjured 193,115 46,645 77 , 936 22,878
(71. 79) (76.66) (81.68) (89.87)

Amputation 4 1 13 2
( 0.00) ( 0.00) ( 0.01) ( 0.01)

Concussion 729 83 790 80
( 0.27) ( 0.14) ( 0.83) ( 0.31)

Internal 744 97
( 0.28) ( 0.16)

Bleeding 14,780 1,718 6,270 660
( 5.49) ( 2.82) ( 6.57) ( 2.59)

Contusions/Bruises/ 8,595 1,371 2,084 308
Abrasions ( 3.20) ( 2.25) ( 2.18) ( 1. 21)

Burns 44 5 43 5
( 0.02) ( 0.01) ( 0.05) ( 0.02)

Fracture/Dislocation 1,386 165 2,324 287
( 0.52) ( 0.27) ( 2.44) ( 1.13)

Complaint of Pain 44,266 9,631 4,953 1,069
(16.46) (15.83) ( 5.19) ( 4.20)

None Visible 5,338 1,128 849 134
( 1. 98) ( 1. 85) ( 0.89) ( 0.53)



Table A.27 (Con't)

1984

Overall

) NJ PA

Z. n n n n
00 (%) (%) (%)

Injury Location NB SB NB SB

Uninjured 193.115 46.645 77•936 22.878
(71.79) (76.66) (81.68) (89.87)

Head 25.873 3.771 5.209 595
( 9.62) ( 6.20) ( 5.46) ( 2.34)

Face 9.045 1.107 3.617 351
( 3.36) ( 1. 82) ( 3.79) ( 1.38)

Neck 12.646 3.473 1.642 355
( 4.70) ( 5.71) ( 1. 72) ( 1. 39)

Chest/Stomach/ 3.547 894 1.635 320
(Abdomen/Pelvis/ ( 1. 31) ( 1.47) ( 1. 72) ( 1. 26)
Internal

Back 6.343 1.501 1.067 242
( 2.36) ( 2.47) ( 1.12) ( 0.95)

Arm 6.944 2.476 1.128 182
( 2.58) ( 2.43) ( 1.18) ( 0.71)

Entire Body 2.323 334 1.090 169
( 0.86) ( 0.55) ( 1. 14) ( 0.66)

Leg 9.165 1.643 1.637 254
( 3.41) ( 2.70) ( 1. 72) ( 1.00)

Unknown 151 35
( 0.16) ( 0.14)

Other 300 77
( 0.31) ( 0.30)



Table A.28. Number and percent of non-belted (NB) and belted (SB) occupants
in 1984 rollover accidents for New Jersey and Pennsylvania by
injury severity, injury type, and injury location.

)

<-- 1984

Rollovers Others

NJ PA NJ PA

n n n n n n n n
(i0 (%) (%) (%) (i0 (in (%) (%)

Injury Severity NB SB NB SB NB SB NB SB

Uninjured 607 128 2,847 869 192,740 46,581 49,211 14,005
(46.95) (55.41) (60.32) (76.90) (71.93) (76.76) (81.08) (90.96)

Killed 6 1 162 10 346 22 414 20
( 0.46) ( 0.43) ( 3.43) ( 0.88) ( 0.13) ( 0.04) ( 0.68) ( 0.13)

Major Injury/Incap. 76 10 322 38 3,999 482 2,633 165
( 5.88) ( 4.33) ( 6.82) ( 3.36) ( 1. 49) ( 0.79) ( 2.69) ( 1.07)

Moderate Injury 255 30 1,380 206 20,483 2,816 9,289 1,173
(19.72) (12.99) (29.24) (18.23) ( 7.64) ( 4.64) (15.30) ( 7.62)

Complaint of Pain 349 62 50,404 10,784
(26.99) (26.84) (18.81) (17.77)

Unknown Injury 9 7 150 34
( 0.19) ( 0.62) ( 0.25) ( 0.22)



Table A.28 (Con't)

1984

Rollovers Others

NJ PA NJ PA

n n n n n n n n
00 00 C~) (%) (%) (%) 00 00

Injury Type NB SB NB SB NB SB NB SB

Uninjured 607 128 2,847 869 192,740 46,581 49,211 14,005
(46.95) (55.41) (60.32) (76.90) (71.93) (76.76) (81. 08) (90.96)

Amputation 0 0 8 0 4 1 4 1
( 0.00) ( 0.00) ( 0.17) ( 0.00) ( 0.00) ( 0.00) ( 0.01) ( 0.01)

Concussion 8 1 87 12 721 82 529 42
( 0.62) ( 0.43) ( 1.84) ( 1.06) ( 0.27) ( 0.14) ( 0.87) ( 0.27)

Internal 18 1 726 96
( 1. 39) ( 0.43) ( 0.27) ( 0.16)

Bleeding 186 20 647 76 14,598 1,702 4,495 416
(14.39) ( 8.66) (13.71) ( 6.73) ( 5.45) ( 2.80) ( 7.41) ( 2.70)

Contusions/Bruises/ 123 18 259 39 8,476 1,353 1,408 172
Abrasions ( 9.51) ( 7.79) ( 5.49) ( 3.45) ( 3.16) ( 2.23) ( 2.32) ( 1.12)

Burns 2 a 12 a 42 5 22 2
( 0.15) ( 0.00) ( 0.25) ( 0.00) ( 0.02) ( 0.01) ( 0.04) ( 0.01)

Fracture/Dislocation 25 5 329 34 1,362 160 1,540 163
( 1. 93) ( 2.16) ( 6.97) ( 3.01) ( ·0.51) ( 0.26) ( 2.54) ( 1.06)

Complaint of Pain 301 52 425 85 43,983 9,583 2,852 509
(23.28) (22.51) ( 9.00) ( 7.52) (16.41) (15.79) ( 4.70) ( 3.31)

None Visible 23 6 95 12 5,320 1,122 552 65
( 1. 78) ( 2.60) ( 2.01) ( 1.06) ( 1. 99) ( 1. 85) ( 0.91) ( 0.42)



Table A.28 (Con't)

1984

) Rollovers Others

) NJ PA NJ PA-,

n n n n n n n n
(i0 (i0 00 00 (7.) (7.) (7.) 00

Injury Location NB SB m! SB NB SB NB SB

Uninjured 607 128 2,847 869 192,740 46,581 49,211 14,005
(46.95) (55.41) (60.32) (76.90) (71.93) (76.76) (81. 08) (90.96)

Head 185 22 529 75 25,702 3,752 3,511 325
(14.31) ( 9.52) (11.21) ( 6.64) ( 9.59) ( 6.18) ( 5.78) ( 2.11 )

Face 54 3 257 25 8,995 1,105 2,785 231
( 4.18) ( 1. 30) ( 5.44) ( 2.21) ( 3.36) ( 1. 82) ( 4.59) ( 1. 50)

Neck 51 9 132 24 12,601 3,467 832 148
( 3.94) ( 3.90) ( 2.80) ( 2.12) ( 4.70) ( 5.71) ( 1.37) ( 0.96)

Chest/Stomach/ 32 8 179 17 3,516 886 1.112 193
Abdomen/Pelvis/ ( 2.48) ( 3.47) ( 3.80) ( 1.50) ( 1. 31) ( 1.46) ( 1. 83) ( 1.25)
Internal

Back 62 7 171 31 6,282 1,494 559 106
( 4.80) ( 3.03) ( 3.62) ( 2.74) ( 2.34) ( 2.46) ( 0.92) ( 0.69)

Arm 173 28 207 33 6,773 1,449 651 92
(13.38) (12.12) ( 4.39) ( 2.92) ( 2.53) ( 2.39) ( 1.07) ( 0.60)

Entire Body 59 8 183 27 2,264 326 678 88
( 4.56) ( 3.46) ( 3.88) ( 2.39) ( 0.84) ( 0.54) ( 1.12) ( 0.57)

Leg 70 18 165 19 9,099 1,625 1,076 146
( 5.41) ( 7.79) ( 3.50) ( 1. 68) ( 3.40) ( 2.68) ( 1. 77) ( 0.95)

Unknown 11 3 82 23
( 0.23) ( 0.27) ( 0.14) ( 0.15)

Other 39 7 200 40
( 0.83) ( 0.62) ( 0.33) ( 0.26)



Table A.29. Number and percent of non-belted (NB) and belted (sa) occupants
in 1984 head-on accidents for New Jersey and Pennsylvania by
injury severity, injury type, and injury location.)

1984 "
Head-Ons Others

NJ PA NJ PA

n n n n n n n n
(;0 (;0 00 (%) (%) (%) (%) (%)

Injury Severity NB SB NB SB NB SB NB SB

Uninjured 9,081 2,068 6,433 1,789 156,294 38,090 68,719 20,145
(63.26) (68.86) (73.13) (83.60) (73.59) (77.14) (82.03) (90.08)

Killed 81 7 140 10 109 11 574 38
( 0.56) ( 0.23) ( 1. 59) ( 0.47) ( 0.05) ( 0.02) ( 0.69) ( 0.17)

Major Injury/Incap. 570 80 434 73 2,051 291 2,026 234
( 3.97) ( 2.66) ( 4.93) ( 3.41) ( 0.97) ( 0.59) ( 2.42) (1. 05)

Moderate Injury 1,793 280 1,774 259 12,612 1,864 12,206 1,873
(12.49) ( 9.32) (20.17) (12.10) ( 5.94) ( 3.77) (14.57) (8.38)

Complaint of Pain 2,831 568 41,329 9,123
(19.72) (18.91) (19.46) . (18.48)

Unknown Injury 16 9 245 74
( 0.18) ( 0.42) ( 0.29) (0.33)



Table A.29 (Con't)

1984

Head-Ons Others

NJ PA NJ PA )

n n n n n n n no(
(i0 (i0 (i0 (i0 (i0 (~O (i0 (7.)

Injury Type NB SB NB SB NB SB NB SB

Uninjured 9,081 2,068 6,433 1,789 156,294 38,090 68,719 20,145
(63.26) (68.86) (73.13) (83.60) (73.59) (77.14) (82.03) (90.08)

Amputation 0 0 1 0 2 0 12 2
( 0.00) ( 0.00) ( O.01) ( 0.00) ( 0.00) ( 0.00) ( o.01) ( 0.01)

Concussion 64 10 102 11 446 52 685 69
( 0.45) ( 0.33) ( 1. 16) ( 0.51) ( 0.21) ( 0.11) ( 0.82) ( 0.31)

Internal 122 17 335 60
( 0.85) ( 0.57) ( 0.16) ( 0.12)

Bleeding 1,411 180 977 115 8,150 1,019 5,270 540
( 9.83) ( 5.99) (11.11) ( 5.37) ( 8.84) ( 2.06) ( 6.29) ( 2.41)

Contusions/Bruises/ 685 111 282 37 5,579 936 1,796 271
Abrasions ( 4.77) ( 3.70) ( 3.21) ( 1. 73) ( 2.63) ( 1.90) ( 2.14) ( 1.21)

Burns 3 0 7 1 25 4 36 4
( 0.02) ( 0.00) ( 0.08) ( 0.05) ( 0.01) ( 0.01) ( 0.04) ( 0.02)

Broken Bones 183 34 374 60 642 84 1,941 225
( 1. 27) ( 1.13) ( 4.25) . ( 2.80) ( 0.30) ( 0.17) ( 2.32) ( 1.01)

Complaint of Pain 2,499 535 500 105 36,491 8,159 4,437 963
(17.41) (17.82 ) ( 5.68) ( 4.91) (17.18) (16.52) ( 5.30) ( 4.31)

None Visible 308 48 109 17 4,431 975 736 115
( 2.15) ( 1. 60) ( 1. 24) ( 0.79) ( 2.09) ( 1. 97) ( 0.88) ( 0.51)



Table A.29 (Con't)

1984

Head-Ons Others

NJ ) ~ NJ PA

n n \. n n n n n n
(i0 un 00 (:'.) (%) (%) (%) 00

Injury Location NB SB NB SB NB SB NB SB

Uninjured 9,081 2,068 6,433 1,789 156,294 38,090 68,719 20,145
(63.26) (68.86) (73.13) (83.60) (73.59) (77.14) (82.03) (90.08)

Head 1,934 260 729 77 18,682 2,881 4,464 517
(13.47) ( 8.66) ( 8.29) ( 3.60) ( 8.80) ( 5.83) ( 5.33) ( 2.31)

Face 754 103 540 63 5,070 692 3,063 284
( 5.25) ( 3.43) ( 6.14) ( 2.94) ( 2.39) ( 1. 40) ( 3.66) ( 1.27)

Neck 491 125 138 25 11,316 3,168 1,499 329
( 3.42) ( 4.16) ( 1.57) ( 1.17) ( 5.33) ( 6.42) ( 1. 79) ( 1.47)

Chest/Stomach/ 341 95 219 57 2,478 654 1,411 263
(Abdomen/Pelvis/ ( 2.37) ( 3.16) ( 2.49) ( 2.66) ( 1.17) ( 1. 32) ( 1. 68) ( 1.18)
Internal

Back 320 65 80 19 5,358 1,315 985 223
( 2.23) ( 2.16) ( 0.91) ( 0.89) ( 2.52) ( 2.66) ( 1.18) ( 1.00)

Arm 454 114 136 23 4,936 1,089 987 155
( 3.16) ( 3.80) ( 1.55) ( 1. 07) ( 2.32) ( 2.21) ( 1. 18) ( 0.69)

Leg 742 135 286 48 6,746 1,241 1,344 206
( 5.17) ( 4.50) ( 3.25) ( 2.24) ( 3.18) ( 2.51) ( 1. 60) ( 0.92)

Entire Body 239 38 181 24 1,515 249 905 145
( 1.66) ( 1. 27) ( 2.06) ( 1.12) ( 0.71) ( 0.50) ( 1.08) ( 0.65)

Other 36 10 261 67
( 0.41) ( 0.47) ( 0.31) ( 0.30)

Unknown 19 5 132 30
( 0.22) ( 0.23) ( 0.16) ( 0.13)



Table A.30. Number and percent of non-belted (NB) and belted (SB) occupants
in 1984 single and multi-vehicle accidents for New Jersey and
Pennsylvania by injury severity, injujY type, and injury location.

1984 Z.

Single Multi-Vehicle

NJ PA NJ PA

n n n n n n n n
(7.) (7.) (7.) (7.) (7.) (7.) (7.) (7.)

Injury Severity NB SB NB SB NB SB NB SB

Uninjured 24,538 5,780 18,430 5,657 168,809 40,929 59,518 17,222
(63.90) (45.66) (71.54) (88.32) (73.12) (76.82) (85.54) (90.39)

Killed 153 5 334 17 199 18 382 31
( 0.40) ( 0.07) ( 1. 30) ( 0.27) ( 0.09) ( 0.03) ( 0.55) ( 0.16)

Major Injury/Incap. 2,402 116 1,166 94 2,673 376 1.301 213
( 3.65) ( 1.52) ( 4.53) ( 1.47) ( 1.16) ( 0.71) ( 1.87) ( 1. 12)

Moderate Injury 6,154 674 5.760 620 14,584 2,172 8,269 1,521
(16.03) ( 8.82) (22.36) ( 9.68) ( 6.32) ( 4.08) (11.87) ( 7.98)

Complaint of Pain 6,152 1,064 44,601 9,782
(16.02) (13.93) (19.32) (18.36)

Unknown Injury 71 17 195 67
( 0.28) ( 0.27) ( 0.28) ( 0.35)



Table A.30 (Con't)

1984

Single Multi-Vehicle

) NJ PA NJ PA

( n n n n n n n n
(i0 00 00 (%) (%) (%) (i0 00

Injury Type NB SB NB SB NB SB NB SB

Uninjured 24,538 5,780 18,430 5,657 168,809 40,929 59,518 17,222
(63.90) (75.66) (71.54) (88.32) (73.12) (76.82) (85.43) (90.34)

Amputation 2 1 9 1 2 0 4 1
( o.oi i ( 0.0l) ( 0.03) ( 0.02) ( 0.00) ( 0.00) ( 0.01) ( 0.01)

Concussion 216 20 349 33 513 63 441 47
( 0.56) ( 0.26) ( 1.35) ( 0.52) ( 0.22) ( 0.12) ( 0.63) ( 0.25)

Internal 283 20 461 77
( 0.74) ( 0.26) ( 0.20) ( 0.14)

Bleeding 5,086 507 3,012 246 9,698 1,215 3,259 414
(13.25) ( 6.64) (11. 69) ( 3.84) ( 4.20) ( 2.28) ( 4.68) ( 2.17)

Contusions/Bruises/ 2,250 307 931 104 6,349 1,064 1,153 204
Abrasions ( 5.86) ( 4.02) ( 3.61) ( 1. 62) ( 2.75) ( 2.00) ( 1. 66) ( 1.07)

Burns 15 1 21 1 29 4 22 4
( 0.04) ( 0.01) ( 0.08) ( 0.02) ( 9.0l) ( 0.0l) ( 0.03) ( 0.02)

Fracture/Dislocation 541 45 1,131 94 864 120 1,193 193
( 1. 41) ( 0.59) ( 4.39) ( 1.47) ( 0.37) ( 0.23) ( 1.71) ( 1.01)

Complaint of Pain 4,904 868 1,503 234 39,380 8,767 3,451 835
(12.77) (11.36) ( 5.83) ( 3.65) (17.06) (16.46) ( 4.95) ( 4.38)

None Visible 564 90 323 25 4,779 1,038 526 109
( 1.47) ( 1.18) ( 1.25) ( 0.39) ( 2.07) ( 1. 95) ( 0.76) ( 0.57)



Table A.30 (Con't)

1984

Single Multi-Vehicle

) NJ PA NJ PA

n\. n n n n n n n
(i0 00 (i0 (:0 (%) (%) (%) (~O

Injury Location NB SB NB SB NB SB NB SB

Uninjured 24,538 5,780 18,430 5,657 168,809 40,929 59,518 17,222
(63.90) (75.66) (71. 54) (88.32) (73.12) (76.82) (85.43) (90.39)

Head 5,050 596 2,146 201 20,837 3,178 3,063 394
(13.15) ( 7.80) ( 8.33) ( 3.14) ( 9.03) ( 5.97) ( 4.40) ( 2.07)

Face 3,140 300 130 130 5,909 808 1,791 221
( 8.18) ( 3.93) ( 2.03) ( 2.03) ( 2.56) ( 1. 52) ( 2.57) ( 1. 16)

Neck 273 160 442 66 11,909 3,316 1,200 289
( 1. 93) ( 2.09) ( 1. 72) ( 1. 03) ( 5.16) ( 6.22) ( 1.72) ( 1.52)

Chest/Stomach/ 699 135 699 63 2,849 759 937 257
(Abdomen/Pelvis/ ( 1. 82) ( 1.77) ( 2.71) ( 0.91) ( 1. 24) ( 1.42) ( 1.35) ( 1. 35)
Internal

Back 606 107 413 68 5,738 1,394 654 174
( 1.58) ( 1.40) ( 1. 60) ( 1.06) ( 2.49) ( 2.62) ( 0.94) ( 0.91)

Arm 1,497 259 510 67 5,449 1,218 618 115
( 3.90) ( 3.39) ( 1. 98) ( 1.05) ( 2.36) ( 2.29) ( 0.89) ( 0.60)

Entire Body 539 45 454 58) 1,784 289 636 111
( 1.40) ( 0.59) ( 1. 76) ( 0.91) ( 0.77) ( 0.54) ( 0.91) ( 0.58)

Leg 1,587 257 671 67 7,582 1,386 966 187
( 4.13) ( 3.36) ( 2.60) ( 1.05) ( 3.28) ( 2.60) ( 1.39) ( 0.98)

Unknown 48 10 103 25
( 0.19) ( 0.16) ( 0.15) ( 0.13)

Other 121 18 179 59
( 0.47) ( 0.28) ( 0.26) ( 0.31)



Table A.31. Number and percent of non-belted (NB) and belted (SB) occupants
in 1984 accidents for New Jersey and Pennsylvania by ejection,
injury severity, injury type, and injury location.

1984

Not Ejected Ejected

NJ PA NJ ~

n n n n n n n n
(i0 00 (%) (%) (%) (%) (%) (%)

Injury Severity NB SB NB SB NB SB NB SB

Uninjured 192,377 46,438 77,906 22,872 333 56 25 0
(71.99) (76.70) (82.66) (90.05) (27.07) (44.80) ( 2.71) ( 0.00)

Killed 258 20 528 47 93 3 184 1
( 0.10) ( 0.03) ( 0.56) ( 0.19) ( 7.56) ( 2.40) (19.91) ( 3.33)

Major Injury/Incap. 3,827 483 2,127 299 237 7 298 8
( 1.43) ( 0.80) ( 2.26) ( 1.18) (19.27) ( 5.60) (32.25) (26.67)

Moderate Injury 20,402 2,824 13,426 2,101 294 17 415 21
( 7.63) ( 4.66) (14.25) ( 8.27) (23.90) (13.60) (44.91) (70.00)

Complaint of Pain 50,380 10,780 273 42
(18.85) (17.80) (22.20) (33.60)

Unknown Injury 257 79 2 0
( 0.27) ( 0.31) ( 0.22) ( 0.00)



Table A.31 (Con't)

1984

Not Ejected Ejected

NJ PA NJ PA

n n n n n n n n
00 00 00 (i0 00 (7.) (7.) (7.)

Injury Type NB SB NB SB NB SB NB SB

Uninjured 102,377 46,438 77,906 22,872 333 56 25 0
(71. 99) (76.70) (82.66) (90.05) (27.07) (44.80) ( 2.71) ( 0.00)

Amputation 4 1 10 2 0 0 3 0
( 0.00) ( 0.00 ( 0.01) ( 0.01) ( 0.00) ( 0.00) ( 0.32) ( 0.00)

Concussion 699 83 704 79 28 0 77 1
( 0.26) ( 0.14) ( 0.75) ( 0.31) ( 2.28) ( 0.00) ( 8.33) ( 3.33)

Internal 651 93 92 4
( 0.24) ( 0.15) ( 7.48) ( 3.20)

Bleeding 14,459 1,705 5,868 646 288 15 299 7
( 5.41) ( 2.82) ( 6.23) ( 2.54) (23.41) 02.00) (32.36) (23.33)

Contusions/Bruises/ 8,450 1,362 1,969 302 131 8 80 3
Abrasions ( 3.16) ( 2.25) ( 2.09) ( 1.19 ) 00.65) ( 6.40) ( 8.66) (10.00)

Burns 44 5 37 5 a a 5 0
( 0.02) ( 0.01) ( 0.04) ( 0.02) ( 0.00) ( 0.00) ( 0.54) ( 0.00)

Broken Bones 1,315 162 2,088 278 72 3 214 8
( 0.49) ( 0.27) ( 2.22) ( 1. 09) ( 5.85) ( 2.40) (23.16) (26.67)

Complaint of Pain 43,935 9,576 4,778 1,054 266 35 121 8
(16.44) (15.82) ( 5.07) ( 4.15) (21.63) (28.00) (13.10) (26.67)

None Visible 5,310 1,120 884 160 20 4 100 3
( 1. 99) ( 1. 85) ( 0.94) ( 0.63) ( 1. 63) ( 3.20) (10.82) (10.00)



Table A.31 (Con't)

1984

Not Ejected Ejected

NJ PA NJ ) PA

n n n n n zn n n
00 00 00 (%) (%) (%) (%) (i0

Injury Location NB SB ~ SB NB SB NB SB

Uninjured 192,377 46,438 77,906 22,872 333 56 25 0
(72.99) (76.70) (82.66) (90.05) (27.07) (44.80) ( 2.71) ( 0.00)

Head 25,508 3,740 4,827 588 318 27 311 4
( 9.54) ( 6.18) ( 5.12) ( 2.32) (25.85) (21.60) (33.66) (13.33)

Face 8,956 1,104 3,459 342 70 3 96 4
( 3.35) ( 1.82) ( 3.67) ( 1.35) ( 5.69) ( 2.40) (10.39) (13.33)

Neck 12,562 3,456 1,578 352 60 14 51 1
( 4.70) ( 5.71) ( 1.12) ( 1.39) ( 4.88) (11.20) ( 5.52) ( 3.33)

Chest/Stomach/ 3,485 889 1,517 316 58 3 101 1
Abdomen/Pelvis/ ( 1. 31) ( 1.47) ( 1. 61) ( 1.23) ( 4.71) ( 2.40) (10.93) ( 3.33)
Internal

Back 6,266 1,492 995 240 69 6 62 2
( 2.34) ( 2.46) ( 1.06) ( 0.94) ( 5.61) ( 4.80 ( 6.71) ( 6.67)

Arm 6,858 1,468 1,058 178 79 4 50 2
( 2.57) ( 2.42) ( 1.12) ( 0.70) ( 6.42) ( 3.20) ( 5.41) ( 6.67)

Leg 9,048 1,634 1,540 248 107 4 84 6
( 3.39) ( 2.70) ( 1. 63) ( 0.97) ( 8.70) ( 3.20) ( 9.09) (20.00)

Entire Body 2,184 324 940 157 136 8 131 10
( 0.82) ( 0.54) ( 1.00) ( 0.62) (11.06) ( 6.40) (14.18) (33.33)

Other 284 76 9 0
( 0.30) ( 0.30) ( 0.97) ( 0.00)

Unknown 140 31 4 0
( 0.15) ( 0.12) ( 0.43) ( 0.00)



Table A.32. Number and percent of non-belted (NB) and belted (SB) occupants
in 1984 accidents by occupant gender, injury severity, injury
type, and injury location.

)
1984 <

Male Female

NJ PA NJ PA

n n n n n n n n
00 (i0 (%) (%) (%) (%) (%) (:0

Injury Severity ~ SB NB SB NB SB NB SB

Uninjured 120,947 27,404 51,013 14,466 72,168 19,151 26,923 8,142
(76.68) (80.81) (84.17) (91.79) (64.86) (71.40) (77.35) (86.74)

Killed 221 12 473 28 131 11 243 20
( 0.14) ( 0.04) ( 0.78) ( 0.18) ( 0.12) ( 0.04) ( 0.70) ( 0.21)

Major Injury/Incap. 2,189 249 1,476 161 1,885 243 991 146
( 1. 39) ( 0.73) ( 2.44) ( 1. 02) ( 1. 69) ( 0.91) ( 2.85) ( 1. 51)

Moderate Injury 11,251 1,435 7,499 1,060 9,481 1,408 6,528 1,081
( 7.13) ( 4.22) (12.37) ( 6.73) ( 8.52) ( 5.25) (18.76) (11.15)

Complaint of Pain 23,124 4,833 27,604 6,008
(14.66) (14.21) (24.81) (22.40)

Unknown Injury 145 45 121 39
( 0.24) ( 0.29) ( 0.35) ( 0.40)



Table A.32 (Con't)

"- 1984

Male Female

NJ PA NJ PA
)

n n n n n n n n
00 00 < 00 (%) (%) (%) (%) (%)

Injury Type ~ SB NB SB NB SB NB SB

Uninjured 120,947 27,494 51,013 14,466 72,168 19,151 26,923 8,412
{76.68} (80.81) (84.17) (91.79) (64.86) {71.40} (77.35) (86.74)

Amputation 1 1 9 2 3 0 4 0
( O.OO) ( O.OO) ( 0.01) ( o.oi i ( 0.00) ( O.OO) ( 0.01) ( O.OO)

Concussion 372 41 404 39 357 42 386 41
( 0.24) ( 0.12) ( 0.67) ( 0.25) ( 0.32) ( 0.16) ( 1.11 ) (0.42)

Internal 444 51 300 46
( 0.28) ( 0.15) ( 0.27) ( 0.17)

Bleeding 8,902 1,004 3,935 404 5,878 714 2,335 256
( 5.64) ( 2.95) ( 6.49) ( 2.56) ( 2.28) ( 2.66) ( 6.71) ( 2.64)

Contusions/Bruises/ 4,261 665 1,064 150 4,334 706 1,020 158
Abrasions ( 2.70) ( 1. 95) ( 1. 76) ( 0.95) ( 3.90) ( 2.63) ( 2.93) ( 1.63)

Burns 29 2 23 2 15 3 20 3
( 0.02) ( 0.01) ( 0.04) ( 0.01) ( 0.01) ( o.or) ( 0.06) ( 0.03)

Broken Bones 717 71 1,261 146 669 94 1,063 141
( 0.45) ( 0.21) ( 2.08) ( 0.93) ( 0.60) ( 0.35) ( 3.05) ( 1.45)

Complaint of Pain 19,610 4,209 2,322 464 24,656 5,422 2,631 605
(12.43) (12.37) ( 3.83) ( 2.94) (22.16) (20.22) ( 7.56) ( 6.24)

None Visible 2,449 485 491 66 2,889 643 68 2,889
( 1. 55) ( 1. 43) ( 0.81) ( 0.42) ( 2.60) ( 2.40) ( 0.70) (2.60)



Table A.32 (Con't)
-,

1984

Male Female

NJ PA ) NJ PA

n n n n -( n n n n
(i0 (%) (%) (%) (%) (%) (%) (%)

Injury Location NB SB NB SB NB SB NB SB

Uninjured 120,947 27,494 51,013 14,466 72,168 19,151 26,923 8,412
(76.68) (80.81) (84.17) (91.79) (64.86) (71.40) (77.35 ) (86.74)

Head 12,518 1,700 2,935 328 13,355 2,071 2,274 267
( 7.94) ( 5.00) ( 4.84) ( 2.08) (12.00) ( 7.72) ( 6.53) ( 2.75)

Face 4,755 529 2,131 201 4,290 578 1,486 150
( 3.01) ( 1.55) ( 3.52) ( 1.28) ( 3.86) ( 2.16) ( 4.27) ( 1. 55)

Neck 5,524 1,502 715 133 7,122 1,971 927 222
( 3.50) ( 4.41) ( 1.18) ( 0.84) ( 6.40) ( 7.35) ( 2.66) ( 2.29)

Chest/Stomach/ 1,786 375 1,014 165 1,761 519 621 165
Abdomen/Pelvis/ ( 1.14) ( 1.10) ( 1.67) ( 0.99) ( 1. 58) ( 1. 93) ( 1. 78) ( 1. 70)
Internal

Back 3,315 762 555 112 3,028 739 512 130
( 2.10) ( 2.24) ( 0.92) ( 0.71) ( 2.72) ( 2.76) ( 1.47) ( 1.34)

Arm 3,645 775 636 95 3,299 701 492 87
( 2.31) ( 2.28) ( 1.05) ( 0.60) ( 2.96) ( 2.61) ( 1. 41) ( 0.90)

Leg 4,085 746 760 132 5,080 897 877 122
( 2.59) ( 2.19) ( 1.25) ( 0.84) ( 4.57) ( 3.34) ( 2.52) ( 1. 26)

Entire Body 1,157 140 600 79 1,166 194 490 90
( 0.73) ( 0.41) ( 0.99) ( 0.50) ( 1. 05) ( 0.72) ( 1. 41) ( 0.93)

Other 162 41 138 36
( 0.27) ( 0.26) ( 0.40) ( 0.37)

Unknown 85 18 66 17
( 0.14) ( 0.11 ) ( 0.19) ( 0.18)



)

APPENDIX B

Data for Indiana



Table B.I. Number and percent of drivers in all accidents who were killed, injured
or not injured across time periods (data for Figure 2.26).

INDIANA

1985 1986 1987 1988

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July· Oct- Jan- Apr- July·
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept

Injury
Severity

Killed 89 97 86 136 71 99 120 109 84 117 98 111 91 102 116
(0.18) (0.20) (0.18) (0.23) (0.13) (0.16) (0.20) (0.16) (0.14) (0.19) (0.16) (0.16) (0.14) (0.17) (0.19)

Injured 6613 7035 7322 8676 6709 7808 8183 8994 7283 8250 7769 8662 7816 7821 8059
(13.28) (14.76) (15.34) (I4.42) (12.25) (12.92) ( 13.46) (13.13) (12.50) (13.52) (12.89) (12.20) (12.24) (12.82) (13.27)

Not Injured 43113 40'i29 40315 5lJ72 48006 52506 52514 59416 50877 52650 52417 62210 55940 53090 52578
(86.55) (85.04) (84.48) (85.36) (87.62) (86.91) (86.35) (86.71) (87.35) (86.29) (86.95) (87.64) (87.62) (87.01 ) (86.54)



Table B.2. Number and percent of drivers in all accidents loIith certain
injury types across time periods (data for Figures 2.27 and 2.28).

INDIANA

1985 1986 1987 1988
.

Jan- Apr- Ju1y- Oct- Jan- Apr- July- Oct- Jan- Apr- Ju1y- Oct- Jan- Apr- Ju1y-
Har Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec Har Jun Sept

Injury Type

Bleeding 1735 1892 1932 2251 1764 2044 2115 2303 1876 1978 1877 2050 1857 1782 1950
(3.48) (3.97) (4.05) (3.74) (3.22) (3.38) (3,/.8) (3.36) (3.22) (3.24) (3.11) (2.89) (2.91) (2.92 ) (3.21)

Fracture! 318 330 414 415 307 345 191 411 313 384 376 393 355 379 326
Dislocation (0.64) (0.69) (0.87) (0.69) (0.56) (0.57) (0.64) (0.60) (0.54 ) (0.63) (0.62) (0.55) (0.56) (0.62) (0.54 )

Complaint 3183 3296 3377 43l:l2 3324 3843 4051 4679 3740 4359 4146 4815 4311 4200 4314
of Pain (6.39) (6.92) (7.08) 0.28) (6.07) (6.36) (6.66) (6.83) (6.42) 0.14) (6.88) (6.78) (6.75) (6.88) (7.10)

Internal 169 191 222 210 168 186 224 209 188 203 217 211 184 188 2)1.
(0.34) (0.40) (0.40) (0.3';) (0.31) (0.31) (0.37) (0.31) (0.32) (0.33) (0.16) (0.30) (0.29) (0.31) (0.11)

Abrasion 516 621 681 598 421 641 677 562 472 614 563 498 441 590 588
( 1.04) (1. 30) (1.43) (0.99) (0.77) (1. 06) (1.11) (0.82) (0.81) (1. 01) (0.93) (0.70) (0.69) (0.97) (0.97)

Contusion! 736 743 753 895 748 782 788 874 724 786 630 747 715 736 707
Bruise (1. 48) (1. 56) (1. 58) (1. 49) (1.37) (1. 29) (1. 30) 0.28 ) (1. 24) 0.29) (1.05) 0. OS) (1.12) (l.21) (1. 16)



Table B.3. Number and percent of drivers in all accidents with certain
injury locations across time periods (data for Figures 2.29 dud 2.30).

INDIANA

1985 1986 1987 1988

.Jan- Apr- Ju1y- Oct- Jan- Apr- July- Oct- Jan- Apr- . Ju1y- Oct- Jan- Apr- July-
Injury Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept

Location

Face 1233 1156 1139 1530 1221 1271 1282 1603 1274 1139 1092 1467 1262 1101 1187
(2.48) (2.43) (2.39) (2.54) (2.23) (2.10) (2.11 ) (2.34) (2.19) (1.8]) (1.81) (2.07) (1. 98) (1. 80) 0.95)

Head 2111 2014 2028 2694 2110 2267 2280 2606 22M 2331 1930 2345 2299 2057 2011
(4.24) (4.23) (4.25) (4.48) (3.85) (3.75) 0.75) (3.80) (3.89) (3.82) (3.20) (3.30) (3.60) (3.37) (3.31)

Neck 916 1036 1122 1310 1003 1318 1404 1494 1088 1495 1521 1607 1280 1435 1577
( 1.84) (2.17) (2.35) (2.18) (1. 83) (2.18) (2.31) (2.18) (1.87) (2.45) (2.52) (2.26) (2.00) (2.35) (2.60)

Back 423 446 523 587 430 501 546 628 475 586 547 587 514 529 578
(O.NS) (0.1)4) (1.10) (0.98) (0.78) (0.83) (0.90) (0.92) (0.82) (0.96) (0.91) (0.83) (0.81) (0.87) (0.95)

Chest/Abd. 473 498 567 651 496 562 640 717 593 634 721 759 710 725 764
Pelvis (0.95) (1. 04) (1.19) (1. 08) (0.91) (0.93) ( 1.05) (1. 05) ( 1.02) (1. 04) (1. 20) 0.07) (1.11) 0.19) (1. 26)

Shoulder/ 223 356 352 322 250 390 388 343 266 399 425 341 318 401 445
Upper Arm (0.45) (0.75) (0.74) (0.54) (0.46) (0.65) (0.64) (0.50) (0.46) (0.65) (0.70) (0.48) (0.50) (0.66) (0.73)

Elbow! 415 577 678 517 399 544 636 557 428 578 588 512 456 562 553
Lower Arm! (0.83) (1.21) (1. 32) (0.86) (0.73) (0.90) (1. 05) (0.81) (0.73) (0.95) (0.98) (0.72) (0.71) (0.92) (0.91)
Hand

Knee! 588 669 728 775 586 686 741 766 668 789 655 759 700 734 629
Lower Leg! (1.18) ( 1.40) 0.53) (1. 29) 0.07) (1. 14) (1. 22) ( 1.12) (1.15) (1. 29) (1. 09) (~O]) (1.10) 0/10) (1. 04)
Foot <c::



Table B.4. Number and percent of drivers in all accidents with bleeding or
serious (A+K) injuries across time periods (data for Figure 2.28).

INDIANA

1985 1986 1987 1988

Jan- Apr- Ju1y- Oct- Jan- Apr- Ju1y- Oct- Jan- Apr- July- Oct- Jan- Apr- July-
Har Jun Sept Dec Har Jun Sept Dec Har Jun Sept Dec Har Jun Sept

Injury

A+K 891 9';0 1028 1119 891 1026 1099 1147 919 1023 1012 1077 970 964 969
(1. 79) (I.99) (2.15) (1. 86) (1. 63) (1. 69) (1.81) (1.67) (1.57) (1.67) (1. 68) (I. 52) (I. 52) (1. 58) (I. 59)

Bleeding 1735 1R'J2 1932 2251 1764 2044 2115 2303 1876 1978 1877 2050 1857 1782 1950
(3.48) (3.97) (4.05) (3.74) (3.22) (3.38) (3.48) (3.36 ) (J.22) (3.24) (3.11) (2.89) (2.91) (2.92) (3.21)

/>
~



Table B.S. Number and percent of drivers in rollover accidents with bleeding or
serious (AtK) injuries across time periods (data for Figure 2.31).

INDIANA

1985 1986 1987 1988

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- JuIy- Oct- Jan- Apr- July-
Har Jun Sept Dec Har Jun Sept: Dec Har Jun Sept: Dec Har Jun Sept:

Injury

r-
80

<:>
AtK 43 72 101 60 48 73 79 62 86 92 91 69 -IlO 84

(0.84) (l0.70) (13.65) (8.45) (7.04) (9.57) (l0.04) (9.04) (7.71) (10.]2) (II. 26) (8.96) (8.16) (11.54) (9.89)

Bleeding 69 123 129 82 86 105 115 101 108 126 120 Ill, 87 127 112
(10.97) (18.28) (17.4]) (11.55) (12.61) (13.76) (14.4]) (11.56) (13.42) (15.13) (14.69) (1l.23) (10.]0) (1].33) (13.18)



Table B.6. Nlmber and percent of drivers in non-rollover accidents with bleeding or
serious (A+K) injuries across time periods (data for Figure 2 .)L).

INDIANA

1985 1986 1987 1988

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July-
Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept

Injury

A+K 845 873 921 10/,7 819 948 1016 1063 855 911 918 984 899 852 822
(l.72) (l.8?) (1. 98) (1.77) ( 1. 59) (J .(3) ( I . 73) 0.(1) (1. 52) (1.58) (1. 58) (] .i,3) (l. 46) ( I. 45) (1. 50)

Bleeding 1661 1757 1794 2152 1675 1932 1993 2191 1762 1846 1754 1932 1766 1650 1834
0.40) 0.76) (3.85) (3.64) (3.17) 0.32) (3.39) 0.32) (3.14) (3.13) 0.01) (2.82) (2.86) (2.80) (3.12)

r
r<:»
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Table B.7. Number and percent of uninjured drivers in rollover and
non-rullover accidents across time periods (data for Figure 2.33).

INDIANA

1985 1986 1987 1988

Jan- Apr- July- Oct- Jan- Apr- JuJy- Oct- Jan- Apr- July- Oct- Jan- Apr- July-
Har Jun Sept Dec Mar Jun Sept Dec Har JUIl Sept Dec Har Jun Sept

Uninjured

Non-Rollover 421,87 39963 39701, 50647 46298 50697 50825 57319 49222 51021 50819 60181 54153 51430 51033
Uninjured (86.88) (85.62) (85.10) (85.68) (87.70) (87.11) (86.55) (86.84) (87.59) (86. ~7) (87.22) (87.88) (87.78) (87.39) (86.84)

Rollover 375 288 321 404 413 187 412 494 433 407 412 566 496 464 423
Uninjured (59.62) (42.79) (43.38) (56.90) (60.56) (50.72) (51.69) (56.52) (53.79) (48.86) (50.43) (55.76) (58.70) (48.69) (49.76)



Table B.8. Number and percent of drivers in r o l Love r accidents with certain
injury locations across time periods (dala for Figures 2.34 and 2.36).

INDIANA

1985 1986 1987 1988

Jan- Apr- July- Ocl- .Jan- Apr-- July- Oct- Jan- Apr- . JuJ y- 0?t- Jan- APV July-
Injury Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec ~Mar .Jun Sept

Location

Face 28 42 49 37 44 38 28 37 44 42 37 50 39 53 42
(4.45) (6.24 ) (6.62) (5.21) (6.45) (4.98) (3.51) (4.23) (5.47) (5.04) (4.53) (4.93) (4.62) (5.56) (4.94)

Head 82 83 83 El2 67 79 106 105 105 110 101 120 100 115 83
(13.04) (12.33) (11.22) (11.55) (9.82) (10.35) (13.30 ) (12.01) (13.04 ) (13.21 ) (12.61) (11.82) (11.83) (12.07) (9.76)

Neck 18 29 34 27 26 32 34 30 36 39 41 60 34 45 46
(2.86) (4.31) (4.59) (3.80) (a.ai) (4.19) (4.28) (3.43) (4.4i) (4.68) (5.02) (5.92) (4.02) (4.72) (5.41)

Back 29 39 40 27 17 33 36 39 37 41 26 41 30 55 36
(4.61) (5.79) (5.41) (3.80) (2.49) (4.33) (4.52) (4.46) (4.60) (4.92) (3.18) (4.04) (3.55 ) (5.77) (4.24)

Chest/Abd. 15 17 34 16 19 26 31 32 39 29 34 33 25 37 39
Pelvis (2.38) (2.53) (4.59) (2.25) (2.79) (3.41) (3.89) (3.66) (4.84) (3.48) (4.16) (3.25) (2.96) (3.88) (4.59)

Shoulder/ 18 45 41 32 19 39 34 38 26 41 43 34 25 37 50
Upper Arm (2.86) (6.69) (5.54) (4.51) (2.79 ) (5.11 ) (4.27) (4.35) 0.23) (4.92) (5.26) (3.35) (2.96) (3.88) (5.88)



Table B.9. NlUnber ane! percent of drivers in non-rollover accidents with certain
injury locations across tin,e periods (data for Figures 2.35 and 2.37).

INDIANA

1985 1986 1987 1988

.lan- Apr- .luly- Oct- .lan- Apr- .JuIy- Oct- .lan- Apr- . .luly- Oct- Jan- Apr- .luI y-
Injury Mar .lun Sept Dec Mar .lun Sept Dec Mar .lun Sept Dec Mar .lun Sept

Location

Face 1197 1101 1082 1481 1171 1225 1248 1559 1226 1092 1052 1413 1221 1046 1144
(2.45) (2.16) (2.32) (2.51) (2.22) (2.10) (2.13) (2.36) (2.18) (I. 85) (I. 80) (2.06) (1. 98) 0.78 ) (1. 95)

Head 2021 1928 1936 2598 2040 2182 2171 2493 215'. 2213 182] 2220 2195 1939 1922
(4.13) (4.13) (4.15) (4.40) (J.86) (J.75) (J.70) (J.78) (J.8]) (J.76) (J.13) (J.24) (1.56) (J.29) (J.27)

Neck 896 1003 1086 1276 977 1284 1369 1462 1051 11.54 1477 1544 1246 1389 1529
(1. 83) (2.15) (2.33) (2.16) (1. 85) (2.21) (2.33) (2.21) (1.87) (2.47) (2.53) (2.25) (2.02) (2.36) (2.60)

Back ]92 403 480 557 412 468 508 588 437 542 520 544 483 470 542
(0.80) (0.86) (1.03) (0.94) (0.78) (O.SO) (0.87) (0.89) (0.78) (0.92) (0.89) (0.79) (0.78) (0.80) (0.92)

Chest/Abd. 457 480 529 633 473 533 607 681 552 602 687 722 679 688 723
Pelvis (0.93) (I.03) (1.13) (1.07) (0.90) (0.92) (1.03) (1. 03) (U.98) ( 1.02) \ 1.18) ( 1.05) (1.10) (1.17) (I.23)

Shoulder/ 205 310 310 290 231 349 354 303 240 356 381 306 291 363 395
Upper Arm (0.42) (0.66) (0.66) (0.49)· (0.44) (0.60) (0.60) (0.46) (0.43) (0.60) (0.65) (0.45) (0.47) (0.62) (0.67)

F.lbow/ 381 504 5H MH 361 477 575 516 383 512 522 459 41 I 488 490
Lower Arm/ (0.78) (I. 08) (1.17) (0.1l1) (0.68) (0 K2) (0.98) (0.78) (0.68) (0.117) (0.90) (0.67) (0.67) (0.83) (0.83)
/land

Knee/ 564 641 689 744 560 6411 704 728 618 751 626 732 672 689 590
Lower Leg/ (1.15) (1.37) (1. 48) (1. 26) (1. 06) (1.11) (1. 20) (1.10) ( 1.14) (I. 28) (1.07) 0.07) ( 1.09) (1.17) (I. 00)
Foot



Table B.I0. Number and percent of drivers in head-on accidents with bleeding
or serious (A+K) injuries across time periods (data for Figure 2.38).

INDIANA

1985 1986 1987 1988

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July-
Har Jun Sept Dec Har Jun Sept Dec Har Jun Sept Dec Har Jun Sept

Injury

A+K 207 199 208 243 171 :!O3 204 232 205 176 179 209 247 193 204
(~.13) (6.50) (7.26) (5.31) (4.63) (6.14) (6.07) (5.34) (5.39) (5.50) (5.54) (4.49) (6.09) (6.07) (6.25)

Bleeding 380 365 343 476 318 339 366 407 376 303 300 361 356 288 342
(9.41) (11.92) (11.98) (10.39) (8.61) (10.25) (10.90) (9.37) (9.88) (9.48) (9.29) (7.75) (8.76) (9.05) (10.47)



Table a.rr , Number and percent of drivers in non-head-on accidents with bleeding
or serious (A+K) injuries across time periods (data for figure 2.39).

INDIANA

1985 1986 1987 1988

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- .lul v : Oct- Jan- Apr- July-
Mar .Iun Sept Dec Har .Iun Sept Dec Mar .Iun Sept Dec Har Jun Sept

Injury

A+K 670 725 787 846 706 788 871 891 61ll 819 811 847 709 743 736
(1. 50) (1.67) (1. 80) (1. 56) (1. 48) (I.46) (1.61) (1. 48) (1.33) (I. 50) (1. 50) (1. 35) (1.26) (1. 36) (I. 35)

Bleeding 1330 1484 1539 1734 1418 1658 1697 1852 1456 1637 1539 1649 1469 1441 1572
(2.97) (3.40) (3.52) (3.20) (2.96) (3.09) (3.13) (3.08) (2.85) (3.00) (2.86) (2.63) (2.60) (2.64) (2.89)

r-
~
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Table B.12. Number and percent of uninjured dr i ve r s in head-on and
non-head-ml accidents across time periods (data for Figure 2.40).

INDIANA

1985 1986 1987 1988

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- JlIly- Oct- Jan- Apr- July-
Har Jun Sept Dec Har Jun Sept Dec Har Jun Sept Dec Har Jun Sept

Uninjured

Non-Head-On 31)252 37509 37401 46791 42058 46814 46954 52412 1,4944 47177 47042 54961 49784 47725 47384
Uninjured (87.b3) (86.06) (85.45) (86.)0) (87.93) (87.23) (86.74) (87.05) (87.89) (86.48) (87.27) (87.82) (88.10) (87.32) (87.01)

Head-On 2978 2164 1986 3380 :!795 2414 2388 3218 2779 2351 2371 3655 2982 23/,9 2308
Uninjured (73.75) (70.67) (69.39) (73.78)" (75.68) (73.02) (71.13) (74.08) (73.02) (73.56) (73.38) (78.48) ( 73.41) (73.80) (70.65)

/'-
»<:»



Table B.13. Number and percent of drivers in head-on accidents with certain
injury locat.ions across time periods (data for Figures 2.41 iJud 2.43).

INDIANA

1985 1986 1987 1988

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- JlIly- Oct- Jan- Apr- July-
Injury Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec Mar Jun Sept

Location

Face 308 249 209 362 265 261 272 335 302 214 208 277 267 212 236
(7.63 ) (8.13) 0.30) (7.90) 0.18) (7.89) (8.10) 0.71) 0.93) (6.70) (6.44) (5.95) (6.57) (6.66) 0.22)

Head 339 259 28:.' 357 254 260 300 297 301 256 235 189 ~302 218 247
(8.40) (8.46) (9.85) (7.79) (6.88) (7.86) (8.94) (6.84) 0.91) (8.01) (7.27) (6.2)) 0.43) (7~ 48) 0.56)

Neck 79 45 64 80 71 57 63 90 69 69 61 91 95 65 83
(1. 96) (1.47) (2.24) (1. 75) (1. 92) (1. 72) (1. 88) (2.07) 0.81 ) (2.16) (1. 89) (1.95) (2.34) (2.04) (2.54)

Back 31 26 32 39 38 28 26 41 38 18 31 30 30 26 33
(0.77) (0.85) ( 1.12) (0. liS) (1. 03) (0.85) (0.77) (0.94) (1. 00) (0.56) (0.96) (0.64) (0.74) (0.82) (1.0))

Chest!Abel. 76 91 71 III 75 77 98 116 101 68 Ill, 113 134 96 134
Pelvis (1. 88) (2.97) (2.48) (2.42) (2.03) (2.33) (2.92) (2.67) (2.65) (2.13) (3.53) (2.43) (3.30) (3.02) (4.10)

Shoulder! 19 33 31 15 25 35 27 29 27 36 33 22 32 29 42
Upper Arm (0.47) ( 1.08) (1.08) (0.33) (0.68) ( 1.06) (0.80) (0.67) (0.71) (1.13) (1. 02) (0.47) (0.79) (0.91) (1.27)

Elbow! 60 68 61 70 43 51 61 66 49 49 56 57 58 40 68
Lower Arm! (I. 49) (2.22) (2.13) 0.53 ) (1.16) (1. 54) (1. 82) (1. 52) (1. 29) (l.53) (1.73) (1. 22) (1. 43) 0.26) (2.08)
Hand

Knee! 103 80 94 116 100 83 82 107 99 81 73 80 112 80 64
Lower Leg! (2.55) (2.6I) (3.28) (2.53) (2.71) (2.51) (2.44) (2.46) (2.60) (2.53) (2.26) (J.72) (2.76) (2.51) (I. 96)
Foot



Table B.14. Numher and percpnt of drivers in non-head-on accidents with certain
injury locations across time periods (data for Figures 2.42 and Z.44).

INDIANA

1985 1986 1987 1988

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- Ju1y-
Injury Har Jun Sept Dec Har Jun Sept Dec Har Jun 'Sept Dec Har Jun Sept

Location

Face 909 883 903 1141 936 988 983 1241 936 906 861 1171 977 872 930
(2.03) (2.03) (2.06) (2.10) (1. 96) (1. 84) (1.112) (2.06) (l.83) (1. 66) (1. 60) (1.87) (I. 73) (I.60) (1.71)

Head 1742 1718 1714 2294 1828 1957 1940 2262 1929 2042 1660 2005 1968 1774 1728
(3.89) (3.9 /.) (3.92) (4.23) (3.82) (3.65) (3.58) (3.76) (3.77) (3.74) (3.08) (J.20) (3.48) (3.25) (3.17)

Neck 82') 972 1043 1207 914 1242 1328 1384 1007 1404 1438 1496 1171 1354 1481
(1. 84) (2.23) (2.38) (2.23) (1.9l) (2.31) (2.45) (2.30) (1.97) (2.57) (2.67) (2.39) (2.07) (2.48) (2.72)

Back 383 409 477 526 384 464 510 576 1,28 559 506 544 479 485 513
(0.86) (0.94) (1. 09) (0.97) (0.80) (0.86) (0.94) (0.96) (0.84) (1. 02) (0.')4) (0.87) (0.85) (0.89) (0.98)

Chest/Abd. 387 397 481 527 412 479 533 591 480 553 598 636 570 623 616
Pelvis (0.86) (0.9l) (1.IO) (0.97) (0.86) (0.89) (0.98) (0.98) (0.94) (1.0]) (1.11) (1.02 ) (1. or) (1.14) (I.l3)

Shoulder/ 200 309 309 297 218 343 349 306 230 351 378 11'5 282 35a 394
Upper Arm (0.45) (0.7]) (0.7]) (0.55) (0.46) (0.64) (0.64) (0.5]) (0.45) (0.64) (0.70) (0.50) {O.50) (0.-65) (0.72)

Elbow/ 349 483 544 424 348 1.72 550 474 365 512 512 441 385 499 475
l..ower Arm/ (0.78) (1.11) (1. 24) (0.78) (0.73) (0.88) (1. 02) (0.79 ) (0.7]) (0.94) (0.95) (0.70) (0.68) (0.9]) (0.87)
Hand

Knee/ 477 576 618 648 477 5113 648 633 553 694 573 670 580 642 551
Lower Leg/ (1.06) (1. 32) (1. 41) (I.20) (1. OO) (1. 09) (1.20) (1. 05) (1. 08) (1.27) (1. 06) (1.07) ( 1. 03) (1.17) (1.01)
Foot



,/'-
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Table B.15. Number and percent of drivers in single vehicle accidents with bleeding
and serious (A+K) injuries across time periods (data for Figure 2.4).

INDIANA

1985 1986 1987 1988

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July-
Har Jun Sept Dec Har Jun Sept Dec Har Jun Sept Dec Har Jun Sept

Injury

A+K 316 /.01 416 440 377 429 439 455 337 417 412 456 399 391 415
(4.05) (5.63) (5.92) (4.21) (4.03) (5.03) (5.24) (3.90) (3.66) (4.80) (4.99) D.69) D.70) (4.56) (5.09)

Bleeding 641 695 706 823 655 753 776 837 699 696 663 817 721 668 725
(8.21) (9.75) (10.05) (7.86) (7.01) (8.83) (9.28) (7.17) (7.59) (8.00) (8.03) (6.62) (6.69) (7.80) (8.89)



Table B.16. Number and percent of drivers in multi-vehicle accidents with bleeding
or serious (A+K) injuries across time periods (data for Figure 2.46).

INDIANA r
<c::

1985 1986 1987 1988

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Gct- .lan- Apr- July-
Mar .lUll Sept Dec Mar Jun Sept Dec Mar Jun Sept Dec Mar .lun Sept

Injury

A+K 575 549 612 679 514 597 660 692 5H2 606 600 621 571 573 554
0. J7) (1. 35) (1.51) (1. 36) (1.13) (1.15) (1. 26) (1.22) (1.19) (1.16) (1.15) (1. 06) (1. 08) (1. 09) (1. OS)

Bleeding 1094 1197 1226 \428 1109 1291 1339 1466 1177 1282 1214 1233 1136 1114 1225
(2.60) (2.95) (3.01) (2.87) (2.44) (2.49) (2.55) (2.58) (2.40) (2.45) (2.33) (2.10) (2.14) (2.12) (2.33)



Table B.17. NI~hpr and percent of uninjured drivers in single and multi-vehicle
a.cc i dent.s across time periods (data for Figure 2.47).

INDIANA

1985 1986 1987 1988

Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July-
Har Jun Sept Dec Mar Jun Sept Dec Har Jun Snpt Dec Mar Jun Sept

Crash Type

Multi -Vehicle 37097 35290 35247 43255 1,0606 46006 46192 5011.3 41625 45966 46086 52254 47178 46443 46479
Uninjured (88.32) (87.06) (86.61) (87.02) (89.35) (811.67) (88.06) (88.21) (88.97) (87.85) (88.'i8) (89.11 ) (89.27) (88.55) (88.37)

Single Vehicle 6016 5239 5068 8117 7400 6'100 6322 9273 7252 6684 6331 9956 8562 6647 6099
Uninjured (77.02) (73.52) (72.12) (77.48) (79.22) (76.21) (75.59) (79.43) (78.74) (76.87) (76.70) (80.66) (79.45) (77.62) (74.78)

r-



Table B.18. N,uuber and percent of drivers in single vehicle accidents with certain
injury locations across time periods (data for Figures 2.48 and 2.50).

INDIANA

1985 1986 1987. 1988

Jan- Apr- July- Oct- Jan- Apr- .J\lly- Oct- Jan- Apr- July- Oct- Jan- Apr- July-
Injury Mar Jun Sept Dec Mar .Inn Sept Dec Mar Jun Sept Dec Mar Jun Sept

Location

Face 471 474 451 624 499 526 493 673 526 446 437 61'; 543 457 478
(6.03) (6.65) (6.42) (5.96) (5.34) (6.17) (5.89) (5.76) (5.71) (5.13) (5.29) (4.98) (5.04) (5.34 ) (5.86 )

Head 596 513 538 749 615 582 588 643 598 589 522 667 665 503 513
(7.63 ) (7.20) (7.66) (7.15) (6.58) (6.82) (7.0:n (5.51) (6.49) (6. n) (6.32) (5.40) (6.17) (5.87) (6.29)

Neck 120 124 113 16') 135 127 128 197 133 157 153 197 194 142 180
(1. 54) (1. 74) (1.61) 0.58) (1.45) (1. 49) (1. 53) (1. 69) (1. 44) (1. 81) (1. 85) (1.60) (1. 80) (1. 66) (2.21)

Back 85 95 104 120 103 86 105 134 112 111 98 136 122 106 111
(1. 09) (1. 33) (1.48 ) (1.15) (1.10) (1. 01) 0.26 ) 0. IS) (1.22) (1.28) (1.19) (1.10) (1.13) ( 1. 24) (1. 36)

Chest/Abd. 130 140 168 163 133 137 154 205 156 155 164 185 175 148 181
Pelvis (1. 66) (1. 96) (2.39) (1. 56) (1.42) (1.61) (1. 84) 0.76 ) (1. 69) (1. 78) (1.99) 0.50) (1. 62) (1.73) (2.22)

Shoulder/ 62 108 112 82 84 127 97 98 76 100 ) 10 107 95 107 138
Upper Arm (0.79) 0.52) (1. 59) (0.78) (0.90) (1. 49) (1. 16) (0.84) (0.83) (1.15) 0.33 ) (0.87) (0.88) (1. 25) (1. 69)



Table B.19. Number and percent of drivers in multi-vehicle accidents with cerlain
injury locations across time periods (data for Figures 2.49 and 2.51).

INDIANA

1985 1986 J987 J988

Jan- Apr- July- Oct: Jan- Apr- July- Oct- Jan- Apr- July- Oct- Jan- Apr- July-
Injury Mar Jun Sept Dec Mar Jun Sept Dec Mar Jlln 'Sept Dec Mar Jun Sept

Location

Face 762 682 688 906 722 745 789 930 748 691 655 852 719 644 709
0.81) 0.68) ( 1.69) (1. 82) (1. 59) (1. 44) (1. SO) (1. 64) (1. 53) (1. 32) 0.26 ) (1. 45) (1. 35) 0.23) (1. 35)

Head ISIS 1501 1490 19 /. 5 1495 1685 1692 1963 1666 1742 140R 1678 1614 1554 1498
(3.61) (3.70) (3.66) (3.91) (3.29) (3.25) (3.23) ().45) o. 40) (3.33) U.71) (2.86) (3.08) (2.96) (2.85)

Neck 796 912 1009 1145 868 1191 1276 1297 955 1338 1368 1410 1086 1293 1397
(1. 90) (2.25) (2.48) (2.10) (1.91) (2.30) (2.43) (2.28) 0.95) (2.56) (2.63) (2.40) (2.05) (2.47) (2.66)

Back 338 351 419 467 327 415 441 494 363 475 449 451 392 423 467
(0.80) (0.87) (1. 03) (0.94 ) (0.72) (0.80) (0.84) (0.87) (0.74) (0.91) (0.86) (0.77) (0.74) (0.8l). (0.89)

Chest!Abd. 343 358 399 488 363 425 486 512 437 1,79 557 574 535 577 583
Pelvis (0.82) (0.88) (0.98) (0.98) (0.80) (0.82) (0.93) (0.90) (0.89) (0.92) (1.07) (0.98) (1.0I) (1.10) (1.11)

Shoulder! 161 248 240 240 166 263 291 245 190 299 315 234 223 294 307
Upper Arm (0.38) (0.61) (0.59) (0.48) (0.37) (0.51) (0.55) (0.43) (0.39) (0.57) (0.61) (0.40) (0.42) (0.56) (0.58)

Elbow! 286 389 412 335 259 368 416 391 303 403 403 116 308 372 370
Lower Arm! (0.68) (0.96) (1.0I) (0.67) (0.57) (0.71) (0.79) (0.69) (0.62) (0.77) (0.77) (0.54) (0.58) (0.71) (0.70)
Hand

Knee! 462 525 563 597 453 ',21 577 589 520 629 505 (602.~ 525 1556 486
Lower Leg! (l.10) (1. 30) (1. 38) (1. 20) (I.OO) (1.0I) (1.10) ( 1.04) ( 1.06) (1. 20) (0.97) (1.03) (0.99) 0.06) (0.92)
Foot


	analysis_part_1
	analysis_part_2
	analysis_part_3



