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I. INTRODUCTION 

There are several major problems which make a precise measure of 

seat belt effectiveness very difficult. One of these is the presence 

of misclassification errors in police-reported accident data. To date, 

It most studies on the effectiveness of seat belts in reducing injury have 

been based on police-level data. Due to the circumstances surrounding 

the officer's investigation of the crash, however, this data generally 

contains misclassification errors relating to belt usage and injury 

sustained. Such errors have the potential of seriously biasing any 

effectiveness estimates derived from that data. 

The problem of misclassification errors in police-reported accident 

information with reference to studies of seat belt effectiveness was 

first raised by Mela (1974) and further discussed in Hochberg (1976). 

The discussion in the latter report supported the need for a methodology 

for modeling and obtaining unbiased inferences from general categorical 

data with misclassification errors. 

Much has been written on the effects of misclassification errors on 

studies of association in 2 x 2 contingency tables (see, e.g., Fleiss, 

1973, Ch. 3). In Koch (1969), the misclassification errors are assumed 

to be generated according to a random response error model. As such, 

the methodology is based on repeated classifications of the experimental 

elements. Such a methodology, however, can not always be satisfactory 

because of obvious practical difficulties and since, in many problems, 

misclassification errors are fixed biases rather than random response 

errors. 
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Most studies of the potential effects of fixed bias misclassifica

tion errors have severely restricted the number of error parameters 

examined. In the 2 x 2 table setup, one may theoretically have as many 

as 12 different parameters for fixed bias misclassification errors. 

(For example, an element which actually belongs in the first row and 

the second column may be misclassified into the second row and second 

column, etc.). In practice, however, many of these parameters are 

assumed to be zero. Thus, Bross (1954) introduced a model for fixed 

bias misclassification errors for a 2 x 2 table where only two error 

parameters are considered; and Hochberg (1976) discussed the effects of 

six error parameters on three measures of association in 2 x 2 tables of 

belt usage by level of injury. 

While the effects of more general misclassification error structures 

on inference have been discussed in some recent works (see, e.g., 

Goldberg, 1975), no methodologies for an improved statistical inference 

have been presented. The purpose of the present report is to present 

such a methodology, and to apply it to the study of safety belt effec

tiveness. 

The setup for the methodology is general; i.e., the discussion can 

be applied to any multidimensional cross-classified data obtained by 

unrestricted random sampling. The methodology itself is based primarily 

on the double sampling scheme originally introduced by Tenenbein (1970, 

1971, 1972) for estimating the parameters of a multinomial classification 

when misclassification errors prevail. 

The following situation is assumed. There are two classification 

"devices" available. One is expensive to apply, yet gives "correct" 

results, while the other is relatively inexpensive but "fallible." As 
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an example, Diamond and Lilienfeld (1962) discuss an experimental situa

tion in public health research where the true classification device is 

a physician's examination, whereas the fallible classifier is a question

naire completed by the patient. In other situations, the "true device" 

and "fallible device" may simply refer to making or not making an extra 

effort to obtain more reliable data. 

The methodology, as developed in this report and applied to the 

study of belt effectiveness, uses an original large sample based on 

(fallible) police-reported data, and requires that a small subsample of 

the data be cross-classified by means of some "true" classifying device. 

In this case, the true classifier is assumed to be hospital reports on 

the injured occupants and telephone interviews for the non-injured 

occupants. The supplementary sample of cross-classified data is then 

used to adjust the original police-based sample, and inference of seat 

belt effectiveness is taken from this larger, adjusted sample (the 

adjusted police data). 

In real world problems, it is often the case that the true classi

fication device uses different nominal scales than those used by the 

fallible device. This is illustrated by the seat belt data presented 

in this report, where injury is coded by the police using the K,A,B,C,O 

scale, but reported by the hospitals according to the Abbreviated 

Injury Scale (AIS). In such instances, use of the two-sample method

ology has the additional advantage of enabling one to carry out an 

efficient study expressing results in terms of the (often) finer scale 

utilized with the relatively small supplementary sample. Thus, for the 

present study, final estimates of seat belt effectiveness could be based 

on the AIS scale, rather than the less precise K,A,B,C,O scale. 



In summary, the two-sample methodology proposed in this report 

represents one approach to resolving the problems of inference arising 

from classification errors in categorical data. To highway safety 

researchers concerned with the issue of safety belt effectiveness, it 

is offered as a viable alternative to drawing inference solely from 

police report data (which may be biased) or obtaining an independent 

reliable sample of sufficient size and basing inference entirely on it 

(a process that is likely to be both costly and time consuming). 

The methodology itself is described briefly in Chapter II and in 

detail in Appendix A. In Chapter III, the original large data source 

and the supplementary data used to demonstrate the technique are described. 

Chapter IV presents the results of applying the technique to this data, 

while' Chapter V presents a general discussion of the nature and actual 

magnitude of misclassification errors in the data. This chapter is the 

outgrowth of an effort to test certain hypotheses concerning misclassi

fication errors that were made in the Hochberg (1976) report. Finally, 

Chapter VI provides a discussion of the methodology with suggestions'for 

further research in this area. 



II. METHODOLOGY 

The statistical methodology developed in this research (see 

Appendix A for details) pertains to the setup where all variables are 

subjected to misclassification errors when the fallible device (i.e., 

police reports) is used. It is assumed herein that the magnitudes of 

errors within combinations of levels of the correctly reported set of 

variables are possibly different. 

The procedure basically extends Tenenbein's (1970, 1971, 1972) 

double sampling scheme originally introduced for estimating the param

eters of a multinomial distribution when misclassification errors pre

vail. The procedure simultaneously utilizes the information from a large 

"fallible" sample (in this case, a large collection of police-reported 

data) along with a relatively small "non-fallible" supplementary sample (in 

this case, data from telephone and emergency room respondents) to more 

efficiently estimate the multinomial parameters (71(i)) of interest 

(namely, belt usage by injury category). 

The cross-classification of the resulting data by both police reports 

and non-police reports results in contingency tables with underlying 

multinomial distributions. The task is to find efficient estimators for 

the parameters of the resulting distributions along with covariances of 

these estimators for subsequent hypothesis testing. 

The details of the estimation and testing procedures along with the 

necessary notation are given in Appendix A. In a nutshell, the procedure 

consists of two stages. In the first stage, Maximum Likelihood tech

niques are utilized to estimate the overall true distribution of occupants 

in accidents across the levels of 



(belt usage) x (injury) x (other variables of 
interest such as 
type of car) 

This is done by setting up the joint likelihood function (A.1) for the 

combined sample, differentiating, and setting the partial derivatives 

equal to zero. This yields the P1LE's given in (A.2) which are related 

to the main parameters of interest (ir(i)) by (A.3). 

Asymptotic covariances of the 's are next derived by Taylor series 

expansions. For efficiency, these estimates serve as initial input to 

the asymptotically equivalent Least Squares procedures presented in 

Grizzle et al. (1969) for additional inferences concerning linear hypo

theses involving the ^'s. 

Thus, the estimates make use of the information in both samples to 

derive estimates of the ii's. If the supplementary (or non-fallible) 

sample were sufficiently large, it would be optimal to use only this 

sample. However, the procedure suggested herein allows for a relatively 

small but expensive "non-fallible" sample supplemented by the large but 

inexpensive "fallible" sample to carry out improved estimation and test

ing procedures for such categorical data problems. 



III. THE DATA 

The data used to demonstrate and evaluate the methodology presented 

in Chapter II was derived from North Carolina traffic accidents. The 

original large sample consisted of over 139,000 occupants in accidents 

involving cars or small trucks for which police report information on 

belt usage was available. The accidents were those recorded on the HSRC 

North Carolina accident tapes for the first eight months of 1975. 

Table 3.1 presents the raw data, broken down by age,and sex of driver, 

car "make" and model year, vehicle damage severity, and accident type. 

(The "not stated" or "unknown" categories are deleted from the table.) 

In order to not only examine the effect of misclassification errors 

in this police-reported data but also to adjust the belt effectiveness 

estimates accordingly, supplementary data was obtained for a subsample of 

over 2,000 North Carolina accidents. For this phase of the study, it was 

assumed that follow-up telephone interviews would provide "true" informa

tion on belt usage and injury level for the non-injured occupants, while 

special forms completed by participating hospitals would supply the corres

ponding "correct" information, on the injured occupants. During the four 

month data collection period, over 2100 telephone interviews were success

fully completed, and over 900 hospital forms linked with accident reports. 

Appendix B presents the cross-classification of the police and non-

police-data by belt usage and injury level across a number of variables 

indicated on the accident report form. These include age and sex of 

driver, car "make" and model year, vehicle damage severity (TAD), and 

accident type. 



Table 3.1 Belt usage and injury level for 1975 North Carolina accident 
data, broken down by age, sex, car "make", model year, 
vehicle'damage severity (TAD) and accident type 

No Injury Injury 

No 
Belt (U) 

Lap 
Belt (L) 

Lap & Sh. 
Belt (LS) 

No 
Belt (U) 

Lap 
Belt (L) 

Lap & Sh.
Belt (LS) Total* 

Overall 94834 11287 3006 21127 2010 493 132757 

16-55 
Age 

56+ 

80777 

11460 

9579 

1404 

2703 

225 

18316 

2225 

1712 

237 

440 

40 

113527

15591 

Male 
Sex 

63095 7817 2077 12417 1194 286 86886

Female 29729 3232 868 8253 773 197 43052 

U.S. Car 
"Make" 

Foreign 

52139 

5369 

6502 

691 

1664 

428 

11546 

1700 

1074 

189 

241 

74 

73166 

8451 

1960-1968 26594 1634 68 6296 264 7 34863 

1969-1971 Model 
Year 

1972-1973 

19553 

15950 

2159 

3052 

243 

363 

4268 

3239 

384 

521 

38 

69 

26645 

23194 

1974-1975 8363 1472 . 1527 1748 276 214 13600 

Vehicle 
Damage 
Severity 

Minor 

Severe 

36931 

21958 

4355 

2530 

1140 

745 

3876 
. 

10443 

372 

918 

85 

224 

46759 

.36818 

Accident 
Type 

Non-Collision 

Collision 

11758 

81150 

1159 

9897 

388 

2560 

7100-

13593 . 

457 

1510 

. 129 

352 

20991 

109062 

* 11 Not Stated" cases excluded. 
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The remaining sections of this chapter describe in greater detail 

the processes involved in obtaining the supplementary telephone and 

hospital data, along with the weighting of the supplementary sample 

required to make it representative of the overall accident sample. 

The Telephone Survey 

For this phase of the study, the North Carolina Division of Motor 

Vehicles (DMV) furnished HSRC copies of randomly selected accident report 

forms recently received from across the state. The initial quota of 250 

accident reports per week was gradually increased to 450 per week to 

build up the sample size for the uninjured occupants. In addition, some 

300 supplemental accident reports were obtained from the local police 

departments in Chapel Hill and Raleigh. 

As copies of the accident reports (see Appendix.C) were received by 

HSRC, they were screened to exclude injured occupants as well as acci

dents involving motorcycles, pedestrians, tractor trailers, etc. Next, 

as the North Carolina accident report form does not provide the telephone 

numbers of the drivers involved in the accident, a rather complicated 

and time-consuming, yet educational process was carried out to locate 

these individuals. This involved first trying to obtain an appropriate 

telephone number and then reaching the desired person for the interview. 

Some of the difficulties encountered included the following: 

(a) The names and telephone numbers of females were particu
larly difficult to locate in tre telephone directories 
since wives are usually not listed separately from 
their husbands, nor daughters from their fathers. In 
the case of married women, this problem could have been 
alleviated somewhat had the police also recorded the 
husband's name (rather than "same as driver") under 
the vehicle ownership heading on the accident report. 
Consequently, considerable effort was devoted to 
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examining the telephone directories to try and match last

names with street addresses, or, for the smaller towns,

imposing on the telephone operator to perform this task..


(b) In North Carolina, there are a large number of small, 
private telephone companies operating throughout the 
state. Not too infrequently, two different telephone 
companies operated within a given radius of a community, P 
but an individual's telephone number was naturally only 
listed in the directory of the company that owned his 
phone. Thus, one could not conclude that a given tele
phone number was not available after looking in just one 
directory, unless one was certain that there was not a 
second telephone company operating in the area. Unfor
tunately, this information was not always available and 
thus the "no listing" frequency was inflated. 

(c) North Carolina has two different area codes (919 in the

East, 704 in the West) with no available listing of

which towns are in which area. This only further

served to complicate the job of the information operator

for addressees in some of the smaller municipalities.


As the telephone numbers became available, the interviewers concen

trated their calling during the early evening hours, primarily on week

days. Initial contact with family members did, however, often require 

follow-up calls of the accident-involved occupant during office hours, 

late in the evening, or on weekends. All telephone numbers were 

attempted for at least three days before being classified as "not 

reachable". 

Appendix D contains a copy of the questionnaire that was utilized, 

along with the suggested introductory remarks to be. used by the inter

viewer. Over the four-month interviewing period, for nearly half of the 

accident-involved drivers there was'no telephone listing and hence these 

people were unfortunately not reachable. For an additional few cases, 

the subject was not available for interview. Of the remaining cases, 

only 2.9 percent of those contacted flatly refused to cooperate, while 

an additional 0.5 percent denied being in an accident. The upshot was 

questionnaire information on 2,132 uninjured occupants, along with the 

corresponding accident information from the accident report forms. 



The Hospital Survey 

The second data source used to evaluate the accuracy of police-

reported belt usage and injury level required the cooperation of hospitals 

and, in particular, their emergency room staffs. More specifically, it 

required that the hospitals submit a completed form (see Appendix E) 

with information on belt usage and degree of injury for each patient seen 

in the emergency room as a result of an automobile accident. 

Fourteen hospitals across North Carolina were contacted as poten

tial participants in this phase of the study. All but one of the hospi

tals had assisted during 1972 in a similar type study (see McLean, 1973). 

The following eleven hospitals participated in this study resulting in 

statewide information on "correct" belt usage and injury level: 

Alamance County Hospital, Burlington, N.C.

Cabarrus Memorial Hospital, Concord, N.C.

Cape Fear Memorial Hospital, Wilmington, N.C.

Forsyth Memorial Hospital, Winston Salem, N.C.

Gaston Memorial Hospital, Gastonia, N.C.

High Point Memorial Hospital, High Point, N.C.

King's Mountain Hospital, Kings Mountain, N.C.

Memorial Hospital of Alamance County, Burlington, J.C.

Onslow Memorial Hospital, Jacksonville, N.C.

Wake County Memorial Hospital, Raleigh, N.C.

Watts Hospital, Durham, N.C.


After each hospital administration agreed to assist in the data 

collection, a training session with its emergency room staff was held. 

The keystone of the training session was the stressing of the importance 

of inquiring about seat belt usage while the patient was being treated. 

With those unconscious or disoriented cases, the emergency room staffs 

were encouraged to question witnesses or even the ambulance services 

personnel regarding belt usage. Because of their expressed interest in 
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the outcome of the survey, all hospitals were promised (and will receive) 

a copy of the completed report. 

Appendix E contains a copy of the form completed by the emergency 

room staffs on each accident victim. The form (HSR-006) was designed 

with the goal of being comprehensive and yet easy to complete in the 

midst of emergency-type pressures and confusion. For ease and accuracy 

in making the correct injury (AIS) classification, the standard American 

Medical Association scale definitions on injury categories were incor

porated into the form (see page 67 ). The hospital staff were further 

instructed to call HSRC (collect) if they had any questions regarding 

either the forms or some broader aspect of the study. Bi-monthly news

letters were also issued by HSRC to clear up any problem areas as well 

as to offer encouragement and support to the participating personnel. 

As a result, there were no major difficulties associated with this phase 

of the study. 

The hospitals collected data on accident victims. from March 1, 1975 

through June 1, 1975. As forms were completed, they were mailed to 

HSRC in the pre-addressed business reply envelopes provided. Each week, 

HSRC compiled a list of the name of each injured occupant reported by 

the cooperating hospitals along with his birthdate, county of residence, 

and date(s) of treatment, and then forwarded this information to the 

Division of Motor Vehicles (DMV). The DMV staff then, to the extent 

possible, located the accident reports corresponding to the names on the 

list. 

Due to time delays in receiving accident reports from the various 

police agencies across the state, there were inevitable difficulties in 
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locating the corresponding accident report forms. Two weeks into the 

study, DMV requested that in addition the driver's name be submitted with 

each accident victim's name. It was anticipated that this would increase 

the percentage of linkages with the accident records file. Through the 

regular newsletter to the hospitals, this additional step was quickly 

implemented by the hospital personnel. 

Even with this additional information with which to link the emer

gency room data with the police accident data, it was not always possible 

to locate the corresponding copy of the police report form. This was as 

anticipated due to occasional lengthy delays in DMV receiving the reports 

from some of the smaller or more remote police departments. Also, if 

the accident victim provides false information (names) in the emergency 

room setting, that case will not likely be able to be used. Nevertheless, 

the rate of linkage (slightly over 70%) appeared reasonable and no serious 

biases were evident. 

Once a hospital report form was linked with its. corresponding acci

dent report from the DMV file, information from both sources was key

punched and placed on file for subsequent analysis. As mentioned pre

viously, a total of 911 emergency room forms were successfully linked 

and coded during this phase of the project. 

Adjustment of the Supplementary Sample 

Clearly, the supplementary sample described in the preceding two 

sections is not a simple random sample from the larger sample of 

North Carolina accidents for which police-reported information is avail

able. Actually, it is structured as a stratified random sample where 

its two strata are based generally on injury level. With very few 



-14


exceptions, those occupants interviewed over the phone did indeed place 

lower on the injury scale than those for whom information was obtained 

via the hospital reports. 

In order to account for any biases that such a sampling scheme 

might introduce, the data were adjusted to reflect the overall target 

population (i.e., all North Carolina accident victims) with respect to 

certain relevant variables, namely those whose distributions are con

founded in the design--age, sex, race, and level of injury. 

Table 3.2 compares the police-reported data'for the supplementary 

sample only with all of the police-reported data for the first half of 

1975, prior to any adjustment (i.e., weighting). 

Table 3.2 Age, sex, race, and injury distributions of 
supplementary sample and 1975 accident data. 

Supplementary 
Variable Level Sample 1975 Accidents 

Age 16-55 
56+ 

87.0 
13.0 

87..8 
12.2 

Sex 
Male 
Female 

60.7 
39.3 

66.8 
33.2 

Race White 
Non-White 

83.9 
16.1 

77.1 
22.9 

No Injury 74.0 82.7 

Injury 
Level 

C Injury 
B Injury 
A Injury 

10.6 
11.9 
3.2 

7.7 
7.0 
2.3 

Fatality 0.3 0.3 

As expected, the unadjusted supplementary sample inflates the pro

portions of injury, except for fatalities. It also oversamples whites 

and females. Again, this might be anticipated, since these individuals 
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are, for example, generally easier to contact in a telephone survey. 

Finally, the age deviations between the two samples are small. 

As a result of this investigation, the supplementary sample was 

weighted to match the relevant 1975 accident data with respect to its 

distribution over the 40 cells in the cross-classification of (age) x 

(sex) x (race) x (injury level). 



IV. RESULTS 

In this chapter are presented estimates of injury risk and belt 

effectiveness based on the North Carolina police-reported data only, the 

supplementary (non-police) data only, and the combined police and supple

mentary data (applying the methodology described in detail in Appendix A). 

This is done for a number of control variables of interest, including age 

and sex of driver, model year and type of car, vehicle damage severity 

(TAD), and accident type. 

The specific procedure utilized is the modified Maximum Likelihood 

approach described in Appendix A . This approach is the most convenient 

to apply, and the results are generally equivalent to those obtained via 

the complete Least Squares approach. 

Due to the relatively small size of the supplementary sample, only 

two levels of each control variable were considered. These are defined 

as follows: 

Sex: Male 
Female 

Age: 16-55 
56+ 

Car type: U.S. (e.g., Chevrolet, Plymouth) 
Foreign (e.g., VW Beetle, Datsun) 

Model year: pre-1972 
1972-75 

Vehicle damage severity: 

Minor (i.e., front center or front left 
impacts of TAD severity 1; all other 
impacts with severity < 3 ) 

Moderate or severe (i.e., front center or 
front left impacts of TAD severity > 1; 
all other impacts with severity > 3) 
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Accident type: 

"Collision" (e.g., collision of motor vehicle 
in road with another motor vehicle, 
pedestrian, bicyclist, etc.) 

"Non-Collision" (e.g'., ran-off-road on the right, 
overturn) 

As previously noted, in the police-reported data, "injured" is 

defined as having an injury of "C" or worse on the K,A,B,C,O scale, 

while for the supplementary data, a person recorded as injured has an AIS 

severity rating of 1 or greater. 

Table 4.1 gives the risk of injury and the corresponding belt effec

tiveness estimates derived from the police-reported data, Table 4.2 for 

the supplementary (or non-police) data, and Table 4.3 for the combined 

sample,. The measures of belt effectiveness (E) are presented for two 

cases -- E12 for none vs. lap, and E23 for lap vs. lap and shoulder -

where 

E12 = relative decrease in "injury" for

lap-belted occupants compared

with unrestrained occupants


[% inj. (none)] - [% inj. (lap)] 
°o inj, ( none ) x 100 

and 

E23 = relative decrease in "injury" for

lap and shoulder-belted occupants

compared with lap-belted occupants


[% inj. (lap)] - [% in. (lap+shoulder)] x 100 
0/10 inj. (lap) 

Thus, belt effectiveness is viewed as the percentage decrease in injury 

as one becomes progressively more restrained. 
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Table 4.1 Estimated injury risks and belt effec
tiveness, based on police reported data. 

Percent Injured (K,A,B,C) Belt Effectiveness 

Control Variable None Lap vs 
None Lap Lap & Sh vs Lap Lap & Sh 

Male 16.44 13.25 12.10 19.42 8.66 
Sex (0.13)' (0.36) (0.67) (2.27) (5.63) 

Female 21.73 19.30 18.50 11.17 4.16 
(0.21) (0.62) (1.19) (3.00) (6.90) 

16-55 18.48 15.16 14.00 17.97 7.67 

Age (0.12) (0.34) (0.'62) (1.91) (4.57) 

56+ 16.26 14.44 15.09 11.17 -4.51 
(0.32) (0.87) (2.20) (5.61) (16.47) 

1960-71 18.63 14.59 12.64 21.67 13.37 
Model 
Year 

(0.16) (0.53) (1.76) (2.93) (12.47) 

1972-75 17.02 14.98 13.02 12.00 13.05 
(0.22) (0.49) (0.72) (3.09) (5.59) 

Collision 14.35 13.24 12.09 7.74 8.68 
Accident 

Type 
(0.11) (0.32) (0.60) (2.33) (5.06) 

Non-Collision 37.65 28.28 24.95 24.89 11.77 
(0.35) (1.12) (1.90) (3.06) (7.58) 

U.S. 18.13 14.18 12.65 21.81 10.76 
Car 
Type 

(0.15) (0.40) (0.76) (2.31) (5.94) 

Foreign 24.05 21.48 14.74 10.69 31.36 
(0.51) (1.38) (1.58) (6.06) (8.59) 

Minor 9.50 7,87 6.94 17,15 11.83 
Damage 

Severity 
(0.15) (0.39) (0.73) (4.31) (10.22) 

Severe 32.23 26.62 23.12 17.40 13.17 
(0.26) (0.75) (1.35) (2.43) (5.65) 

Total Sample2 115961 13297 3499 -- --

'Standard deviation 
2"Not Stated" cases excluded 
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Table 4.2 Estimated injury risks and belt effec
tiveness, based on supplementary data. 

Control Variable 

Percent 

None. 

Injured (AIS > 1) 

Lap Lap & Sh 

Belt Effectiveness 

None Lap vs 
vs Lap Lap & Sh 

Sex 
Male 26.31 

(1.30)1 
20.42 
(2.39) 

14.46 
(2.73) 

22.38 
(9.87) 

29.21 
(15.73) 

Female 38.09 
(1.92) 

27.72 
(4.45) 

23.64 
(5.73) 

27.21 
(12.26) 

14.74 
(24.79). 

Age 

16-55 31.68 
(1.17) 

22.67 
(2.26) 

17.28 
(2.,74) 

28.43 
(7.60) 

23.80 
(14.25) 

56+ 21.33 
(2.82) 

19.51 
(6.19) 

13.79 
(6.40) 

8.51 
(31.44) 

29.31 
(39.75) 

Model 
Year 

1960-71 

1972-75 

31.13 
(1.37) 

28.53 
(1.81) 

23.88 
(3.01) 

20.99 
(3.03) 

11.36 
(4.78) 

18.29 
(2.92) 

23.29 
(10.23) 

26.40 
(11.59) 

52.41 
(20.91) 

12.90 
(18.75) 

Accident 
Type 

Collision 

No n-Collision 

27.71 
(1.19) 

41.71 
(2.59) 

21.73 
(2.33) 

25.76 
(5.38) 

14.12 
(2.67) 

22.73 
(6.32) 

21.60 
(9.06) 

38.25 
(13.46) 

35.02 
(14.13) 

11.77 
(30.69) 

Car 
Type 

U.S. 

Foreign 

29.82 
(1.14) 

36.84 
(3.69) 

21.61 
(2.21) 

27.78 
(7.47) 

16.88 
(2.96) 

16.95 
(4.88) 

27.52 
(7.91) 

24.60 
(21.62) 

21.93 
(15.85) 

38.98 
(24.04) 

Damage 
Severity 

Minor 

Severe 

18.86 
(1.41) 

42.36 
(1.82) 

15.17 
(2.69) 

36.36 
(4.37) 

12.50 
(3.38) 

25.00 
(4.51) 

19.59 
(15.46) 

14.15 
(10.96) 

17.59 
(26.62) 

31.25 
(14.92) 

Total Sample2 1783 384 218 -- --

'Standard deviation 
2"Not Stated" cases excluded 



Percent Injured Belt Effectiveness 

Control Variable None Lap vs 
None Lap Lap & Sh vs. Lap Lap & Sh 

Male 26.99 20.17 14.02 25.26 30.48 

Sex (1.02)' (2.26) (2.71) (9.02) (15.96) 

Female 38.58 28.88 23.10 25.16 20.01 
(1.55) (4.12) (5.64) (11.22) (22.63) 

16-55 32.03 22.81 16.60 28.79 27.23 

Age (0.93) (2.13) (2.70) (7.06) (14.01) 

56+ 23.00 19.97 15.09 13.16 24.46 
(2.27) (5.38) (6.73) (26.19) (40.01) 

1960-71 31.17 22.77 12.04 26.96 47.11 
Model (1.07) (2.78) (4.88) (9.40) (22.60) 
Year 

1972-75 29.98 21.68 17.91 27.69 17.40 
(1.47) (2.83) (2.94) (10.30) (18.03) 

Collision 27.79 22.27 13.11 19.84 41.13 
Accident (0.97) (2.19) (2.52) (8.53) (12.94) 

Type 
Non-Collision 46.22 25.97 29.40 43.81 -13.20 

(1.89) (4.87) (7.88) (10.82) (38.35) 

U.S. 30.50 21.33 16.26 30.09 23.77 
Car (0.90) (2.05) (2.86) (7.11) (15.66) 
Type 

Foreign 38.99 29.77 16.79 23.64 43.62 
(3.20) (7.48) (5.05) (20.69) (22.37) 

Minor 19.65 15.24 11.42 22.41 25.06 
Damage (1.21) (2.67) (3.24) (14.72) (25.47) 

Severity 
Severe 45.38 38.08 27.50 16.08 27.79 

(1.41) (4.06) (4.78) (9.45) (15.15) 

Total Sample2 115961 13297 3499 -- --

'Standard deviation 
2iNot Stated" cases excluded 
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Table 4,3 Estimated injury risks and belt effectiveness 
based on combined police and supplementary data. 
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In comparing the results based on the police data (Table 4.1) with 

those based on the combined data (Table 4.3), one finds that the esti

mated risks and effectiveness are quite different, with the combined 

estimates being substantially higher in most cases. Thus, for example, 

controlling for sex, the estimates of belt effectiveness for males are 

25.26% for none vs lap and 30.48% for lap vs lap + shoulder, based on the`' 

combined results, compared with only 19.42% and 8.66% for the correspond

ing estimates based on the police data. A part of this difference can 

be attributed to the lack of equivalence between the two injury scales 

employed, with fewer people being classified as injured on the police 

scale. (Perhaps "injured" on the AIS scale should have been defined as 

AIS > 2!) Most of the difference, however, is indeed probably due to 

misclassification errors in the police reports. 

Since all the data in this study are biased, their quality (i.e., 

accuracy) cannot be judged solely on the basis of the accompanying stan

dard deviations. A more appropriate measure of the accuracy of the 

police report estimates is the more general "mean square error" (MSE), 

where 

MSE = Variance + (Bias)2. 

This measure can be applied to both the risk and effectiveness estimates. 

In calculating MSE's for the police report data, we assume that the 

best available estimator for the bias of a given estimate is the differ- a 

ence between that estimate and the corresponding estimate obtained via 

the "combined" methodology. For example, the police estimate of percen

tage injury to unbelted males is 16.44 with a variance of 0.017 and the 

"combined" sample estimate is 26.99 with a variance of 1.04. The bias 
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of the police.report estimate is then 10.55 (= 26.99 - 16.44). Thus, the 

MSE is given by 

(10.55)2 + .017 = 111.32 

This compares with a variance (and approximate MSE) of 1.04 for the "com

bined" approach. 

It should be noted that, in some cases, the MSE's of the police esti

mates are lower than those of the "combined" approach, even though the 

estimated biases in the police estimates are quite substantial. This is 

primarily due to the "relatively" small size of the supplementary sample. 

If the estimated bias remained the same, but a larger (say, threefold) 

sample size were available, then all of the estimates based on the com

bined approach would have much smaller uSE's than those based on only the 

police-reported data. 

While the injury risk and effectiveness estimates based on the police 

data only differ substantially from the "combined methodology" estimates, 

a comparison of the supplementary vs. combined data results reveals a 

generally high level of agreement. This is not unexpected, since both 

represent consistent estimators, based on the same definition of injury 

(AIS > 1). The positive effect of wearing lap belts and the additional 

benefit derived from the use of shoulder belts are clearly evidenced in 

all but a few isolated instances. 

In further comparing the supplementary and combined results, one 

finds that the standard deviations (STD's) of the estimates for the com

bined approach are usually lower than those resulting from the supplemen

tary data only. However, they are not as much lower as might be antici

pated,considering the large increase in sample size. This seems to 
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indicate that the combined methodology may offer only a slight improve

ment in accuracy over using only the supplementary data, at least when 

multi-dimensional contingency tables are considered with this consider

able amount of data. 

E 
By increasing the size of the supplementary sample, one would, of 

course, decrease the level of error in both the supplementary and com

bined data results. However, it is suggested that the relative decrease 

would probably be less for the combined than the supplementary results. 

That is, as the supplementary sample size is increased, the relative 

benefit of utilizing the combined samples to estimate the fallible margin 

in the cross-classified sample will decrease. Such a conclusion should 

not affect the overall usefulness of the combined methodology, however, 

since this approach is designed for use in situations where an original 

large (but fallible) sample is readily available, but where only a'rela

tively small supplementary (non-fallible) sample can reasonably be 

obtained. 

Another important issue is whether the estimates obtained using the 

combined methodology are the "best" estimates (i.e., those with lowest 

STD's) obtainable, using only the data available. The answer is that one 

can probably derive better estimates, even without increasing sample size. 

If only the supplementary sample is considered, one could use well-known 

techniques for building models that smooth the original proportions by 

removing non-significant variations in a multi-factor set-up. The result 

would be estimates with lower STD's. How to accomplish the same objec

tive with the "combined approach" is a more complicated matter, and will 

be discussed further in Chapter VI. 



V. THE NATURE OF t•1ISCLASSIFICATION ERRORS IN 
POLICE-REPORTED BELT USAGE AND INJURY LEVEL 

The investigation described herein is aimed at exploring the magni

tude of the misclassification errors of belt usage and level of injury 

in actual statewide police data. Table 9 in Hochberg (1976) shows the 

effect on several measures of belt effectiveness (namely, RIDIT, relative 

risk, and the odds ratio) for various magnitudes of a combination of 

misclassification errors. Certain questions remain: How large are these 

misclassification errors in actual data? Are the simplifying assumptions 

made in Hochberg (1976) valid assumptions? Do the magnitudes of the 

errors depend upon other factors such as age and sex of the driver? 

This chapter explores questions such as these using the data 

reported in the text where the police (P) data are "fallible" while the 

"true" belt/injury status is given by the hospital/telephone interview 

(P) data. As before, belt (B) includes the use of any restraint system 

(lap, lap and shoulder) with B indicating no restraint used; injury (I) 

includes any injury (K,A,B, or C) recorded by the police or an AIS > 1 

for the non-police data, while I indicates no injury. 

Table 5.1 gives the raw frequency data for belt usage and level of 

injury, cross-classified by the police (P) and non-police (P) sources. 

Table 5.1 Cross-classification of supplementary sample 
according to belt status and level of injury. 

Police Injured Not Injured 

Non-Police Belt No Belt Belt No Belt Total 

Belt Injured 
No Belt 

36 16 
6 305 

33 
5 

37 
227 

122 (5.1%) 
543 (22.7%) 

Not 
Injured 

Belt 
No Belt 

6 
2 

6 
27 

256 
15 

216 
1194 

484 
1238 

(20.3%) 
(51.9;) 

Total 50 
(2.1%) 

354 
(14.8%) 

309 
(12.9%) 

1674 
(70.1%) 

2387 
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It is evident' from. Table 5.1 that the police are much less likely.to report 

that a seat belt was worn and also much less likely to report that an injury 

was involved than. the non-police source. 

More specifically, assuming that the non-police (P) reports are 

the "true" classification mechanisms, then, for injured occupants, the 

police underreported belt use by 43.4% (= 1fi237 x 100) and overreported. 

6+5use by only 2.0% (= 543 x 100). For uninjured occupants, the respective 

estimates are 45.9% underreported and 1.4% overreported. 

Conversely, for belted occupants, the police underestimated injury 

by 57.4% ( = 33+37 x 100) and overestimated injury by 2.5% (= 6 x 100). 

For unbelted occupants, the corresponding estimates are 42.7% under

estimated and 2.3% overestimated. 

Clearly this tendency to underreport. belt usage and injury level will 

affect any derived estimates of belt effectiveness. If one defines belt 

effectiveness as the percentage decrease in risk of injury resulting 

from wearing a safety belt, i.e., 

effectiveness = - (% unbelted injured) - (% belted injured) 100 (5.1)
% unbelted injured 

then, based on the police-reported. data, safety belts have a 20.2% 

effectiveness. This compares with an effectiveness estimate of 34.0% based 

on the "true" hospital/telephone data. Thus, due to misclassification 

errors in the data, the police estimates apparently substantially under

rate the effectiveness of safety belts in reducing the likelihood of 

injury. The extent to which the hospital/telephone data represent the 

true situation is, of course, unknown, but is believed to be much closer 

to reality!) 



-27

As indicated in Hochberg (1976), there are a total of 12 indepen

dent misclassification errors that can arise when classifying individuals 

into the 2 x 2 table of belt usage (B,B) by injury level (I,!). For 

example, an individual that is actually belted and injured (B,I) could 

.be incorrectly classified as (B,I), (B,I) or (B,I). From Table 5.1, 

the "true" number of belted and injured drivers is 122 whereas the 

reports classified 16 individuals as being unbelted and injured, 33 as 

being belted and uninjured and 37 as being unbelted and uninjured! 

In order to examine further the nature of such misclassification 

errors in. police belt usage and injury data, estimates of the 12 mis

classification error probabilities were obtained, along with correspond

ing estimates of their covariance matrix, following the approach described 

in Grizzle, Starmer, and Koch (1969). With these estimates, a variety of 

hypotheses were then tested. Of particular interest were the two 

"simplifying" assumptions regarding police misclassification errors that 

were made in Hochberg (1976). These were: 

(i) The probability of a double misclassification 
error (i.e., both on belt use and injury 
level) is well approximated by the product 
of the two marginal error probabilities. 

(ii) The probability of misclassifying an 
uninjured occupant (either belted or unbelted) 
as injured is "unlikely". 

The results of the corresponding tests of hypotheses are summarized 

in Table 5.2 along with estimates p of the corresponding misclassification 

errors based on the data presented in Table 5.1, with the non-police 

classification representing the "true" condition. It is evident from this 

data that neither of the two basic assumptions ((i) or (ii)) is tenable. 

As a final dimension to this analysis of the magnitude and effect


of misclassification errors in this police-reported data, an overall
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Tabl.e 5.2. Hypothesis tests regarding the various 
misclassification errors in a 2 x 2 
table of belt usage vs injury level. 

Ho: Pr {Misclassification error} = 0 p d.f.. 2 

Double misclassification error (i) .3265 4 52.46 

I classified as I (ii) .0238 4 42.00 

I classified as I given B .0248 2 12.31 

I classified as I given B .0234 2 29.70 

I classified as I .4541 4 572.46 

I classified as I given B .5738 2 167.94 

I classified as I given B .4273 2 404.51 

B classified as B .0157 4 28.46 

B classified as B given I .0203 2 11.23 

B classified as B given I .0137 2 17.24 

B classified as B .4538 4 500.54 

B classified as B given I .4344 2 93.13 

B classified as B given I .4587 2 407.42. 

Mote: Corresponding p-values are all < .005. 

Maximum Likelihood Model was fit to the data to examine the dependence of 

these errors on driver sex (see Table 5.3). The results of the investiga

tion of other factors replacing sex are not detailed herein because it 

was unfortunately found that the misclassification errors did depend on 

the levels of these other factors considered (e.g., model year, car size 

accident type, driver age). Thus, the models did not simplify in a 

clear-cut manner. 



Table 5.3 Analysis of variance table for the 
Maximum Likelihood Model including sex. 

Source of Variation 

Independence of misclassification 
errors on sex 

Interactions: 

PI x PB 

(PB,PI) x PI 
(PB,PI) x PB


(PB,PI) x PI


(PB,PI) x PB


(PB,PI) x Sex


(PB x PI x PB x PI)


Total error 

Equiprobable model 

d.f.' x2 p-value 

12 3.16 > 0.99 

1 1.80 > 0.10 

1 1.02 > 0.30 

1 1.05 0.30 

1 1.71 > 0.10 

1 1.70 > 0.10 

1 1.20 > 0.20 

1 0.77 > 0.30 

19 12.41 >0.80 

31 765.84 



VI. DISCUSSION 

In Chapter IV, injury risks and safety belt effectiveness estimates 

were presented for the North Carolina police data only, for the supple

mentary data only, and for the combined two samples. The variables of 

interest were age, sex, model year and type of car, damage severity, and 

accident type. The combined sample results were shown to be the most 

accurate, although their STD's were not a great deal lower than those 

associated with the supplementary data only. 

The original plan for analyzing the data included considering 

several levels of some of the key variables (such as TAD and model year), 

and thus to examine the effects of these variables simultaneously. It 

was also anticipated that injury level could be defined so as to distin

guish between the serious and non-serious and the fatal and non-fatal 

injuries (in addition to injury-no injury). 

However, it soon became obvious that, due to the relatively small 

size of the supplementary sample and the state of the methodology 

described in Appendix A, the data could only be meaningfully analyzed 

using a single variable breakdown and the injury-no injury classification, 

as presented in Tables 4.1 - 4.3. This is due to the requirement that, 

in order to use the combined methodology outlined in this report, there 

must be at least one observation for each level of (injury x police) by 

(level of belt usage x police) by (level of factor under consideration). 

This requirement was not able to be satisfied except in the single 

variable framework for this data set. 

The results of this analysis suggest that lap belts alone substan

tially reduce the likelihood of injury and that lap and shoulder belts 
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together further reduce this likelihood. However, it should be noted 

that the specific estimates presented are far from satisfactory, due to 

their large STD's. Also, due primarily to the large STD's, significant 

differences in belt effectiveness could not be detected between the two 

levels of any of the factors considered. 

The supplementary sample size used in this report to illustrate and 

test the two sample methodology was somewhat over 2000 cases. As sug-. 

gested in Chapter III, it took considerable effort and coordination to 

collect the additional telephone and hospital data'for even this "small" 

a sample. Nevertheless, it now appears that, in order to make statisti

cally significant statements on safety belt effectiveness using this 

technique, one should probably have had a supplementary sample three or 

four times as large. 

Increasing the sample size to, say, 10,000 would have positive 

effects beyond decreasing the STD's. For example, it would enable one 

to simultaneously study the effects of several factors associated with.. 

seat belt effectiveness. It would also permit one to examine the effec

tiveness of safety belts for other occupants besides the driver. 

Two additional caveats should be made regarding the supplementary 

sample used in the present study. First,the sources of supplementary. 

information regarding seat belt usage and/or level of injury were 

follow-up telephone interviews for the non-injured drivers and hospital 

reports for the injured. Whether or not these sources did,indeed provide 

"true" information was not examined. 

Second, as noted in Chapter III, the combined sample of drivers 

interviewed over_the phone and those reported by participating hospitals 
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was not totally representative of the overall population of North Carolina 

drivers involved in accidents. While the supplementary sample was 

adjusted to resemble the overall sample, the effect of these adjustments 

on the variances and covariances of the estimates was not taken into 

account in the analysis. 

As a result of these limitations and the relatively small size of 

the supplementary sample referred to earlier, the data in the present 

study should best be regarded as a mechanism for demonstrating a new tech

nique, rather than as a definitive estimate of safety belt effectiveness. 

In order to obtain more accurate and reliable results in future applica

tions of this methodology to the study of seat belt effectiveness, one 

must ascertain that: 

1. The supplementary sample is sufficiently large. 

2. The quality of the "true" classifier is examined and 
proven reliable. 

3. The supplementary sample is shown to be representa
tive, or if not representative and adjustments are 
made, these adjustments are accounted for in the 
statistical analysis. 

Finally, it should be noted that, while increasing the size of the 

supplementary sample will improve the accuracy of the belt effectiveness 

estimates based on the two-sample methodology, additional research is 

needed to further improve upon the technique. More specifically, research 

is needed to incorporate smoothing models for the entries in the supple

mentary sample, based on relatively few parameters for the misclassifica

tion errors. The methodology as it now stands does not allow for using 

model-predicted estimates of the frequencies in the supplementary cross-

classified sample prior to "merging it statistically" with the original 

sample. 
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In addition, it is very reasonable to expect that the very large 

number of misclassification errors (that introduce too many degrees of 

freedom in the procedures described) could be structured by an appro

priate statistical model, resulting in lower STD's for, the predicted 

frequencies. These investigations might well be worth pursuing in the 

future. 
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The methodology outlined in this appendix pertains to the setup 

where all variables are subjected to misclassification errors when the 

fallible device is used. In practice one might come across situations 

in which only a subset of the variables is subjected to errors. Two 

cases are of interest. One case is when the magnitudes of errors 

within combinations of levels of the correctly reported set of variables 

are possibly different, and the other case is when these errors can be 

assumed to be the same across the corresponding levels. The examples 

in this report demonstrate the former case, while considerable research 

is still needed in order to treat the latter case. 

The Setup and Notation 

Two independent samples are drawn from the target population. Each 

is an unrestricted simple random sample. If the actual frame for the 

population is finite, we adhere to the concept of a 'super' population 

(see, e.g., Hartley and Sielken, 1975). The first sample of nl elements 

is classified only by the fallible device. Let i' = (i',...,id) index 

a specific combination of levels of the d variables under study. The 

second sample of n2 elements is simultaneously classified by both the 

false and the true devices. Here again, we use i' to index the fallible 

cell. To index the true classification we use i = 01,...,id). Also, 

let im = 19 ...9Im and im = 19...9II , m = l,...,d, with I1 X I2 X 

... x Id = k and I X I x ... X Id = k'. 

Next, we introduce notation for the frequencies and parameters in 

the two samples. To simplify matters, we use the same letters to 
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indicate similar conceptual quantities in both samples. The distinction, 

however, is easily made since the second sample will always have two 

indices corresponding to true and false classifications, respectively. 

Thus, n(i') denotes the frequency in the i'-th cell as obtained in the 

first sample by the false classifier. Similarly, n(i,i') denotes the 

frequency in the second sample classified in the i-th cell by the true 

classifier and in the i'-th cell on the false categorical scale. Like

wise, let y(i') and y(i,i') denote the corresponding population propor

tions. We introduce y(iji') = y(i,i')/y(i'), which is the fraction of 

times an element actually belongs to cell i when reported to be in cell 

i' by the fallible classifier. In addition, the convention of replacing 

an index by a period to indicate that summation has been taken over 

that 'index will be used throughout, e.g., n(i,•) _ X n(i,i'). 

The. intermediate parameters of interest are clearly the y(i,•) 

for which we use the special notation y(i,•) ; Tr(i 

Throughout this work we will use the convention of putting a 

tilde to indicate a vector. An indexed vector will be used only for the 

y(ili') where y(i') = {y(ili'), for all i} 

Inference Based on Maximum Likelihood Estimates (MLE) of the Tr(i) 

Given the data, the likelihood function of the y(i') and the 

y(i11') is given by the following: 

F = g n Ly(i')]n(i') 
+n(-'i') 

n b(in [y(iji')]n(i'i') (A.1) 

where g is a constant depending on the ni, i = 1,2, the n(i'), and the 

n(•,i'); the b(i') are constants depending on the n(•,i') and the 
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n(i,i'). It is now easily verified that the MLE's are given by 

•• n i,i 
Y(ili') = n 

(A.2) 
.. n (i') + n(•,i') 
Y1' ) _ 

nl + n2 

Since the Tr(i) and the y(iji') are in 1:1 relation with the set of y(T) 

and y(iji'), the MLE's of the Tr(i) are given by 

TT(i) _ i j')Y(iI 11i (A.3) 

Next, we consider the asymptotic variance matrix of which we 

denote by V(Tr). Note that, asymptotically, the set of the y(i') i's 

independent of the set of Y(iji'). A similar statement applies to any 

distinct vectors y(i'), y(j'), i' P. This is clear from the block 

diagonal information matrix which is easily obtained from F. Lineariz

ing the 7r(i) by a Taylor approximation around the y(i') and y(iji'), 

we obtain (for large samples) 

^(?) = X Yu {1')Y(1') + x YW)Y(i{?') - Y(')Y(^1j') 

(A.4) 
On letting 

V(Y) = nl + n2 [D(Y) - Y Y'] ((Vm,n)) m,n = 1,...,k' 

V [ci'] = n Y i [D((it)) - Y(i')Y'(i1)] = Vii (A.5)2 N N N N 

where D(•) is a diagonal matrix with the vector (•) on the main diagonal, 

we have asymptotically 
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k',k' 

_ Y vm^nY(im)Y(in) + 1 Y2(?')Vi' • (A•6) 
ml l 

When consistent estimators from (A,2) are substituted for the y(i') and 

the y(i') in (A.6), one obtains a consistent estimator V(Tr) for the 

dispersion matrix of the vector 7r. 

A Maximum Likelihood test of fit (i.e., y( -,it) = y(i') for all is 

is rather straightforward. The unrestricted MLE's are given by 

nin
Y 

1 

(A. 7) 

Under the null hypothesis, (i.e., y(•,i') = y(i') for all i') the MLE's 

of the y(i,i') are Y(i,i') = Y(ili')Y(i'). On denoting the Maximum 

Likelihood Ratio (MLR) statistic by L, we have 

I-2 log L = -2 1 n )log Y ) + n(i,i')log Y(i>i ) (A.8)
it Y_ Y 

Under the null hypothesis, this is asymptotically distributed as a 

central Chi-square variate with (k'-l) d.f. 

Often, having established the fit, the experimenter will be inter

ested in further inference on Tr based on the efficient estimator it 

In most practical problems, it is not feasible to obtain simple MLE's 
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of Tr under further functional restrictions on the Tr(i) (given that the 

model-fits). One can verify this. by trying to obtain the MLR test for 

independence in a 2 x,2 table. Even for this. simple problem, the MLE 

cannot be obtained explicitly and one must call upon numerical techniques. 

In general, the usual log-linear hypotheses on iT (hypotheses such as 

CTr = 0 or C[log(Tr)] = 0, where C is a contrast matrix, i.e.,,C'1,= 0) 

will impose complicated functional relationships among the y(iUi') and 

the y(i'). The MLE's will need to be obtained by some numerical computer 

subroutines. 

The practical approach is to utilize the estimator 7T and the con

sistent estimator of its variance matrix, V(7^T), as initial input to the 

asymptotically equivalent least squares procedures presented in Grizzle 

et al., (1969) and Forthofer and Koch (1973). This is discussed in greater 

detail in the final section of this appendix where a convenient technique 

is given for implementing the Maximum Likelihood approach at the first 

stage and then proceeding with the Weighted Least Squares approach in 

the final stage using a single computer program. 

Inference Based on Least Squares Estimators (LSE) of the 7(i) 

Before discussing the Least Squares approach (which will resemble 

to some extent that in Koch et al., 1972 ), additional notation is 

required. Let p(i') = n(i')/n1, p(i,i') = n(i,i`)/n2, and pl be the 

vector whose elements are all p(i'). Similarly, let p2 be the vector 

of length k'k obtained, by stretching out all the p(i,i') in order. 

Finally, let yi = E(pi), i = 1,2, and denote p = (p^,p2)' 

The dispersion matrix of p is a block diagonal matrix V(p) with 

V(pi) on the diagonal, where 
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l i = 1,2 . (A.9)
V(pi) = n [i() - yiX! 

Next let F = Ap, where 

A1:(k'-l) x k' : O 
A = ............... ................. (A.10) 

0 A2:(k'k-1) x k'k 

where Al is obtained from an identity matrix of dimension k' by deleting 

the last row and A2 is similarly obtained from an identity matrix of 

dimension k'k. We can now write a model 

E(F) = Xe 6:(k'k-1) x 1 . (A.11) 

where' X = (X1,XZ)' with X2 being an identity matrix of order k'k-1 and 

X1 of dimension (k'-1) x Wk-1) has the form X1 = [I 91'101 where 

I is the identity matrix of order k'-1, 1' and 0 denotes 

Kronecker's product. 

The variance matrix of F is consistently estimated by 

V(F) = AV(p)A' where V(p) is obtained by substituting the unrestricted 
r 

MLE's of the V i in the expression for V(p). Thus, in large samples, one 

may use Weighted Least Squares to estimate the vector 6 . The 

asymptotic LSE of 6 (which is BAN if (A.11) holds) is given by 

e = (X'V(F)X)XV(F)F (A. 12) 

and the consistent estimator of its dispersion matrix V(6) is given by 

V(e) = (X,V-1(F)X)-1 (A.13) 
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A test for goodness of fit is based on 

X2 = F'V-1(F)F - e'X'V-1(F)Xe (A.14) 
N N N N N N 

• 

which, under the hypothesis that the model fits, follows an asymptotic 

Chi-square distribution with (k'-l) d.f. 

If the model adequately describes the data, tests of hypotheses 

with respect to the parameters comprising 6 can be undertaken. Note 

that the elements of 6 are the k'k-l upper-left elements among the k'k 

parameters y(i,i'). The last element is obtained from the relation 

E,E,jy(i,i') = 1. From a and its estimated variance matrix, one can 

easily obtain the LSE (7) of Tr and its estimated variance matrix V(N). 

Employing the Maximum Likelihood Approach 

Here we use notations from both of the two previous sections. The 

MLE's of the Tr(i) and their asymptotic variance matrix have already been 

given. The overall procedure of first obtaining MLE's and then using 

asymptotic Least Squares theory appears somewhat inconvenient, especially 

when considering the available computer programs. Here, we discuss a 

simple technique to implement the MLE methodology, which can be employed 

using a single computer program. This approach is based on the fact 

that the MLE's of the Tr(i) can be expressed as compound exponential-

logarithmic-linear functions (see Forthofer and Koch, 1973) of the 

elements. of p. 

Specifically, we can write Tr (the MLE of ir) as 

Tr = Q{ex2[Klog(Ap)]} (A.15) 
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where 

alI:k' x k' a2I 0 1':k' x k'k 
...................................... 

A
(2+k)k' x (k+l)k' O:k' x k' : I 0 l:k' x k'kti 

...................... 

O:k'k x k' I:k'k x k'k 

J 

ai = ni/(nI + n2), i = 1,2 

K = [I ® 1, -I 0 1, I:k'k x k'k] 
(k'k) x k'(k+2) 

where the unspecified identity matrix I has 

dimension k' and 1 is of length k. 

Q = I 0 1' 
k x k' k 

Thus, on letting y = Ap and z = exp[Klog(y)], we can conveniently write 

the asymptotic variance matrix of as 

V(7r) = QD(z)KD-(Y)AV(p)A'D-(Y)K'D(z)Q' (A.16) 

where D(y) is a diagonal matrix with the vector y on the main diagonal. 

As noted earlier, the vector ^ and the estimated variance matrix 

V(T) (which is obtained by substituting V(p) for V(p)) are subsequently 

used as initial inputs for further modeling based on Weighted (asymptotic) 

Least Squares procedures as in Grizzle et al. (1969). Thus, one may 

obtain functions of the Tr which are of interest for further modeling 

via a repeated chain of linear, log or exponential transformations, and 

then express a linear model for the resulting functions. The model can 
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be tested for fit; given an adequate fit, linear hypotheses regarding 

its estimable parameters can be tested. And this entire procedure can 

be carried out in a single computer run using the new program GENCAT 

given in Landis and Stanish (1975). 



APPENDIX B 

The Supplementary (Telephone 
and Hospital) Data 



Table B.1 Belt usage by injury level for supple
mentary sample, controlling for age. 

Police 16-55 56+ 

Non-
Police U 

No Injury 

L LS U 

Injury 

L LS 
Total 

U 

No Inju ry 

L LS U 

Injury 

L LS 
Total 

1035 12 1 24 1 1 1074 159 2 0 4 1 0 166 
o 
a -^ 

I -s a) 
122 122 14 5 3 0 266 21 11 .1 0 0 0 33 

63 24 69 0 1 1 158 10 6 8 1 0 0 25 

210 4 0 279 3 2 498 17 1 0 27 0 0 45 
L 
•^a 26 19 3 8 18 4 78 2 0 0 3 3 0 8 
c n 

o 
6 1 9 5 3 9 33 3 0 1 0 0 0 4 

Total 1462 182 96 321 29 17 2107 212 20 10 35 4 0 281 

No. missing observations = 13 



Table B.2 Belt usage by injury level for supple
mentary sample, controlling for sex. 

Police Male Female


Non-
Police 

No 

U 

Injury 

L LS U 

Injury 

L LS 
Total 

No 

U 

Injury 

L LS U 

Injury


L LS 
Total

o 
J

813

106

10 1

102 12 

18 

3 

1 

3 

0

0

843

226

381

36

4 0 

32 3 

9

2 

0 

0 

1 

0 

395 

73 

^. 57 24 59 1 1 0 142 16 6 18 0 1 1 42 

121 3 0 173 2 2 301 106 2 0 133 2 0 243 

;o.
0 

J 19

6

12

0.

2 

6 

8

3

14 

3

3

6

58

24

10

3 

7 

1

1 

4

2 

2

7 

0

1 

3 

28 

13 

Total 1122 151 80 206 24 11 1594 552 52 26 148 10 6 794 

No. missing observations = 13 



Table B.3 Belt usage by injury level for supplementary 
sample, controlling for "make" of car. 

Police 
U.S. Foreign 

Non-
Police U 

No Injury 

L LS U 

Injury 

L LS 
Total U 

No Injury 

L LS U 

Injury 

L LS Total 

>,a 1086 13 0 23 2 1 1125 101 1 1 5 0 0 108 
i C 

O 

r_ a
^• a 

-J 130 120 14 5 3 0 272 11 13 1 1 0 0 26 
r

Ow J 52 24 55 1 0 1 133 21 6 21 0 1 0 49 

197 4 0 273 3 1 478 29 1 0 32 0 1 63 
S_ 

26 18 1 7 20 3 75 2 1 2 3 1 1 10 
C N 

7 1 6 3 3 7 27 2 0 4 2 0 2 10 

Total 1498 180 76 312 31 13 2110 166 22 29 43 2 4 266 

No. missing observations = 26 



Table B.4 Belt usage by injury level for supple
mentary sample, controlling for model year. 

Pol ice 

Non 
Police U 

No 

1960-1968 

Injury 

L LS U 

Injury 

L LS 
Total 

U 

No 

1969-1971 

Injury . 
L LS U 

Injury 

L LS 
Total 

o 

0 a) 

399 

46 

5 

1 

21 

1 

0 

0 

0 

10 

3 

0 

0 

1 

0 

0 

0 

0 

410 

71 

6 

368 

36 

14 

5 

40 

9 

1 

3 

9 

6 

2 

1 

1 

1 

0 

1 

0 

0 

382 

82 

33 

84 2 0 117 1 0 204 64 2 0 87 1 0 154 

na 

0 
J 8 

0 

5 

0 

1 

0 

4 

1 

5 

0 

0 

0 

23 

1 

7 

0 

7 

0 

1 

0 

2 

2 

8 

1 

0 

1 

25 

4 

Total 542 30 1 135 7 0 715 489 63 14 100 12 2 680 



Table B.4 Continued. 

Police 
1972-1973 1974 1;975-

Non-Po 
lice U 

No Injury ' 

L LS U 

Injury . 
L 

.... 
LS 

Total 
U 

No Injury 

L LS U 

Inj ury .. 

L LS Total 

S. c 296 4 .0 .8 D 0 308. 12 9x 5 0 3 1 0 138 

51 58 8- 1 0 .118 9. 13 2 0 0 25 

Z 1 0 6 1 1 0 0 0. 27 4 3 14 57 0 1 1 116 

54 0 0 60 1 1 116 25 1 0 3.5 .0 1 62 

11 6 .1 3 .7 2 30 2 1 0 1 2 .2 

2 
1 1 

1 
1 0 6 

7 
0 9 1 1 8 26 

Total, 424 75 21 72 - -10 3 605 215 34 68 41 5. 12 375' 

No. missing observations = 24." 



Table B.5 Belt usage by injury level -for supplementary sample, 
controlling for vehicle damage severity (TAD).* 

Po

Non-
Police 

lice 
No 

U 

Mi

Injury 

L LS 

nor

U 

Injury 

L LS
Total 

No 

U 

Se

Injury 

L LS 

vere

U 

Injury 

L LS 
Total 

:3 o 
c a -t 

613 

79

6 0 

64. 6 

9

1 

0 

1 

0

0

628

151

401 

27

6 1

40 6 

17 

-2 

1 

2 

0 

0 

426 

77 
.

(Vz° V) 35 14 33 1 0 1 84 24 11 33 0 1 0 69 

82 1 0 61 2 0 146 112 2 0 197 1 1 313 

•^ r
a

-^ 
J 

12 

3

7 0 

0 4 

4

1 

2 

1

2

3

27

12

12

5 

8 2 

1 6

6

3

15 

2

1 

6 

44 

23 

Total 824 92 43 77 6 6 1048 581 68 48 225 22 8 952 

* Minor = FR-LF,1; OTHER, 1-3


Severe = FR-LF, 2-7; OTHER, 4-7


No. missing observations = 399 



Table B..:6 Belt usage by injury-level for supple
mentary sample, controlling for accident type. 

Collision Non-Collision
Po lice 

--- No injury Injury No Injury Injury. 
N on- Total Total 
Police U L LS U L LS U L LS U, L LS 

988 11 1 1:8 1 1 1020 197 '3 '0 1.0 1 0 21.1 

120 11 .3 10 1 1 0 245 .. 20 20 4 .:.4 1 0 4.9 

Z v 65 23 56- 1 1 0 146 6 7 20 0 0 1 34 

185 4 0 19.8 3 1 391 41 1 0 108 0 1 1.51 

,L4) 

25 16 1 9 14 3 68 3 .3 2 1 7 1 i17 

H o -. 

5 10 1 .6 4 1 7 24 3 0 3 1 1 2 

-10 5 472, Total. 1388 168- 74 231 21- -12 1894 -270 -- 34 - 29 1.24 

No. missing observations = 30



APPENDIX C


Accident Report Information


Standard North Carolina Accident Report Form
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The following variables from the police accident report form 
(shown in this Appendix) were utilized in the analysis: 

1. Vehicle # (as assigned by police agency) 

2. Month of Accident (January - June) 

3. Day of Week 

4. Hour of Day (e.g., 8:00 - 8:59 a.m.) 

5. Accident Type (e.g., collision of motor vehicle in road

with pedestrian)


6. Driver's (or Injured Passenger's) Year of Birth (e.g., 1952) 

7. Driver's (or Injured Passenger's) Sex 

8. Driver's (or Injured Passenger's) Race (white, non-white) 

9. Vehicle Year (e.g., 1971) 

10. Vehicle Make (e.g., Plymouth) 

11. Vehicle Type (e.g., two or four door sedan (passenger vehicle),

stations wagon (passenger))


12. V.I.N. .(Vehicle Identification Number) 

13. First TAD (location and severity; e.g., FD3 = front distri

buted of relative severity 3)


14. Police Reported Injury (Injuries for driver or injured

passenger)


K - Killed

A - Serious injury

B - Moderate injury

C - Minor injury

0 - No injury


15. Restraint Used (the individual being coded) as Reported by Police 

None

Lap Belt

Shoulder Belt Only

Lap and Shoulder Belt

Child Restraint System

Not Recorded


11 



        *
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Date of Day et A. D. not Irsite I. this space
Accident 19 Wok Hour C7 LJ
Accident C-] In

z Oaeh.r.d n City or
N •erO In Couny Town of

Outside City or Town Mile. N E 1] w of C Limit. C-,.,
U
o Patrol An7a0.

Hwy. No. (I., U.S., N.C., R. P., R.U.) If No., or within corporate limit. , identify by nam.
^Mtl •. A, or
0 Fast CJ 0 fl 0 From Toward

(0 Ft. if In ler+ae.) N E S W Hwy. No., or Adjacent County Line Hwy. No., City, or Adjacent C..nry Line

Ron off Road Non-C.Ili+ion in Road Collision of Motor V•hi cl• I,, Rood With:

1. Right 2. L.h 3. Straight Ahead S• Other in Road 6. P.d•+nian 7. Par4+d V•hid. B. Turin 4. B;ryel. l1. Fie•d 12,0th.,Z 4.O..rtu- l0. Animel
Obi.Obi.

C w_ d 1

Collision of M. V. in Rood With Another M. V.U
13. Rear End II. R.., End 15. Left Twn 16. Left Turn 17. Right Turn IS. Right Torn 19. Head On 20. Side+.fv 21. Angle 22. Backing
Slew or Slop Turn Sane Roadway Coo. Tro(fic Som. Roadway Gas. Traffic

VEHICLE NO. I VEHICLE NO. 2 or PEDESTRIAN
No. of
V.h1.1.. CIA—: Driver.
Involved First Middle Last Nam. First Middle L..,Nom•

Add,- Address:

Cityt State: City: State:
Yes No Yes No

is above addros mm. a. an Drive:. Lie....? I..bove addr.o. same as on Drive, • Licenu?0 El C 0
Rau/Se.:_ Drive.. Lis State: Rae./Sao: Drive: • Lio Stete•

 **

Dar..( Birth: Specify R.+tnerion: Dal. e1 Birth: Specify Restriction:YearMan Ill Dap Montt Dog Year

Malabar of Va. No. V.h. Vol.. V•h. Member of Yes No. VA. Veh. Vol..
Ana.d For... C3 0 Y.ar._ MM..: Type- A.,..d F....s 0 Y...:_ 4..4.: Type:

Lie.Piat. No. Slate; Year: Lio Plate No. State Year.

VIN ODOM._____._ VIN DOOM.--_-_e_

Owner: Owner.

Address: Add....:

City: Stan: City: State:

Porn Mount Parts Amount
Damaged (TAD) of Damage $ Damaged (TAD) of Derrell. S

DA vabl.: Orl.ebi.:
Yes No Vehicle No VehicleYes
0 0 Removed as: 0 0 Released ro:

By: Autkerty: By: Authority:

Oerth Amt. .1 Dom. Owvl•r and
P repay D...,.d Add-

INJURY SECTION INSTRUCTIONS

Ohre injury last, restraint sod, •• and ge of all cogent. ' the Pace c e+POndin to the •a 1 a NaYQs_and sddreasy are mcrr.ry for P---. who
were ini_sf Fm Type of Restraint (R•t.) used: N - None, L -Lap 8.11, LS - Lap and Shauldo 3 - Shoulder Bah aonlonly, Chitd ll.w.im System.

K=Killed A=I...paci toting B=Nonineapaei lalinp-Injuryotle, than K or A evident at the seen C=N v •ible +ign o1 ,nj.ry but complaint O=No injury
of p., oryu

SEAT Ini R.• Rece Age INJURED NAMES AND ADDRESSES SEAT In) R•• Rae. Age INJURED NAMES AND ADDRESSES
cl .+d r cl u+d •

Fi rat Now. Lost Fire Noma La.t

Left DRIVER 1- L
. -. DRIVER 2 OR PEDESTRIANFront F ront

Coo far Class.
Front Front

Right Right
Fo t Front

Left Left
Real firo,

Conte, Cant`
R- R.a

Right Right
9... Rea _LL

To of No. Ocalponrs Total No. In I. Total No. Oeeuva.,. Total No. Ini.

Injured l.kdn a:

WIT- Name Add.... Ph... No.
MESSES Nana Address Phone No.
An.ue: Hems Charge(s) (Cit. No.)

Nam. O.orge(.) (CiL No.)
Sign Hete

Office:. Ronk and Near. Hum Mc D.pa.wnrh. Date of Ramon
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2. Se..d Limit 10. Obi..t S,.uek 15. V.h. M-r 

3. Road F..1.... DRIVER I DRIVER 2,r PED. 16. V.h. D.f..,. 

4. Road $..lece 11. Sobriety 17. Earima,ed Speed 

S. Read D.1-1. 12 Physic,I Cond. 18. Ti,. 1mpr.aaion.(fl) 

6. Road Condition 13. Chem. Teat 19. Di.tance Traveled YES NO YES NO 
7. Light Condition L] Al,., Impact (I,.1 

[J U El 

8. W-1., IL Pad. Action 

, ^ j ! , i 1 ( t 

INDICATE 
NORTH -. ( t' i 4 , 

I t t t. 1/ 1 1 J I I i 1' l'` t 1 t 
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l l.1 
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! 

V.hicl. I .m. Traveling Q CI Q Q an Val.i.l. 2.. Trev.lin. Q C.I Cl Q on 
N E S W N E S W 

DESCRIBE WHAT HAPPENED: 

V.hi.1. VIOLATION INDICATED EMERGENCY ASSISTANCE RESERVED FOR STATE USE: 
1 2 INFORMATION 

20. 1. 22 2 24Q C1 1. No. Violation Indi cer.d 

L__1 n 22. 26• 27. 28. 29. 
2. E.eusive Spwd INVESTIGATOR Qam. 

RESERVED FOR CITY OR OTHER USE: C] C, 3. Yi.ld Violation NOTIFIED C] a. 

Q Q 4. L.11 of Colts, By 

C] (_I S. P...ing Violation 

C] Q 6• Step S. ., Yi.ld S. Vi.. INVESTIGATOR Q..m.


Q Q 7. Traffic Signal Vio. ARRIVED C]p...


Q [] E. Sal. M.....n, Vi..


Q Q 9. To. Cl... AMBULANCE [] e,


C] Q10. Imp-p.. Tom ARRIVED p,m


C] []11. Improp.r., No Si 9-1 OTHER COMMENTS:


C. ] Q12 Improper Padri,0 L9aotian 
Q Q11 Oth.r I.Pmp.. Driving 

(d.aedb.) 
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In filling out th.f* items on the bock use, tho following .aotroIe.: 

I. LOCALITY . S. ROAD DEFECTS 6. WEATHER 6. 3. A.1-. 3. P.bf In n...l low.
1. S..M.. 1. Lr...l 1.I 1, C).. b ..4I.. 4. O.k., 4. G.11 .n.11k, W'.N
3. RoN.MI.I -.-/-. 3. CI.Np S. Gn.,a.11 S. f...M.l-.M .MINA S. CMMIM I.n.. w w.l...
3. kh..1 6 Fl., ,.•M IN 6" d-r r- 3. R.I.I. .ilh 6. P...IM 
1. OP.. ....n, 3, Lw .h-Id-. 1. SM.IM 6.MH.. f. Mr.wl 7. W WM .101 rr. 

1.Si. SPEED LIMIT 4. 3.41 .h-M.. S. F.. 7. C.,dIO.n .. k-.. 8. M.Y1M 611 1.n

ROAD FEATURE S. Oily 4.1..,. f. Sl«I w k.I1 13. CHEMICAL TEST 9. M.klM U I

1.1.1 .. r w.dw-.. f. R..d .N- 9. TRAFFIC CONTROL -.NI- 14. PEDESTRIAN ACTION 10. B..kl. 
2. 0.1...., I. SI.p'lRn 9.SI.n-.11. P-1 1. CI-.IM - I...... .ll., I I. S1-1M - .I..N.. 
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TELEPHONE INTRODUCTION FORMAT 

Hello M. , my name is 

and I am with the University of North Carolina Highway Safety Research 

Center. The Department of Transportation in Washington, D.C. is con

tinually trying to learn more about seat belt usage and corresponding 

effectiveness in reducing deaths and injuries in highway crashes. In 

this connection, we are doing a survey of North Carolina drivers who were 

recently involved in a traffic accident, primarily to find out how they 

feel about seat belts in general and whether the seat belt might have 

helped (or hindered) in the accident in question. Would you mind 

answering a few brief questions? Thank you. 

Note: 

(1) If the person we need to talk with is not at home, try to 

find out when a good time to call back and reach him would 

be. Very generally explain that,your name again is 

and that you work for the University 

of North Carolina. As part of a telephone survey, you are 

calling people to find out about automobile seat belts 

and their usage. 

(2) If the interviewee wants to know more about HSRC, the explana

tion can be derived from the following: 

The University of North Carolina Highway 
Safety Research Center (HSRC) was created by a 
statute of the 1965 North Carolina General 
Assembly, and was directed by the Governor to 
perform three functions: 
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1) evaluate North Carolina's existing highway 
safety programs. 

2) coordinate and participate in the pro
fessional training of persons involved in 
highway safety. 

3) close the gap between knowledge created by 
highway safety research and its use in 
saving lives. 

(3) If the person needs to know how we know about his accident, 

explain that all accidents are public record at the 

Department of Motor Vehicles (DPIV) in Raleigh and being a 

research organization engaged in highway safety research, 

we often need to have access to these records. 

(4) If the individual seems upset, suggest that he feel free 

to call HSRC collect at (919) 933-2202 and ask for 

Dr. Campbell or Dr. Reinfurt for further information 

about this survey. 
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NAME OF DRIVER 

1. Was the vehicle you were in during your.acc.ident a passenger car ( ); 
truck ( )? Do you know the make, model and approximate year of the 
car? 

If not, was the car a large car (Olds, Buick), intermediate (Chevelle), 
or small (Vega). 

(IF TRUCK, YOU ARE FINISHED) 

2. Does your car (the one in the accident) have seat. belts? Yes ( ) No ( ) 

(IF NO, GO TO 5) 

3. If so, what kind of belts? ( 
( 

) 
) 

Lap 
Don't know 

( 
( 

) 
) 

Lap and shoulder 
Not sure about 
shoulder part 

4. Were you wearing your seat belts? 

Lap only ( ) 
Lap and shoulder ( ) 

( 
( 

) 
) 

No belt, 
Shoulder only 

( ) Unknown or don't remember 

For those who were wearing their shoulder belt: 

Since you were wearing your shoulder belt, can you tell me if 
yours is the kind that allows you some freedom of movement while you're 
belted in? (If they need an explanation use turning on the radio or 
opening the glove compartment as illustrations of freedom of movement). 

Yes ( ) No ( ) Can't say or don't remember ( ) 

In your accident did the shoulder belt hold you in place? In 
other words, did it "lock up" like it was supposed to? 

Yes ( ) No ( ) Can't say or don't remember ( ) 

If they don't remember ask, "Did you feel like any part of your 
chest had been bruised or was sore after the accident from where the 
shoulder belt went across your chest?" Yes ( ) No ( ) 
"Did your waist feel especially sore from the lap belt?" Yes ( ) No ( ) 

Did you hit the steering wheel at that time? 

Yes ( ) No ( ) Can't say or don't remember ( ) 
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5. Did the officer ask you if you were wearing a seat belt? 

Yes ( ) No ( ) Can't say or don't remember ( ) 

6. Were you injured? Yes ( ) No ( ) 

If YES, would you describe your injury as slight ( ), moderate ( ), 
severe ( )? 

Could you please describe where your injuries were and what types of 
injuries you had. 

7. If you weren't really injured, can you recall if you had any aches or 
pains? 

Yes ( ) No ( )


If yes, can you describe where?




APPENDIX E 

Hospital Survey: 

The Hospital Report Form 
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Highway Safety Research Center

University of North Carolina


Chapel Hill


AUTOMOBILE INJURY AND SEAT BELT DATA 
HSR-006 

Instructions: Please complete one form for each patient treated for injuries 
due to an automobile crash. Return the form to HSRC in the 
attached pre-addressed envelope. No stamp is necessary. If 
you have any questions please feel free to call collect Ms. 
Lucy Smith or Ms. Jane Youngblood at (919) 933-2202. 

1. Patient's Name 
First Middle Last 

Date of Birth Date Treated 

2. Patient's Address 
Street or P.O. Box 

City State Zip Code 

3. Safety Restraint Use: a. q No Belt 

b. q Lap Belt Only 

c. q Both Lap and Shoulder Belt 

d. q Unknown 

Name and Title of 
Person Completing Form: 






EVERITY 
CODE SEVERITY CATEGORY/INJURY DESCRIPTION 

` NO INJURY 0 
Zero) 

GENERAL 
---Aches a ll over. 
---Minor lacerations, contusions, and abrasions (first aid--simple 

..sure ) . 
---All I' or small 2' or small 3' burns. 

HEAD AND NECK 
- Cerebra injury with headache; dizziness; no loss of consciousness. 
---"Whiplash" complaint with no anatomical a• radiological evidence. 
---Abrasions and contusions of oculor apparatus (lids, conjuncriva, 

cornea, vocal injuries. virreous or retinal hemorrhage. 
---Fracture and/or dislocations of teeth. 

CHEST 
---Muscle ache or chest all stiffness. 

ABDOMINAL 
---Muscle ache; seat belt abrasion; etc. 

EXTREMITIES 
---Minor sprains and fractures ana/ e' diclocarion of digits, 

. 2 MODERATE 

GENERAL 
.ens ontusionr, abrasions; loge lacerations; aouls;ans (less 

rhon3 e w ide p. 
---,:-20°; body surface 2' or 3' Darns 

HEAD AND BECK 

; - i u : y . . , , w , ir u u ' I 5r a u , less than 1 5 m i n c e . 

.- - ,c -11 , ' oc posr ' aumctic -- m. 

----V d isp.o cea ckui'l o oc ai bone f•ec N•e: c compound 'MCture of 

--{asap Or icr-. c' •' e e and appendages, w no eery come^'. 

---Dirigurlr.g lacers Kons. 

-- ..r ial^s^. - .eve _ can•P is in•s with anc'amivo, -ads<'_j;ccl 

- iv i0en _c. 

___S:nple -1l f",.ctue;. 

---A.'o• cao 'usioes of che.r ..all „ithour Hencr'no•ar or eneumonc.ro• 

or respiraory =^x ras.men'. 

'44 -
Moi_ von -. c aadom;-,a I .ra 

-XTREMI-'!G ':D C_R PELr1C GIRDLE 

___ so red lorry bone - pal. c : act,,-e.. 

3 SEVERE (Net Lek-Thraoreninp) 

---... mw e -slbns, cu-osirn;, 'arge rocum;on; i,.c :,g no r iMn 
wo e.rre-ies, o large o.vhlons greo'rr than 3 w de I. 

---20-3W. booy rc iace 2' o• 3' burns. 

HEAD AND NECK 
--- Cer¢ 'rii;y -- ;r «itI,o,t skill fracture, with v .dourness 

more than 15 minutes; without severe neurological signs; brief post

rmumaHc amnesia less than 3 hours). 
---D i,placea closed skill fractures without unconsciousness ar other signs 

of i "'; l injury 

---Loss of eye, o vulsion of optic nerve. 
---Displaced social bone iro<t.nes or those with antral or orbital involve

ment, 

--{ervico1 ;pine fractures withour card damage. 

CHEST 
Multiple rib fracru res o thou. respiratory embarrassment, 

---Hers athorar or peeumothoroa
---Rupture of diaphragm. 

--- Lung contusion. 

ABDOMINAL 

---Contusion of obdom'rol organs. 
---Estroperironeol bladder rsgrure. 
---Retroperitoneol hemorrhage 

---Avulsion of ureter. 

---Laceration of urethra 
---Thoradc or lumbar some fmctvres w; thour neurological 

imolvemenr. 

EXTPEMITIES AND 'OR PELVIC GIRDLE 
--- Dispaced simple ong-one factures, and, or m,triple 

hand and foot fractures 

---Single open long-bone fractures. 
---Pelvic fracture with displacement. 
---Dislocation of major joints 
---Multiple amputations of digits. 
---Lacerations of the mojor nerves or vessels of extremities 

EV ER ITYI I 
-1

CODE SEVERITY CATEG CRY/IN JURY DESCRIPTION 

$ SERIOUS (Life-Threateniee, Survival Probebh) 

GENERAL 

Se're lace ra rib ns and or avulsions with dongeraus 

hemorrhage. 
---30-505v surface 2' or 3' burns. 

HEAD AND NECK 
---Cerebral injury with or s kull fracture, with unco 

u ness of more than IS ^, ores, with definite aarormal 
oologi cal signs; cost-s•a ,mo'ic amnes.a 3-12 hours. 

---Compound skill kacrore. 

CHEST 
---Open ches' wa_,ds; rloit c'resr; oneumomed:ast;nim; myucardial 

conrvsir wirhour ci.ciloro"y embo•ros,nenr; pe.icerd;al 

,njur^es 

ABDOMINAL 

--- Minor lacerar;on of in'ra-aodor,i al conren•s (to inclose 
tea spleen nef, u-d 'n ones so ray, of oo,veosl. 

---Inrraperironeal bladde' r_o•_re 
___A-'6a, ar •be ge.-.gels 
---Thoracic cod 'or :mbar spine fractures w.'n oa-apleg:o 

EMIiIES 
---Multip'e closea iory-erne last.-es. 
___Amputntia, of I non. 

$ CRITICAL (Survinef U:ceeteinl 

O2N EF 
--- Ove• 5^- body sv a_c 

'EaD AND NECK 

cf moe than 2a -ou•s, Fc.  - . omn ,^ -e roc- _ a_ 
a. ,,I he-,a•:hcje. s;j-  a..ea . .c i_-. e 

g t..,. in b cod '. <,._ ,g e.,,. _ w. a•run ' 

_... so w n 

CHEST 

_-_ -Coen +.. a ., a e. rn ..,n .- :r, eno•icn ; 

rrac neon hz-:nem .. nu .,. 

'ID''rINAL 

6 :Alai 

7 SEVERITY UNKNOWN 

gR Developed by the American Medical Association Committee on Medical Aspects of Automotive 

Safety, in cooperation with physicians representing medical specialties most involved ;n nse 

diagnosis, care and treatment of crash injuries, and General Motors Corporation. 
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ABBREVIATED INJURY SCALE



        *
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4. Overall Severity of Injuries: (see p.2 for injury scale)

M. q Minor (5) q .Critical

(2) q Moderate (6) q Fatal

(3) q Severe, Not Life Threatening (7) q Unknown

(4) q Serious, Life Threatening

5. For Each Injury:

a. Indicate the location of the injury by marking on the drawing below.

b. Write the degree (e.g. major, slight, compound, 1-in. etc.)
and nature (e.g. burise, laceration, abrasion, fracture, burn,
internal injury, etc.) of this injury.

EXAMPLE

 * 
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