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"The Likelihood of Casualty in Highway Crashes"

- Introduction

This 13th briefing concerning the cited subject addresses the
derivation and evaluation of algorithms for the projection of
compelling injury on the basis of crash scene observable data
that serve as predictors.

The methodoiogy followed in this briefing starts with the "0ld
Triage" algorithm and addresses extensions and modifications
leading to certain alternatives with enhanced predictive power.

Evaluation of the Predictive Ability of the Algorithms

The predictive ability of the algorithm in effect is evaluated
in terms of five pertinent yardsticks defined below, relevant to
any selection of predicted probability:

Correct Prediction is the fraction of correct predictions
(whether for compelling or noncompelling injury), made at a
selected probability level, as a percent of all predictions.
Correct is by reference to the car crash experience under
consideration; _

Sensitivity is the fraction of predicted compelling injuries, as
a percentage of all compelling injuries in the population at
stake;

Specificity is the fraction of predicted noncompelling injuries,
as a percentage of all noncompelling injuries in the population at
stake;

False Positives is the fraction of incorrectly predicted
compelling injuries as a percentage of all predicted compelling
injuries; and

False Negatives is the fraction of incorrectly predicted
noncompelling injuries as a percentage of all predicted
noncompelling injuries. :

Programmable Algorithms

Algorithms for projecting the probability of compelling injury
are modeled as follows: '

P=1/(1+exp(-w)]

w = AO + A1*PRED1 + A2*PRED2 + A3*PRED3 + .........



Table 1.

INTERCPT
ROLL
CRUSH
MAXC
INTRU
EJECT
ENTRAP
GRU
SEATF
BELT
BEBA
AGE
AGER
OTHRINJ

Predictors Addressed in the Algorithms
of this Briefing

Intercept

Rollover Occurrence
Crush > 20 inches

Max Crush, inches
Intrusion > 12 inches
Ejection

Entrapment

Ejection or Entrapment
Front Seating Pos.

Belt Use

Belt Use & Bag Deployment
Occupant Age

Occupant Age > 55 yrs
Other Seriously Injured Occ

All predictors are binary (1=Yes, 0=No),
except as noted.



Table 2. Predictors and Coefficients for the Algorithms
Addressed in this Briefing

————————————— "0ld Triage" ===--=====-
Predictor Coeficient Std.Error
Intercept -4.9099 0.0399
ROLL 0.3677 0.1169
CRUSH 1.3697 0.0867
INTRU 1.3828 0.0923
EJECT 2.9083 0.0880
ENTRP 2.6321 0.1777
OTHRINJ 3.0214 0.1173
--------------- Modf0ld -=====m——===-
Intercept -5.7899 0.1236
ROLL . 0.4982 0.1206
CRUSH 1.3291 0.0886
INTRU 1.4608 ' 0.0944
EJECT 2.6780 0.0915
ENTRP 2.6396 0.1793
OTHRINJ 2.9747 0.1214
AT 0.0272 0.0016
SEATF 0.4509 0.1127
BELT -0.9421 0.0724
BEBA -1.1085 0.2359
----------------- New ==—w—e-=e-m————-
Intercept -6.3351 0.1969
ROLL 0.3589 0.2089
MAXC 0.0596 0.0032
INTRU 1.2865 0.0982
EJECT 2.1082 0.1390
ENTRP 2.0323 0.2065
OTHRINJ 2.3759 0.1587
AGE 0.0289 0.0022
SEATF 0.4778 0.1730
BELT - =0,9816 0.0920

BEBA -1.3235 0.2559

(O



Table 2. Cont'd

--------------- TrimdNew =—-—======-<
Intercept -6.0329 0.1203
ROLL 0.4805 0.1922
MAXC 0.0647 0.0033
INTRU 1.4899 0.0929
EJECT 2.1074 0.1336
ENTRP 2.0584 0.1939
AGE 0.0316 0.0021
BELT -0.9951 0.0901
BEBA -1.3614 0.2564
—————————————— succinct ==—===—=-=-=
Intercept -4.6632 0.0520
ROLL 0.4750 0.1133
CRUSH 1.4369 0.0820
INTRU 1.7512 0.0841
GRU 2.7796 0.0793
AGER 1.2500 0.0703

PROT -0.9023 0.0688



Table 3.

OBS

0 JOo0 b W

RO

No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Numerical Applications of the "Old Triage"

Algorithm

CR

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yesg
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No

IN

No
No
No
No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
No
Yes
Yes
Yes
Yes
Yes

EJ

No
No
No
No
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes
No
No
No
No
Yes

EN

No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes

Yes
‘No -~

No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes

Yes

No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No

oT

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

[e)) [and
Y Wwo
W o WE 3

73.5
65.3
97.5

2.9
37.6
29.0
89.3
35.0
91.7
88.2
99.4

2.8
37.3
28.7
89.2
34.7
91.6
88.1
99.3
10.4
70.3
61.6
87.1
67.9
97.8
96.7
99.8

1.1
17.9
12.9
75.2
16.3
80.0
73.1
98.2

4.1
46.6
37.1
92.4
43.8



46
47
48
49
50
51
52
53
54
55
56
57

58

59
60
61
62
63
64

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No

No

No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
No
No
No
No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes

No
Yes
Yes
No
No
Yes
Yes
No
No
Yes

Yes -

No
No
Yes
Yes
No
No
Yes
Yes

Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

94.1
91.5
99.6

4.0
46.2
36.8
92.3
43.4
94.0
91.4
99.5
14.3
77.4
69.9
97.9
75.4
98.4
97.7
99.9



Table 4.

OBS

W O 0 U & WK

19
20
21
22
23
24
25
26
27

OBS

W o1 U &~ WM

Numerical Applications of the TrimdNew

Algorithm

MAXC

10
10
10
10
10
10
10
10
10

20
20
20
29
20
20
20
20
20

30
30
30
30
30
30
30
30
30

RO

No
No
No
No
No
No
No
No
No

‘A

IN

No
No
No
No
No
No
No
No
No

GE

25
25
25
50
50
50
75
75
75

25
25
25
E0
50
50
75
75
75

25
25
25
50
50
50
75
75
75

BE

No
No
Yes
No
No
Yes
No
No
Yes

No
No
Yes
No
No
Yes
No
No
Yes

No
No
Yes
No
No
Yes
No
No
Yes

AGE

25
25
25
50
50
50
75
75
75

BB

No
Yes
No
No
Yes
No
No
Yes
No

No
Yes
No
No
Yes
No
No
Yes
No

No
Yes
No
No
Yes
No
No
Yes
No

BE

No
No
Yes

" No

No
Yes
No
No
Yes

el

P RSO O0ONN OO
0NN WO

.

WWoWumP P J3Juouw

WNOPR - & OO0

AL DN OW
N AENDOYOWUEW OO

BB

No
Yes
No
No
Yes
No
No
Yes
No

WO H&OO K
[ . . . . [ » L) .
WWoaLRP PR3O W

o



10
11
12
13
14
15
16
17
18

19
20
21
22
23
24
25
26
27

28
29
30
31
32
33
34
35
36

OBS

W oo~ W

No
No
No
No
No
No
No
No
No

Yes
Yes

‘Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

EJ

No
No
No
No
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No
No

-No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

AGE

25
25
25
50
50

50

75
75
75

25
25
25
50
50
50
75
75
75

25
25
25
50
50
50
75
75
75

25
25
25
50
50
50
75
75
75

25
25
25
50
50
50
75
75
75

BE

No
No
Yes
No
No
Yes
No
No
Yes

No
No
Yes
No
No
Yes
No
No
Yes

No
No
Yes
No
No
Yes
No
No
Yes

No
No
Yes
No
No
Yes
No
No
Yes

No
No
Yes
No
No
Yes
No
No
Yes

BB

No
Yes
No
No
Yes
No
No
Yes
No

No
Yes
No
No
Yes
No
No
Yes
No

No
Yes
No
No
Yes
No
No
Yes
No

~No
" Yes

No
No
Yes
No
No
Yes
No

No
Yes
No
No
Yes
No
No
Yes
No

g

.

.

WO ~O O
WWoUE RPN UOY

| ad

o8]
Wk 0omu ww

|
[0 =N SRRV RS R Vo L ]

NP
N o
[\S IR G

o

xS

WWOWOYR &L W
WRHRWOLOYWKHPRPW

)

W= 0 d 200

)
MWW EGORLOoOW



OBS

O o~ b Wi

RO

Yes
No
Yes
Yes
Yes
No
No
Yes
Yes
Yes
No
Yes
Yes
Yes
No
Yes
No
No
No
Yes

OBS

(Vo2 o JIES o IR O 1 B~ VS T S B

MAXC

30
30
20
30
30
20
30
10
30
20
30
30
30
20
10
30
30
20
30
20

EN

No
No
No
No
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

IN

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes
No

Yes

AGE

25
25
25
50
50
50
75
75
75

25
25
25
50
50
50
75
75
75

EJ

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes .

Yes
Yes
Yes
Yes
Yes
Yes

BE

No
No
Yes
No
No
Yes
No
No
Yes

No
No
Yes
No
No
Yes
No
No
Yes

EN

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes.

Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

BB

No
Yes
No
No
Yes
No
No
Yes
No

No
Yes
No
No
Yes
No
No
Yes
No

AGE

75
75
75
50
75
75
50
75
75
50
75
75
25
75
75
50
75
50
75
75

el

WHNOOHK&EOOR

WWoO U P JuY

[

.

N
NN R N0 OWW
¢« & * * ®
WO WOoWwOowIgr

[ SRR Qo

BE

No
No
No
No
Yes
No
No
No
No

No ..

Yes
No
No
Yes
No
Yes
No
No
No
No

BB

No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No

No -

Yes
No
No
Yes

98.8
98.1
97.7
97.4
96.8
96.4
95.9
95.8
95.5
95.2
95.0
94.9
94.5
94.1
93.3
93.3
92.9
92.4
92.0
91.7



OBS

[Co R e s RS A N € I VO I oS i o

RO

No
No
Yes
No
No
Yes
No
No
Yes
No
Yes
No
No
No
Yes
No
No
Yes
No
Yes

MAXC

10
10
10
20
10
10
20
10
20
30
10
10
10
20
20
10
30
10
20
30

IN

No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No

EJ

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

EN

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

AGE

25
25
25
25
50
25
25
50
25
25
50
25
25
50
25
75
25
50
50
25

BE

No
Yes
No
No
No
Yes
Yes
Yes
No
No
No
No
No
No
Yes
No
Yes
Yes
Yes
No

BB

Yes
No
Yes
Yes
Yes
No
No
No
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No
No
No
Yes

el

o O
P

. e« & s
\Oo)m\l_O\O\U\-h-hu

OO0 0000000

O

PHRMPRPPRRPR
. . .
MU WWN P RPO

O



OBS

0 ~JOo L H» Wi

Table 5.

GR

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Numerical Applications of the Succinct

Algorithm
RO CR
No No
No No
No No
No No
No No
No No
No No
No No
No Yes
No Yes
No Yes
No Yes
No Yes
No -Yes
No Yes
No Yes
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
No No
No No
No No
No No
No No
No No
No No
No No
No Yes
No Yes
No Yes
No Yes
No Yes
No Yes

IN

No
No
No
No
Yes
Yes
Yes

-Yes

No
No
No
No
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes
No

‘No
No -

No
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes

PR

No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No

AG

No
Yes
No
Yes
No
Yes
No~
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

Yes

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

Yes'

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes



47
48
49
50
51
52
53
54
55
56
57
58
59
.60
61
€2
€63
64

Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No

No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
No
No
No
No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes

Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

59.
83.
19.
46.

25.
58.
83.1

MO O OWW

66.6
50.7
78.2
29.4
59.3
85.6
95.4
70.6
89.4



Taple 6. Casualties as a Function of Crash and
Occupant Conditions

1: Ejection or Entrapment?

2: Rollover?

3: Max Crush of 20 inches or more?
4: Intrusion of 12 inches or more?
5: Restrained Occupant?

6: Occupant 55 yrs old or older?

PC: Percent of Occupants w Compelling Injury

CPC: Cumulative PC

PN: Percent of Occupants w Noncompelling Injury

ccC: Count of Occupants w Compelling Injury Per Year
CN: Count of Occupants w Noncompelling Injury Per Year

ccce: Cumulative CC
CCN: Cumulative CN
Prob: Probability of Compelling Injury, roughly: [100*CC/ (CC+CN) )

No No No No No No 16.29 16.3 32.01 0.861 8389 899356 8389 899356
No No No No No Yes 4.73 21.0 2.81 2.798 2438 78896 10827 978252
No No No No Yes No 6.17 27.2 45.30 0.232 3177 1272956 14004 2251208
No No No No Yes Yes 4.29 31.5 7.29 0.994 2210 204969 16214 2456177
No No No Yes No No 3.13 34.6 0.73 6.846 1612 20436 17826 2476613

No No No Yes No Yes 1.01 35.6 0.05 26.533 518 1337 18344 2477950
No No No VYes Yes Ne 2.74 38.4 0.84 5.301 1410 23464 19754 2501414
No No No Yes Yes Yes 1.11 39.5 0.14 12.047 570 3878 20324 2505292
No No Yes No No No 5.91 45.4 2.06 4.671 3044 57875 23368 2563167
No No Yes No No Yes 2.17 47.6 0.12 23.654 1116 3356 24484 2566523
No No VYes No Yes No 3.38 50.9 1.85 3.029 1741 51926 26225 2618449
No No Yes No Yes Yes 0.76 51.7 0.26 4.813 392 7224 26617 2625673
No No Yes Yes No No 4.84 56.5 0.43 16.124 2494 12084 29111 2637757
No No Yes Yes No Yes 1.41 58.0 0.02 55.456 726 543 29837 2638300
No No Yes Yes Yes No 2.37 60.3 0.42 8.698 1220 11928 31057 2650228
No No Yes Yes Yes Yes 0.82 61.1 0.04 27.113 425 1064 31482 2651292
No Yes No No No No 1.07 62.2 1.35 1.334 551 37922 32033 2689214
No Yes No No No VYes 0.14 62.4 0.06 3.967 71 1607 32104 2690821

No Yes No No Yes No 0.97 63.3 2.01 0.816 500 56587 32604 2747408
No Yes No No Yes Yes 0.22 63.5 0.15 2.373 112 4307 32716 2751715

No Yes No Yes No No 0.75 64.3 0.15 7.893 386 4191 33102 2755906
No Yes No Yes No Yes 0.32 64.6 0.01 46.926 163 172 33265 2756078
No Yes No Yes Yes No 1.21 65.8 0.28 6.888 625 7871 33890 2763949

No Yes No Yes Yes Yes 0.11 65.9 0.01 13.109 55 342 33945 2764291
No Yes Yes No No No 0.15 66.1 0.02 9.906 78 657 34023 2764948
No Yes Yes No No Yes . . 0.00 . . 47 . 2764995
No Yes Yes No Yes No 0.02 . . 539 . 2765534
No Yes Yes No Yes Yes 0

0

. . 23 2765557
No Yes Yes Yes No No 0.67 66.8

.03 26.875 343 869 34366 2766426
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Fig. 2. Sensitivity of Shown Algorithms

for the Projection of Compelling Injury
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