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2 D E S C R I P T I O N  OF M O D E L L I N G  AND MODEL E V k L U A T I O N  T E C H N I Q U E S  

The l og i t  model spec i f i es  t h e  p robab i  1 i t y  t h a t  an i n d i v i d u a l  
receives in ju r ies  with an OAIS code of 0 ,  1 o r  2 ( N E W O A I S 3  n o n - s e v e r e )  

as a function of variables such as the  c rash-sever i ty  v a r i a b l e s ,  t h e  

occupant variables and the  vehicle-characterist ic  variables. The mode 1 

can be expressed mathematically as follows: 

where: 

p i  
i s  the  probability t ha t  the  i t h  individual r e c e i v e s  i n j u r i e s  

with a n  OAIS code o f  0, 1 o r  2 ( N E W O A I S 3  non-severe). 

F i s  the  l og i s t i c  d i s t r ibu t ion  such t ha t  

a,c1,c2,...c2 are  the  parameters t o  be estimated. 

X l i ,  X 2 i , . . .  , X are the  values of  t h e  i n d e p e n d e n t  v a r i a b l e s  
t /Ii pertaining t o  the  i individual. 

The estimated model can be evaluated by subst i tu t ing in to  Equation 
(2-2) t he  estimated values of a,  c l ,  ce, ... , cn and calculat ing ^ p i  f o r  
the  i t h  individual. This P i  value wil l  be bounded by the  values of zero 
and one. A pi  value g r e a t e r  t h a n  0 . 5  w i l l  p r e d i c t  t h a t  t h e  i t h 

individual i s  l ike ly  t o  sus ta in  a maximum o v e r a l l  i n j u r y  of low o r  
negligible sever i ty .  O n  the  other hand, a p i  value l e s s  t h a n  0 . 5  wi  11 

~ r e d i c t  the  rnaximum overall injury t o  be severe. After t h e  model has  
been estimated a n d  the  ji values calculated f o r  a1 1 c a s e s  which have 
valid values of X1, X2, . . . , X n ,  t h e  p r e d i c t e d  s e v e r i t y  a n d  t h e  

observed sever i ty  can be compared using the information available from a 

twoway table  t ha t  could be described by Table 2.1. 

R i s  the number of cases observed and predicted t o  be n o n - s e v e r e  
1 

and therefore  represents the  number of correct  prediction of non-severe 
i n ju r i e s ;  the  percent correct predict i o n  of n o n - s e v e r e  i  n j u  r i e s  i s  
defined as R l / N l  where HI i s  the t o t a l  number of o b s e r v e d  n o n - s e v e r e  
in ju r ies .  W1 i s  the  number of cases which were obse rved  t o  be non- 
severe b u t  are being predicted severe by t h e  model. T h e r e f o r e ,  W1 



TABLE 2 . 1  

Observed and Predicted Injury Severity 

....................................................................... 
I P redi c t  ed 
I -_- -_- -_- -__-_- - -_- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Observed I No. of Cases Predicted 1 No. of Cases Predicted 
I t o  be severe I t o  be non-severe 
I j5; l e s s  than 0.5 1 6; greater  than 0.5 

I 
No. of Cases I 
Observed Non-Severe I 1 I 
(14, ) I I 

1 I I 
No. of Cases I I 
Observed Severe I R 2  I 
( N 2 )  I I ....................................................................... 

represents the  number of cases of misprediction of non-severe i n ju r i  e s ; 

the percent mispredi ct ion i s  defined as W1/Nr 

R  i s  the  number of cases observed and predicted t o  be s e v e r e  and 2 
the re fore  represents t h e  number of c o r r e c t  p r e d i c t i o n  o f  s e v e r e  

in ju r ies ;  the  percent correct  prediction of severe i n j u r i e s  i s  R E I N 2  

where N2 i s  the  t o t a l  number of in ju r ies  observed t o  be severe.  N 2  i s  

the  nurnber of cases observed t o  be severe b u t  predicted by t he  mode 1 t o  

be non-severe. Therefore, W2 represents the  number of misprediction o f  

severe in ju r ies  and the  percent mispredict ion of s e v e r e  i n j u r i e s  i s  

defined as Y 2 / N 2 .  F inal ly ,  t he  overall correct  prediction i s  (Ri  + R 2 ) /  

I + N The three  t e r n s ,  R,/N,, R,/N, and (R, + R , ) / ( N ,  + N,) a r e  
measures of goodness of f i t  used t o  evaluate the  predict ive c a p a b i  1 i t y  
of the  estimated model. 



3 A COMPUTER RUN 

There a r e  three  s teps  necessary t o  accomplish the l og i t  analysis on 
MTS. 

1. The user inust es tabl ish  access t o  MTS. 

2. A program, cal led  ADAAS, i s  used t o  m o u n t  a tape where the  data 

i s  stored. 

3. PIIDAS i s  used t o  read t he  data and pe r fo rm  t h e  s t a t i s t i c a l  

analyses. 

This section contains a n  example of a computer run that  perfoms a log i i  

analys is .  This analysis was run on the f i r s t  f i f t e e n  months of  NCSS 

data and the  variable numbers are those given by the  ADAAS codebook tha t  
describes t h i s  data se t .  

The model estimation involves estimating the  values of c ,  a l ,  a2  

... , a, while the  model evaluation involves c a l c u l a t i n g  t h e  p e r c e n t  
correct  prediction as defined by Ri/N2, R 2 / S 2  and (R. I + R 2 ) / (  N1 + N 2  . 
The computer commands t o  carry o u t  these tasks  are l i s t e d  below. These  
commands i l l u s t r a t e  the  procedure f o r  t h e  m o d e l l i n g  of t h e  i n j u r y  
severi ty as a function o f  I3elta V ,  Age and the  Rural/Urban variable f o r  
front-impact accidents based on the Phase 1 9 a t a .  Celta \! and Age a r e  
the  independent variables which had shown s i g n i f i c a n t  i n f l u e n c e  i n  

predicting injury sever i ty  i n  a l l  models ( S e c t i o n s  3 . 2  t o  3 . 6  of  
Analysis of The National Crash Severity S t u d y :  Final P,e?ort). Rura l  / 
Urban, which did not appear t o  be a s ignif icant  variabl e ,  i s  i n c luded  
her2 f o r  the purpose of i l l u s t r a t i ng  the  use of durnzy var iables  i n  ',he 
modelling. I n  modelling t he  front-impact a cc iden t s ,  s i x  homogeneous 
subsets had been defined and the  nodel f o r  each of these  s u b s e t s  were  

estimated (see  Section 3.3  of Analysis of The National Crash S e v e r i t y  
Study: F i  na1 Report). 



SAMPLE COMPUTER RUN 
%LF03: A3832 

MTS Ann Arbor (AJ832, LF03-HSRI+P72-CDOl, 00261) Procedure for 
#signon sj06 ob ta in i  ng IdTS 
#ENTER USER PASSWORD. access 
? 
#TERM, NOWAL , UN I V  
#**LAST SIGNON WAS: 15:36:41 TUE AUG 05/80 
# USER "SJ06" SIGNED ON AT 08:27:35 ON THU AUG 21/50 ------------------------------------ 
#run h s r i  :adaas 
#EXECUTION BEG INS 

$ A D A A S  
6HSRI - ~JNLVEE~SITY OF MICHIGAN 
508:28:02 
$AUG 21, 1980 
@VEHSION 07-23-79 

ADAAS used to  
mount the tape 
containing the 
NCSS data. 

@CCMMAND 
?data keyword=ncsslcoc 
@"NCSSICCCn: A magnetic tape  w i l l  be mounted next  
#C4475A 9TP *HSRI* SIZE=16000 LP=OFF BLK=OFF VOL=NCSSF6 'HS01201 
#*YSRI* (C4475A):  Mounted on T901 
@"NCSSlCOC": Access is es t ab l i shed  

@ C m m  
?mi das  
@The MIDAS/OSIRIS command "FILE" keyword f o r  "NCSS1CCCW is: 
@ FTLE=*HSRI * NCSSlCCCDIC ; *HSRI * CVOCCDAT 
#EXECUTION TERMI3ATED 

_--,------------------I------------- 

#run stat :midas 
#EXECUTION BZINS 

The Universi ty of Michigan 
08: 30: 37 
AUG 21, 1980 

MIDAS i s  used 
to read the &ta 
and do the 
analysis of She 
logi t  mode 1. 

T7is i s  a copy of the priztout a t  a terminal for an actual computer 
m n  that does an analysis of the log i t  mcdel. iv'ote that user iqnputs 
me i n  Zcwer case characters cazd computer responses are  i n  upper 
case chvac&rs.  4 description of the var^:cus steps are shown a t  
the r ight  nargin. 



SAMPLE COMPUTE4 RUN (Cont inued)  
- - - - - - - - -- - - - - - 

C O M N  SZeven x e i a j  les 
? o s i r i s  f i le=*hsr i*  ncssloccdic;*hsri* cvoccdat ma~imum=& mg yead j:~cm 
?15000 option=none casesxall  variables=18 (9) ,36 (9)  ,109 (99) & the  b p e ,  
? ,115 (9) 116 (10) ,118 (9) ,136 (2) t 371,1002 (99) 1004 r 1109 (9) 

OSIRIS "*HSRI* NCSSLOCCDI" IhFbT ALL 
FROM DATA FILE " *KSRI * CVOCCDAT" 

14652 CASES READ FOR 11 VARIABLES 

COMPANC 
?$release *hsri* 
BT90 1 RELEASED. 

COMMAND 
?missing variable=371 value=O 

MISSING DATA SUMMARY 

VARIABLE #YJSSIXG #LEVELS 

TOTAL MISSING 
TOI'AL # CASES 

MISSING DATA 

VARIABLE #MISSIlK; #LEVELS 

MTAL YISSING 
TorAL # CASES 

These ;;.do 
"USSIiVG 
5efz:ne .'/IiCAS 
missing &ZG. 



SAMPLE COMPUTER RUN (Conti  nued) 
COMry1IAND An indicctor i6 

?code v9000=i case=vli5:l*vl36;l*v118:(1-3,8,9) labe l=front  created for 
front impacts. 

VARIABLE CATEGORIZATION CFSES=l-GEN AR:l*CASE VEH: l* l+WAGE:( l -3 ,8 ,  
9) 

W I A B L E  TOTAL VALID MISS L c 2 L . S  

CWMAMD ,"he nest sis C S T E  * 1 7 f  ?code v5003=l .  case-18: I * v 9 0 0 0 :  1 v ~ o :  (5 ,6)  * v 1 0 0 2 :  ( l i -13)  & cornm& sres-cg 
?label=subset the s b  front 

subsets. 

VARIABLE CATEGORIZATION C A S E S 4 0  OF TO:1*FRONT:1*1+ORZ L: (5 ,5 )*CCC 
SEAT: (11-13) 

VARIABLE mrAL VALID M I S S  LEVELS 

VARIABLE CATEGORIZATION CASES=NO OF TO: l*FRCNT: lk l -HOE L : ( 2 , 4 , 8 ,  
9 )  *OCC SEAT:11  

VARIABLE TOTAL VALID MISS LEVELS 

* CASES CHWGED I N  EXISTING VARIABLE 

VARIABLE CATEGORIZATION CASES=NO OF TO:I*FRONT:I*l-HOE L : ( 2 , 4 , 8 ,  
9 )  V C C  SEAT: ( 1 2 , 1 3 )  

VARIABLE TOTAL VALID MISS L m L S  

5003 .SUBSET 337 337 0 3* 

* CASES CHPNGED I N  EXISTING VARIABLE 



SAMPLE COMPUTER RUN (Cont i  nued) 

COMMAND 
?code v 5 0 0 3 = 4  caseq18 : 2-9000 : 1*v115: (5,6) * v 1 0 0 2 :  ( 1 1 - 1 3 )  & 
?label=subset 

VARIABLE CATEGORIZATION CASES=NO OF TO:2*FRONT:1*1-HORZ L : ( 5 , 6 ) * O C C  
SEAT: ( 1 1 - 1 3 )  

VAIiIABLE TOTAL VALID Y I S S  LEVELS 

* CASES CYJUGED I N  EXISTING VARIABLE 

VARIABLE CATEGORIZATION CASES=NO OF TO:2*F'RONT:1*1-HORZ L : ( 2 , 4 , € ? ,  
9 )  *CCC SEAT:Il 

VARIABLE TOTAL VALID PI SS LEVELS 

* CASES CHANGED IN EXISTIS VARIABLE 

VARIABLE CAT'EORIZF.TI@N CFSES=NO OF Tj: 2*FRCNT : 1 *1-HORZ L : ( 2 , 4 , 8 ,  
9 )  %CC SEAT: ( 1 2 , 1 3 )  

VARIAELE TOTAL VALID WISS LEVEL5 

* CASES CHANGED I N  EXISTING VARIABLE 

CCMMAND 
?code v 9 1 0 9 = s t r a t a  s t r a t a = v l l 0 9 : 0 , 1  csses=ali la te l=oais  The dickotomc-s 

*endent Y W : ~  Z2 

( ix jury  a e ~ e , n " ~ ; ~ i  
.STRATA CATEGORIZATION STRAT=NEWOAIS3:IYISS11 is created. 

VARIABLE TGTAL VALID MISS LLWLS 



SAMPLE COMPUTER RUN (Con t inued)  
The urbanization 
v m i d  Ze is reco-zd. 

STRATA CATEGQRIZATION S?RAT=RLIRAL/UR:1,2 

VAF?IAELE TGTAL VALID NISS LEVELS 

9036. RURAL 14651 14651 0 2 

C r n A N D  
? t r a n s  v=9036 result=3601,3602 function=dunsny s t ra ta=none  & Dmn2 vmiabies f o r  
?label=same xrban/rurz Z are 

created. 

VARIABLE TGTAL VALID MISS 

c m w  
?probit option=matrix max-5 function=logistic rel=* strata=v9109 & 
?case=v5003;1 var=1004,3601,371 Logit anaZysis 

- 

PROBIT ANALYSIS wES=SUBSET:l 

NO. ITERATIONS= 3 FUNCTION= L E  ISTIC 

NO. CASES= 243 SUM 'WEIGHTS= 243.00 

YOEEL: MFRGINAL FULL CIFF 

-2LCG (LIKELIHCOD) 297.05 251.50 45.553 DF= 3 SIC= .OCOO 
FRACTION EXPLAINED .5427 .5960 .0533 

FULL MODEL ESTIPATES CC)EFF STD ERR RATIO 



SAMPLE COMPUTER RUN (Con t i nued ) 
STEP -2"LCG (L)  CCNVEXENCE CRITERION 

CORRELATION PATTUX OF PARAPETER ESTIPATZS 

VARIABLE 

0. 1004. 3601. 371. 
OAIS CCCUPANT RURAL 1-MTAL 

COVARIANCE P"PTR1X OF PARAMETER ESTIYATES 

VARIABLE 

0.OAIS .27743 

1004.CCCUPANT .36613 -2 .lo540 -3 

3601.RURAL ,58358 -1 ,54272 -3 .lo005 

0. 1004. 3601. 37:. 
C N S  CCCUPAVI' RURAL 1 -TGT,?L 

CmMD 
? t rans  v2000=1inear v=1004,3601,371 re1=-.316797,-.27596,& 
?-.091097.3.2241 cases=same s t r a t a v o n e  label=* Yne f'ollm~?:rlg t-rclvs cr2 

code c,mcvds creazz 
the predicted : r , ; ' q o ~  

categories. LINEAR TFR.YSFOmATION CASES=SLJBSET: 1 

VARIABLE TGTAL VALID MISS 

2000.V2000 510 304 206 



SAMPLE COMPUTER RUN (Cont inued)  
- - -- -- - 

C M A N D  
?code v200itcuts (~2000) points=, ,000001, case=sarne label=* 

CUTS CATEGORIZATION CASESSUBSET:l 

VARIAELE TOTAL VALID MISS LEVELS 

9109. 2001.V2001 
OAI S MISS (1) (2) 

fie obsemed and predicted 
Injuqi c a t e g o ~ y  &e cornparod 
i n  the twoway table .  

MISS 6 1  5 4 3 , 58 
Rm 

COMMFNO 
?trans v2002=exp (~2000) case=same label=* Pne next t h e  TPAI'IS 

c m a n d s  caZculate the 
predicted probabi Z i t i zs  

EXP TRANSFOFWATICW CFSES=SUBSET:l of onZy wn-severe 
in;'wYies from the l o g i t  

VARIABLE TOTAL K4LID YISS am l y s i s .  



SAMPLE COMPUTER RUN (Cont inued) 

ADDITION TRANSFORMATION CASES=SUBSET:1 

VARIABLE TOTAL VALID EISS 

DIVIDE TRFNSFCRMATION CFSES=SUESc"r: I: 

VARLABLE TOTAL VALID MISS 

CO4MAND 
?histogram bystrata strata=v9109 var=2004 case=sarne & n e s e  me h i s t o p a n s  0-9 
?interval=21: (0,l .O) the predicted prob&i7,C-;<zs . .  . o f  only non-severs sn;;lro,es 

MIDWINT COUNT FOR 2004.PREEPROB (EACH X= 1) 

MISSING 120 
TOTAL 290 (IITERVAi ' ~ C ~ =  .50000 -1) 



SAMPLE COMPUTER RUN (Continued) 
HISRXRAa~tl <2> OAIS:2 CASES5UBSET:l 

MIDPOINT COUNT FOR 2004.PREDPROB (EACH X= 1) 

MISSING 3 2 
105 (INTERVAL WIM'H= .50000 -1) FlTISH terminates 

the anaZysis in 
IUDAS 

------------------------------------ 
$5.83 CPU= 7.986 VM- 267 EICAPSD= 31.1 

#EXECUTION TE~.INATED Cornand to 
b i g  $ tez~rlrinate 
# S O 6  08:27: 38-09:15:34 THJ AUG 21/e0 computzr run. 



4 DISCUSSION OF THE COMPUTER COMMANDS 

The statements contained in the  above 1 i s t ing  a r e  comprised of P?TS 

commands, ADAAS commands and MIDAS commands. The l ower case charact  e r s  

a re  commands i n p u t  by the  u s e r  and t h e  uppe r  c a s e  c h a r a c t e r s  t h e  

computer responses. In the  t e n i n a l  mode, i4TS commands are prompted by 

a f .  ADAAS commands a re  prompted f o r  by a ?. Data from the  appropr ia te  

tape can be retr ieved by issuing an ADAAS command t o  m o u n t  the tape and 

issuing a MIDAS coriimand t o  read the  data from tile mounted t a p e .  The 

:4IDAS commands, l i ke  the  ADAAS commands, a r e  prompted f o r  by 2 ? .  
7 

Details of MTS commands can be found i n  Introduction t o  M T S a 4  D e t a i  1s  

of ADAAS commands are  documented i n  Automated Data Access and Anal y s i s 

System (ADAAS) ,4  while tha t  of MIDAS commands are  i n  Documentation f o r  

This section explains de t a i l s  of a l l  the  statements l i s t e d  i n t h e  

computer run. 

4.1 Access t o  MTS 

T n  t e n i n a l  mode, in order t o  use MTS, the  user must f i r s t  i s s .ue  

t he  SIGNOM command t o  permit access t o  MTS. The user enters an account  

ident i f ica t ion number a f t e r  the word SIGNON and r e t u r n s  t h e  c a r r i a g e  

control.  Next the  user i s  required t o  enter  a PASSWORD. These  w i  1 1  

es tabl ish  the access in to  the  MTS. 

Retrieval of Data from Tape 

In order t o  mount  the tape i t  i s  f i r s t  n e c e s s a r y  t o  a c c e s s  t h s  

ADAAS program. This i s  done w i t h  the ;.ITS commar~d: 

?RUN HSRI :ADAAS 

This i s  followed by a sequence of ADAAS commands, the f i r s t  of which i s  

4~~~~~ Program Document ( A n n  Arbor: The Universi t y  o f  Mi c h i  gan ,  
Highway Safety Research I n s t ~  t u t e )  . 

' ~ a n i e l  J .  Fox and Kenneth E .  Guire, Documentation for  MIGAS, 3 r d  
ed. ( A n n  Arbor: The Un ive r s i t y  of b l i ch igan ,  S t a t i s t i c a l  2 e s e a r c h  
Laboratory, September 1975) .  



?DATA K E Y  WORD=NCSSl COC 

This statement requests the tape containing the  Phase 1 c a s e - v e h  i c l  e -  

occupant data (NCSSlCOC) t o  be mounted. For the  Phase 2 case -veh i  c l  e -  
occupant data,  NCSSlCOC i s  replaced by another appropriate tape name f o r  

6 the  Phase 2 data . There wil l  be a r e s p o n s e  f rom ADAAS t h a t  w i l l  
indicate  whether o r  not i t  had been able t o  mount the  r e q u e s t e d  t a p e .  
Once the  tape i s  mounted, t he  next starement t o  en te r  i s  

?MI DAS 

This statement produces the names o f  the f i l e s  on  the  t a p e  f rom which 

the data a re  t o  be read. !Jhen the names of the f i l e s  have been g i v e n ,  
the user i s  automatical ly returned t o  MTS. 

4.3 Reading Data i n t o  MIDAS 

The next task i s  t o  read t h e  data from the  f i l e s  given above i n t o  

MICAS. )?IDAS i s  accessed by issuing t he  MTS command: 

# R U P I  STAT :MIDAS 

The variables a re  read in to  MIDAS by the  following MIDAS statement: 

?OSIRIS FILE=*HSI$I* NCSSIOCCDIC; *HSRI* CVOCCDAT MAXIMUW=&' 
?20000 CASES=ALL OPTION=NONE VARIABLE=. . . 

I n  t h i s  command, t h e  FILE keyword speci f ies  the  f i l e  name obtained 
a f t e r  running ADAAS t o  mount t h e  t a p e ,  (*HSRI* NCSS1OCCDIC;*HSRI* 

CVOCCCAT)  , the  MAXIFIUM keyword speci f ies  the naximurn number o f  cases t o  
be read, the  CASES keyword speci f ies  the pa r t i cu la r  subset of c a s e s  t o  
be read, i , e .  it acts  as a f i l t e r ,  the  keyword OPTION=NONE specif ies  the  
o p t i o n  i n  which the  data read will have the same missing data values a s  
o n  the  tape ,  and t h e  VARIABLE keyword speci f ies  t h e  v a r i  ab l  e s  t o  be 
read from the  f i l e s ,  the  variable numbers a r e  s e p a r a t e d  by commas. 
Normally, each of the variables read w i l l  be ana ly t i ca l ,  However,  i f 

the  v a r i a b l e  i s  immed ia t e ly  f o l l o w e d  by a number c o n t a i n e d  i n  

"hese keywords can be f o u n d  i n  t he  ADAAS documentation. 

'& i s  the l i n e  continuation indicator  in MIDAS. 

8 ~ ~ ~ ~ ~ = ~ ~ ~  causes - a l l  cases t o  pass the f i l t e r .  



Y parentheses, i t  wi 11 be read a s  a  categorical variable . For examp 1 e ,  

V18(9) wil l  be read as  a categorical variable w i t h  9 levels .  Any levels  

above 9  will  be made missing with a value of zero. 

The tape can now be released as the  data has been read in to  core by 

issuing:  

? $ R E L E A S E  *HSRI* 

4 .4  Model Estimation 

The modelling task can be performed once the  required d a t a  a re  read 

in to  MIDAS by a sequence of MIDAS statements. A typical  MIiIAS statement 

has the  following format: 

COMMAND MODIFIER K E Y W O R D l = V A L U E l  KEYWORD2=VALUE2 . . . 
As an example, consider the  following MIDAS statement, 

Here the  com~and i s  MISSING, the  keywords a re  VARIABLE and VALUE.  Each 

keyword appears with i t s  value. There i s  no modifier i n  t h i s  statement. 

This statement wil l  recode those cases having V371 coded a s  z e r o  w i t h  

the  MIDAS missing data value. 

MIDAS dist inguishes two types of variables when used in t h e  MIDAS 

statements, namely, analyt ical  and categorical  var iables .  The n o r n a l  

convent ion of designating variables as bei ng analyt ical  or c a t  e g o r  i  ca 1 

i s  t h a t  continuous measurements should be designated as analv t  i  ca  1 and 

d i sc re te  variables as ca tegor ica l .  The desisnation of variables i s  mad? 

when reading t h e d a t a  into i4IDAS as mentioned in  S e c t i o n  4 . 3 .  MIDAS 

s tores  categorical v a r i a b l e s  a s  p o s i t i v e  i n t e g e r s .  C r e a t i o n  of 

additional analy t ica l  variables by transformations of c a t  e g o r i  ca 1 o r  

analy t ic  variables can be achieved by the  TRAMS command. C r e a t i o n  of  

additional categorical  variables or conversion of variables o r i  g i  nal  l y  

designated as analyt ical  t o  c a t e g o r i c a l  can be done by t h e  C C D E  

command. I t  should be remembered t h a t  t h e  C O D E  command w i l l  t r u n c a t e  
values t o  make t h e m  integers and make coded zeros into t h e  MIDAS missing 

a 
'Any variable can be declared categorical  as  long as i  t i s coded 

with , ~ o s i t i v e  integers. Var iab les  w i t h  v a l i d  z e r o s ,  n e g a t i v e ,  o r  
noni nteger values must be read as analyt ical  variables. 



d a t a  code. The variables appeari ng i  n t h e  f 01  1 ow i n g  key words mu s t  

always be categorical : 

CASES keyword 
STRATA keyword 
VARIABLE keyword of the TWOWAY command 

MIDAS excludes a l l  cases t h a t  have the MIDAS missing d a t a  values on 

a variable being used from the  analysis. This i s  done by r ecod ing  t h e  

cases with coded missing d a t a  t o  the  MIDAS missing d a t a  code. For  t h e  

model having Delta V ,  Ase a n d  Rural/Urban as the independent variabl @ s ,  

the  coded missing data of Delta V (V371)  and Age (V1004) a r e  made 

missing in MIDAS by the  MISSING commands: 

MISSING i s  the  MIDAS command name; VARIABLE and  V A L U E  a re  keywords 

and  each i s  accompanied by i t s  "value" ( e . g . ,  371  f o r  t h e  V A R I A B L E  

keyword a n d  0 f o r  t he  VALUE keyword). The VALUE keyword spec i f i es  w h a t  

value or range of values o f  the s p e c i f i e d  v a r i a b l e  a r e  t o  be made 

missing in  MIDAS. 

Because the  modelling i s  o n  f r o n t  impac t  a c c i d e n t s  i n v o l v i n g  

occupants in the case-vehicle passenger cars ,  a v a r i a b l e  needs  t o  be 

created f o r  t h i s  c lass  of accidents, namely, V9000. Th i s  v a r i a b l e  i s  

created using t he  CODE command: 

V9000 i s  a categori ca1 variable created from the  categorical variabl e s  , 
V115, V136 and V118 a n d  i t  has one level .  This CODE statement will make 

a l l  cases have a value of 1 in \I9000 when a n d  on ly  when t h e y  have 

V115=1, - a n d  V136=1 - and V118=1 o r  2 or  3 o r  8 or 9 ,  The v a l u e  of t h e  

CASES keyword i n  t h i s  s t a t e m e n t  i s  made u p  of  t h e  a p p r o p r i a t e  

categorical variables. Each of t h e s e  t h r e e  c a t e g o r i c a l  v a r i a b l e s  

appears with i t s  appropriate category ( o r  categories) .  The variabl e i  s 

specif ied f i r s t  followed by a colon and  then  t h e  c a t e g o r i e s  of t h a t  

variable,  e.g., V115:l designates those cases of variable 115 which a r e  

coded 1 and  V118:(1-3, 8 ,  9 )  designates t hose  c a s e s  of v a r i a b l e  118 

which are  coded 1 o r  2 o r  3 o r  8 o r  9 .  The * ' s  i n  t h e  CASES keyword 



represent "and", while commas represent "or". The L A B E L  keyword ha s  

the  name "FRONT" as i t s  value. I f  the Eser prefers not t o  gi ve a name 

t o  t he  variable,  the  L A B E L  keyword LABEL=* can be used instead. 

The s i x  independent subsets of the  front  inpacts can  now be created 

by s ix  C O D E  comnands. The f i r s t  conmand, 

will c reate  the  f i r s t  category ( t o  be coded 1 )  of Variable 5003,  which 

corresponds t o  the Single Vehi cle/Center Impact/Al l Occupants subset  o r  

CIA-1VEH. 

Likewise, the  next f ive  CODE commands, 

will c reate  the corresponding categories ( t o  be coded 2 t o  6) o f  V5003 

t o  designate the S i n g l e  V e h i c l e I O f f - C e n t e r  I m p a c t / D r i v e r  s u b s e t  

(OID-IVEH), the  Single Vehic le /Off-Center  I m p a c t I P a s s e n g e r  s u b s e t  

(OIP-lVEH), t h e  Two-Vehicl e l c e n t e r  Impac t /A l l  Occupan ts  s u b s e t  

(CIA-2VEH), the  Two-VehicleIOff-Center I;llpact/Driver subset ( 0  :3-2VEH) 

a n d  the  Two-VehicleIOff-Center I m p a c t / P a s s e n g e r  s u b s e t  (OIP-2VEH) 

respectively. Note t h a t  the newly created V5003 will be a c a t e g o r i c a l  

variable with s ix  levels .  The variables appearing in t h e  CASES keywords 

must a l l  be categorical .  The c a s e s  which q u a l i f y  t o  be t h e  f i r s t  

category of V5003 ( i . e .  the  CIA-1VEH subset)  are those where V18=1 and - 
V9000=1 and V116=5 or  6 and  V1002=ll o r  12 o r  13. The L A E E L  keyword - - 
gives a name SUBSET t o  V5003. The keyword IABEL=SAME wi 1 1 1 ea ve t h e  

variable name unchanged. 



The dependent v a r i a b l e  o f  t h e  model i s  a  d i c h o t o m o u s  v a r i a b l e  

d e s i g n a t i n g  i n j u r y  s e v e r i t y .  One ca tegory  o f  t h i s  v a r i a b l e  d e s  i g n a t e s  

occupants w i t h  OAIS codes 0  t h r o u g h  2 and t h e  o t h e r  occupants w i t h  O A I S  

codes g r e a t e r  t h a n  2. V1109 i n  t h e  NCSS f i l e  was coded such t h a t  O A I S  

0-2 i s  g i v e n  a  v a l u e  o f  0  and OAIS 3-6 a  v a l u e  o f  1. S i n c e  MIDAS t r e a t s  

0  as a  m i s s i n g  va lue,  V1109 needs t o  be m o d i f i e d  b e f o r e  i t  c a n  b e  u s e d  

i n  t h e  m o d e l l i n g ,  t o  g i v e  OAIS 0-2 a  v a l u e  o f  1 and OAIS 3-6 a  v a l u e  o f  

2. T h i s  can be ach ieved  by a  MIDAS CODE command: 

Here V9109 i s  t h e  new OAIS v a r i a b l e  wh ich  w i l l  c o n t a i n  t w o  1  e v e l  s  

o f  i n j u r y  s e v e r i t y ,  namely, OAIS 0-2 and OAIS 3-6. The f o r m e r  l e v e l  i s  

now coded 1 i n  V9109 ( i .e . ,  V9109=1) and t h e  o t h e r  l e v e l  c o d e d  2  i n  

V9109 ( i .  e., V9109=2). The STRATA keyword appears  w  i t h  t h e  v a  r i a  b 1  e  

(wh ich  rtiust always be c a t e g o r i c a l )  t o  be r e - s t r a t i f i e d ,  a  comma i s  u s e d  

t o  s e p a r a t e  t h e  s t r a t a  t o  be recoded. The s t r a t u m  c l o s e s t  t o  t h e  c o l o n  

w i l l  be ass igned a  v a l u e  o f  1 i n  V9109, t h e  nex t  s t r a t u m  a  v a l u e  o f  2. 

The Rura l /U rban  v a r i a b l e  i s  t o  be i n c o r p o r a t e d  i n t o  t h e  m o d e l  1  i n g  

as a  dummy v a r i a b l e  such t h a t  R u r a l  i s  g i v e n  a  v a l u e  o f  1 a n d  z e r o  

o the rw ise .  T h i s  can be done by  t h e  f o l l o w i n g  commands: 

?TRANS VARIABLE=9036 RESULT=3601,3602 FUNCTI ON=DUMMY 6 
?LABEL=SAME 

The CODE command c r e a t e s  a  new v a r i a b l e  (V9036) w h i c h  s t r a t i f i e s  

t h e  v a r i a b l e  V36 i n t o  2  c a t e g o r i e s ,  Rura l  and Urban. V36 o r i g i n a l l y  has 

4 l e v e l s ,  0,1,2, and 9, d e s i g n a t i n g  m i s s i n g  d a t a ,  r u r a l ,  u r b a n  a n d  

unknown. V a r i a b l e  V9036 i s  a  two-1 e v e l  c a t e g o r i c a l  v a r i a b l e .  The l a b e l  

n f  t h i s  new v a r i a b l e  i s  RURAL as s p e c i f i e d  by  t h e  LABEL k e y w o r d .  T h e  

STRATA keyword appears w i t h  a  c a t e g o r i c a l  v a r i a b l e  t o  be r e - s t r a t i f i e d  

(V36). The TRANS command t a k e s  t h e  two c a t e g o r i e s  of V9036 w h i c h  h a v e  

. i u s t  been c r e a t e d  and c r e a t e s  two  dummy v a r i a b l e s  V 3 6 0 1  a n d  V 3 6 0 2  b y  

means o f  t h e  keyword FUNCTION=DUMMY. The RESULT keyword spec i f i e s  t h e  

dummy v a r i a b l e s  t o  be c rea ted .  These two dummy v a r i a b l e s  a r e :  

V3601 = 1 i f  r u r a l  
0  o t h e r w i s e  

a  nd 



V3602 = 1 i f  urban 
0 otherwise 

The LABEL keyword LABELZSAi4E gives t h e  same l a b e l  -name t o  v3601 a s  

V9036. Since V3601 and  V3602 are  the compliments of one ano the r ,  on ly  

one can be included i  n t he  model. - 
The user now has in MI3AS two analytical  var iables ,  namely ,  V371 

(Delta V )  a n d  V1004 (Age) , two dummy variables des ignat ing Rural  a n d  

Urban (V3601 and  V3602), a two-1 eve1 severi ty variable (V9109) a n d  V5003 

with s ix  levels  designating t he  s ix  front-impact subsets. The modelling 

of injury severi ty as a funczion of Delta 'V, Age a n d  Ru ra l /Urban  f o r  

each of the s i x  subsets can be done by the  PROBIT command: 

?PROBIT OPTION=MATRIX MAXIMUM=5 FUNCTION=LOGISTIC RELATION=* & 
?STRATA=V9109 CASES=V5003 : 1 VARI ABLE=1004,3601,371 

I n  the  PROBIT command, the  dependent variable i s  indicated by the  v a  1 u e  

of the STRATA keyword and  must be c a t e g o r i c a l .  The CASES keyword 

speci f ies  the cases in a pa r t i cu la r  subset t o  be used in the  model1 i n g .  

The variable used in  the CASES keyword must also be c a t e s o r i c a l  . The 

independent variables t o  be included in the model are  speci f i  ed by t h e  

VARIABLE keyword and can be e i t he r  a n a l y t i c a l  or c a t e g o r i c a l .  The 

variables are separated by commas. The keyword OPTION=MATRIX r e q u e s t s  

the  correlat ion and  covariance matrices f o r  the  estimated c o e f f i c i e n t s  

t o  be printed with the n o d e l l i  n g  r e s u l t s .  The keyword MAXIMUiY;=5 

speci f ies  the  maximum number of i t e ra t ions  t o  be f i v e .  The keyword 

FUIICTIOId-LOGISTIC speci f ies  the l og i s t i c  distribution10 a n d  the  keyword 

RELATION=* indicates t h a t  n o  i n i t i a l  parameter values f o r  the i t e ra t ions  

are  t o  be specif ied by the  user and  therefore the computer will choose a 

s e t  of parameter values t o  use in t he  f i r s t  i t e r a t i on ,  a n d  will continue 

unti l  e i t he r  the specified maximum number of i t e ra t ions  i s  met o r  t h e  

nrogram determi nes fu r the r  i t e r a t i on  wi 11  produce essent ia l ly  no  change 

in the  magnitude of the estimated parameters. The logi t model f o r  other 

subsets can be carried o u t  by giving t he  CASES keyword the  a p p r o p r i a t e  

values f o r  the  requi red subset; f o r  example CASES=V5003:2 f o r  OID-1'd E H  , 
etc.  Other keywords in the statement remain unchanged. 

- 

'OMIDAS has two d is t r ibut ions  a v a i l a b l e  i n  t h e  Prob i  t corninand, 
namely, the l og i s t i c  d is t r ibut ion and tlie Normal d is t r ibut ion.  



The model f o r  a pa r t i cu la r  subset i s  now estimated a n d  t h e  val  ues  

of the  e s t i m t e d  c ,  a l ,  a2 ,  ... , a n  a re  printed. 

4.5 Model Evaluation 

The next task i s  t o  evaluate the  goodness of f i t  of the e s t i m a t e d  

model. This can be achieved by three  MIDAS corllmands: 

?TRANS V2000=LIMEAR VARIABLE=1004,3601,371 & 
?RELATION=-bl,-b2,-13,E CASE=V5003:1 STRATA-NONE LABEL-' 

The TRANS command creates a variable V2000 ( a n  analytical  var iable)  

which i s  a l i n ea r  combination of E, - B I X 1 ,  - Z 2 X 2  and -B X I t  has t h e  3 3' 
following form: 

where: 

E i s  the estimated threshold value (a constant) .  

, and  i a r e  the  estimated coeff ic ients  of Age, the  dummy 
6ariablS designating Rural a n d  Delta V .  

X , X and  X a r e  Age, the  dummy variable designating Rural 
%nd ~ e l ? a  V .  

The VARIABLE keyword spec i f i es  the variables from which the  new variable 

(V2000) i s  created. The RELATION keyword s p e c i f i e s  t h e  c o n s t a n t  by 

which each independent variable i s  multiplied; the  last const a n t  w h  i  ch 

has no  matching variable i s  added t o  the  l i nea r  coinbination. The o r d e r  - 
T O  be specif ied i s  Z1, B 2 ,  a3 ,  E where I , ,  ^ a p  and  b a r e  i n  t h e  same 

A 3  
order as the variables in the VARIABLE keyword. Note t h a t  tl , Z 2 ,  a n d  

Z 3  in the  RELATION keyword always have the  opposite signs t o  Z1, S2 ,  a n d  

2, values given in  t he  PROBIT o u t p u t .  The CASES keyword spec i f i es  t h e  
J 

  articular subset being analysed. The variable i  n t h e  CASES keyword 

must be categorical with the  appropriate level designated a f t e r  a colon. 

STRATA=NONE means t h a t  no s t r a t i f i c a t i o n  i s  invo lved ,  i t  i s  r e q u i r e d  

here because the  statement imnedi a te ly  preceding the  TRANS statement had 

a STRATA keyword a n d  MIDAS requires n o t i f i c a t i o n  t h a t  t h e  p r e v i o u s  



STRATPI keyword i s  t o  be disabled. The keyword LABEL=* gives no name t o  

v2000. 

The CODE command creates a categorical variable (V2001) f rom t h e  

analytical  V2000. V2001=CUTS(V2000) pa r t i t ions  V2000 i  n t o  2 groups 
according t o  the  values of V2000. The POINTS keyword gives the c u t - o f f  

value f o r  t h i s  regrouping, the cases with V2000 l e s s  t h a n  zero  o r  z e r o  

f o m  one group a n d  those with V2000 greater  t h a n  z e r o  form t h e  o t h e r  

aroup. Here ,000001 i s  used t o  approximate zero. This par t i t ioning i  s  

equivalent t o  the  one which divides in to  two groups: the f i r s t  w i t h  

- l e ss  t h a n o r e q u a l  t o  . 5 ,  the second w i t h p ,  greater  t h a n  . 5 .  The 
i 1 

CASES keyword speci f ies  the  pa r t i cu la r  subset being a n a l y s e d ;  i f  t h i  s  

were the same as t h a t  in the  immediately preceding statement, CASE=SAME 

would suff ice .  The created variable,  V2001, i s  c a t e g o r i c a l  w i t h  2 

levels. 

The TWOWAY command will give a two-way t a b u l a t i  o n  of V2001 and 

V9109 which has the format as shown in Table 1. The VARIABLE keyword 

in t h i s  statement must always appear with categorical v a r i a b l e s .  The 

CASES keyword again designates the subset being analysed. The OPTION 

keyword which appears with i t s  value ROW% requests printing of t h e  row 

percentages o f  the two-way table.  

The histograms of the estimated probability of a non-severe i n j u r y  

( p i )  can be obtained by the  following f i ve  MIDAS statements. 

?HISTOGRAM BYSTRATA STRATA=V9109 VARIABLE=2005 CASES=SAME & 
?INTERVAL=21: (0, l .O) 

The four TRANS commands c r e a t e  a v a r i a b l e ,  V2005, which i s  

expressed mathematical ly as :  



Notice tha t  V2002, V2003, V2004 and V2005 a re  analytical  variables. 

The CASES keywords in the  above TRANS statements des igna te  t h e  s u b s e t  
being analysed. 

The HISTOGRAM command plots two histograms of the P i  v a l u e s  , one  

f o r  non-severe and t he  other  f o r  severe in ju r ies .  Here, HISTOGRAM i s  
the command name. EYSTRATA i s  t h e  m o d i f i e r  t o  i n d i c a t e  t h a t  t h e  
histograms are t o  be plotted by s t r a t a  specif ied by t he  STRATA keyword. 
The STRATA keyword i s  the  dependent v a r i a b l e  ( V 9 1 0 9 )  w i t h  2 l e v e l s  
( i . e . ,  OAIS 0-2 and OAIS 3-6) and i s  categorical .  The v a r i a b l e  t c  be 
plotted i s  specif ied by t h e  VARIABLE keyword. The CASES keyword 
speci f ies  t he  subset being analysed and t h e  INTERVAL keyword s p e c  i f  i e s  
t he  number of in tervals  t o  be plotted plus one, followed by a  colon and 
then the  lower and t h e  u p p e r  v a l u e s  o f  t h e  p l o t t e d  v a r i a b l e  i n  

parentheses. 

The user has now estimated t h e  model f o r  a  p a r t i c u l a r  s u b s e t ,  
calculated t h e  goodness of f i t  measures of the model a n d  p l o t t e d  t h e  
histograms of the estimated probabil i ty of a  non-severe injury f o r  bo th  
non-severe in ju r ies  and severe in jur ies .  T o  terminate t h e  MIDAS r u n ,  
the  user enters  the MIDAS command: 

This statement wil l  t e l l  the  computer t h a t  MIDAS i s  no l o n g e r  
required by t he  user and i t  wil l  re turn  t he  user t o  MTS. The user t h e n  

can sign off by issuing an l4TS command: 

#S i gnof f  



5 EXPLANATION OF !?IDAS OUTPUT 

The P R O B I T  command, once executed,  w i  11 y i e l d  t h e  model e s t i m a t i o n  

r e s u l t s  shown below: 

NO. ITERATIONS= 3 FUNCTION= - LG ISTIC 

NO. CASES= 243 SUM WEIGHTS= 243.00 

YODEL: MAEINAL NLL DIFF 

-2LCG (LIKELIHCCD) 297.05 251.50 45.553 D P  3 SIG= .OCOO 
??RACTION EXPLAINED .5427 ,5960 .0533 

NU MODEL ESTI.MATES C3EFF STD ERR RATIO 

np.Is: (1) I (2)  
1 0 0 4. OCCUPANT 
3601.RURAL 
371.1-TOTAL 

Sm -2*LCG (L) CONVERGENCE CRITERIOEI 

CORREIATION YATRZX OF PAPAMETER ESTIMATES 

360 1. RURAL 

0. 1004. 3601. 371. 
OAIS CCCJPANT RURAL I-?DTAL 



COVARIANCE PATRIX OF PAFAMETER ESTIMATES 

VARIABLE 

1004. OCCUPANT 

3601. RURAL ,58358 -1 .54272 -3 .lo005 

0. 1004. 3601. 371. 
O M S  KCUPANT RURAL 1-TCYTAL 

The o u t p u t  of the model estimation contains: 

1. The subset being analysed (CASES=SUBSET:l). 

2. The number of cases on which the estimation i s  based (N=243). 

3. The L ike l ihood  R a t i o  S t a t i s t i c  (LRS) ,  d e s i g n a t e d  by 

DIFF = 45,553. 

In general, given the same sample s ize,  the models with higher values of 

LRS are  l ikely t o  f i t  the data bet ter  than those with lower v a l u e s  of 
LRS. The LRS has an asymptotic chi-square distribution w i t h  the desrees 
of freedom equal t o  the number of independent variables in the model. 

4. The degrees of freedom, designated by DF=3. 

5 .  The estimated parameter va lues  (COEFF) , t hei r a s s o c i  a t e d  

standard errors (STD E R R )  and the t - s t a t i  s t ics  ( R A T I O ) .  Here, 

ĉ  = 3.2241 S.E. = 0.52672 RATIO = 5,1211 

= 0.01680 S.E. = 0.01027 RATIO = 1.6361 
1 

- = 0.27096 S.E. = 0.31731 RATIO = 0.8756, a n d  a2 

f 3  = 0.09110 S.E. = 0.01728 RATIO = 5.2711. 

The estimated model can be expressed as follows: 



where 

p .  i s  the estimated probability of non-severe in ju r ies ,  
1 

F i s  the  l og i s t i c  d i s t r ibu t ion ,  and 

R U R A L  has a value of 1 i f  Rural, 0 otherwise. 

6 .  The convergence c r i t e r ion  f o r  the i t e ra t ions  which should be of 

the  order of Here i t  i s  0.67338~10'~. 

7. The correlat ion matrix f o r  the estimated parameters. 

8. The covariance m a t r i x  of t h e  e s t i m a t e d  p a r a m e t e r s .  The 

covariance matrix i s  r e q u i r e d  f o r  t h e  c a l c u l a t i o n  o f  t h e  

confidence intervals  f o r  the  estimated model. 

The output of the model evaluation i s  a two-way tab le :  

WCWAY CROSS-TABULATION CASES=SUBSET:l 

9109. 2001.V2001 
OAIS MISS (1) (2) 

MISS 61 5 4 3 58 
RW% 

I n  t h i s  example: 

El1 = 170 
N = 73 
i6e percent correct  prediction of non-severe in jur ies  i s  93.5 
The percent correct prediction of severe in ju r ies  i s  35.6, and 
The percent overall correct prediction i s  80.0. 

The histograms can be viewed as a n o t h e r  way of p r e s e n t i n g  t h e  

evaluation resul ts .  The histograms of the model e s t i m a t e d  a r e  shown 

below. The model f o r  a spec i f i c  subset will produce two histograms, one 



f o r  non-severe in ju r ies  and t he  other f o r  severe in ju r ies .  The axes of 
b o t h  histograms are i d e n t i c a 1 ; o n e  a x i s  r e p r e s e n t s  t h e  e s t i m a t e d  
probabil i ty of a non-severe injury ( p i )  a t  a .05 in terval  and the  o t h e r  
the number of cases having t h e  par t i cu la r  pi values. 

HISTOSRAM <1> OAIS : 1 CASES=SUBSET: 1 

MIDPOINT COUNTFOR 2004.PREDPROB (EACHX=I) 

0. 0 + 
,50000 -1 1 +X 
.10000 24 +XXXXXXXXXX\(XXXtU(XXXXXXXX 
.15000 37 + X X X Y X ~ X X X X X X X X X ~  
.20000 36 + X X X X X > C I O O C I ( ~ X X X X X X X X X X X X X X  

.25000 35 t X ~ ~ X X X X X X X X X X  

.30000 7 tXXxxXXX 

.35000 10 tXXXXXXX>(XX 

.40000 2 +XX 

.45000 6 +XXXXXX 

.50000 2 tXX 

.55000 1 +X 
,60000 4 +XXXX 
.65000 1 +X 
.70000 3 +XXX 
.75000 0 + 
.80000 0 + 
.8 5000 0 + 
.90000 0 t 
.95000 0 + 
1.0000 A ' +x 
MISSING 120 
TOTAL 290 (INTERVAL WIDTH= .50000 -1) 



MIDPOINT COUNT FOR 2004.PREDPROB (EACH X= 1) 

MISSING 
TOTAL 

3 2 
105 (INTERVAL WIDTH= .50000 -1) 





6 FURTHER DISCUSSION OF THE COMPUTER R U N  

The computer commands l i s t e d  in  t h i s  document w i l l  e s t i m a t e  t h e  
model and then evaluate the estimated model f o r  t h e  S i n g l e  V e h i c l e /  
Center-Impact/Al 1 Occupant subset (CIA-1VEH) of frontal coll i sions usi ng 

the  Phase 1  data. I f  the user wishes t o  analyse the Phase 2 d a t a ,  an 
appropriate change must be made t o  the  "value" of the K E Y M O R D  i n  t h e  

ADAAS DATA command, t ha t  i s  

?DATA KEYWORD=name of the  tape containing the  Phase 2 data 

I f  the  user wishes t o  analyse Side Impacts instead of Front I m p a c t s ,  a 

change must be made t o  the  CODE command creating V9000 i n MI DAS. For 

Side Impacts, this  statement becomes: 

Note the  change i n  t h e  v a l u e  of t h e  CASES keyword f o r  t h e  S i d e  
Impacts. The analysis of Side Impacts w i l l  produce d i f f e r e n t  s u b s e t s  
from tha t  of the  Front Impacts a n d  therefore  changes must be made t o  the  
se t  of CODE commands which created t he  Front-Impact subsets. This wi 11 
require changing t he  values of the CASES keywords t o  re f l ec t  t h e  S i d e -  
Impact subsets. 

Any number of independent variables may be added t o  the  models by 
specifying then i n  the VARIABLE keyword of t h e  PROBIT command. The 
independent variables can be e i t he r  analytical  or categorical o r  dummy 
variables (a  special form of categorical variables) .  I f  a  variabl e  i s 
made into a  s e t  consisting of " k "  dummy v a r i a b l e s ,  on ly  ( k - 1 )  dummy 

variables may be included i n  the  nodel and - n o t  k dummy variables. 

Attention should be paid t o  the CASES and STRATA keywords, both of 
which must appear with categorical variables only. A T W O W A Y  command 
also requires the  variables in t he  VARIABLE keyword t o  be categorical.  

Creating new variables can be achieved i n  the  following ways: 

1. T o c r e a t e a n a n a l y t i c a l  v a r i a b l e  f rom a n o t h e r  a n a l y t i c a l  
variable or a  number of a n a l y t i c a l  v a r i a b l e s ,  t h e  T R A N S  

command i s  used. 



2 .  To create a categorical variable from ail analytical va r i ab le ,  
the CODE command i s  used. 

3. To create a categorical variable from a n o t h e r  c a t e g o r i c a l  

variable or a set  of categorical variables, the C O D E  comma n d  

i s  used. 

Before estimating the model using the PROBIT conmand, r ~ h e  c a s e s  

with missing d a t a  must be given MIDAS missing d a t a  values by u s i n s  t h e  
MISSING command. Failure t o  do  t h i s  will result  in the g e n e r a t i o n  of 
erroneous results. 

I n  order t o  reduce the cost of subsequent runs i t  i s  recommended 

that  a MIDAS internal dataset be created t o  save the data that have been 
read into MIDAS, so that they can be used in l a t e r  runs without t r o u b l e  
and expense of mounting the same NCSS tape in ADAAS. The WRITE INTERNAL 

command, t o  write a permanent MIDAS dataset, i s  described on page 182 of 

Documentation for  MIDAS, while the R E A D  INTERNAL command, t o  read  t h a t  
dataset into MIDAS , i s  described on page 134 of the same document. 



7 GRAPHICAL DISPLAY OF THE LOGIT MODEL 

This section will describe two A P L  p r o c e d u r e s .  B o t h  of t h e s e  

procedures were used t o  o b t a i n  c o o r d i n a t e  d a t a  f o r  p l o t t i n g  t h e  

estimated log i t  curve and associated confidence in tervals  as a f u n c t i o n  

of one of the independent variables i n  the  model. This coordinate d a t a  

was then used in  a graphics computer program t o  p roduce  p l o t s  of t h e  

log i t  curve and  confidence intervals .  These procedures  wi 1 1  p roduce  

coordinates that  can be used i n  most graphical programs. 

Using MIDAS the  l og i t  model can be estimated. The o u t p u t  from t h e  

PROEIT command produces t h e  e s t i m a t e d  c o e f f i c i e n t s  f o r  t h e  model 

specified. The commands t o  do t h i s  were discussed i n  Section 4 and t h e  
speci f ic  o u t p u t  from the  PROBIT command was described in Section 5. T o  

graph the  e s t i n a t e d  l o g i s t i c  c u r v e  a s  a f u n c t i o n  of one of t h e  

independent variables, coordinates f o r  t h i s  curve need t o  be calculated. 
The procedure - P R O B  produces a vector of values of the estimated logi s t i c  

curve f o r  specified values of the independent variable. This procedu r e  

i s  given below. 

P X c F I X  P R O B  P A R  

X + ( 3 x (  ( - z ) x 1 2 2 )  ) + 2  

 PAR^+(-1) +PAR 

PAR3+(-%) +PAR 

CON*/FIXxPAR2 

P X 4 2  +I,+* ( -2  1 x ( C O N + X x P A R 3  

The most important variable in the model cons ide r ed  i s D e l t a  V .  

All of the graphs produced were p l o t t e d  w i t h  D e l t a  V ( o r  L a t e r a l  

Delta V )  on the  X-axis. The procedure PRCG i s  c u r r e n t l y  w r i t t e n  t o  

evaluate the  estimated l o g i s t i c  f u n c t i o n  f o r  s p e c i f i e d  v a l u e s  of 
Delta V .  The values currently are  s e t  a t  1 ,  4 ,  10, 1 3 ,  . . . , 5 8 ,  6 1 .  

For each of these values t h e  p r e d i c t e d  v a l u e  i s  c a l c u l a t e d  a s  i n  

Equation 4-2. 



There are two input parameters associated w i t h  P R O B .  The f  i r s  t 
parameter i s  P A R .  I t  i s  the vector of estimated para 'meters  o b t a i n e d  
from the,PROBIT command. I t  i s  n e c e s s a r y  t h a t  t h e  1 a s t  e s t i m a t e d  

narameter in  t h i s  vector belong t o  the  variable represented o n  t h e  X -  

axis ,  in t h i s  case Delta V .  ( I f  these procedures are t o  be used i t  i s  

easier  i f ,  in the variable l i s t  in the PROEIT command, the l a s t  variable 
corresponds t o  the variable to  be p l o t t e d  o n  t h e  X - a x i s . )  For t h e  

estimated model that  was presented i n  S e c t i o n  4 i t  i s  n e c e s s a r y  t o  
assign P A R  such that  

Since t h i s  model has two other v a r i a b l e s  t h a t  can v a r y ,  i t  i s  

necessary, f o r  a graph of the estimated logis t ic  curve, t o  f i x  the value 

of a1 1 other independent variables. The input parameter FIX s  pec i  f  i e s  
the values f o r  a l l  the independent variables except the l a s t  v a r i a b l e .  
I n  the above example, the variable omi t ted  would be D e l t a  V .  More 

specif ical ly ,  the f i r s t  value of FIX i s  always 1.  This 1 represents the 
constant term in the equation. The remaining v a l u e s  i n  F I X  a r e  t h e  
negatives of the values a t  which the model i s  t o  be e v a l u a t e d .  For 

example, i f  the logis t ic  curve fo r  30 year o l d  occupants in rural a r e a s  

was t o  be plctted as a function of Delta \I, the parameter FIX would be 
- 

FIX+l 30 -1. 

If  the estimated probabili t ies for  65 year o l d  occupants in urban a r e a s  

were t o  be plotted as a function of Delta V then 

The o u t p u t  from the A P L  procedure P R O B  g e n e r a t e s  2 1  v a l u e s  f o r  t h e  

estimated logis t ic  equation a t  the specified Delta V values of 1 ,  4 ,  7 ,  
10, 13, ..., 58, 61. 

The procedure V A R I A N C E  calculates the half-width of the confidence 
interval of the predicted probability given by the estimated logi t  model 

a t  a particular Delta V value. This procedure i s  gi ven be1 ow. T h i s  
procedure i s  run immediately a f t e r  P R O B  t o  obtain the associated h a l f  - 
widths f o r  confidence i n t e r v a l s  f o r  t l ie p r e d i c t e d  probabi  1 i t i e s  
calculated by the  procedure P R O B .  Confidence i n t e r v a l s  may t h e n  be 
obtained by calculating the upper and lower bounds using the following: 



PXtSX (Upper Bound) 

PX-SX ( ~ o w e r  Bound) 

where PX i s  the  vector of predicted p robab i l i t i e s  from ?ROB and SX i s  

the  r e su l t  a n t  vector from VARIANCE. 

These define the  approximate half-width of the 95% confidence i  n t e  rva  1 

f o r   he predicted probabi l i t ies .  The theory used i n  o b t a i n i n g  t h e s e  

r e s u l t s  i s  discussed i n  Section 3.1 of Analysis of the  N a t i o n a l  Crash  
11 Severity Study: Final Report . 

The procedure V A R I A N C E  has one  i n p u t  p a r a m e t e r ,  SI'iMA. T h i s  

parameter s to res  the  covariance matrix f o r  the  estimated pa ramete r s  i  n 

t h e  l o g i s t i c  model. For the  pa r t i cu la r  example shown i n  S e c t i o n  4 ,  

SIGMA has the following value: 

- -- 

I1phyl l i s  A.  Gimotty, Kenneth L .  Campbell, Thipatai Chi r a c h a v a ?  a 
Oliver Carsten, and James O'Day, S t a t i s t i c a l  Analysis of  t h e    at i o n a l '  
Crash Severity Study. Sponsored by t he  National Highway Tra f f i c  S a f e t y  
Administration, Department of Transportation, Washington, D . C .  , u n d e r  
contract  No. DOT-HS-01944 ( A n n  Arbor: Highway Safety Research ! n s t i t u t e ,  
The University of Michigan, June 1 9 8 0 ) .  R e p o r t  No. UM-HSRI-80-38 
(re1 ease pendi n g ) .  



S X W A R I A N C E  S I G M A  

D I M c p S I G M A  

F+(-I), (-L) 

S I G % + F + S I G M A  

S I G 2 + F + S I G M A  

S 1 G 3 + (  (DIM[I]-2) , 0 )  + S I G M A  

S I G 3 + , S I G 3  

S IG~+(-I) C S I G 3  

V A R I + F I X + * X S I G I + , X F I X  

V A R 2 + S I G 2 x X * 2  

VAR3+2x(FIX+. S I G 4 ) x X  

V I + V A R B + V A R 2 + V A R 3  

VX+( P X * 2  X V I X  (I-PX *2 

s+vx*o 5 

SX+I. 9 6 x S  


