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1. INTRODUCTION 

T h i s  r e p o r t  i s  a n  addenda  t o  t h e  d e s i g n  o f  a  

N a t i o n a l  A c c i d e n t  Sampl ing  Sys tem (NASS) , o r i g i n a l l y  

p r e p a r e d  by HSRI f o r  t h e  O f f i c e  o f  S t a t i s t i c s  and m a l y s i s  

o f  t h e  N a t i o n a l  Highway T r a f f i c  S a f e t y  ~ d m i n i s t r a t i o n .  

R e v i s i o n s  t o  t h e  YASS d e s i g n  have  been  made w i t h  

r e g a r d  t o  b o t h  t h e  p r i m a r y  s a m p l i n g  u n i t s  and t h e  s a m p l e  

a l l o c a t i o n .  The f i r s t  o f  t h e s e  i s  done t o  p r o v i d e  OSA 

w i t h  g r e a t e r  f l e x i b i l i t y  i n  d e c i s i o n  making w i t h  r e g a r d  

t o  RASS i m p l e m e n t a t i o n  by  p r o v i d i n g  a  l a r g e r  number o f  

o p t i o n s  a s  t o  t h 2  b a s i c  PSU s i z e  t o  b e  u s e d  i n  t h e  s y s t e n .  

The second  t a s k  p r o v i d e s  a r e s t r u c t u r i n g  o f  t h e  c o s t  e s t i -  

m a t e s  f o r  v a r i o u s  FSU c o n f i g u r a t i o n s  t c g e t l l e r  w i t h  t h e  

e f f e c t  o f  tAe s t r u c t u r e s  on t h e  a c c u r a c y  o f  e s t i m a t i o n  o f  

n a t i o n a l  r a t e s  and t r e n d s  f o r m i n 9  t h e  m a j o r  p r o d u c t  o f  t h e  

C o n t i n u o u s  Sampl ing  Subsys tem o f  NASS. 

T h i s  d o c u r L e n t ,  t a k e n  t o g e t h e r  w i t h  t h e  o r i g i n a l  

d e s i g n  r e p o r t  d a t e d  J u l y ,  1 9 7 5 ,  s h o u l d  p r o v i d e  OSA w i t h  

a s i g n i f i c a n t l y  b r o a d e r  b a s e  i n  i t s  d e l i b e r a t i o n s  f o r  

i m p l e m e n t i n g  a  s p e c i f i c  NASS d e s i g n .  



2 .  REVISED SMIPLE ALLOCATION FOR NASS 

T h i s  s e c t i o n  o f  t h e  r e p o r t  i s  c o n c e r n e d  w i t h  d e l i -  

n e a t i n g  d i f f e r e n t  a l l o c a t i o n s  o f  t h e  work load  w i t h i n  e a c h  

o f  t h e  PSUs, c o n s i d e r i n g  t h e  c o s t s  o f  t h e  v a r i o u s  d a t a  

c o l l e c t i o n  team c o m p o s i t i o n s  and t h e  c a s e  l o a d  p r o d u c t i o n  

which can b e  e x p e c t e d  t o  r e s u l t  from e a c h  o f  t h e s e .  T h i s  

l a t e r  method o f  a n a l y s i s ,  s u g g e s t e d  by OSA, a l l o w s  a 

b e t t e r  e x p l o r a t i o n  o f  t h e  i n t e r a c t i o n  between t h e  a c c i d e n t  

p r o d u c t i o n  o f  varyi l2g minimz:  s i z e d  PSUs and t h e  w i t h i n -  

PSU s a m p l i n g  f r a c t i o n s  a s s i ~ n e d  t o  a c h i e v e  t h e  d e s i r e d  

c a s e  n i x .  

Three  d i f f e r e n t  c o s t  e s t i m a t e s  ;:ere c o i b i n e d  t o  3ro- 

v i d e  t h e  b a s i s  f o r  a n a l y s i s ,  and t h e s e  \;ere c o n s i d c r e d  in 

c o n j u n c t i o n  1;:ith v 3 r ! , ~ L ~ g  case o u t p u t  f o r  i ! i f f e r i n g  t e a 3  
- - s i z e s ,  and :ci th t h e  r a t e s  of  homogenei ty  and t h e  s t a n c z r u  

e r r o r s  o f  e s t i : : a t c  on key a c c i 2 e n t  v a r i ~ b i e s .  The t r e d e -  

o f f s  among o e e r a t i n g  c o s t s  f o r  a  p a r t i c u l a r  s i z e  PSU, t h c  

c a s e  o u t p c t  o f  e a c h  t e a r , ,  and t h e  accura.cy o i  t h e  e s t i -  

mates p r o v i d e d  or! kc;, vilr i , - .bles can b e  e v a l u a t e d  w i t h  a  

v iew towarc! t h e  o p t i ~ i z a t i o n  o f  t h e  number o f  PSUs. 



2.1 Revised Costs of PSU Teams 

The two major variables considered in this portion of 

the cost revision of PSU teams are the number of full- 

time employees at each team site and the corporate affi- 

liation of the teams. 

The three different corporate affiliations of the 

teams considered in this analysis are 1) a university or 

similar institution, 2) a non-profit research corporation, 

and 3) a self-contained, profit-making corporation. The 

major differences in the costs of the three types of 

operations is in the way in which the direct labor charges 

are burdened. Variations will, of course, occur between 

different contractors within a single category, b:it 3ur 

nunbers can be used as reasonable examples of each type. 

Table 2.1.1 expresses the various components of the bur- 

dening process in percentages of the direct labor costs. 

The final row of figures is the nultiplier to be used for 

each organizational type in calculating the total personnel 

costs after estimating manpower requirements. Note that 

this formulation requires an estimation of total labor 

costs including fringe benefits, overhead and fee, not 

annual salary. 

using these burdening factors, together with the cost 

estimates provided by BSRI in the NASS report, we can cal- 

culate operating costs for teams of various sizes for the 

three different organizational structures. The only 
additional assumptions needed have to do with the incre- 

ased office and transportation expenditures required as 

team size is augmented. Table 2.1.2 presents these data, 

in terms of operating costs based on 1974 dollars. 

NHTSA had asked both Calspan Corporation and Southwest 

Research Institute to compile cost figures of a similar 

nature. We have reviewed both documents and find them 

very reasonable in their assumptions and their methods. 



TABLE 2.1.1. BURDEN F A C T O R S  F O R  V A R I O U S  
CORPORATE STRUCTURE 

University Non-Profit Profit 

Retirement .lo .08 .08 

Insurance, etc . .15 .12 .12 

Vacation .10 .OG -06 

Overhead .70 1.00 1.00 

Fee 0 .06 .12 

Burden Factor 2.295 2.671 2.822 



TABLE 2-1-2- FIELD TEAM COST ESTIMATES - ESTIPIATES FROM: HSRI 

TEAM SIZE 
4 5 6 7 

Personnel Costs 

Team Chief ($15,583) 15,583 15,583 15,583 15,583 
Field Investigator ($11,000) 22,000 (2) 33,000 (3) 44,000 (4) 55,000 ( 5 )  
Sec/Interviewer ($8,250) 8,250 8,250 8,250 8,250 

Total Salary 45,833 56,833 67,833 78,833 

x 2.295 Univ. 
x 2.671  on-Profit 
x 2.822 Profit 

Direct Costs 
2 Office ( @  $4.5/ft 

Vehicles ( @  $2400 each) 
Telephone 
Computer Terminal 
office Equip. ( @  $250/person) 1,000 
Supplies ( @  $150/person) 600 

Total Direct 13,700 17,250 21,250 25,250 

Grand Total 

Univ 
Non-P 
Profit 



Because their formats differ somewhat from the one we used, 

the pertinent numbers have been extracted and put in 

similar tables for comparative purposes (Table 2.1.3 and 

2.1.4). The scope of the SwRI report was particularly 

large, taking into account regional differences in the coun- 

try I and the figures we used for salary levels were 

those from the south. 

We note some differences in the three estimates, many 

of them considerable. It seems, however, that the major 

discrepancies appear in the area of direct costs rather 

than in any of the personnel categories. 

It is possible to project the NASS operating costs to 

1980 and these figures a p p e z r  in Table 2.1.5. The pro- 

jectlon was done using an anzual inflation factor of sw:en 

percent, a~:d was calculate6 f o r  tvo 2lfferent l e v e l s  of 

operation, as explained in the footnote on the table. 



h 

0 
0 
b - . 0 
M 0 
ri  m 
i/t . 

- Y O  
0 ri 
0 k w  
m 0 -  

c, 
b a k  
ri blaJ h 
m . 4 3  k  
- 4 J G J  rd 

(I] .d r i  

N O >  (d 
O 3 k  r/l 
-4 I: a, 

h 

N 
Y 

O O C  ;;;I ; 0 

' Q O N  
W N u l  
m c n w  . . .  
N C O ~  
Nlnr- 
N N N  

- P o  
V N O ?  
m N 1. . . .  
O N *  
O ? N M  
d N h l  

N u ' c n  
 om^ 
L n w r i  . . .  
m L? W 
Ln33n 
dd r l  

r i w m  
LDeo 
O O W  . . .  
m a r -  
D J u ' l n  
Tirid 

t' 
.rl 

3 1 w  
.4 C 0  
C O k  
3 Z k  

L n r i N  
cnrh l  
N 'Qcn  . , . 
N N N  

X X X 

Pd.0 
r i m 4  

L? 
L7 

N*G3 
o m w  
u' Lr) 0 

4 . .  

+ m 9  

r ( W N  

0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
CnNCnmLnWm . .  5 . 2 .  

U ' C O  d W d ' Q  
ri 

h 

G 
U 
a 

"c \ El 
ul 

0 w 
'Q 
m w  

(I] - 
AJ @J u 
(I] " m c  

0 COON 
0 CONV, 
m w p m  . . 5 .  

d w o r n  
w W O d  

m m m  

0 a 0  
U a,d,.c 

u u a  
t' -rl .rl 0 
U Q G r i  
a, I (4aQJ 
k O > E  

a 
.rl 
2 
0' 
W 

a 
ri 
u 
.4 
k4 

+ 
10 
aJ 
U 
.4 
> 
l 4  
a, 
(I] 

a 
aJ 
cn 
m 
I: 
u 
k 
9 
PI 
$: 



TABLE 2.1-4, FIELD TEAM COST ESTIMATES - ESTIMATES FROM: SWRI 

TEAM S I Z E  
4 -- IS 6 7 

Personnel Costs 

Team Chief ($15,100) 15,I.CO 15,100 15,100 15,100 
Field Investigator ($12,000) 24,000 36,000 48,000 60,000 
Sec/Interviewer ($6,260) 6,260 6,260 6,260 6,260 

Total Salary 4'5, 760 57,3GO 69,360 81,360 

x 2.295 Univ. 
x 2.671 Non-P 
x 2.822 Profit 

Q3 

Direct Costs 

Office ( @  $6/ftL) 
Vehicles ( @  $2410 each) 
Computer Terminal 
All Other 

Total Direct 

Grand Total 

Univ. 
Non-P 
Profit 
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2.2 Redefinition of the Cost Function 

The next step in the redefinition of the NASS cost 

functiob after the team size and team affiliation vari- 

ables have been considered, is to estinlate the team out- 

put. This output is measured in terms of the number of 

cases produced per year of operation and it is a function 

of two further variables: 1) the depth of investigation 

conducted by the team, and 2) the characteristics of the 

geographical area within which the team must work. 

Two different data forms were used as a basis for the 

estimates of the depth of investigation variable: 1) our 

CSS form pro~~ided in the NASS design report and 2) the 

NCSS form which  was developed at NHTSA and intended 

for the NCSS program. A variation of the two, or a hybrid, 

consisting of 1/3 NSRI CSS content and 2/3's NCSS content, 

is used as a third basis of cost estinates. 

To provide a basis for comparison ber;v:een the HSRI 

CSS form and the NHTSA XCSS form, a tabulation of key data 

elements in each form was made. This is given in Table 

2.2.1. The right hand column, "Case Unit Points", is an 

estimate of time in minutes to acquire the necessary in- 

formation in each data element category. It's a measure of 

data complexity and detail, as well as the difficulty in 

acquiring the data. It also includes interpreting and 

recording of the data. 

As the totals show, time estimated to do a NSRI CSS 

case is a little over nine (9) hours, while time for a 

NIjTSA NCSS case is a little over 11 hours. Both include 

site visits, as the data requirements indicated. In the 

HSRI CSS form however, site visits were proposed only for 

accidents where one, or more, vehicles in the crash left 

the roadway. With the NHTSA NCSS form, site visits are 

required for grade measurements and determining roadway 





c o e f f i c i e n t  o f  f r i c t i o n .  These  a r e  i n d i c a t e d  f o r  a l l  

a c c i d e n t s .  Thus ,  t h e  c o m p a r i s o n s  must  b e  t e m p e r e d  w i t h  

t h e s e  d i f f e r e n c e s .  

A d j u s t i n g  t h e  t o t a l  time ( 9 . 1  h o u r s )  o f  a n  H S R I  i n -  

v e s t i g a t i o n  i n c l u d i n g  a  s i t e  v i s i t ,  i n  r e l a t i o n  t o  t h e  

e x p e c t e d  p e r c e n t a g e  o f  a c c i d e n t s  i n v o l v i n g  one  c a r  l e a v -  

i n g  t h e  roadway*,  g i v e s  a  t o t a l  o f  4 4 1  1 /2  m i n u t e s ,  o r  a  

l i t t l e  u n d e r  7  1 /2  h o u r s  p e r  c a s e .  T h i s  makes a n  a v e r a g e  

NHTSA NCSS c a s e  n e a r l y  f o u r  ( 4 )  h o u r s  g r e a t e r  t o  c o m p l e t e  

t h a n  a n  HSRI CSS c a s e .  

I n  a d s i t i o n  t o  t h e  Z i f f e r e n c e s  i n  t h e  f r e q u e n c y  o f  

s i t e  v i s i t s ,  a  ma jo r  c a u s e  o f  t h i s  d i s p a r i t y  i s  i n  t h e  

NCSS m e d i c a l  d a t a  r e g u i r e z 7 . e n t s  x h i c h  i n v o l \ ~ e  f o l l o ~ v i n g  up 

w i t h  an  i n j u r e 2  o c c u p a n t  t o  d e t e r n i n e  d e t a i l e d  medical .  

t r e a t m e n t ,  d u r a t i o n  o f  h o s ? i t a l i z a t i o n ,  o u t - p a t i e n t  t r e a t -  

ment and an  a s s e s s x e n t  o f  d e g r e e  o f  i n c a p a c i t a t i o n  o v e r  

time. I f  t h i s  f o l l o w - u p  r e q u i r e n e n t  were  n o t  n e c e s s ~ r y ,  

t h e  NHTSA XCSS form would s t i l l  r e q u i r e  a b o u t  two ( 2 )  

h o u r s  g r e a t e r  e f f o r t ,  on a n  a v e r a g e  c a s e ,  t h a n  t h e  HSSI 

fo rm.  T h i s  t:io ( 2 )  h o u r  2 i f f e r e n c e  i s  m a i n l y  t h e  d i f -  

f e r e n c e  between t h e  two i n  s i t e  e x a n i n a t i o n  r e q u i r e r e n t s .  

E s t i m a t e s  o f  t h e  y e a r l y  1:cn:ber o f  c a s e s  which  c a n  b e  

c o m p l e t e d  f o r  v a r i o u s  s i z e  f i e i d  i n v e s t i q a t i o n  t e a a s  a r e  

g i v e n  i n  F i g u r e  2 . 2 . 1 .  The f i g u r e  shows t h e  e s t i m t e d  

c a s e  o u t p u t  f o r  t h r e e  d i f f e r e n t  s i z e  PSUs w i t h  Z i f f e r e n t  

amounts  o f  n e c e s s a r y  t r a v e l  and f o r  f o u r  d i f f e r e n t  l e v e l s  

o f  i n v e s t i g a t i v e  e f f o r t .  A l s o ,  i t  assunlcs t h a t  e a c h  i n -  

v e s t i g a t i o n  team c o n s i s t s  o f  f u l l  time, f u l l y  t r a i n e d ,  ex-  

p e r i e n c e d  p e r s o n n e l  w i t h  p r o d u c t i v i t y  o f  1 , 5 4 0  h o u r s  p e r  

y e a r .  ( T h i s  p r o d u c t i v i t y  f i g u r e  h a s  b e e n  a d j u s t e d  f o r  

v a c a t i o n s ,  h o l i d a y s ,  i l l n e s s  and a d m i n i s t r a t i v e  - "house -  

k e e p i n g "  c h o r e s . )  

*I3ased on  S t a t e  o f  Mich igan  1974 t o t a l  a c c i d e n t  c x p c r i c n c c ;  
22 1 / 4  p e r c e n t  o f  a l l  a c c i d c n t s  were  o f f - r o a d  a c c i d e n t s .  
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Each team will have a team manager, and it is esti- 

mated that only 50 percent of his time could be utilized 

in case field work. The remainder of the team manager's 

time will be used for administrative activities, liaison 

with local public officials and the overseein9 of all 

case investigation activities. Thus, a four (4) man- 

team could provide 5,390 hours of total investigative 

work, a five (5) man-team 6,930 hours, a six (6) man-team 

8,470 and a seven (7) man-team 10,010 hours. The per case 

cost estimates in Table 2.2.2 are based on these hourly totals. 

The results of this are in complete agreement with 

our intuition as to how the cost per case should vary with 

the four variables under consideration. The more sparsely 

populated the area the greater would be the cost 

per case. Cost also increases as investigations become 

greater in depth and as the team becomes more expensive in 

its corporate affiliations. As the team size becomes 

larger the cost per case is reduced, probably due to the 

efficiency produced by a smaller ratio of management to 

field personnel, but this efficiency seems to stop at 

about a six-nan team. From these data, it would appear 

that a six person level of effort is optimum from a cost 

effectiveness point of view for field operations. 

The data in the table above is based on only one of 

the three estimates of cost, the one from Calspan Cor- 

poration which is the highest. These figures then niay be 

considered to be on the high side of an average re2rescnt- 

ing what the experience n~icjht be for a nationwide scale of 

operations. The extreme case costs from Calspan are $194 

and $431, and the comparable figures for the same con- 

ditions representing the !ISRI and Sw9I estimates are 

presented in Table 2.2.3. 





TABLE 2.2.3. COMPARISON OF ESTIMATES 
FOR EXTREME CASES - DOLLARS 
PER CASE 

Estimates From 
Conditions Calspan S w R I  HSKI 

CSS/University 

Large SMSA/7 

NCSS/Prof it Corporatio~~ 

Dense Non-SbISA/7 



2.3 Stratified Samulins Within PSUs 

Consideration should be given to utilizing stratified 

random sampling at each of the clusters where the acci- 

dents are investigated. To be of the greatest use, such 

stratification should be based on one or more variables 

which are present in the sampling frame. It is desirable 

to have relatively few strata - around ten or fewer. The 

variable or variables used for stratification should be 

as highly related to the most important dependent vari- 

ables as possible. Since the main interest currently 

centers on key crashworthiness parameters of the vehicle 

in protecting the occupants, model year is one candidate 

variable for stratification. Another desirable variable 

is a variable highly related to crash severity or injury 

producing potential of the crash. The data available for 

stratification are expected to be those available on the 

police report of the accident. These will include data 

on the model year of the vehicle and typically some data 

on the injury producing potential of the crash. The data 

on the latter may be the police injury code (KABC), the 

disposition of the most seriously injured occupant (taken 

for treatment or not), or some vehicle damage variable 

such as the TAD scale. 

Previous data show that even among towaway accidents, 

the bulk of the accidents result in minor injuries, with 

the more serious injuries becoming considerably more rare. 

This same sort of severity distribution is also apparent 

when one looks at a measure of crash severity such as 

inches of crush or Collision Deformation Code. If no 

stratification is used, most of the data observed will be 

at the lower end of the.crash severity spectrum, w11il.e if 

interest is mainly in crashworthiness, additional data at 

higher crash severities would be desirable. Similarly, 



i n t e r e s t  i s  p r o b a b l y  h i g h e r  f o r  t h e  newer mode l s  o f  

v e h i c l e s .  T h i s  would b e  t h e  c a s e  i f  i n n o v a t i v e  d e s i g n  

c h a n g e s  a r e  t o  b e  e v a l u a t e d  f o r  improvements  i n  c r a s h -  

w o r t h i n e s s .  On t h e  o t h e r  hand ,  c h a n g e s  i n  d e s i g n  h a v e  

o c c u r r e d  i n  v a r i o u s  mode l s  i n  t h e  p a s t ,  s o  compar ing  t h e  

p r e -  and p o s t - c h a n g e  c a r s  i n  t h e  p o p u l a t i o n  i s  a l s o  o f  

i n t e r e s t .  T h i s ,  t o g e t h e r  w i t h  t h e  a im o f  d e s c r i b i n g  t h e  

p o p u l a t i o n ,  would i m p l y  t h a t  some s a m p l i n g  o f  o l d e r  

v e h i c l e s  i s  d e s i r a b l e .  

I f  o n e  i s  i n t e r e s t e d  i n  r e l a t i n g  i n j u r y  p r o d u c t i o n  

t o  some c r a s h w o r t h i n e s s  p a r a m e t e r s ,  i t  seems c l e a r  t h a t  

s t r a t i f i c a t i o n  on some v a r i a b l e  r e l a t e d  t o  i n j u r y  o r  c r a s h  

s e v e r i t y  w i l l  p r o d u c e  l a r g e  g 2 i n s  i n  p r e c i s i o n .  I n  t h e  

RSES t h e  p o l i c e  code  " h o s p i t a l i z e d "  ( i . e . ,  i n j u r e d  occu-  

p a n t  t a k e n  t o  h o s p i t a l  o r  n o t )  was u s e d  a s  a  s t r a t i f i -  

c a t i o n  v a r i a b l e  f o r  a c c i d e n t  s e v e r i t y .  I n  t e r m s  o f  

e s t i r a t i n g  t h e  > r o p o r t i o n  o f  i n j u r i e s  o f  o v e r a l l  AIS 2 o r  

more,  t h i s  s t r a t i f i c a t i o n  r e s u l t e d  i n  r e d u c i n g  t h e  sainpl- 

i n g  v a r i a n c e  t o  a b o u t  o n e - f o u r t h  t h a t  o f  s i n p l e  ran so^^ 

s a m p l i n g .  Al though  t h i s  may n o t  b e  t h e  b e s t  s t r a t i f i c a t i c n  

v a r i a b l e  f o r  al .1 q u e s t i o n s ,  i t  i s  o n e  which s h o u l d  b e  con- 

s i s t e n t  o v e r  a r e a s ,  and o n e  which  d o e s  r e s u l t  i n  l a r g e  

g a i n s  f o r  v a r i a b l e s  r e l a t e d  t o  c r a s h  s e v e r i t y .  

Once t h e  s t r a t i f i c a t i o n  v a r i a b l e  h a s  b e e n  s e l e c t e d ,  

t h e r e  r e m a i n s  t h e  q u e s t i o n  o f  how t h e  sample  s h o u l d  be  

a l b t t e d  t o  t h e  d i f f e r e n t  s t r a t a .  A s i m p l e  method o f t e n  

u s e d  i s  p r o p o r t i o n a l  t o  s t r a t u m  s i z e .  T h i s  method i s  unde- 

s i r a b l e  i f  e i t h e r  t h e  c o s t  o f  s a m p l i n g  v a r i e s  c o n s i d e r a b l y  

by s t r a t u m  o r  i f  t h e  v a r i a n c e  w i t h i n  t h e  s t r a t a  v a r i e s  

c o n s i . d e r a b l y .  G e n e r a l l y  t h e  g o a l  o f  a l l o c a t i o n  i s  t.o 

make t h e  optimum u s e  o f  r e s o u r c e s  by  min i in iz iny  v a r i a n c e  

f o r  a  f i x e d  t o t a l  sample  s i z e  o r  - i f  s a m p l i n g  c o s t s  

d i f f e r  a p p r e c i a b l y  - f o r  a  f i x e d  t o t a l  c o s t .  The s t r a t i -  

f i c a t i o n  and a l l o c a t i o n  c o n s i d e r a t i o n s  u s e d  a t  t h e  IISRI 



during the RSES and their results are used to exemplify 

these considerations. 

When several variables are of interest, stratifi- 

cation can be optimum for only one of the variables. 

This results in a less than optimum design for the other 

variables, and could theoretically at least result in a 

variance larger than from simple random sampling for some 

of the other variables. As a consequence, any stratifi- 

cation when more than one dependent variable is of inter- 

est must be soine sort of compromise. Fortunately the 

optima are usually rather flat so that mild departures 

from optimum allocation do not much affect the variances. 

Several methods of allocation are suggested in 

Cochran (1963)*for the situation where several variables 

are of interest. These include: 

a) Proportional allocation, in which the sample 

is allotted to the strata in proportion to 

the population proportion. 

b) A compromise optimum in which the optimum 

allocation for each of several (up to six or 

so) variables Is determined and the average 

of these is used as a compromise. 

c) Allocation to minimize a linear cornbi~ation 

of the variances of the individual variables. 

d) Allocation to minimize a cost plus linear 

combination of variances. 

Another aspect of stratification is that the maximum 

benefits are to be obtained only if the correct stratum 

weights are known, i.e., if 

is known for each stratuin in the populat~ion. Often, as 

was the case with the restraint system study and as will 

"Cochran, W.G. -- Sampling Techniques, 2nd ed., Cambridge: 
Harvard University Press, 1963.- 



be the case with the NASS, these weights may not be known 

exactly and may have to be estimated. In this case the 

estimates are biased by the term 

if one is estimating a mean or proportion respectively. 

In this case one has to deal xith the mean square error = 

Var + bias2 rather than the variance alone. Notice that 

the bias due to lack of knowledge of correct stratum 

weights does not depecd on the sample size. Thus for 

sufficiently large samples one would be better off using 

simple randon samples than stratified random samples if 

the stratum weights are not known exactly. 

In general, even a non-o2timum allocation to ' the 

strata will resclt in a smaller variance thzn wculd sir,~ple 

random sampling. The exception occurs if the variable 

under invcstiqetion is not related to the stratification 

variable so that the variation within the strata beccmes 

larger thar. Zhe variables betweeri strata. (For a con- 

tinuous variable this ri)eans that the between strata mean 

square is less than the within strata mean square.) In 

terms c ~ f  sampling for proportions, stratified sampling can 

result in a loss of precision relative to simple random 

sampling if the proportion being estimated does not vary 

much from stratum to stratum. The loss becomes larger 

if allocation is not optimum. 

As an example of the effect of stratification on the 

variance estimates of proporti.ons, consider the data col- 

lected by 1ISKI for 12 months of the restraint system 

evaluation study. In this study therc were four strata 

defined from variables on the police report. The sampl.ing 



frame was the set of police reported towaway accidents 

involving late model (1973-74) vehicles sold by American 

manufacturers. Cases were stratified by model year and 

by the police-reported variable "Injured taken to I I - 
This resulted in four strata: 

1973 model, some occupants taken to hospital - 73H 
1973 model, no occupant taken to hospital - 73H 
1974 model, some occupants taken to hospital - 74H 
1974 model, no occupant taken to hospital - 7 4 E  

The primary point of interest was to estimate the 

difference by model year of the proportion of occupants 

who received an injury of overall AIS severity 2 or greater. 

The allocation of the sample to the four strata was in- 

tended to minimize the variance of this difference in pro- 

portions. Thus the allocation was not optinum for esti- 

mating the proportion of injuries of AIS severity 2 or 

greater. The actual allocation of sample size, n to the h' 
four stratz and the population sizes N are given in h 
Table 2.3.1. 

A nun~ber of points should be noted. First, 100 per- 

cent sampling was used in strata 73H and 7 4 H .  This was 

due to the fact that optimum allocation called for more 

observations in these strata than the population con- 

tained. Secondly the Nh were not known exactly at the 

time of design. Consequently the nh were determined on 

the basis of estimated values and are thus not quite 

optimum. The allocation represented by the line nh* would 

have been the optimum allocation for estimating the popu- 

lation proportion of AIS (24-)'s with complete ki~owledge of 

the Nh. 

Consider now a second variable of interest: the dis- 

tribution of these occupants by sex. Table 2.3.2 gives 

the data observed in the study. 



TABLE 2 . 3 . 1 .  

S t r a t a  7  311 - 7  3E 74H - - 74i-r - 

n h 3 2 8  3 3 5  3 2 1  458 

Nh 328 1 0 2 1  3  2  1 896  

"h* 3 2 8  4 0 3  3 2 1  3 9 0  

TABLE 2 . 3 . 2 .  

$ AIS 0-1  24 1. 3 3 1  240 4 5 1  

# A I S  2+  8 7  4 8 1 7  

# Nale 1 7 2  2 0 5  1 7 6  276 

# F e m a l e  1 5 6  1 3 0  1 4 5  1 8 2  

b (1) . 2 6 5  .012 . 2 5 2  .OX5 

P (M) . 5 2 4  . G I 2  . 5 4 8  .GO3 



Using these one estimates that the proportion of more 

than moderate injuries (AIS 2 t )  is 

Similarly the proportion of males is estimated to be 

The general formula is 

where p is the proportion observed in stratum h. 
h 

The variance froin a stratified sample is estimated 

as: 

Substitution from Tables 2.3.1 and 2.3.2 gives the esti- 

mate 

?($(I)) = .0000057 

for the proportion injured, and 

C ( ~ ? ( M ) )  = .0001061 

for the proportion of males. 



To see the effect of the stratification on the 

variance, consider what the variance estimates would have 

been using the same total sample size ( 1 4 4 2 )  and a simple 

random sample. The variance is estimated by the formula 

where p (and q = 1-p) are the sample estimates of the 

proportion. These are assumed the same as from the 

stratified sample. Here, 

and 

Thus in the case of the proportion (moderately or more) 

injured, stratifi.cztion has a relative precision of 

That is, the variance of the stratified estimate is only 

27 percent of the variance had stratification not been 

used. However, in the case of the proportion of males 

That is, stratification has resulted in a 4 4  percent larger 

variance. 

The gain from stratification for the proportion in- 

jured results from the fact that the stratum proportions 



are very different, ranging from .265 down to .012. Also, 

the allocation is not too far from optimum for this vari- 

able. On the other hand, the proportion of males varies 

very little--from .524 to ,612. Consequently, little or 

no gain would be available from this stratification in 

any case and the allocation has resulted in a loss of pre- 

cision. 

Even though one has sacrified precision on estimating 

the proportion of males in the occupant population, this 

may not be viewed as serious, depending on the amount of 

interest in that variable. If the coefficients of 

variation are calculated for P (I) and P (M) , one finds 

C.U. (P(1)) = 3.2% 

and 

C.U. ( P ( P 1 ) )  = 1.7% 

so that in this sense, one still has more precise infor- 

mation on the proportion of males than on the proportion 

of moderately injured occupants. 

It may appear that much of the advantage of strati- 

fication in the case of P ( 1 )  has come from the fact that 

the finite population correction factor has resulted in 

a contribution of zero to the variance for two of the 

strata. This may not be viewed as realistic. To investi- 

gate this point we assume a population large enouyh so 

that the finite population correction factor can be ignored. 

Assume that the four strata have the same frcqucncics in 

the populati.on and that the sample proportions are the 

same. We first allocate n = 1442 optimally on the basis 

of estimating P ( 1 )  and compare the rcsul ts with simplc 



random sampling. Then we allocate the sample optimally 

for P (M) and compare the results. 

Optimum allocation results from 

where the ph are the stratum proportions of the variable 

in question. The allocation are given as n (for P(1)) h 
and m (for P O I ) )  in Table 2.3.3. h 

For the first allocation one finds that the variance 

of P ( 1 )  (omitting the fpc) is 

"st = .0000255 , 

while 2h;t of a simple random sample would be 

so that stratification reduces the variance to 54 percent 

of what it would have been. The variance is considerably 

larger than when sampling from a finite population of 

N = 2566, of course. 

For P (M) one finds 

"st = ,0002284 , 

while 

So that stratification has resulted in a 36 percent in- 

crease in variance. 



TABLE 2 . 3 . 3 .  

S t r a t a  73H - 7  3H - 74H - 74E - 



Using the allocation for estimating the proportion 

of males, one has for P ( 1 )  

compared to the optimum of .0000255 and SRS of .0000472. 

For P (M) 

compared to the previous value of ,0002284 and the value 

of .0001679 from SRS. It can be seen that even the best 

allocation does not result in much improvement over SRS 

for estimating the proportion of males. However, the 

stratification results in large gains when e'stimating the 

proportion of injured occupants. If the distribution by 

sex of the occupants were of primary interest, either 

simple random sampling should be used, or some other 

stratification variable should be sought. 

On the other hand, stratification to reduce the 

variance by 50 percent or more may result in an increase 

of 30 to 40 percent for the variance of other variables not 

related to the variable of stratification. This may be 

worthwhile if most variables of major interest are related 

to the stratification. 

It is of some interest to note that had our initial 

estimate of the Wh been used in estimating the population 

proportion of AIS 2t, the bias would have been 

b = -.0053 

so that the mean squared error would have been 



MSE = Var t b 
2 

giving a coefficient of precision of 

rather than the coefficient of variation of 3.2 percent 

obtained by using the correct weights. 

As an example of stratification the NASS report con- 

sidered seven classes of accidents (see p.53). 

(1) Fatal 

(2) Late ?lodell Iiospitalized 

(3) Late ;4odel, I<ot Iiosrjitalizeci 

(4) Early Model, liospi talized 

(5) Early iilodel, 1.10 t Iiospi talized 

(6) Pedestrian and Bicyclist 

(7) Motorcyclist 

Of these classes 2 through 5 are restricted to tobiaway 

accidents. CI-asses G and 7 are subpopulati-o~s of interest 

in their own right. Few variables, if any, would be esti- 

mated for the total population across all seven classes. 

Fatalities are events of special interest, which is why 

a 100 percent sampling rate is suggested for them. Classes 

2 through 5 comprise a stratification of a population for 

which estimates of various variables would be desired. 

Assuming that the PSU has an expected total of about 

2500 eligible accidents, about 2160 of which f a l l  int.0 

classes 2 through 5, let the vari.ab1.e of j-ntcrest b e  the 

proporti.on of AIS (2t) in the popult~tion. Then thc 

optimum allocation 



results in the following sample rates and expected sample 

sizes: (assuming that p = - 2 5  for classes 2 and 4 and h 
ph = - 0 2  in classes 3 and 5). 

Class Sample Rate Sample n 

2 31.8% 5 4 

Practical considerations of implementing the sampling 

might suggest a sampling fraction of 1/3 in classes 2 and 

4 and of 10 percent in classes 3 and 5. These would re- 

sult in a variance of about 3.0001343 if one used the 

sampling rates of 50 percent, 20 percent, 20 percent, a n 6  

10 percent as suggested in the report.. Thelatter no?-optimal 

allocation results in a relative increase in the variance 

of 24 percent, which is not too serious. Sicce the pro- 

portion of AIS ( 2 t )  is only one variable of interest and 

allocatior, will only be optin~urn for one variable the 

sampling rates suyyested oriqinally may be preferable. 

This would be the case if differences among late model 

and early model vehicles are of particular interest, since 

then one would want a larger proportion of the newer 

vehicles. 

One general conciusion is that the variance of any 

variable related to injury severity is likely to be sub- 

stantially reduced by stratification on the hospitalized 

code, even if the actual allocation is not optimum. This 

results in some loss of efficiency relative to simplc ran- 

dom samples for non-injury related variables such as s e x ,  

or perhaps age of occupant. These variables are of less 

interest, so that the stratification is rcconul~endcd. 



Fatalities are of special interest. The injury 

severity may still have variability. The energy of the 

impact or other crash parameters may be very variable. 

These facts, together with the interest in fatalities as 

a special sub-class suggest a 100 percent sampling rate 

be used for fatals. If, for example, one wishes to esti- 

mate the cumulative fatality curve as a function of some 

crash severity variable, such as equivalent barrier speed, 

nearly all of the cases would be necessary. With about 

1200 fatalities, which is about the number to be expected 

in N A S P  if all fatalities are sampled, then the cumulative 

fatality curve would have a simultaneous confidence band 

of t3.9 percent (except at the extremes where it de- 
w 

creases to t3.9 percent at the lower end and -3.9 percent 

at the upper). If only half the fatalities were investi- 

gated the width would be - +5.6 percent. 

*Assuming the 33 total PSUs suggested in the 1975 NASS 
report. 



2.4 Rates  o f  IIomogeneity f o r  Key Crashwor th ines s  
Parameters  

U n f o r t u n a t e l y ,  none of  t h e  t e n  key c r a s h w o r t h i n e s s  

parameters  (KCP) s p e c i f i e d  i n  t h e  RFQ were a v a i l a b l e  i n  

any of  t h e  s t a t e w i d e  a c c i d e n t  f i l e s  ma in t a ined  b y  EISliI. 

The re fo re  t h e  same 1 4  v a r i a b l e s  used i n  t h e  o r i g i n a l  NASS 

r e p o r t  were a l s o  used f o r  e s t i m a t i n g  r a t e s  of homogeneity,  

sampling e r r o r s ,  and d e s i g n  e f f e c t s  w i t h  d i f f e r e n t  methods 

o f  s t r a t i f i c a t i o n  of c o u n t i e s .  Three o f  t h e s e  1 4  v a r i -  

a b l e s  a r e  a t  l e a s t  a p p r o p r i a t e  s u r r o g a t e s  f o r  the KCP. 

These a r e  s i n g l e  v e h i c l e  a c c i d e n t ,  f a t a l  a c c i d e n t ,  and 

"A" i n j u r y  a c c i d e n t .  The changes i n  e s t i n a t e s  f o r  t h e s e  

t h r e e  v a r i a b l e s  should  bc !of p a r t i c u l a r  i n t e r e s t  i l l  Tab le s  

2 . 4 . 1 ,  2 . 4 . 2 ,  and 2 . 4 . 3 .  

A l l  of  t h e  d a t a  p r e s e n t e d  i n  t h e s e  t a b l e s  come f r o n  

a n a l y s i s  o f  7 , 4 9 0  toxeii ve:-,lcles i n  t h e  5% s a m ~ l e  of  a l l  

1973 :\;icLligan p o l i c e - r e p o r t e d  t r a f f i c  acc ic ien ts .  The 

~ e : ~ e n  ~ c t h o d s  stratifying a,.2 c l u s t e r i n g  t h e  83  :!ichir;ar, 

c o u n t i e s  i l l t o  Pr imary Sam2linq U n i t s  a r e  d i s c u s s e d  i n  

more d e t a i l  i n  S e c t i o n  3.  Iio\~;ever, b r i e f  d e s c r i p t i o : l s  o f  
t h e  seven methods a r e  g iven  i n  t h e  c h a r t  below. 

?! in i r - r ,  -- S i z e  C r i t c r i o : ~  -.- 

5 0 , 0 0 0  p c o ~ l c  

8 5 , 0 0 0  ~ e o p l r  

8 6 , 0 0 0  pecple 

2 0 0 , 0 0 0  pc0;1lc 

$ 1 7 , 0 0 0 , 0 0 0  Gas S 1 l e 3  

$ 3 4 , 0 0 0 , 0 0 0  Gas Sa l c s  

100,ooCi p c o p l c  

T..- y d c s  of Z t r a t a  - .  -- 
U ~ b a r ~ i c i t y ,  (;as S a l e s  

U r b a n i c i t y ,  Gas S a l c s  

I l r b a l l i c i t y ,  I n t e r s t a l c  l i ig l lways  

U r b a n j . c i t y ,  I n t c r s t a t c  1i i r~hi :ays  

G r b n n i c i t y ,  1 1 i t e r s t a t . c  1iic;:iwai.s 

U r l ) a n i r i l y ,  I l ~ t c l r s t a t c :  1iigii;:dys 

I ; i : l a i l i c i  t y  , C;I$: 6alt:s 

So. of ;:on- 
E!3)lty ? t . r ~ ? t a  -- 
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TASLE 2 . 4 . 2 .  DESIGN EFFECTS FOR 1 4  VARIABLES I N  1 9 7 3  MICHIGAN 5% SAMPLE 
OF T9IJAWAY ACCIDCIJTS BY SI.:VF:N L>IF'FEREi\lT PtETiiODS OF 
STRATIFICATION AND P S U  CONSTRUCTION 

??e t h o d  
A n c D E F G 

I n t e r s t a t e  H i g h w a y  A c c i d e n t  1 0 . 7  1 0 . 9  8 . 8  9 . 2  9 . 1  8 . 6  8 . 4  

S i n g l e  V e h i c l e  A c c i d e n t  1 5 . 4  1 4 . 8  1 2 . 8  1 7 . 2  1 2 . 3  1 7 . 2  1 0 . 1  

P e d j B i c y c l i s t  A c c i d e n t  1 . 2  1 . 2  1 . 3  1 . 2  1 . 3  1 . 2  1 . 2  

F a t a l  A c c i d e n t  2 . 5  2 . 4  2 . 7  3 . 3  2 . 6  2 . 7  2 . 5  

N i g h t t i m e  A c c i d e n t  

S u n d a y  A c c i d e n t  

"A" I n  j u r y  A c c i d e n t  

N o  I n j u r i e s  A c c i d e n t  

1 9 7 2 - 7 4  Plodel V e h i c l e  

S e n i o r  C i t i z e n  D r i v e r  6 . 9  6 . 9  5 . 5  4 . 8  5 . 7  4 . 8  5 . 8  

T r u c k  V e h i c l e  T y p e  1 2 . 8  1 3 . 0  1 2 . 3  1 3 . 6  1 2 . 2  1 3 . 6  1 1 . 7  

F e r a l e  D r i v e r  3 .6  3 . 8  4 . 1  3 . 6  4 . 2  3 .4  4 . 6  

"C" I n j u r y  t o  V e h i c l e  Occ .  8 . 3  8 . 3  1 1 . 3  1 2 . 4  1 1 . 4  1 2 . 6  1 2 . 4  

I ~ l o t o r c y c l e  V e h i c l e  T y p e  0 . 5  0 . 6  0 . 7  0 . 9  0 . 7  1 . 0  0 . 7  

P.ve r a g e  5 . 1 6  5 - 1 1  4 . 9 3  5 . 3 9  4 . 9 5  5 . 3 5  4 . 8 9  

:4e t h o d s  

A = 5 0 , 0 0 0  P o p u l a t i o n  hlinimum; 9 D e n s i t y  + G a s  S a l e s  S t r a t a ,  
B = 8 5 , 0 0 0  P o p u l a t i o n  Pcinimum; 7  D e n s i t y  t G a s  S a l e s  S t r a t a .  
C = 1 0 0 , 0 0 0  P o p u l a t i o n  Minimum; G D e n s i t y  + J n t c r s t a t e  S t r a t a .  
D = 2 0 0 , 0 0 0  P o p u l a t i o n  Xinimum; 6  ~ e n s i t y  + I n t e r s t a t e  S t r a t a .  
E = $ 1 7  : b ! i l .  G a s  S a l e s  LPlinimum; 6  O e n s i t y  + I n t e r s t a t e  S t r a t a .  
F = $ 3 4  51i.l. G a s  S a l e s  Minimum; 6  D c n s i t y  + I n t e r s t a t e  S t r a t a .  
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Another approach to analyzing the rates of homogeneity 

for key crashworthiness parameters involved a ridit com- 

parison of data from three restraint study projects 

sponsored by NHTSA i.n 1974-75: Calspan's study in 

western New York, Southwest Research Institute's study in 

the San Antonio-Austin areas of Texas, and HSRI's study in 

Oakland and Washtenaw Counties, Michigan. The variable 

selected for comparison was the Abbreviated Injury Scale, 

and distributions on this scale were compared for just one 

category of accident severity, vehicles damaged at level 

three on the Vehicle Damage Index. 

The results of six ridit comparisons are shown in 

Table 2.4.4. Only one of these six comparisons demonstrates 

a high degree of homogeneity in the AIS distributions, even 

though the analysis involves vehicles in just one VDI 

category. This is the comparison of the overall SwRI 

data with the overall Calspan data. However, when the two 

main components of the SwRI data, Bexar County (San 

Antonio) and Travis County (Austin), are compared their 

AIS distributions turn out to be quite dissimilar. Simi- 

larly, when the urban and rural components of the Calspan 

data are compared with each other the distributions are 

found to be quite dissimilar. The ridit comparisons of 

the overall HSRI data with the overall Calspan and SwRI 

data also demonstrate dissimilar distributions, as does 

the comparison of urban and rural data from Washtenaw 

County. 

Thus it seems clear that fairly substantial hetero- 

geneity in key variables of interest can be expected from 

different parts of the country and from areas of different 

population density. To take account of this expected 

heterogeneity it is recornmcnded that at least 30 PSUs he 

includcd in the final NASS sample. 



TABLE 2.4.4. RIDIT COMPARISON O F  AIS DISTRIBUTIONS OF VDI CATEGORY 
3 USING 1974-75 RESTRAIKT STUDY DATA FROM CALSPAN, 
SwRI, AND HSRI 

Chance Chance Chance Odds Significance Standard 
N Eaual Less Greater Ridit Ratio Level Deviation 

Michigan 680 -36 -29 -35 -53 1.13 -026 -027 

Michigan 680 -38 -28 -34 - 5 3  1.12 -057 -031 

::ew York 518 

New York 518 -36 -32 -32 -50 1-00 -9 39 -029 

Texas 932 

Texas 

Bexar 502 - 3 5  -28 -37 -54 1.19 -022 -037 

Travis 359 

New York 

U r b a n  283 - 3 7  - 3 8  -25 -44 -78 -007 - 0 4 7  

R u r a i  234 

Washington 

U r b a n  9 2 -37 -39 -24 -43 - 7 5  -029 -067 

Rural 197 



2.5  Documentation of Formulas 

The v a r i o u s  sampling e r r o r s ,  des ign  e f f e c t s ,  and 

rohs  d i s c u s s e d  i n  S e c t i o n  2 . 4  and i n  S e c t i o n  3 were c a l -  

c u l a t e d  by means of s p e c i a l  proyram(1ing us ing  t h e  

Michigan I n t e r a c t i v e  Data Ana lys i s  System ( P I I D A S )  con~puter  

program. The b a s i c  v a r i a n c e  formula involved  t h e  c a l -  

c u l a t i o n  of t h r e e  terms s e p a r a t e l y  f o r  each s t r a t u m  and 

summing t h e s e  t o  o b t a i n  t h e  o v e r a l l  v a r i a n c e  a s  fo l lows :  

S 
n  2 2 S 2 2 

n 
1 ( n ) ( X y  )-(z>') 2 , (n )  (Cx ) - ( S x )  v a r  (y)  = -[I 

2 
+ r L------ x n-1 n-1 

X 

where: 

r = t h e  o v e r a l l  p r o s 9 r t i o n  on so rx  c h a r a c t e r i s t i c .  

y  = t h e  nu??Ser of c a s e s  wi th  t h i s  c h a r a c t e r i s t i c .  

x = t h e  t o t a l  nucber of non-niss ing  l a t a  c a s e s .  

n  = t h e  nu5ber of PSUs i n  a s t r a t u i i ~  

s = t h ?  number of s t r a t a .  

The s a n ~ l i n c j  e r r o r  was c a l c u l a t e d  a s  two t imes  t he  

square  r o o t  of t h e  v a r i ~ i n c e ,  t h u s  u t i l i z i n g  a  9 5  p e r c e n t  

l e v e l  of conf idence .  The des iyn  e f f e c t  was c a l c u l a t e d  

a s  t h e  r a t i o  of t h e  ca1.culated v a r i a n c e  t o  t h e  v a r i a n c e  

which would be ex2ecteci i n  a s i n p l e  random s a n ~ p l c  be- 

s i g n ,  t h a t  i s :  

Deff = 



The r a t e  of homogeneity ( r o h )  i s  c a l c u l a t e d  a s  t h e  r a t i o  

of Deff-1  t o  t h e  a v e r a g e  c l u s t e r  s i z e  minus one.  Thus: 

Deff-1  Roh = -- b-1 

where 

b = t h e  a v e r a g e  nu~itber o f  non-missinc; d a t a  c a s e s  

i n  a  PSU, 

t h a t  i s :  



3. ' WVISED PRIbIARY SAMPLING UNITS FOR NASS 

A s  men t ioned  i n  t h e  ~ n t r o d u c t i o n ,  a  m a j o r  t a s k  o f  

t h i s  r e v i s i o n  o f  t h e  NASS p l a n  i n v o l v e d  t h e  deve lopment  

o f  t h e  two new s e t s  o f  p o t e n t i a l  P r i m a r y  s a m p l i n g  u n i t s  

(PSUs) from which t h e  f i n a l  a c c i d e n t  i n v e s t i g a t i o n  s i t e s  

c o u l d  b e  chosen  when NASS i s  implemented.  I n  t h e  o r i -  

g i n a l  NASS p l a n  t h e  PSUs were  c o n s t r u c t e d  from whole  

c o u n t i e s  ( o r  towns i n  f i v e  New England  s t a t e s )  i n  s u c h  

a  way t h a t  t h e  minimum PSU p o p u l a t i o n  was 50 ,000  p e o p l e .  

T h e r e  i s  c o n c e r n  t h a t  a  PSU o f  t h i s  minimum s i z e  would 

b e  l i k e l y  t o  g e n e r a t e  o n l y  a  s m a l l  number o f  s e v e r e  

a c c i d e n t s  o f  t h e  t y p e s  o f  g r e a t e s t  i n t e r e s t  t o  highway 

s a f e t y  r e s e a r c i i e r s ,  and t h a t  t h e r e f o r e  t h c  work o f  t 1 ~  

a c c i d e n t  i n v e s t i g a t i o n  team i n  s u c h  a PSU would n o t  be a s  

e f f i c i e n t  and p r o d u c t i v e  a s  i t  would S e  i n  a  l a r g e r  PSU 

w i t h  a l a r g e r  numjser o f  s e r i o u s  a c c i d e n t s .  A c c o r d i n g l y ,  

HSRI was a s k e d  t o  d e v e l o p  two new sets o f  p o t e n t i a l  PSUs 

f o r  t h e  c o n t i g u o u s  U n i t e d  S t a t e s ,  u s i n g  two l a r g e r  

minimum s i z e  c r i t e r i a .  NHTSA a l s o  s u g g e s t e d  t h e  u s e  o f  

some d i f f e r a t  s t r a t i f i c a t i o n  c r i t e r i a  i n  t h e  deve lopment  

o f  t h e s e  p l a n s  and r e q u e s t e d  t h a t  t h e  p r o b a b i l i t i e s  o f  

s e l e c t i o n  f o r  eacl i  s t r a t u m  w i t h i n  e a c h  p l a n  be  d e t e r m i n e d  

f o r  s e v e n  d i f f e r e n t  numbers o f  t o t a l  s e l e c t e d  PSUs :  1 0 ,  

1 5 ,  20 ,  2 5 ,  30 ,  3 5 ,  and 40. 

The f o l l o w i n g  s e c t i o n s  o f  t h i s  r e p o r t  w i l l  b r i e f l y  

d e s c r i b e  t h e  PSU c o n s t r u c t i o n  and s e l e c t i o n  p r o c e d u r e s  

u s e d  i n  t h e  1975 NASS d e s i g n ;  t h e  r e v i s e d  p r o c e d u r e s  sug-  

g e s t e d  by NIITSA; t h e  a c t u a l  p r o c e d u r e s  c a r r i e d  o u t  i n  

c o n s t r u c t i n g  t h e  r e v i s e d  s e t s  o f  PSUs; and t h e  p r o b a b i -  

l i t i e s  o f  s e l e c t i o n  f o r  eac l i  s t r a t u m  f o r  e a c h  o f  t h e  sevcn 

t o t a l  PSU s i z e s  f o r  e a c h  o f  t h e  two b a s i c  p l a n s .  

Append ices  p r o v i d e  t h e  l i s t s  o f  PSUs by s t r a t u m  w i t h  



cumula t ive  p o p u l a t i o n s  w i t h i n  each  s t r a t u m ;  l i s t s  o f  t h e  

county/town components of each  p o t e n t i a l  PSU; and 1 4  s e t s  

o f  o u t p u t  from t h e  Groves-Hess C o n t r o l l e d  S e l e c t i o n  

Computer program showing t h e  weighted  p o s s i b l e  p a t t e r n s  

of  PSU s e l e c t i o n  among t h e  s t r a t a  o f  each  p l a n .  



3.1 Summary of  1 9 7 5  NASS PSU Format ion and S e l e c t i o n  
tie t h o d s  

A .  Each county  was c l a s s i f i e d  i n t o  one o f  t h r e e  

d e n s i t y  t y p e s  : 

1) C e n t r a l  county  of an SMSA (OM3 1974 de- 

f i n i t i o n s ) ,  i n c l u d i n g  any StISA county  con ta in i r l g  a  c i t y  

o v e r  50,000 i n  p o p u l a t i o n  i n  which t h e  c i t y ' s  name i s  

p a r t  of t h e  SMSA name. 

2 )  Suburban county  of  an SlllSA (any  SblSA coun ty  

n o t  f i t t i n g  t h e  f i r s t  c a t e g o r y ) .  

3 )  Non-Si4SA county  of  any s i z e  ( t h e  l a r g e s t  

had 260,000 peop1.e). 

B .  C o u n t i e s  under  50,000 i n  p o p u l a t i o n  were grouped 
wi t : ?  o t h e r  c o u n t i e s  t o  forrfi mul t i - -county  PSUS of 3. It:ini~.Um 

50,000 p o p u l a t i o n .  The c r i t e r i a  used f o r  g roup ing  were :  

1) S t a t e  b o u n d a r i e s  were  n o t  t o  b e  c r o s s e d .  

Th i s  was f o r  t h e  p r a c t i c a l  r e a s o c  t h a t  c o o p e r a t i o n  of 

s t a t e  p o l i c e  a u t h c r i t i e s  w i l l  he e s s e n t i a l  t o  t h e  ~ : o r k  of  

t h e  a c c i 6 e n t  i n v e s t i g a t i o n  tear!! i n  ever17 PSU, and it s e e n s  

d e s i r a b l e   heneve ever p o s s i b l e  t o  o n l y  have t o  o b t a i n  t h i s  

c o o p e r a t i o n  from one se t  of s t a t e  p o l i c e  a u t h o r i t i e s  p e r  

s e l e c t e d  PSU. Th i s  c r i t e r i o n  was v i o l a t e d  o n l y  i n  t h e  

c a s e  of  t h r e e  C a l i f o r n i a  c o u n t i e s  on t h e  e a s t e r n  s l o p e s  o f  

t h e  S i e r r a s  b e i n g  combined w i t h  o t h e r  non-SMSA c o u n t i e s  i n  

Nevada. 

2 )  Coui l t ies  were combined w i t i l  o t h e r  c o u n t i e s  o f  

t h e  same d e n s i t y  t y p e s  a s  much a s  p o s s i b l e .  However, f o r  

52 of t h e  744 mul t i - coun ty  PSUs t h i s  c r i t e r i o n  proved 

i m p r a c t i c a l ,  main ly  c a s e s  o f  s m a l l  suburban  S3iSA c o u n t i e s  

which were grouped w i t h  c e n t r a l  SbISA c o u n t i e s .  I n  retro- 

s p e c t  i t  seems t h a t  p robab ly  even more PSUs shou ld  have 

d e v i a t e d  from t h i s  c r i t e r i o n ,  f o r  some r a t h e r  awkwardly 

shaped PSUs were formed i n  o r d e r  t o  comply w i t h  t h i s  c r i -  

t e r i o n .  



3) The m u l t i - c o u n t y  PSU was t o  b e  a s  compac t ,  

c o h e r e n t ,  and l o g i s t i c a l l y  a c c e s s i b l e  a s  p o s s i b l e .  The 

i d e a l  m u l t i - c o u n t y  PSU was c o n s i d e r e d  t o  i n c l u d e  a  c e n t r a l  

c o u n t y  w i t h  a  s m a l l  p o p u l a t i o n  c e n t e r  p l u s  Dne o r  more 

a d j a c e n t  c o u n t i e s  whose r e s i d e n t s  t e n d e d  t o  l o o k  t o  t h a t  

c e n t e r  f o r  t11ei.r d i s t r i b u t i o n  n e e d s ,  a l l  o f  v h i c h  were 

i n t e r c o n n e c t e d  by a d e q u a t e  r o a d s .  The Rand YcNal ly  map 

of  4 9 4  B a s i c  T r z d i n g  Areas  was somewhat u s e f u l  i n  t h i s  

g r o u p i n g  p o c e s s  . 
C. > l o s t  c o u n t i e s  o v e r  50 ,000  i n  p o p u l a t i o n  were  

t r e a t e d  a s  s i n g l e  s e l f - c o n t a i n e d  PSUs.  

D .  I t  was d e c i d e d  t o  recorrnend a  t o t a l  sample  s i z e  

o f  35 PSUs .  ~ i ~ i s  permitte:! d e s i g n a t i n g  t i le  t h r e e  l a r g e s t  

PSUs -- ;Jew York C i t y ,  Los A n q e l e s  Coun ty ,  and Cook 

County -- a s  s e l f - r c 2 r e s n n t i n f j  PSUs, and tY:ese t h r e e  PSLs 

were  s e l e c t e d  f o r  t h e  ?:ASS sample  wit:; c e r t c i n t y .  

E, The r c m i n i n g  1 , 2 3 8  n o n - s z l f - r e p r e s e n t i n g  PSUs 

were e a c h  a s s i g n e d  t o  one  o f  48  s t r a t a  forlccd a s  fo1lco:s: 

1) E n t i r e  s t a t e s  were a s s l s n e d  t o  one of f o u r  

ma jo r  cjeoc;rap:~ic r e q i o n s  ( : j o r t h e a s t ,  l~iid;~iec;t ,  Sou t l l ,  West )  . 
These vjere d e f  i n c d  t o  make thein as e q u a l  i n  p o p u l a t i o n  a s  

p o s s i b l e ,  e:.:cluding t h e  t h r e e  s e l f - r e ~ r e s e n t i n g  PSUs f r o x  

t h e  s t a t e  p o p u l a t i o n  t o t a l s  i n  t h o s e  t h r e e  s t a t e s .  

2 )  Each o f  t h e s e  f o u r  ma jo r  s t r a t l a  were  t h e n  

d i v i d e d  i n t o  t h r e e  d e n s i t y  t y p e  s u b s t r a t a :  c e n t r a l  SLbISA 

PSUs, s u b u r b a n  S1:S.A P S U s ,  and non-SFISA PSUs .  PSUs c o n t a i n -  

i n g  c o u n t i e s  o f  more t h a n  one  d e n s i t y  t y p e  were  a s s i g n e d  

t o  t h e  s u b s t r a t u m  whose t y 2 e  t ias  p1:edominant i n  t h a t  PSU. 

3 )  The PSUs i n  e a c h  o f  t h e s e  1 2  s u b s t r a t a  v?ere 

t h e n  f u r t h e r  d i v i d e d  i n t o  f o u r  s u l ~ s u b s t r a t ~ l  based on 1972 

p e r  c a p i t a  r e t a i l  g a s o l i n e  s e r v i c e  s t a t i o n  s a l e s .  Q u i n t i l e  

r a n k i n g s  were  c a l c u l a t e d  u s i n g  a l l  1 , 2 4 1  P S U s ,  and t he  

same d i v i d i . n g  p o i n t s  were a p p l i e d  i n  a l l  s . . l l ~ s t r a t a  u s i n g  

t h e  f i r s t ,  seconc!, and t h j - r d  q u i l l t i l e  p o i n t s  (t. i .1~:; combin- 

i n g  t h e  f o u r t h  and f i f  tl-I y u i n t i l c s )  , 



F. The 1 , 2 3 8  PSUs were  ranked  w i t h i n  each  subsub- 

s t r a t u m  i n  r e l a t i o n  t o  number of  c o u n t i e s  i n  t h e  PSU and 

t o t a l  PSU p o p u i a t i o n  ( i . e . ,  f i r s t  a l l  s i n g l e - c o u n t y  PSUs 

were ranked from l a r g e s t  t o  s m a l l e s t ,  t h e n  a l l  two-county 

PSUs were ranked from l a r g e s t  t o  s m a l l e s t ,  e t c . ) .  Cumu- 

l a t i v e  p o p u l a t i o n s  w i t h i n  each subsubs t r a tum were t h e n  

c a l c u l a t e d  f o r  each  PSil i n  o r d e r  t o  p e r m i t  a random num- 

b e r  p r o c e s s  t o  be  u t i l i z e d  i n  t h e  s e l e c t i o n  of PSUs i n  

p r o p o r t i o n  t o  t h e i r  p o p u l a t i o n  s i z e .  

G.  I t  was dec ided  t h a t  t h e r e  shou ld  be e x a c t l y  e i g h t  

PSUs s e l e c t e d  from each  of  t h e  f o u r  major  s t r a t a .  The 

r a t i o n a l e  f o r  t h i s  was t o  e n s u r e  t h a t  t h e  p a i r i n g s  o f  t h e  

s e l e c t e d  PSUs f o r  t h e  c a l c u l a t i o n  of  s a n p l i n 9  e r r o r s  would 

n o t  i n v o l v e  c r o s s i n 9  any r e g i o n a l  l i n e s .  I t  was e x p e c t e d  

t o  be  r a r e  f o r  t r i o  PSUs t o  be  s e l e c t e d  from t h e  same suS- 

s u b s t r a t u m  ( t h u s  providinc;  a  n a t u r a l  p a i r i n g ) ,  b u t  it was 

cons ide r2d  d e s i r a b l e  t o  keep t h e s e  p a i r i n 5 s  \ i i t h i n  t.he 

bounda r i e s  o f  t h e  f o u r  major  s t r a t a ,  t h e  r e g i o n s .  

H .  The t o t a l  p o p u l a t i o n  i n  each  subsubs t r a tum was 

m u l t i p l i e d  by e i g h t  and t h e n  divic?ed by t h e  t o t a l  r e g i o n a l  

p o p u l a t i o n  t o  de t e rmine  t h e  p r o b a b i l i t y  e s t i m a t e  f o r  t h e  

number o f  PSUs t o  be s e l e c t e d  frorr, t h a t  subsubs t r a tum.  

These p o b a b i l i t i e s  f o r  a l l  4 8  s u b s u b s t r a t a  were p l a c e d  

i n  a  m a t r i x  i n  t h e  c o r n p t e r ,  and t h e  Groves-Wess COTGSEL 

( c o n t r o l l e d  s e l e c t i o n )  program \!?as used t o  de t e rmine  t h e  

a c t u a l  n u r b e r s  o f  PSUs t o  be  s e l e c t e d  randomly from each  

subsubs t r a tum.  This  program produced a  weighted  l i s t  of 

p o s s i b l e  p a t t e r n s  o f  PSU s e l e c t i o n  f o r  each  s u b s u b s t r a t a ,  

and one of t h e s e  p a t t e r n s  was chosen by means o f  a  random 

number t a b l e  and t h e  cuinulat ive  p a t t e r n  w e i g h t s .  

I .  Wi th in  each  r e g i o n a l  s t r a t u m  t h e  f o u r  most 

n a t u r a l  p a i r i n g s  o f  t h e  e i g h t  s u b s u b s t r a t a  s e l e c t i o n s  based  

on t h e  chosen p a t t e r n  were de te rmined  f o r  u se  i n  f u t u r e  

sampling e r r o r  c a l c u l a t i o n s .  



3 . 2  NIITSA Suc lqes t ions  f o r  R e v i s i n g  t h e  PSU F o r m a t i o n  - 
and s e l e c t i o n  P!lc t l lods  

A .  Each c o u n t y  s h o u l d  be  , c l a s s i f i e d  i n t o  one  o f  n i n e  

d e n s i t y  s t r a t a :  

1) County w i t h i n  a  l a r g e  S:.ISLZ and c o n s i s t i n q  

p r i m a r i l y  o f  dense c e n t r a l  c i t i e s  o f  t h a t  

SMSA. 

2 )  County w i t h i n  a  l a r g e  SMSA and  c o n s i s t i n g  

p r i m a r i l y  o f  s u b u r b s .  

3 )  County w i t h i n  a  l a r g e  SMSA and b l e n d i n g  d c n s e  

c e n t r a l  c i t i e s  w i t h  s u b u r b s .  

4 )  C o u n t i e s  i i i t h i n  a s i - i~a l l  SibiSA. 

5 )  NOII-S;.~S?L c o u : ? t i e s  a d j a c e i z t  t o  a  v e r y  l a r q e  

SI%ISA. 

6 )  Eon-S;:SZA c o a n t i e a  c o r . t a i n i n : j  a v i t a l  I r i t c r -  

s t a t e  liiy"il';;a.y, 

7 )  EJon-S;.ISA coui-:t!-' w i  ti1 d e l ~ s e  rural popu la i - ion .  

8 )  ?:on-S:.ISA c o u n t y  t;it;-i s p a r s e  r u r a l  p o p u l a t i o n  

and f l a t  t e r r a i n .  

9 )  ??on-SI.IS11 e o c n t y  b:i-tl-1 s p a r s e  rural p o p u l - a t i o n  

and r , ~ ; o ~ n t z i n o ! ~ c  t e r r a i n .  

B .  E d ~ h  cocnt17 s!:oulc! a l s o  ?)e c l a s s i f i e d  i n t o  one  of 

t h r e e  c l i ~ a t i c  s t r a t a :  

1) Dry. 

2 )  F!oist ,  ; . r - t ; i  l i t i l l e  s n o \ , ; f a l l .  

3 )  F i o i s t ,  r i i . t l l  muc!l snor:~f a l l .  

C. ' k .~o  s e t s  o f  I?SEs s n o u l c  be formcd , o n e  us lnc j  

$ lG,800 ,000  i n  1972 r e t a i l  g a s o l i n e  s e r v i c e  s t a t i o n  s a l e s  

a s  a minimum PSU s i z e  c r i t e r i o n ,  and  t h e  o t i i e r  u s i n g  

$33 ,G00,000 as a  minimurn PSU s i z e  c r i t e r i o n .  when c o u n t i c s  

n e e d  t o  be  grouped t o g e t h e r  t o  meet tllcsc miniillurn si-ze 

c r i t e r i a ,  c o u n t i e s  f rom Ule  same s t r a t a  t y p e s  (A and U 

above)  s h o u l d  be conbillecl a s  mucl~ a s  p o s s i l ~ l e .  

D. Eacil PSU for~r ied  s l iou ld  be a s s i g n e d .  t o  oilc o f  t!lc 

2 7  s t r a t a ;  t h c  t o t a l  s t r a t a  g a s o l i n e  s a l e s  f i g u r e s  s h o u l d  



b e  c a l c u l a t e d ;  t h e  s e l f - r e p r e s e n t i n g  PSUs s h o u l d  b e  de-  

t e r m i n e d ;  and t h e  numbers o f  n o n - s e l f - r e p r e s e n t i n g  PSUs 

t o  b e  s e l e c t e d  from e a c h  s t r a t u m  s h o u l d  b e  a s c e r t a i n e d  

u s i n g  t h e  Groves-Hess CONSEL program f o r  seven  d i f f e r e n t  

t o t a l  sample  s i z e s :  10  PSUs, 15  PSUs, 20 PSUs, 25 PSUs, 

30 PSUs, 35 PSUs, and 40 PSUs. 

3 .2 .1 .  Comments on  t h e  D e n s i t y  S t r a t a .  

These  a r e  an e l a b o r a t i o n  on t h e  t h r e e  d e n s i t y  t y p e s  used  

i n  t h e  o r i g i n a l  r e p o r t ,  w i t h  t h e  a d d i t i o n  of two new c r i -  

t e r i a - - " v i t a l  I n t e r s t a t e  Highways" and f l a t  v e r s u s  moun- 

t a i n o u s  t e r r a i n .  However, n o t  one  o f  t h e s e  n i n e  t y p e s  in 

t h e  KFQ i s  d e f i n e d  c l e a r l y  and t h i s  l e a d s  t o  p rob lems  i n  

implen ien ta t ion .  F o r  example ,  Group 1 d o e s  n o t  seem v e r y  

d i s t i n c t  from Group 3. Almost  a l l  l a r g e  S11SA c e n t r a l  

c o u n t i e s  a r e  a  b l e n d i n g  o f  c e n t r a l  c i t y  and s u b u r b s .  The 

o n l y  e x c e p t i o n s  a r c  B o s t o n ,  New York C i t y ,  ~ h i l a d ? l p h i a ,  

B a l t i m o r e ,  i ? a s h i n g t a n ,  S t .  L o u i s ,  and San ~ r a n c i ; c o .  

These  e x c e p t i o n s  do n o t  seem s u f f i c i e n t  t o  corrpose a  

d i s t i n c t  s t r a t u m .  

Among t h e  non-SlGA s t r a t a  Groups 5 and 7 do  n o t  scern 

v e r y  u s e f u l .  The OI4B h a s  a l r e a d y  d e f i n e d  Si:SAs r a t h e r  

b r o a d l y  t o  i n c l u d e  many r a t h e r  e x u r b a n  a r e a s .  For  e>:araL,-le, 

t h e  Washington Si;ST! a l r e a d y  i n c l u d e s  Loudon and P r i n c e  

W i l l i a m  C o u n t i e s  i n  V i r g i n i a .  Us ing  Group 5 would i n v o l v e  

s e p a r a t i n g  C l a r k ,  P a u q u i e r ,  and S t a f f o r d  c o u n t i e s  f r o n  

o t h e r  non-SI.1SA c o u n t i e s  i i ?  V i r g i n i a ,  and t h i s  d o e s n ' t  seem 

t o  b e  a  u s e f u l  d i s t i n c t i o n .  I n  r e g a r d  t o  Group 7 i t  nligllt 

b e  u s e f u l  t o  d i s t i n y u i s l l  d e n s e l y  p o p u l a t e d  and s p a r s e l l .  

p o p u l a t e d  non-SI\?SA c o u n t i e s  on some a r b i t r a r y  p c o p l c - p e r -  

s q u a r e - m i l e  c r i t e r i o n .  Iiowcver, u n l e s s  such  c o u n t i e s  

happen t o  meet  t h e  n~inimnm s i z e  c r i t e r i o n  a l o n e ,  t h e n  one  

f a c e s  t h e  p r a c t i c a l  problem o f  f i n d i n g  a n o t h e r  s i lni lar  

c o u n t y  t o  c o n b i n c  it w i t h  i n  fo rming  PSUs w i t h i n  s t r a t u m  

t y p e s .  O f t e n  t h e r e  w i l l  b e  no  s i m i l a r  Group 7 c o u n t y  



a d j a c e n t ,  s o  it w i l l  have  t o  b e  combined w i t h  a d j a c e n t  

s p a r s e l y  p o p u l a t e d  c o u n t i e s  and t h e  s t r a t a  d i s t i n c t i o n s  

w i l l  l o s e  t h e i r  meaning.  T h e r e  a r e  o n l y  4 2  non-SPlSA 

c o u n t i e s  w i t h  1970 p o p u l a t i o n s  o v e r  1 0 0 , 0 0 0 ,  h a r d l y  a  

l a r g e  enough g r o u p  t o  form a  d i s t i n c t  s t r a t u m  i f  t h a t  

d e f i n i t i o n  were a p p l i e d .  

Groups 6 ,  8 ,  and 9 f a c e  t h e  problem t h a t  t h e y  a r e  

much more d i f f i c u l t  t o  d e f i n e  o b j e c t i v e l y .  The i n t e n t  o f  

Group 6 seems t o  b e  d i s t i n g u i s h  non-Sb!Sli c o u n t i e s  which 

h a v e  a  l o t  o f  t r a n s i e n t  t r a f f i c  from t h o s e  which d o  n o t .  

But  w i t h o u t  o b t a i n i n g  t r a f f i c  c o u n t  d a t a  f rom e a c h  s t a t e  

highway d e p a r t m e n t  i t  i s  d i f f i c u l t  t o  a p p l y  any o b j e c t i v e  

c r i t e r i o n  f o r  making t h i s  d i s t i n c t i o n .  And o n e  wonders  

i f  o n l y  i n t e r s t a t e  his!-n;alis s h o u l d  b e  t a k e n  i n t o  a c c o u n t .  

I n t e r s t a t e  high>;ays t e n d  t o  g e n e r a t e  a  l o t  f ewer  a c c i -  

d e n t s  p e r  mile d r i v e n  t h a n  t7,;o-lane h ighways ,  and i n  

Michigan t h c  h i g h e s t  a c c i d s n t  r a t e s  p z r  c a p i t a  a r e  foun2. 

i n  n o r t h e r i ?  r u r a l  c o u n t i e s  w i t h  two- lane  high14~ays g o i n g  

t h r o u g h  them. Bu t  t r y i n g  t o  b r i n y  i n  s u c h  a s p e c t s  \:auld 

c o m p l i c a t e  t h e  d e f i n i t i o n a l  p rob lem e v e n  more.  

And f o r  Groups 8 ar,d 9 how i s  "mounta inous"  t o  b e  

d e f i n e d ?  C l e a r l y  tilere a r e  s o n e  c o u n t i e s  i n  t h e  C a s c a d e s ,  

R o c k i e s ,  and S i e r r a s  which n o s t  p e o p l e  would d e f i n e  a s  

m a i n l y  mounta inous .  Bu t  even  h e r e  how would you c l a s s i f y  

S h a s t a  Coun ty ,  C a l i f o r n i a ,  which  c o n t a i n s  1 0 , 0 0 0  f o o t  Y t .  

L a s s e n ,  e t c . ,  b u t  where  most  o f  t h e  p e o p l e  l i v e  i n  t h e  

b r o a d  S a c r a m e n t o  V a l l e y  ( f l a t ) .  A l s o  g e n e r a l l y  s u c h  

r e a l l y  mounta inous  c o u n t i e s  a r e  s o  s p a r s e l y  p o p u l a t e d  t h a t  

it  would be i m p o s s i b l e  t o  form v i a b l e  PSUs w i t h i n  t h i s  

s t r a t u m ,  On t h e  o t h e r  hand ,  i f  a b r o a d e r  d e f i n i t i o n  i s  

used  it  i s  h a r d  t o  detel-mine whcre  mounta inous  t u r n s  i n t o  

f l a t .  Most o f  t h e  N o r t h e a s t ,  s o u t h e r n  Ohio  and I n d i a n a ,  

w e s t e r n  V i r g i n i a  and N o r t h  C a r o l i n a ,  e a s t e r n  Iccntucky and 

T e n n e s s e e ,  p a r t s  o f  G z o r y i a  and Alabama, e t c . ,  a rc  a t  

l e a s t  q u i t e  h i l l y .  T h c r e  i s  a  good t o p o g r a p h i c  1-and-form 



map a v a i l a b l e  i n  The N a t i o n a l  A t l a s  ( b u t  t h e  l i n e s  d o  n o t  

f o l l o w  c o u n t y  b o u n d a r i e s  o f  c o u r s e ) ,  a n 8  it would bc 

p o s s i b l e  t o  t r y  t o  implement  t h i s  d i s t i n c t i o n  b e t w e e n  

f a i r l y  h i l l y  and n o t  s o  h i l l y .  However, i t  would g r e a t l y  

c o m p l i c a t e  t h e  t a s k  o f  m u l t i - c o u n t y  PSU f o r m a t i o n .  

3 .2 .2 .  Con-ments on t h e  C l i m a t i c  S t r a t a .  These t h r e e  

c a t e g o r i e s  a r e  r a t h e r  more e a s y  t o  d e f i n e  and t o  a p p l y  t o  

e a c h  c o u n t y .  Us ing  t h e  d e f i n i t i o n  o f  m o i s t  v e r s u s  d r y  a s  

more o r  l e ss  t h a n  28 i n c h e s  o f  p r e c i p i t a t i o n  e a c h  y e a r  and 

t h e  d e f i n i t i o n  o f  snaqy  a s  more t h a n  16  i n c h e s  o f  snob: 

e a c h  y e a r ,  t h e  c o n t i q u o u s  U n i t e d  S t a t e s  may b e  d iv idec i  i n t o  

t h r e e  m a j o r  r e g i o n s  p l u s  o n e  n j -nor  r e g i o n  (Dry West, Snowy 

N o r t h ,  I ; o i s t  S o u t h ,  I 4 o i s t  P a c i f i c  I i o r t h w e s t )  . T h i s  de- 

f i n i t i o n  o f  " m o i s t "  a s  mox-e t n a n  28  i n c h e s  h a s  t h e  yeo- 

g r a p h i c  a a v a n t a g e  t h a t  i t  p r o v i d e s  a  f a i r l y  s n o o t h  n o r t h -  

s o i l t h  l i n e  b; i th a l m o s t  no pocl;eLs of d e v i a t i o n  on e i t k e ~  

s i d e .  O f  c o u r s e  t h e r e  a r e  p l a c e s  i.n tile R o c k i e s  and 

S i e r r a s  which g e t  nore t h a n  t h i s  a n o u n t  o f  p r e c i p i t a t i o n ,  

b u t  t h e y  r a r e l y  err,brace whole  c o u n t i e s ,  l e - t  a l o n e  a s - L r i n g  

o f  c o u n t i e s  which c o u l 2  form a v i a b l e  PSU m e e t i n g  t h e  

minimum s i z e  c r i t e r i o n .  

I t  s h o u l d  b?  n o t e 6  t ; :a t  t h e s e  c l i m a t i c  f i i v i s i o n s  

r e s u l t  i n  a l m o s t  h a l f  t h e  p o p u l a t i o n  b e i n g  p l a c e d  i n  t h e  

snowy s t r a t u r n ,  w i t h  a b o u t  39 p e r c e n t  i n  t h e  m o i s t  s t r a t u m ,  

w i t h  a b o u t  19  p e r c e n t  i n  t h e  d r y  s t r a t u m ,  and v:ith 2 . 3  

p e r c e n t  i n  a  w e t  P a c i f i c  N o r t h w e s t  r e g i o n  which m i g h t  be 

t r e a t e d  a s  a  s e p a r a t e  s t r a t u m  from t h e  S o u t h e a s t  wet. 

s t r a t u m .  Such a f o u r t h  s t r a t u m  would h a v e  an 80 p e r c e n t  

chance  o f  h a v i n g  one  PSU s e l e c t e d  f rom it i n  a  35-PSU 

s y s  tem. 

Whi le  t h i s  c l i m a t i c  s t r a t i f i c a t i o n  sys tc rn  i s  f a i r l y  

e a s y  t o  d e f i n c  and a p p l y  t o  t h e  i n d i v i d u a l  c o u n t i e s  ( a l -  

thoucjh o f  c o u r s e  t h e  a c t u a l  l i n e s  d o  n o t  Eo1.l .o~ c o u n t y  

b o u n d a r i e s  e x a c t l y  and  must  b e  moved s l i r j h t l ; ~  t o  apl11.y t o  



counties), it does create problems with the formation of 

multi-county PSUs. If one considers it important to 

avoid crossing state boundaries in the formation of PSUs, 

then these climatic stratification lines add additional 

constraints on the PSU formation process in the 21 states 

which are not wholly within one climatic stratum. In 

general there seems to be no particular advantage to using 

these broad climatic regions as compared to the major geo- 

graphic regions used in the original report, and they do 

have a disadvantage to the PSU formation process in a 

number of states. 

3.2.3 Conments on the Minimum Size Criterion. Al- 

though NHTSA suggests grouping counties into minimum size 

PSUs on the basis of 1972 retail gasoline sales, it is 

recoamended that the Census Bureau 1974 estimated 

county populations be used instead. As shown in Table 

3.2.1, county correlations calculated in five states tend 

to he higher between accidents and population than between 

accidents and gasoline sales. Also gas sales data are 

not published for a number of small counties and New 

England towns and would have to be estimated for these 

areas. Thus population rather than gasoline sales seems 

a more appropriate basis for grouping counties into PSU~.* 

In accordance with the NIjTSA request two national 

sets of minimum size PSUs have been formed, one based on 

a minimum population size of 100,000 and the ot':cr based 

on a minimuin population size of 200,300. Table 3.2.2 

shows the numbers of multi-county PSUs which have been 

formed using these minimum-size criteria and also the 

estimated number which would be formed using a 300,000 

population minimum-size criterion. Under the 200,000 

minimum-size criterion it is expected that about 46 pcr- 

cent of the PSUs will be chosen from among 413 multi-county 

*Whi lc thcrc arc sorrlc ~om~)~irisons In 'l'able 3. 2.1 i n whic:h 
thc qas sales correlations a r c  sliq11tl.p h i c ~ l i c r ,  i C  is 
clear t h a t  in gcncral thcrc should no disddv,int;ic;e to 
usinq po;)ulation as the basic me~isurc! of s i z c .  
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TABLE 3.2.2. TYPES OF PSUs CREATED WITH MINIMUM 
100,000 AND 200,000 PSU SIZES AND 
ESTIMATED TYPES OF PSUs WITH A 
300,000 MINIMUM PSU SIZE 

Minimum PSU Size 
100,000 200,000 300,000 

Total PSUs 936 604 449 

Mean Number of Counties 3.3 5.2 6.9 
Median Number of Counties 1.8 2.9 4.2 

Multi-County PSUs 592 413 3 3 3 

Mean Number of Counties 4.7 7.1 9.0 
Median Number of Counties 3.4 6.1 7.4 
Population % in Multi- 

County PSUs 35.4% 45.8% 51.2% 
Number of PSUs with Five 

or Yore Counties 226 244 --- 
Percent of Population in 

PSUs with Five or 
More Counties 11% 24% --- 

Number of PSUs with Ten 
or More Counties 41 103 --- 

Percent of Population in 
PSUs with Ten or 
More Counties 2% 10% --- 

Largest Nui'tber of Counties 
in a PSLT 2 4 33 --- 

Estimated Annual Number of 
Fatal Accidents in 35 
PSUsk 1336 1685 1946 

"Assuming PSUs over 300,000 in size are reduced to 
Secondary Selection Units of 300,000 in size. 



PSUs a v e r a g i n g  7 . 1  c o u n t i e s  p e r  PSU. About t e n  p e r c e n t  

of t h e  PSUs would b e  s e l e c t e d  f rom PSUs c o n t a i n i n g  t e n  

o r  more c o u n t i e s .  Us ing  t h i s  minimum s i z e  would c l e a r l y  

l e a d  t o  s e l e c t i o n  o f  some e x t r e m e l y  l a r g e  and  u n w i e d l y  

PSUs. To u s e  a  minimurn p o p u l a t i o n  s i z e  o f  300,000 would 

o b v i o u s l y  l e a d  t o  e v e n  more s e l e c t i o n s  o f  v e r y  l a r g e - i n -  

a r e a  PUSS. I n  P l a n  1 t h e  PSU c o n t a i n i n g  t h e  l a r g e s t  

number o f  c o u n t i e s  i s  o n e  formed i n  c e n t r a l  S o u t h  Dakota  

w i t h  2 4  c o u n t i e s .  I n  P l a n  2 t h e  PSU c o n t a i n i n g  t h e  

l a r g e s t  number o f  c o u n t i e s  i s  o n e  formed i n  w e s t e r n  

Nebraska  w i t h  33 c o u n t i e s .  

A l s o  shown i n  T a b l e  3 . 2 . 2  a r e  e s t i m a t e s  o f  t h e  num- 

b e r s  o f  f a t a l  a c c i d e n t s  which would b e  i n c l u d e d  i n  a  35  

PSU sample  a t  t .hese  t h r e e  minimum-size l e v e l s ,  a s s u m i n g  

t h a t  PSUs l a r g e r  t h a n  300 ,000  were  r e d u c e d  t o  S e c o n d a r y  

S e l e c t i o n  U n i t s  o f  a b o u t  300 ,000  p e o p l e .  These  e s t i m a t e s  

a r e  i n c l u d e d  b e c a u s e  o b t a i n i n g  s u f f i c i e n t  numbers o f  

f a t a l  and s e v e r e  a c c i d e n t s  f o r  d e t a i l e d  a n a l y s i s  i s  o n e  

o f  t h e  m a j o r  g o a l s  o f  t h e  GASS program.  I t  i s  a p p a r e n t  

t h a t  t h e  l a r g e r  t h e  minimum p o p u l a t i o n  s i z e  c r i t e r i o n  

used  i n  t h e  FSU f o r m a t i o n  p r o c e s s ,  t h e  l a r g e r  t h e  nuriber 

of f a t a l  a c c i d e n t s  t h a t  would b e  a v a i l a b l e  f o r  i n v e s t i -  

g a t i o n  i n  t h e  s e l e c t e d  PSUs. Eowever,  a l s o  l a r g e r  would 

b e  t h e  number o f  s e l e c t e d  PSUs which  would c o v e r  l a r g e  

g e o g r a p h i c  a r e a s  and  p r o v i d e  s e r i o u s  l o g i s t i c a l  p r o b l e m s  

f o r  t h e  r e s i d e n t  a c c i - d e n t  i n v e s t i g a t i o n  t e a m s .  



3.3 D e t e r n ~ i n a t i o n  of  t h e  Most A p p r o p r i a t e  S t r a t i f i c a t i o n  
P rocedure s  

S t r a t i f i c a t i o n  of t h e  p o t e n t i a l  PSUs b e f o r e  s e l e c t i o n  

h a s  a s  i t s  major  purpose  an  i n c r e a s e  i n  t h e  r e l i a b i l i t y  o f  

t h e  n a t i o n a l  s t a t i s t i c s  g e n e r a t e d  by t h e  a c c i d e n t  i n v e s t i -  

g a t i o n  program. I f  t h e r e  a r e  s u b s t a n t i a l  d i f f e r e n c e s  i n  

f r e q u e n c i e s ,  t y p e s ,  d e g r e e s  o f  s e v e r i t y ,  e t c . ,  o f  a c c i -  

d e n t s  i n  d i f f e r e n t  t y p e s  of g e o g r a p h i c  a r e a s ,  it i s  

s t a t i s t i c a l l y  u s e f u l  t o  d i v i d e  t h e  PSUs i n t o  geog raph ic  

s t r a t a  which a r e  a s  homogeneous a s  p o s s i b l e  i n t e r n a l l y  

b u t  which maximize b e t w e e n - s t r a t a  h e t e r o g e n e i t y ,  and t h e n  

t o  s e l e c t  PSUs w i t h i n  each  s t r a t u m  p r o p o r t i o n a t e l y  i n  r e -  

l a t i o n  t o  t h e  r a t i o  o f  t h e  s t r a t u m ' s  p o p u l a t i o n  t o  t h e  

t o t a l  p o p u l a t i o n .  Th i s  p rocedure  shou ld  l e a d  t o  a  r e -  

d u c t i o n  i n  t h e  sampl inq  e r r o r s  i n  d a t a  c o l l - e c t e d  from t h e  

s t r a t i f i e d  sample a s  compared w i t h  d a t a  c o l l e c t e d  fro7.  an 

u n s t r a t i f i e d  s a n ? l e .  O f  c o u r s e ,  i f  a l l  geoqrai2hic a r e a s  - 
were homogeneous i n  r e g a r d  t o  a c c i d e n t  c h a r a c t e r i s t i c s ,  

t h e r e  would be no s t a t i s t i c a l  v a l u e  t o  geoq raph ic  s t r a t i -  

f i c a t i o n  and t h e  san?ple a r e a s  cou ld  be chosen on o t h e r  

b a s e s  such a s  convenience ,  p u b l i c  r e l a t i o n s ,  expec t ed  

c o s t  of a c c i d e n t  i n v e s t i g a t i o n  team 02erati.011, e t c .  

However, a l l  t h e  ev idence  i n  s t a t e  p u : ~ l i s h e d  r e n o r t s  

and i n  MSRI a c c i d e n t  f i l e s  s u g g e s t s  t h a t  t h e r e  i s  sub- 

s t a n t i a l  v a r i a t i o n  i n  a c c i d e n t  f r e q u e n c i e s  and c h a r a c t e r -  

i s t i c s  among v a r i o u s  geog raph ic  a r e a s .  For  example ,  a  

look a t  1971 p u b l i s h e d  i n j u r y  a c c i d e n t  r a t e s  p e r  1 ,000  

p o p u l a t i o n  i n  1 4  s t a t e s  shows a  v a r i a t i o n  from 4.7 i n  

South  C a r o l i n a  and 5 .2  i n  Georg ia  t o  11 .8  i n  Ar izona  and 

12.0 i n  New York. S i m i l a r l y ,  1974 f a t a l  motor v e h i c l e  

t r a f f i c  d e a t h  r a t e s  p e r  100,000 p o p u l a t i o n  ranged from 

10 .5  i n  Rhodc I s l a n d  to .  54 .3  i n  Wyon~ing. Some of t ; ~ c  d i f -  
f e r e n c e s  i n  i n j u r y  a c c i d e n t  r a t e s  may r e s u l t  from d i f -  

f e r e n c e s  i n  s t a t e  a c c i d e n t  r c p o r t . i n g  p r a c t i c e s ,  ] ju t  t h e r c  



c a n  b e  no  d o u b t  t h a t  t h e  d i f f e r e n c e s  i n  f a t a l  a c c i d e n t  

r a t e s  r e f l e c t  t r u e  d i f f e r e n c e s .  Given t h e  s m a l l  popu- 

l a t i o n s  o f  many c o u n t i e s  p l u s  f u r t h e r  v a r i a t i o n s  i n  l o c a l  

p o l i c e  r e p o r t i n g  p r a c t i c e s ,  i t  i s  n o t  s u r p r i s i n g  t o  f i n d  

e v e n  l a r g e r  d i f f e r e n c e s  i n  a c c i d e n t  r a t e s  i n  c o m p a r i s o n s  

among t h e  c o u n t i e s  o f  t h e  U n i t e d  S t a t e s .  

The p rob lem,  t l l e n ,  i s  t o  f i n d  s t r a t i f i c a t i o n  v a r i -  

a b l e s  o t h e r  t h a n  t h e  p u b l i s h e d  a c c i d e n t  r a t e s  t h e m s e l v e s  

which t e n d  t o  r e f l e c t  t h e  r e a l  h e t e r o g e n e i t y  v;hich i s  

known t o  e x i s t  and which  a t  t h e  s a n e  t i rne a r e  p r a c t i c a l l ; ~  

s u i t a b l e  f o r  t h e  g rou i j ing  o f  s m a l l  c o u n t i e s  i n t o  c o h c s l v e  

PSUs e a c h  be lcnq inc j  t o  a  s i n q l e  s t r a t u m .  I t  i s  a l s o  

d e s i r a b l e  frorn a  p a b l i c  r e l a t i o n s  y o i n t  o f  v ie i i  t h a t  th;: 

s t r a t i f i c a t i o n  p r o c e d u r e s  te chosen  s o  a s  t o  c n c o u r a q e  

- 2 " s  i n  many d i f f s r e n t  s t a t e s  s p r e a d  t h e  s e l e c t i ~ n  o f  p"" 

thr0ucj:lout t h e  c o u ~ t r y ,  :,;:?ether o r  n o t  t:?esc._ a r e  gsnilin,? 

in te r - rec j io : : a l  c l i f f e r e n c e s  i n  a c c i d e : ~ t  f r e c l u e n c i e s  2112 

t y p e s ,  i t  i s  i?,;o-.;:.ant t 5 n t  a s e l e c t e d  s a ~ ~ . - , ~ l z  9: PS\-:s 

a p p e a r  r e p r e s e n t - a t i v e  o f  t ! ~ c  v l lo le  n a t i o n .  S v e ~  i f  tl- ere 

were good s t a t i s t i c a l  e v i d e n c e  t h a t  a  n i l l t i - s t r a t i f i e d  

sam2le  o f  PSUs which hap>eri?d t o  be  c o n c e n t r a t e d  i n  a  

few s t a t e s  mosc r c p r z s e : l t a t i v e  o f  t h e  s i ~ n i f i c a ~ t  

d i f f e r e n c e s  i n  acc l .den t  t.y?es i n  t h e  U n i t e d  S t a t e s  ti-ian a  

more b r o a d l y  d i s t - r i b u t e d  sample  u s i n g  o n l y  a few s t r a t i -  

f i c a t i o n  t y p e s ,  t h e r e  vroulc? 1 j .ke ly  be a l i n g e r i n g  d o u b t  

among nany r e a d e r s  a?~o? : t  tile " n a t i o n a l "  r e s u 1 t . s  r,-.;?ortzd 

from t h e  f i r s t  san:?lc, 

Thus t h e  s t r a t i f i c a t i o n  v a r i a b l e s  t~ i ~ e  u t i l i z c d  

s h o u l d  be  c.ilosen n o t  o n l y  t;o maximizc r e d u c t i o n  in 

v;ri.ance !,,at a l s o  to ma~ir ; l . ize  t h e  a p p e a r a i ~ c c  of n a t i o n a l  

r e p r e s e n t . ? t i v e n e s s  i n  t i le  s e l c ? c t e d  sample  o f  Fl'i ; ,  One 
way t o  do t h i s  more e f f e c t i v e l y  t h a n  by u s i n g  t h e  f o u r  

m a j o r  r e g i o n s  o f  t h e  1975 NASS r e p o r t  o r  t h e  3--4 c l i m a t i c  

r e g i o n s  s u y g e s t e d  by N I l T S A  would be t o  u s e  t h e  n i n e  minor  

r e g i o n a l  r l i v i s i o n s  o f  tlic Consus Uurcau a s  primal-y s t r a t a .  



3.3 .1  A n a l y s i s  o f  P o t e n t i a l  S e c o n d a r y  s t r a t i f i c a t i o n  

V a r i a b l e s .  The o r i g i n a l  NASS r e p o r t  made u s e  o f  t h r e e  

t y p e s  o f  s t r a t i f i c a t i o n  v a r i a b l e s :  r e g i o n  ( f o u r  c a t e -  

g o r i e s ) ,  u r b a n i c i t y  ( t h r e e  c a t e g o r i e s ) ,  and r e t a i l  gaso-  

l i n e  s a l e s  ( f o u r  c a t e g o r i e s )  . The RFQ s u g g e s t s  an ex-  

panded u r b a n i c i t y  v a r i a b l e  w i t h  s i x  c a t e g o r i e s ,  a c l i r n a t i c  

v a r i a b l e  w i t h  t h r e e  c a t e g o r i e s ,  a  t o p o g r a p h i c  v a r i a b l e  
w i t 1 1  two c a t e g o r i e s ,  and a  o n e  c a t e g o r y  i n t e r s t a t e  highway 

v a r i a b l e .  I n  o r d e r  t o  t r y  t o  d e t e r m i n e  which o f  t l i c s e  

v a r i a b l e s  would be  e x p e c t e d  t o  be most  e f f e c t i v e  i n  r e d u c -  

i n g  sarcpl inq  e r r o r s  i n  d a t a  c o l l e c t e d  from a  n a t i o n a l .  

saxple, tv;o t y p e s  o f  14ichigan d a t a  viere ana l17zcd :  pub- 

l i s h e 2  c o u n t y  t o t a l s  o f  f a t a l ,  i n j u r y ,  and a l l  a c c i d e n t s ,  

and a  f i v e  p e r c e n t  s a z p l e  of  a l l  1973 ' l ich iqan p o l i c e -  

r e p o r t e d  a c c i d e n t s  m a i n t a i n e d  i n  t l ie  I-ISRI compute r  f i l e s .  

From t h i s  s a n i ~ l e  o n l y  a c c i d e n t s  i n v o l v i n g  a to~tred v e h i c l e  

were  z n a l y z e d ,  s i n c e  t h a t  i s  t h e  e x p c t e d  m a j o r  c r i t e r i o n  

f o r  a c c i d e n t  s e l e c t i o n  i n  t h e  NASS p r o g r a x .  

I n  o r d c r  t o  a n a l y z e  t h e  e f f e c t s  o f  d i f ? s r e n t  g r c u p i n q  

and s t r a t i f i c a t i o n  n e t h o d s  t h r e e  d i f f e r e n t  PSU g r c u p i n g s  

were made c f  i . i ich igan c o c n t i e s ,  e a c h  groupin:  t h c  c o x n t i e s  

i n t o  p o t e n t i a l  PSUs o f  a p p r o x i m a t e l y  1 0 0 , 0 0 0  n i n i r u m  

p o g u l a t i o r . .  !,letnod B grouL?ed t h e  c o u n t i e s  i n t o  t h e  t h r e e  

u r b a n i c i t y  c a t c 2 o r i e s  o f  t h e  o r i g i n a l  NkSS r e p o r t :  

c e n t r a l  Si>iSA, s u b u r b a n  S;s;SA, and non-SlslSA. >ietilod G 

a l s o  i n v o l v e d  f o r m i n g  t h e  PSUs i n  t h e s e  t h r e c  b a s i c  t -ypzs ,  

b u t  t h e  a c t u a l  PSUs formed were  s l i g l l t l y  d i f f e r e n t  from 

t h o s e  i n  ;\lethod B .  1Liethod C t r i e d  t o  a p p l y  t h e  more com- 

p l e x  g r o u p i n g  p r o c e d u r e s  o f  t h e  n i n e  IJIITSA d e n s i t y  

s t r a t a ,  b u t  o f  c o u r s e  ? , l i ch igan  l a c k s  v a r i a t i o n  on t h e  

c l i m a t i c  and t o p o g r a p h i c  v a r i a b l - e s ,  so t h e s e  c o u l d  n o t  bc 

used .  The s i x  c a t e g o r i e s  used  f o r  EJSU g r o u p i n q  i n  P:ctIlod 

C were :  c e n t r a l  SLISA c o u n t i e s  o v e r  200 ,000 ;  s u b u r b a n  S,".:SI". 

c o u n t i e s  o v e r  200 ,000 ;  c e n t r a l  SI'ISA c o u i i t i e s  u n d e r  2 0 0 , 0 0 9 ;  



p r e d o m i n a n t l y  s u b u r b a n  c o u n t i e s  u n d e r  200 ,000 ;  non-SMSA 

c o u n t i e s  c o n t a i n i n g  m a j o r  i n t e r s t a t e  h ighways ;  and o t h e r  

non-SNSA c o u n t i e s .  

The f i r s t  p r o c e d u r e  u t i l i z e d  i n  t r y i n g  t o  d e t e r m i n e  

t h e  o p t i m a l  g e o g r a p h i c  s t r a t i f i c a t i o n  v a r i a b l e s  was a  

c l u s t e r  a n a l y s i s  program.  1 9 7 1  c o u n t y  p e r  c a p i t a  i n j u r y  

a c c i d . e n t  r a t e s ,  and p e r c e n t a g e s  o f  c o u n t y  towaway a c c i -  

d e n t s  i n  t h e  1973 f i v e  p e r c e n t  sample  which i n v o l v e d  

f o u r  s e v e r i t y  t y 2 e ~  were a n a l y z e d  by t i le  c l u s t e r  progra lc  

t o  see i f  t n e r e  were  any n a t u r a l  g r o u p i n g s  o f  c o u n t i e s  

w i t h  s i m i l a r  a c c i d e n t  e; :peri?nce.   his p r o c e d u r e  f a i l e d  

t o  i n d i c a t e  any c l e a r - c u t  c l u s t e r  t y p e s  among Xic l i igan 

c o u n t i e s .  There  was s o ~ e  t e n d e n c y  f o r  more u r b a n  a r e a s  

t o  c l u s t e r  t o g e t h e r ,  b u t  i ,~ri th b o t h  d a t a  s e t s  some u r b a n  

c o u n t i e s  f e l l  i n t o  l a r g e l y  r u r a l  c l u s t e r s  and v i c e  v e r s a .  

A f t e r  t h e  !Iethods 13 and C PSUs \:ere formed t h e  c l u s t e r  

a n l > ~ s i s  program was a l s o  a p p l i e d  t o  t n e  f i v e  p e r c e n t  

saia2le d a t a  a g q - r e q a t e 5  i n t o  t h e s e  p o t e n t i a l  PSUs t o  ses 

i f  t h e r e  v;?re any n a t > ~ r a l  g r o u ~ i n g s  o f  PSUs. T h i s  r e s u l t e d  

i n  a  l i t t l e  r.ore c o n s i s t e n c y  i n  c l u s t e r i n g  a1032 an 

u r b a n i c i t y  ?ii-;,::ension, b u t  a g a i n  no  c l e a r c u t  u r b z n i c i t l r  

c a t e g o r i e s  were a p 9 a r e n t .  >jar d i d  t h e r e  seem t o  be any 

e v i d e n c e  o f  c l u s t e r i n g  o f  PSUs by s i m i l a r  p e r  c a p i t a  

g a s o l i n e  s a l e s  i n  :.:etricd E PSUs o r  by t h e  p r e s e n c e  of  

i n t e r s t a t e  h ighways  i n  !i!ei;hod C PSUs. 

The n e x t  p r o c e d u r e  u t i l i z e d  was t o  c a l c u l a t e  t h e  

s a m p l i n g  e r r o r s  f o r  1 3  a c c i d e n t  v a r i a b l e s  u s i n g  t h e  f i v e  

p e r c e n t  sample  d a t a ,  making u s e  of e a c h  o f  t h e  t h r e e  PSU 

g r o u p i n g s  and v a r i o u s  t y p e s  o f  s t r a t i f i c a t i o n  o f  t h e  PSUS 

i n  o r d e r  t o  a s c e r t a i n  which nlcthods would r e s u l t  i n  tile 

g r e a t e s t  r ec luc t ion  i n  s a m p l i n g  e r r o r .  I n  l k t h o d  B d i f -  

f e r e n t  c o m b i n a t i o n s  o f  tile u r b a n i c i t y  and g a s  salc:s  v a r i -  
a b l e s  were t e s t e d ;  i n  Flcthod C d i f f e r e n t  c o n b i n a t i o n s  o f  

t h e  u r b a n i c i t y  arid i n t e r s t a t e  hiyh\;vay var iable . . ;  wcr- 



t e s t e d ;  and i n  Nethod G d i f f e r e n t  combina t ions  o f  t h e  

u r b a n i c i t y ,  d e n s i t y ,  and g a s  s a l e s  v a r i a b l e s  were t e s t e d .  

These sample e r r o r  r e s u l t s  a r e  shown i n  Table  3 .3 .1 .  

A s  would be e x p e c t e d ,  t h e  sets of  sampling e r r o r s  

c a l c u l a t e d  w i t h o u t  s t r a t i f i c a t i o n  were v e r y  s i m i l a r  f o r  

a l l  t h r e e  grouping  methods,  and e x c e p t  f o r  s m a l l  r e d u c t -  

i o n s  on t h e  s i n g l e  v e h i c l e  a c c i d e n t  v a r i a b l e  t h e r e  were 

a lmos t  no changes  under  any o f  t h e  methods when t h e  PSUs 

were s t r a t i f i e d  on t h e  t h r e e  b a s i c  u r b a n i c i t y  t y p e s .  

For  each method t h e  r u r a l  s t r a t u m  was t h e n  d i v i d e d  i n t o  

two s t r a t a  t o  s e e  i f  t h i s  might  produce a  r e d u c t i o n  i n  

sampl ing  e r r o r .  For Method R t h i s  i n v o l v e d  t h e  f o r n a t i o n  

o f  an average  gas  s a l e s  r u r a l  s t r a t u m  and a  h igh  g a s  

s a l e s  r u r a l  s t r a t u m ,  b u t  t h e  sampling e r r o r  r e s u l t s  o f  

i n t r o d u c i n g  t h i s  v a r i a b l e  proved t o  be n e g l i g i b l e .  For  

1sIet.hod C t h i s  i nvo lved  t h e  d i v i s i o n  of t h e  r u r a l  PSUs i n -  

t o  two s t r a t a ,  one c o n t a i n i n g  PSUs v:it;l m u l t i - l a n e  l i n i t e d  

a c c e s s  highways,  and one c o n t a i n i n g  PSUs w i t h o u t  such  

highih~ays. Ilowever, aga in  t h e  i n t r o d u c t i o n  of  t h i s  v a r i -  

a b l e  had s c a r c e l y  any e f f e c t  on t h e  s e t  of s ampl in s  

e r r o r s .  For  ?Zethod G t h e  r u r a l  s t r a t u m  was d i v i d e d  i n t o  

two d e n s i t y  s t r a t a ,  one composed of a l l  FSUs c o n t a i n i n g  

1-3 c o u n t i e s  p l u s  PSUs c o n t a i n i n g  more c o u n t i e s  b u t  wi th  

a t  l e a s t  h a l f  t h e  PSU 2 o p u l a t i o n  i n  one coun ty ,  t h e  o t h e r  

s t r a t u m  c o n t a i n i n g  t h e  remain ing  ru ra l .  PSUs.  Th i s  v a r i -  

a b l e  a l s o  had v i r t u a l l y  no e f f e c t  on t h e  s e t  of samplincj 

e r r o r s ,  

I n  f a c t  t h e  on ly  s t r a t i f i c a t i o n  p rocedure  which 

showed a  l a r g e  e f f e c t  on t h e  sampling e r r o r s  was t h a t  used 

i n  Methods C and G t o  produce f i v e  s t r a t a :  l a r g e  u r b a n ,  
l a r g e  suburban ,  s m a l l  u rban ,  s m a l l  suburban , and r u r a l .  

These were d e f i n e d  s l i g h t l y  d i f f e r e n t l y  i n  t h e  two methods,  

w i t h  t h e  f o u r  llichicjan c o u n t i e s  between 200,000 and 300,000 

i n  p o p u l a t i o n  b e i n g  a s s i g n e d  t o  t h e  l a r g e  url.)an crateyory 
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i n  Method C and t o  t h e  s l u a l l  u r b a n  c a t e g o r y  i n  !,lethod G. 

The Metilocl C 5 - s t r a t a  p r o c e d u r e  r e s u l t e d  i n  a t  l e a s t  a  

1 5  p e r c e n t  r e d u c t i o n  i n  s a m p l i n g  e r r o r  f o r  two v a r i a b l e s ,  

s i n g l e - v e h i c l e  a c c i d e n t s  and Sunday a c c i d e n t s ,  w i t h  l e s s e r  

change i n  b o t h  d i r e c t i o n s  on t h e  o t h e r  v a r i a b l e s .  T h e  

Flethod G 5 - s t r a t a  p r o c e d u r e  r e s u l t e d  i n  a 2 9  p e r c e n t  re- 

d u c t i o n  i n  s a m p l i n g  e r r o r  f o r  t h e  s i n g l e  v e h i c l e  a c c i d e n t  

v a r i a b l e  and a  16 p e r c e n t  r e d u c t i o n  i n  s a m p l i n g  e r r o r  f o r  

t h e  i m p o r t a n t  s e v e r i t y  i n d i c a t o r ,  "A" i n j u r y  i n  t h e  a c c i -  

d e n t ,  w h i l e  t h e r e  were  lesser  c h a n g e s  i n  b o t h  d i r e c t i o n s  

on t h e  o t h e r  v a r i z b l e s .  

When t h e  r u r a l  s t r a t u m  i n  t h e  f i v e  Z,Iethod C s t r a t a  

bras dividec? i n t o  tic0 s t r a t a  on t h e  S a s i s  o f  t h e  p r e s e n c z  

o r  n o t  of limiteC! a c c e s s  : l i~ j ; iways ,  t h i s  r e s u l t e d  i n  l i t t l e  

f u r t h e r  chance  i n  t h e  se t  o f  s a m p l i n g  e r r o r s .  S i m i l a r l y  

when t h e  r u r a l  s t r a t u n  i n  t h e  f i v e  Taiethod G s t r a t a  vas  

d i v i d e d  i n t o  t\:c d e n s i t y  s t r a t a  and i n t o  t h r e e  g a s  s a l z s  

s t r a t a ,  t h e r e  was ? . l~ ,os t  ilo changa i n  t h e  r e s u l t i n g  

s a r n i ~ l i n g  e r r o r s .  Iio:,:ever, when t h e  u r b a n  and suburb;ian 

s t r a t a  ir! t h e  f o u r  I.'lethod B s t r a t a  v e r e  d i v i d e d  i n t o  t h r e e  

and two g a s  s a l e s  s t r a t a ,  r e s p e c t i v e l y ,  t h i s  7 - l e v e l  

s t r a t i f i c a t i o n  d i d  r e s u l t  i n  some s i g n i f i c a n t  c h a n g e s  i n  

s a n p l i n q  e r r o r s  f o r  a nurd3er o f  v a r i a b l e s ,  i n c l u d i n g  a  

2 0  p e r c e n t  --- i n c r c a s ?  on t:?e key  v a r i a b l e  c o n c e r n i n g  "A" 

i n j u r y  a c c i c l e n t s  b u t  a l s o  i n c l u d i n q  suI2stant: ial  decreases 

on some v a r i a b l e s .  These  a r e  t h e  u r b n n i c i t y - g a s  s a l e s  

s t r a t a  which were a c t u a l l y  a p p l i e d  i n  d e v e l o p i n g  t h e  1 9 7 5  

NASS d e s i g n .  

I t  seems a p p a r e n t  from t h e s e  c a l c u l a t i o n s  t h a t  t h e r e  

i s  no  s i n g l e  geocj raphic  s t r a t i f i c a t i o n  p r o c e d u r e  which 

can  be e s p e c t e d  t o  have  a  uniform1.y b e n e f i c i a l  e f f e c t  on 

t h e  s a m p l i n g  e r r o r s  o f  a l l  a c c i d e n t  v a r i a b l e s  o f  i n t e r e s t .  

Tlle most  e f f e c t i v e  s t r a t i f i c a t i o n  t y p e  seems t o  b e  the 

l~ le thod G 5 - s t r a t i f i c a t i o n  p r o c c d u s c  , s i n c e  t11i.s metllod 



r e s u l t s  i n  t h e  g r e a t e s t  r e d u c t i o n  i n  sampl ing  e r r o r  f o r  

two impor t an t  v a r i a b l e s ,  s i n g l e  v e h i c l e  a c c i d e n t s  and 

"A" i n  j u ry  a c c i d e n t s ,  w i t h o u t  g r e a t l y  i n c r e a s i n g  t h e  

sampling e r r o r s  f o r  any of  t h e  o t h e r  v a r i a b l e s  ana lyzed .  

These sampling e r r o r  c a l c u l a t i o n s  do n o t  p r o v i d e  any 

j u s t i f i c a t i o n  f o r  go ing  t o  t h e  t r o u b l e  of f u r t h e r  s t r a t i -  

f i c a t i o n  of r u r a l  PSUs on t h e  b a s i s  of  d e n s i t y ,  o r  o f  

p re sence  o r  n o t  of  i n t e r s t a t e  h ig ;~ways ,  o r  of  p e r  c a p i t a  

g a s o l i n e  s a l e s .  

However, it must be  remembered t h a t  t n e  Tab le  3 . 3 . 1  

sampling e r r o r s  were d e r i v e d  from a  sample of f i v e  p e r c e ~ t  

of  i l i ch igan  accidents ..<it11 a s  few a s  4 9  to:ced v e h i c l e s  

i n  t h e  s r m l l e s t  PSU and a s  few a s  361 towed v e h i c l e s  i n  

t h e  s : ~ a l l e s t  s t r a t u n ,  so  t h e r e  i s  some q u c s t i ~ n  cancer::- 

i n g  t h e  r e l i a b i l i t y  o f  t h e s e  d a t a  a ~ g r e g a t - - . 6  a t  tile ?ST: 

l e v e l  and even zt t:ie s t r a t - a n  l e v s l .  Also t h e s e  d a t a  

can on ly  inc l ica te  t:-~e deq ree  of heteroqeneiJc.y i n  the 

t y p s s  o f  accidents r s p o r t e d  t o  t h e  p o l i c e  In t h e s e  PSlJs 

and s t r a t a ;  t h e y  50 n o t  p r ~ - ~ ~ i c ? e  cny infor~:~ ,3 t io : l  about  t h s  

deg ree  of h e t e r o ~ e r i e i t y  I n  p e r  c a p i t a  -- r a t e s  o f  d i f f e r e i l t  

t y p e s  o f  a c c i d e n t s  i n  different PSUs and s t r z t a ,  

Table  3 .3 .2  presents con1.parisons o f  p r - 1 , 0 0 0 -  

p o p u l a t i o n  r a t e s  f o r  s i x  a c c i d e n t  v a r i a b l e s ,  three fron 

t h e  f i v e  p e r c e n t  sample and t h r e e  from p u b l i s h e d  county 

d a t a ,  The most s t r i k i n g  d i f f e r e n c e s  i n  Tab le  3 .3 .2  con- 

ce rn  t h e  well-known tendency f o r  f a t a l i t y  r a t e s  t o  be 

h i g h e r  i n  r u r a l  t han  i n  urban a r e a s .  Ilowever, t h i s  t r c n d  

i s  s l i c j h t l y  r e v e r s e d  when t h e  r a t e s  f o r  a l l  i n j u r y  a c c i -  

d e n t s  a r e  compared, even though r u r a l  a r e a s  do have 

s l i g h t l y  h i g h e r  o v e r a l l  a c c i d c n t  r a t e s  t h a n  do urban 

a r e a s .  Also s i g n i f i c a n t  a r e  t h e  c o n s i d e r a b l y  h i g h e r  r a t e s  

o f  s e r i o u s  i n j u r y  a c c i d e n t s  and of  s i n g l e  v c h i c l c  a c c i -  

d e n t s  i n  r u r a l  a r e a s  colnpared t o  suburban and urban a r e a s .  

But when suburban and urban a r e a s  a r e  s p l i t  i n t o  s m a l l  and 
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l a r g e  s t r a t a  a c c o r d i n g  t o  t h e  Method G s t r a t i f i c a t i o n  p l a n ,  

t h e  h e t e r o g e n e i t y  w i t h i n  c e n t r a l  and suburban SLsISA a r e a s  

becomes s t r i k i n g l y  a p p a r e n t .  T h i s  p r o v i d e s  f u r t h e r  j u s t i -  

f i c a t i o n  f o r  t h e  u se  of  t h e  f o u r  t y p e s  o f  S!$!SA s t r a t a  

under  Method G, 

The bot tom seven rows o f  Tab le  3.3.2 p r o v i d e  com- 

p a r i s o n s  o f  a c c i d e n t  r a t e s  f o r  t h r e e  d i f f e r e n t  methods o f  

s t r a t i f y i n g  t h e  r u r a l  a r e a s  o f  bl ichigan:  i n  r e l a t i o n  t o  

d e n s i t y ,  p e r  c a p i t a  g a s  s a l e s ,  and p r e s e n c e  of  l i n i t e d  

a c c e s s  h ighways ,  Each o f  t h e s e  methods does  r e s u l t  i n  

some d i f f e r e n c e s  i n  t h e  a c c i d e n t  r a t e s ,  a l t h o u g h  t h e r e  i s  

undoubted ly  an i n c r e a s e d  problem of  u n r e l i a b i l i t y  f o r  ths  

r a t e s  ba sed  on t h e  f i v e  p e r c e n t  sample f o r  t h e s e  s m a l l e r  

d i v i s i o n s  o f  t h e  s t a t e .  There  i s  a l s o  c o n s i d e r a b l e  over -  

l a p  among t h e  d e n s e ,  l i m i t e d  a c c e s s  his:~r:ay, and h i g h  gas  

s a l e s  s t r a t a  which confounds somewhat t h e  c h o i c e  of t h e  

most e f f e c t i v e  v a r i a b l e .  Looking a t  t h e  t h r e e  tj7pes of 

d i v i s i o n s  i n  l ' ab l c  3 . 3 . 2 ,  one f i n d s  t h a t  t h e  dc:lsc s t r a t u m  

i s  h i g h e r  on on ly  two of t h e  s i x  compar i sons ;  t h e  :lisL~ q a s  

s a l e s  s t r a t u n  i s  h i g h e s t  on f o u r  of t h e  s i x  comL3arisons 

and second on ~ L J O ;  and t h e  l i m i t e d  a c c e s s  hicjhicay s t r a tu rn  

i s  h i g h e r  on f i v e  of t h e  s i x  c o n 2 a r i s o n s .  Th i s  s u g g e s t s  

t h a t  t h e r e  nlight be  v a l u e  i n  u s i n g  t h e  l i m i t e d  a c c e s s  

highway v a r i a b l e  t o  c r e a t e  two t y p e s  o f  r u r a l  s t r a t a  w i t h  

d i f f e r e n t  a c c i d e n t  r a t e  l e v e l s  t o  e n s u r e  t h z t  b o t h  t y p e s  

o f  a r e a s  a r e  r e p r e s e n t e d  a p p r o p r i a t e l y  i n  t h e  n a t i o n a l  

sample.  However, a s  p r e v i o u s l y  d i s c u s s e d ,  t h e r e  a r e  

p r a c t i c a l  problems i n  a p p l y i n g  t h i s  v a r i a b l e  bo th  i n  t h e  

s u b j e c t i v i t y  i nvo lved  i n  d e t e r m i n i n g  " v i t a l "  l i m i t e d  

a c c e s s  nighways and i n  t h e  awlcward PSU shapes  t i l a t  rc3sult 

from t r y i n g  t o  group c o u n t i e s  i n t o  PSUs i n  r e l a t i o n  t o  

t h e  p r e s e n c e  o r  absencc  of sucll highways.  Tab le  3 .3 .3  

docs  show, as  had been assumcd i n  t h e  1 3 7 5  NASS 1-cpor t ,  

t h a t  t h e r e  a r e  s u b s t a n t i a l l y  l ~ i c j h e r  r a t e s  for a l l  



a c c i d e n t s ,  i n j u r y  a c c i d e n t s ,  and towed v e h i c l e s  i n  a r e a s  

w i t h  h igh  gas  s a l e s  p e r  c a p i t a  t han  i n  a r e a s  w i t h  ave rage  

and moderate gas  s a l e s  p e r  c a p i t a .  Assuming t h a t  t h e  

h i g h e r  a c c i d e n t  r a t e s  i n  t h e s e  a r e a s  do r e f l e c t  hig21er 

l e v e l s  o f  road t r a f f i c  whicli i n  t u r n  a r e  i n d i c a t e d  by 

h i g h e r  p e r  c a p i t a  gaso l i .ne  s a l e s ,  t h i s  v a r i a b l e  does seem 

t o  p r o v i d e ,  a s  e x p e c t e d ,  a means f o r  d i s t i n g u i s h i n g  among 

r u r a l  a r e a s  w i t h  and w i t h o u t  c o n s i d e r a b l e  t r a n s i e n t  t r a f f i c  

and t h u s  p r o v i d e s  an o b j e c t i v e  q u a n t i f i a b l e  means o f  pro- 

p o r t i o n a t e l y  r e p r e s e n t i n g  t h e s e  a r e a s  i n  t h e  n a t i o n a l  

sample.  

3 . 3 . 2  Chosen S t r a t i f i c a t i o n  P rocedures .  On t h e  

b a s i s  o f  t h e  f o r e g o i n g  a n a l y s i s  and d i s c u s s i o n ,  i t  was 

dec ided  t o  -Jse t h e  f o l l o w i n g  t y p e s  of  s t r a t a  i n  t h e  r e v i s e d  

PSU f orxa. t ion and s o i e c t i o n  2 l a n s .  

A. Census Bureau I l i aor  ~ e g i o n s  

1) iL'ew E n q l  and (Conn. , blalne, ?lass.  :J. I!. , 
R . I . ,  Vt.) 

2 )  Fiiddlc k t l a n t i c  ( i i i .  J. , ; J . Y .  , Pa. ) 

3 )  E a s t  North Central ( I l l .  , I n d . ,  iiI., ~ l - i i o ,  

\Y'is. ) 

4 )  Nest ;?ortl l  C e n t r a l  ( Iowa,  Kan. , i i lnn.  , 140. , 
iJeb., 1 J . D .  , S.11.) 

5 )  South A t l a n t i c  ( D e l . ,  D . C . ,  E ' la . ,  Ga.,  Ild., 

N . C . ,  S .C . ,  Va., W.Va.) 

6 )  E a s t  South  C e n t r a l  (Ala .  , Ken., I'iss. , Tenn. ) 

7 )  Nest  South C e n t r a l  (Ark. , L a . ,  Okla .  , l 'ex.  ) 

8 )  Noulitajn (Ariz. , Colo. , Idaho ,  i l o r ~ t .  , Nev. , 
N.E31., Utah,  Wy.) 

9 )  P a c i f i c  ( C a l i f .  , Ore. , Wash. ) 



B. U r b a n i c i t y *  and Gas S a l e s  S t r a t a  

1) L a r g e  C e n t r a l  SMSA PSUs:  c o n t a i n i n g  a  

c e n t r a l  SMSA c o u n t y  w i t h  a t  l e a s t  300 ,000  

p e o p l e .  

2 )  S m a l l  C e n t r a l  SI!SA PSUs: c o n t a i n i n g  a c e n t r a l  

SIklSA c o u n t y  w i t h  l e ss  t h a n  300 ,000  p e o p l e ,  

3 )  Large Suburban  SNSA PSUs: c o n t a i n i n g  a  sub- 

u r b a n  St-ISA c o u n t y  w i t h  a t  l e a s t  200 ,000  

p e o p l e .  

4 )  Small- Suburban  SXSA PSUs : c o n t a i n i n g  s u f -  

f i c i e n t :  SYSA s u b u r b a n  c o u n t i e s  t o  con-pose a t  

l e a s t  4 0  p e r c e n t  o f  tile PSU p o p u l a t i o n .  

5 )  Non-SiiSA PSiTs: c o n t a i n i n 9  l e s s  t h a n  40 p e r -  

c e n t  o f  t h e  I'Sb p o p u l a t i o n  i n  s u b i r b a n  S:iS;i 

c o u n t i e s .  These  non-S3SA PSUs a r e  C u r t h e r  

s t r a t i f i e 6  on r e t a i l  gas  s a l e s  a s  f o l l o ~ v s :  

a )  Lov T r a n s i e n t  idon-SI;SA PSLJs: i n  l o w e s t  

t h i r d  o f  non-S1;SA P6Zs on  p e r  c a p i t a  

r e t a i l  g a s o l i n e  s a l e s .  

b )  Average  T r a n s i e n t  Non-S:iSA PSLJ- : i n  mid- 

dlc t h i r d  o f  non-ST'S? FSUs on p e r  c a p i t a  

r e t a i l  g a s o l i n e  s a l e s .  

c )  1Iic:h T r a n s i e n t  idon-SliSA PSUs : i n  h i g h e s t  

t h i r d  o f  i4on-S>ISA PSUs on pe r  c a p i t a  r e -  

t a i l  g a s o l i n e  s a l e s .  

*A c e n t r a l  SiISA c o u ~ i t y  i s  d e f i n e d  a s  t h e  SJk1SA coui l ty  con- 
t a i n i n g  t h e  f i s s t  c l t y  i n  tlle SItISA name ( a s  dc terrrlinetl 
by t h e  O f f i c e  o f  ;pianagc~ncnt and Buclyct) , o r  any o t h e r  
c o u n t y  i n  ail SriSA \ ~ i ~ i c i l  c o n t a i n s  a c i t y  o f  a t  l eds t  5 0 , 0 0 0  
p o p u l a t i o ; ~  t : i~ icn  c i t y  is  i n c l u d e d  i n  t h e  StJiSA nsmc. For 
example ,  b o t h  Denvcr and B o u l d e r  C o u n t i e s  a r c  c o n s i d e r c c l  
" c e n t r a l "  c o u n t i c s  f roin tllc Dcnvcr -Boulde r  !;i:Sil. A11 
o t h e r  c o u n t i e s  d c f i n c d  by the O f f i c e  o f  l lanaqcment and 
Budge t  as c o i ~ ~ p o n c n t s  o f  S:.jSfls a s  o f  I l cceml~cr ,  1 9 7 5  a r c  
c o n s i d e r c i !  t o  bc " s u b u r b a n "  SL-ISA c o u n t i c s .  



3 . 4  P r o c e d u r e s  Used i n  Forming t h e  Two R e v i s e d  S e t s  o f  
PSUs - 
The t a s k  o f  f o r m i n g  t h e  two new se t s  o f  p o t e n t i a l  

PSUs, o n e  w i t h  a  minimum s i z e  o f  1 0 0 , 0 0 0  p e o p l e  ( P l a n  1) and  

t h e  o t h e r  w i t h  a  minumum s i z e  o f  200,000 p e o p l e  ( P l a n  2 ) ,  

was n e c e s s a r i l y  a  l a b o r i o u s  and t ime-consuming a s s i g n m e n t .  

The s t e p s  i n  t h i s  p r o c e s s  may b e  summarized a s  f o l l o w s :  

A .  Two sets  o f  s t a t e  maps were x e r o x e d  which showed 

SMSA b o u n d a r i e s  a s  o f  1970.  

B .  The SMSA boundary  d e f i n i t i o n s  were  u p d a t e d  on  t h e  

maps a c c o r d i n g  t o  t h e  December 1975 d e f i n i t i o n s  o f  t h e  

O f f i c e  o f  Management and  Budget  l i s t e d  i n  F e d e r a l  P r o c e s s i n g  

S t a n d a r d s  P u b l i c a t i o n  8-4 ( J u n e ,  1 9 7 4 )  and C u r r e n t  Popu- 

l a t i o n  R e p o r t s ,  S e r i e s  P25,  No. 618 ( J a n u a r y ,  1 9 7 6 ) .  

C .  The c o u n t y  p o p u l a t i o n s  were  e n t e r e d  on  t h e s e  maps 

i n  t h o u s a n d s .  

D .  On t h e  two maps f o r  e a c h  s t a t e  t h e  P l a n  1 and P l a n  

2  PSUs were  marked o f f ,  g r o u p i n g  c o u n t i e s  a s  n e c e s s a r y  t o  

meet  t h e  P l a n  1 and P l a n  2 minimum s i z e  r e q u i r e m e n t s .  A s  

much a s  seemed p r a c t i c a l ,  m u l t i - c o u n t y  PSUs were  formed f rom 

c o u n t i e s  o f  t h e  same u r b a n i c i t y  t y p e .  However, c r e a t - i n y  

PSUs which were coinpact  and l o g i c a l l y  c o h e r e n t  was c o n s i d e r e d  

a more i m p o r t a n t  c r i t e r i o n  t h a n  s i m i l a r i t y  o f  u r b a n i c i t y  

t y p e ,  s o  many s m a l l  SMSA c e n t r a l  and s u b u r b a n  c o u n t i e s  were  

g rouped  t o g e t h e r  a n d / o r  w i t h  r u r a l  c o u n t i e s  i n  o r d e r  t o  mee t  

t h e  minimum s i z e  r e q u i r e m e n t s  w h i l e  m a i n t a i n i n g  c o n t i y u i t y  

and a s  much l o g i s t i c a l  v i a b i l i t y  a s  p o s s i b l e  i n  t h e  g rouped  

c o u n t i e s .  S t a t e  b o u n d a r i e s  were  c r o s s e d  i n  t h e  f o r m a t i o n  

o f  o n l y  t e n  o f  t h e  1 , 5 4 0  PSUs c r e a t e d  i n  t h e  two p l a n s .  I n  

b o t h  P l a n s  1 and 2  t h e  e a s t e r n  s l o p e s  o f  t h e  S i e r r a s  i n  

c e n t r a l  C a l i f o r n i a  were combined w i t h  r u r a l  a r e a s  o f  Nevada; 

some c o u n t i e s  o f  s o u t h e r ' n  I d a h o  and n o r t h e r n  Utah were  com- 

b i n e d ;  t h e  n o r t h e a s t e r n  pan11;lndle a r e a  o f  West V i r g i n i a  was 

combined w i t h  some c o u n t i e s  i n  n o r t h e r n  V i r g i n i a ;  a n d  



V i r g i n i a ' s  e a s t e r n  s h o r e  o f  C h e s a p e a k e  Bay was combined 

w i t h  Maryland e a s t e r n  s h o r e  c o u n t i e s .  I n  a d d i t i o n ,  i n  

P l a n  2 two c o u n t i e s  i n  e a s t e r n  Maryland were  combined w i t h  

t h e  two r u r a l  De laware  c o u n t i e s ,  and  w e s t e r n  Wyoming was 

combined w i t h  n o r t h e a s  t e r n  Utah .  I n  t h r e e  New Eng land  

s t a t e s ,  C o n n e c t i c u t ,  M a s s a c h u s e t t s ,  and  Rhode I s l a n d ,  

where  SMSAs d o  n o t  c o n s i s t  o f  whole  c o u n t i e s ,  mos t  o f  t h e  

PSUs were  formed a s  g r o u p s  o f  towns r a t h e r  t h a n  e n t i r e  

c o u n t i e s .  I n  g e n e r a l  s m a l l  SMSAs w e r e  t r e a t e d  a s  s i n g l e  

PSUs, w h i l e  e a c h  c o u n t y  p a r t  o f  l a r g e r  S?ylSAs wzs t r e a t e d  

a s  a  s e p a r a t e  PSU. The t o t . a l  number o f  P l a n  1 PSUs formed 

was 936,  and t h e  t o t a l  number o f  P l a n  2 PSUs formed was 

6 0 4 .  So17,e f u r t h e r  i n f o r m a t i o n  on  t h e  c h a r a c t e r i s t i c s  of 

t h e s e  two se t s  o f  PSUs was shown i n  T a b l e  3 . 2 .  

E .  A u n i q u e  4 - d i g i t  i d e n t i f i c a t i o n  number was 

a s s i g n e d  t o  e a c h  PSU, and a compute r  c a r d  was key2unched 

f o r  e a c h  PSU w h i c h  c o n t a i n e d  t h e  PSU name, i d e n t i f i c a t i o n  

number,  r e g i o n  c o d e ,  u r b a n i c i t l l  c o d e ,  and t h e  number of  

c o u n t i e s  i n  t h e  PSU. 

F .  A compute r  c a r d  was keypunched f o r  e a c h  c o u n t y  i n  

t h e  c o n t i g u o u s  Cni- ted  S t a t e s  ( o r  o t h e r  PSU component  i n  

t h e  t h r e e  Xew Enyl-and s t a t e s )  which  c o n t a i n e d  t h e  c o u n t y  

name, c o u n t y  i d e n t i f i c a t i o n  n u n b e r ,  i t s  P l a n  1 PSU i d e n t i -  

f i c a t i o n  n u n b e r ,  i t s  P l a n  2 PSU i d e n t i f i c a t i o n  number,  i t s  

e s t i m a t e d  1974 p o p u l a t i o n  f rom C u r r e n t  P o p u l a t i o n  R e p o r t s ,  

S e r i e s  P - 2 5 ,  No. 620 ( F e b r u a r y ,  1 9 7 6 ) ,  and  i t s  1.972 r e t a i l  

g a s o l i n e  s e r v i c e  s t a t i o n  s a l e s  a s  pub] - i shed  i n  T a b l e  G o f  

t h e  s e r i e s  o f  s t a t e  r e p o r t s  on t h e  1972 Census  o f  R e t a i l  

T r a d e .  I n  t h e  t h r e e  N e w  Enq land  s t a t c s  1973  p o p u l a t i o n  

e s t i m a t e s  were used  a s  p u b l i s h e d  i n  - G e n e r a l  Revenue Shar- 

incj: I n i t i a l  Data E l e m e n t s ,  E n t i t l e m e n t  P c r j o d  Si.x ( A ~ I - i l . ,  -- 

1 9 7 5 )  b e c a u s e  t h e  Census  B u r e a u  h a s  n o t  made 1974 popu- 

l a t i o n  e s t i l n a t e s  f o r  p a r t s  o f  c o u n t i e s .  The t o t a l  popu- 

l a t i o n  o f  t h e s e  threc s t a t e s  i s  e s t . i m a t c d  by t h e  Census  



Bureau to have decreased 0.2 percent from 1973 to 1974, so 

only a very slight bias in favor of the selection of PSUs 

in these states has been introduced by the use of 1973 

population figures there. In 70 sparsely populated 

counties no retail gasoline sales total was published. In 

these counties and in many of the smaller New England towns 

the gasoline sales had to be estimated using the published 

number of gasoline stations in the area if available or 

prorating the total state sales in relation to the area 

population. 

G. The PSU and county cards were then read into the 

computer, the PSU population and gas sales totals were 

aggregated for each PSU, and thzse figures were added to 

the PSU computer records. The coxputer also counted the 

number of counties agyregiited to each PSU and this nun:iser 

was checked against the nu~~.ber of counties assigned to 

each PSC' when it was forr,;ed. This lee to the discovery of 

34 counties which were initially agsregatei: to the wrong 

PSU due to coding or keypunching error, and these PSUs 

were correcte2. Cor,?lete co:?puter printout. listings of 

the two sets of PSUs with their component counties are being 

provided to XijTSA as a supplenent to this re?ort. 

H. For each plan t h ~  per capita gasoline sales for 

each PSU was calculated and added to the PSU record; the 

cut-off points for each third of the rural PSUs on per 

capita gasoline sales were determined; and the urbanicity 

code for the high and average gas sales PSUs was changed 

to "7" and "6" respectively. 

I. For each plan the PSUs were then sorted into the 

63 regional-urbanicity-gas sales strata; within each stratum 

the PSUs were ordered al.phabct.ically in rel-ation to state 

and number of county components; and cumulative popul.ation 

tota1.s were calculated and added to the PSU rccord for all 



t h e  o r d e r e d  PSUs w i t h i n  e a c h  s t r a t u m .  The l i s t  o f  P l a n  1 

PSUs o r d e r e d  by s t r a t a  i s  g i v e n  i n  Appendix A ,  and t h e  

P l a n  2 PSUs a r e  l i s t e d  i n  Appendix B .  

I t  s h o u l d  be ment ioned  t h a t  a  few o f  t h e  PSUs formed 

d i d  n o t  q u i t e  r e a c h  t h e  d e s i r e d  minimum p o p u l a t i o n  l e v e l s ,  

u s u a l l y  d u e  t o  t h e  d e s i r e  t o  k e e p  t h e  PSUs a s  geograph ica l1 .y  

c o h e r e n t  as  p o s s i b l e .  I n  P l a n  1 a t o t a l  o f  39 PSUs had 

1974 p o p u l a t i o n s  l e s s  t h a n  1 0 0 , 0 0 0 ,  and 16  o f  t h e s e  had 

p o p u l a t i o n s  l e s s  t h a n  98 ,000 .  The s m a l l e s t  P l a n  1 PSU i s  

composed o f  two c o u n t i p s  s o u t h  o f  K c w  O r l e a n s  w i t h  83 ,300  

p e o p l e .  I n  P l a n  2 ,  36 PSUs have a  1974 p c p u l a t r o r  o f  

l e s s  t h a n  2 0 0 , 0 0 0 ,  and 1 4  o f  t h e s e  a r e  u n d e r  1 9 8 , 3 0 0 .  

The s m a l l e s t  P ldn 2 PSU i s  one  f o r c e d  o f  f o u r  c o u n t i ~ s  

be tween Fccjet S o u ~ d  and t h e  C a s c a d e s  n o r t h  o f  t h e  

Seattle-Everett S'ISA wi tli 1 7 9 , 6 0 3  p e o p l e .  



3.5 Procedures for Selecting a Sample of PSUs 

As mentioned earlier, NHTSA requested that the pro- 

babilities of selection of each stratum in Plan 1 and 

Plan 2 be calculated for samples of seven different num- 

bers of PSUs: 10, 15, 20, 25, 30, 35, and 40. The 

Groves-Hess Controlled Selection Program (CONSEL - see 
Appendix C) has been used to produce 14 sets of possible 

patterns of PSU allocations among the 62 non-empty Plan 

1 strata and the 59 non-empty Plan 2 strata. This pro- 

gram constrains the possible patterns of allocation in 

relation to the total populations of the PSUs in each 

stratum and the total populations of each region and 

urbanicity type to which a particular stratum belonqs. 

The program also weights each possible pattern by its 

random probability of occurrence within these marginal 

In developing a nationally representative sample of 

PSUS it is desirable from a statistical point of view to 

have an even number of non-self-representing PSUs. This 

permits the ~~ssignment of these PSUs int.0 pairs of 

similar PSUs for the calculation of sampling errors for 

the accident data collected from the PSUs. Also it is 

*Fuller expositions on the controlled selection rationale 
and procedure are given in Roe Goodman and Les1i.e Kish, 
"Controlled Selection - A Technique in Probability 
Sampling", Journal of the American Statistical Asso- --- ----- 
ciation, 45:350-372 (1950) and in Irene Iicss and K. S. 
Srikantan, "Some Aspects of the Probability Sampling 
Technique of Controlled Sclcction" pagcs 122-166 of 
Probability Sampling of 13ospitals and Patients, second - ---------- . .. ." 
edition, by Irene IIess, Donald C. Riedcl, and Thonlas 
B. ~itzpatrick (Ann Arbor: Health Administration 
Press, 1975) . 



d e s i r a b l e  t h a t  a n y  PSU w i t h  more t h a n  l / x t h  o f  t h e  t o t a l  

n a t i o n a l  p o p u l a t i o n  (where  x = t h e  number o f  PSUs) b e  

s e l e c t e d  w i t h  c e r t a i n t y  a s  a s e l f - r e p r e s e n t i n g  PSU. 

These  two f a c t o r s  h a v e  l e d  t o  s l i g h t  m o d i f i c a t i o n s  i n  t h e  

numbers o f  s t r a t a  s e l e c t i o n s  u s e d  i n  t h e  CONSEL program 

t o  d e r i v e  t h e  p o s s i b l e  p a t t e r n s  o f  PSU a l l o c a t i o n s .  

With 1 0 ,  1 5 ,  20 ,  and 25 PSU s a m p l e s  no PSU i s  l a r g e  

enough t o  b e  s e l e c t e d  w i t h  c e r t a i n t y ,  s o  t o  make a n  e v e n  

number o f  n o n - s e l f - r e p r e s e n t i n g  PSUs t h e s e  s a n p l e  s i zes  

were changed t o  1 0 ,  1 6 ,  2 0 ,  and 2 6  PSUs. I n  a  30 PSU 

sample  New York C i t y  i s  s e l e c t e d  w i t h  c e r t a i n t y ,  s o  t h i s  

o p t i o n  i s  changed t o  31 t o t a l  PSUs, 30 n o n - s e l f - r e p r e s e n t -  

i n g  FSUs p l u s  New York C i t y .  I n  a  35 PSU s a m p l e  Kew York 

C i t y  and Los A n g e l e s  County  a r e  s e l e c t e d  w i t h  c e r t a - i n t y ,  

s o  t h i s  o p t i o n  i s  changed  t o  36 t o t 2 1  PSUs, 34 n o n - s e l f -  

r e p r e s e n t i n g  PSUs p l u s  Xew York and Los Angel-es .  I n  a  

40 PSU s a n p l e  N e w  York C i t y ,  Los A n g l e s  C o u n t y ,  and  Cook 

County  ( C h i c a g o )  a r e  t o  b e  s e l e c t e d  w i t h  c e r t a i n t y ,  s o  

t h i s  o p t i o n  i s '  changed  t o  4 1  t o t a l  PSUs, 38 n o n - s e l f -  

r e p r e s e n t i n g  PSUs p l u s  t h e  t h r e e  s e l f - r e p r e s e n t i n g  o E e s .  

These  d i s t r i b u t i o n s  a r e  shown i n  T a b l e  3 . 5 . 1 .  

The COXSEL c o m p u t e r  p rogram r e q u i r e s  a s  i n p u t  t o  t h e  

p rogram a  m a t r i x  o f  t h e  p r o b a b i l i t i e s  o f  s e l e c t i o n  f o r  

e a c h  s t r a t u m .  These  p r o b a b i l i t i e s  a r e  t h e  r e s u i t  o f  

d i v i d i n g  t h e  s t r a t u i r ~  p o p u l a t i o n  (minus  a n y  s e l f - r e p r e s e n t i n g  

PS:J from t h a t  s t r a t t : ? : )  by the a v e r a g e  s i z e  o f  t h e  n o n - s e l f -  

r e p r e s e n t i n g  PSUs ( t o  t.a? p o p u l a t i o n  o f  n o n - s e l f - r e p r e s e n t i  ng 

PSUs d i v i d e d  by t h e  t o t a l  nuntbcr o f  n o ] ) - - s e l . f - r e p l - c s e n t i n q  

PSUs t o  b e  c h o s e n )  . These  s t r a t u r n  s e l . c c t i o n  p r o b r i b i l i t i c s  

f o r  t h e  1 4  p o s s i b l e  p l a n s  ( s e v e n  samplc  s i z e s  f o r  1)Su 

p l a n  1 and s e v e n  sairlple s i z e s  for PSU P l a n  2 )  arc p r c -  

s c n t e d  i n  Tables 3 . 5 . 2 .  - 3 . 5 . 9 .  

From e a c h  o f  t h e  1 4  CONSJ~<L, r u n s  usinc; t h e s e  14 i n p u t  

m a t r i . c c s  o n e  copy o f  t h e  c o m ~ ~ u t c r  o u t p u t  i s  beis~c,~ p~rov:irlc.ii t o  





NHTSA. T h i s  o u t p u t  l i s t s  t h e  p o s s i b l e  p a t t e r n s  o f  s t r a t a  

a l l o c a t i o n  f o r  e a c h  o f  t h e  1 4  p o t e n t i a l  p l a n s .  A s s o c i a t e d  

w i t h  e a c h  p a t t e r n  i s  a  w e i g h t  v a l u e  which  r e p r e s e n t s  t h e  

p r o b a b i l i t y  o f  t h a t  p a r t i c u l a r  p a t t e r n ,  and t h e s e  w e i g h t s  

a r e  a l s o  c u ~ ~ t u l a t e d  a s  e a c h  p a t t e r n  i s  p r i n t e d .  The num- 

b e r  o f  p o t e n t i a l  p a t t e r n s  f o r  e a c h  p l a n  i s  shown i n  T a b l e  

3 . 5 . 1 .  

A f t e r  a  d e c i s i o n  i s  r e a c h e d  a s  t o  which  o f  t h e  p r o -  

posed  NASS s i m p l e  d e s i g n s  t o  implement ,  t h e  f o l l o w i n g  

p r o c e d u r e  s h o u l d  b e  f o l l o w e d  i n  s e l e c t i n g  t h e  a c t c a l  

n a t i o n a l  sample  o f  n o n - s e l f - r e p r e s e n t i n g  FSUs ( t h e  s e l f -  

r e p r e s e n t i n y  PSUs f o r  e a c h  p l a n  a r e  a l r e a d y  i d e n t i f i e d ) .  

F i r s t ,  t h e  a p p r o p r i . a t e  CONSEL o u t p u t  of p o s s i b l e  s t r a t a  

a l l o c a t i o n  p a t t e r n s  s h o u l d  b e  c o n s u l t e d ,  and  a  random 

number be tween 1 and 1-0,000 s h o u l d  b e  used  t o  p i c k  a  p a r -  

t i c u l a r  p a t t e r n  i n  r e l a t i o n  t o  t h e  c u m u l a t i v e  w e i g h t s  

a s s o c i a t e 6  \ . r i t l ~  e a c h   atte tern (which  w e i g h t s  t o t a l  1 0 , 0 0 0 )  . 
S e c o n d l y ,  t h e  Appendix A o r  Appendix  B l i s t s  o f  PSGs by 

s t r a t a  s h o u l d  b e  used  t o  s e l e c t  t h e  ~ a ~ t . i c u i z r  2SLs d e s i g -  

n a t e d  f o r  each s t r a t u m  by t h e  c h o s e n  a l l o c a t i o n  p a t t e r n .  

T h i s  PSL s e l e c t i o n  s h o u l d  b e  c a r r i e d  o u t  by  c h o o s i n g  a 

random number be tween o n e  and t h e  t o t a l  s t r a t u m  p o p ~ l a t i o n  

and  compar ing  t h i s  number w i t h  t h e  c u m u l a t i v e  s t r a t u m  

p o p u l a t i o n  a s s o c i a t e d  w i t h  e a c h  PSU. I n  t h e  c a s e  o f  two 

s e l e c t i o n s  i n  o n e  s t r a t u m  i t  i s  recoinmendcd t h a t  t h e  

s t r a t u m  b e  d i v i d e d  i n t o  two h a l f - s t r a t a  w i t h  o n e  s e l e c t i o n  

f rom e a c h .  A f t e r  t h e  PSUs a r e  s e l e c t e d  t h e  compute r  l i s t -  

i n g  o f  t h e  PSUs and t h e i r  component  c o u n t i e s  shoul.ci b e  

c o n s u l t e d  i n  o r d e r  t o  l e a r n  t h e  e x a c t  b o u n d a r i e s  o f  e a c h  

c h o s e n  PSU. F i n a l l y  t h e  s e l e c t e d  n o n - s e l f - r e p r e s e n t i  ng 

PSUs s h o u l d  be  a r b i t r a r i - l y  a s s i g n e d  t o  " s u p e r s t r a t a "  e a c h  

c o n t a i n i n g  two PSUs w h i c h  should bc a s  s i m i l a r  a s  p o s s i b l e  

i n  r e g a r d  t o  r e g i o n  anc1 u r b a n i c i t y  t y p e .  These  " s u p e r s t r a t a "  

would b e  used i n  t h e  c a l c u l a t i o n  o f  s a m p l i n g  e r r o r s  f o r  

a c c i d e n t  d a t a  collected from t h e  s e l c c t e d  l?SUs. 
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APPENDIX A 

PLAN 1 PSUs 0RGA;I;L'IZELl EY ;?;:C;IOId?,i AX9 
U R B I i N I C L T Y  STRATA 
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APPENDIX C 

USER'S GLI3E PO3 COI4T3OLLFID SELEC'TION PF,OGXA:k1 



Robert Groves 
May 21, 1 9 7 5  

This pro;ra:.l c o n s t r u c t s  !:nttcr,ns f o r  co.~;rol l ; :d ;;,..lr!ction ycc~hlc:,+,s . . 7 .  

with t::o o r  t h r t ??  s t rLi t i . fyi r?z  c i l 1 : : 2 n s i o ? s .  Ti12 py:j!>l?:~ tail 22. ; . T I ; > E C L ~ ~  

\.li t1.1 c e l l s  r c ~ r : s e n t i ; ? g  c!ecii.lLlI. e : c ? t ? c ; a t i o n s  ( E  . g  ., 1; .3 :?c;!il u .? C'.J.C:~>C' 

o f  3 s e l e c i i o n s  2~1.1 a .7 C ~ > : ~ I I C C  o f  11 r ; - l ec t ions )  o r  2s i.,tz;;.zr t r : :c t icn- ;  

( e  . e  ., 7 mean; 715 = I. .?655() . 

Card 3 0 .  
i. $ SI.:;:~:; CCID Y>-.I A I-,,:":P ., d . ., 
2 I);tss:.;ord 

3 $ RL:); SGII8 : N!;p?. 5=*Sc23Cz* 6z*SIZ<K* 
i+ --- C O l l l ,  2 --- Go;? t;:r.ts 

I - ?  R:;l.! j t.L2ic?,2 ) L . -  b.:i'.):2r 0.f ~2 ~,. ;~:->-,~~~.,~, ;  - f-:l 1 
- 7 . . ,  

~ ~ : , , ~ : ~ , j ~ : ~ ; ~  [i- :?*> :;-;2 x-::!'.j,?y 0: ,-, J?!:; :2. >: ?:, c>:- 
r ,  .,'? / 2,l cl<.;<.:;.,;; cy.2 t()t,,:,; :jlLb::::l: ?) 1>i;2:c:; < .&..., . 

k - G  I-.! I , . .  ., ,A.,,: ... JIJt . . I . : . i . : . i l  .,., L - 4  :: : ,.), 1, > ;,,, L A 4 ' 0  .172r (),[ c ? . L : 2 - 2 y !  -?; i,2 > ,::-?, >;L- 

, - s:,.;.~. (i,e., t : : ~  ; ~ i ~ 2 : ~ c ~ ; ~ ~  ~2 ~ 0 ; ~ ; s  i;~. ><::;! ~ ! - : ! > i ~ ~ ~ ~ ; ~ ,  
. ,, . ,/ *-, : -<.,.. '.... ..',:' '- ti,!;.?*1 .-C',,ij: ;,,::,:j t;;; \. ., J , ,<.-, 

t. . . . L .. . . 
1. ,, v- (-2 :: 

- .  . . ,-, s . ... 7 - c !  - , , =~.n':?r o.f :r:L,:l;=.y i.:; 1;: !.. 
L, > 

di:, ):-l,;j-c;il ( i .~?,,  ~.1~::,'22r o f  ~.~;L~.::- , :I ,< i.ii -,.':.:\ 
. . > .  

I :  > 1 .  L ?  0 .  . L 2 
i j r , "  -1 : ., . ,  . - L,-,,l::!:;irj::,l ~ , T T < - I ' ) ~ ~ ~ . I  1::l.l:~ i ~ 2 1 < :  !:,'~:i.::.:. 

. . .  , 
L. . ,..7 t, : -1 <I;<:'/ 

. , ?,i;',,;-.j,... * ,-,,, r '  :,A, ' 3\::1 of  y . ; ' ? i ; ; l : L : ; ,  c!l.c! ;!::.?;;::.r L:) 
. - k:;liC;I t::ble fr:?:l:encies :;:~? rpl ' i ; - -! . ;~ (:: .;, , LL . . 

inp,;!: fr:l,';u?fi8::.i::; zy.: s L r i z ] . k  ?:.LC;: C!.!.2i...:,?\ ;?.c_;l?.?r; 
, .. - .  .. . , th,? [ i ~ ! I 4  i ~ )  l ; : j j > j : ; ; . )  !,s, 2:?;22 2 . ;3 , , ~ ; ' . ' i , :  j',.".:! . \ . .  I I 

~ ! ; ; ~ j ~ ~ , ~ ; ! ; : ~ L ( j . ,  L: "2; if i:;p.lL f:~:~::.~.~.;,-i<~:; -!;-*? .::I- 
. r  

t e>>! , -  .i zy2c ) : j -0? , : , l  th-6: ~~ :~ . ,~ , . :~ ; l . : .~ ; : : ) ; -  i , ;  ~:;~>:,:i~~!,~::. ,  j.1. 
, /, / 1 ,  ,'. /, ',. 

1. == 1 ,  : : 1 "7 u., ! :; ,?, y / t i  .;,.:I!:;) 



1. 'i'hc problem has 2 catcy,oric:; on the J. t l i i : ~ e i ~ ~ i o n ,  3 c n t c ~ o r i e s  oil t h c  J 
c l i ~ ~ l c i ~ s i u n ,  and  2 cat:~gori .cs on  the  1: dirncnsi on :  

K = l  K=2 t o t a l  K = l  K=2 t o t a l  K=1 K1=2 tot:111. 

t o t a l  1.4 5 1.3 t o t a l  1.1 1.0 2.1 total 2 .  1 .  J;.O 

The S e t u p  cards  a r e :  
1 2 3 

1 2 j 4 > 5 7 ~ ~ ~ 1 ~ , ~ ~ ~ ~ 7 ~ 5 ~ \ 2 3 J > 6 7 S ~ ~  
2 3 2  10 

1.t. 1 3 
5 2 7 
5 2 7 

].!I 5 19 
1 2 3 
7 4 11 
3 4 7 

11 13 ;i 1 

~ h c  Setup c a r d s  are :  


