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S IJNMARY 

A sample p o p u l a t i o n  of 51 male  and 57 f e m a l e  s u b j e c t s  r a n g i n g  i n  

a g e  from 1 8  t o  78 y e a r s  was assembled and t e s t e d  i n  six d i f f e r e n t  

v e h i c l e s  f o r  p r e f e r r e d  s e a t  p o s i t i o n s  under  non-dr iving and d r i v i n g  

c o n d i t i o n s .  S u b j e c t s  were s e l e c t e d  by age ,  s t a t u r e ,  and weight  c r i t e r i a  

t o  match t h e  U.S. a d u l t  p o p u l a t i o n .  A n a l y s i s  of t h e  d a t a  c o l l e c t e d  

i n  t h i s  s t u d y  r e v e a l s  t h e  f o l l o w i n g :  

1 )  On a  t o t a l  sample b a s i s ,  t h e  mean d i f f e r e n c e s  i n  s e a t  pos i -  

t i o n s  s e l e c t e d  under  d r i v i n g  and non-dr iving c o n d i t i o n s  were l e s s  

t h a n  .5 i n c h  f o r  a l l  v e h i c l e s .  While t h e s e  mean d i f f e r e n c e s  a r e  pro- 

b a b l y  i n s i g n i f i c a n t  from a  p r a c t i c a l  a s p e c t ,  t h e y  were found t o  be  

s t a t i s t i c a l l y  s i g n i f i c a n t  i n  many c a s e s .  Comparisons of s e a t  pos i -  

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

d i f f e r e n c e s  a r e  p r i m a r i l y  due  t o  a  s e a t  b e l t  a n d / o r  a n  i n i t i a l  pos i -  

t i o n  e f f e c t  r a t h e r  t h a n  t h e  d r i v i n g  v e r s u s  non-driving f a c t o r .  The 

tendency i s  f o r  peop le  t o  s e l e c t  p o s i t i o n s  c l o s e r  up when u s i n g  s e a t  

b e l t s  o r  s t a r t i n g  from a n  i n i t i a l  forward p o s i t i o n .  

2 )  S t a t u r e  is  t h e  most s i g n i f i c a n t  a n t h r o p o n e t r i c  v a r i a b l e  i n  

de te rmin ing  p r e f e r r e d  s e a t  p o s i t i o n ,  e x p l a i n i n g  approx imate ly  3 0  t o  

50 p e r c e n t  of t h e  s e a t  p o s i t i o n  v a r i a n c e ,  depending on t h e  v e h i c l e  

s e a t i n g  c o n f i g u r a t i o n .  

3) The r e l a t i o n  between s t a t u r e  and s e a t  p o s i t i o n  f o r  t h e  

t o t a l  p o p u l a t i o n  is  non- l inear .  A l i n e a r  r e g r e s s i o n  of  mid-ranse 

s t a t u r e  and s e a t  p o s i t i o n  u n d e r e s t i m a t e s  t h e  c lose-up and fa r -back  

p o s i t i o n s  s e l e c t e d  by p o p u l a t i o n  = t r e n e s .  



4) A comparison of dimensionalized mean s e a t  pos i t i ons  s e l ec t ed  

ac ros s  t he  s i x  veh ic l e s  used i n  t h i s  study r evea l s  a  complex in re r -  

a c t i o n  between pedal l o c a t i o n  and s t e e r i n g  wheel l o c a t i o n  i n  de t e r -  

mining prefer red  s e a t  pos i t i on .  There is  a  s u r p r i s i n g l y  small  range 

of d i s t a n c e s  from H-point t o  t he  lower s t e e r i n g  wheel rim f o r  t he  mean 

prefer red  s e a t  pos i t i ons  i n  t he  veh ic l e s  t e s t e d .  
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INTRODUCTION 

The f a c t o r s  t h a t  determine a  d r i v e r ' s  s e l e c t e d  s e a t  p o s i t i o n  a r e  not  

c l e a r l y  understood. An i n v e s t i g a t i o n  i n t o  t h e s e  f a c t o r s  could most e a s i l y  

be conducted i n  a l a b o r a t o r y  v e h i c l e  mock-up o r  a t  l e a s t  i n  a  s t a t i c  (non- 

moving) v e h i c l e  where v e h i c l e  f e a t u r e s  could be e a s i l y  modified and measure- 

ments e f f i c i e n t l y  recorded.  There i s  some ques t ion ,  however, a s  t o  whether 

people w i l l  p o s i t i o n  themselves i n  a  non-driving s i t u a t i o n  a s  they  would 

a f t e r  having a c t u a l l y  d r iven  a  v e h i c l e ,  The purpose of t h i s  s tudy was t o  

measure t h e  p re fe r r ed  s e a t  p o s i t i o n s  of d r i v e r s  i n  s t a t i c  and dynamic 

s i t u a t i o n s  and t o  thereby:  

1)  determine i f  e l ec t ed  sea t ing  p o s i t i o n s  of d r i v e r s  f o r  s t a t i c  
cond i t i ons  a r e  t h e  same a s  t hose  whi le  a c t u a l l y  d r i v i n g ,  and 

2j  examine t h e  e f f e c t s  of p r i n c i p a l  v e h i c l e  packaging f a c t o r s  and 
s u b j e c t  c h a r a c t e r i s t i c s  on t h e  s e l e c t i o n  of s e a t  p o s i t i o n s .  





METHODS 

VEEIICLES AND SUBJECTS 

The s i x  v e h i c l e s  shown i n  F i g .  1 were s e l e c t e d  f o r  u s e  i n  t h i s  s t u d y .  

These  v e h i c l e s  c o n s i s t  of t h r e e  p a i r s  of v e h i c l e s  matched f o r  s i m i l a r  G* 

s c o r e s  ( I ) ,  i n c l u d i n g  two v a n s ,  two mid-s ize  c a r s ,  and two compact c a r s .  

T a b l e  1 l i s t s  t h e s e  v e h i c l e s ,  t h e i r  G s c o r e s ,  and s e a t  t r a c k  f e a t u r e s .  

A l l  v e h i c l e s  a r e  1978 models excep t  t h e  Rabbit,  which i s  a  1976 model. While 

t h e  s t e e r i n g  column t i l t  a n g l e  and s e a t  back a n g l e  were a d j u s t a b l e  i n  two 

of t h e s e  v e h i c l e s ,  t h e s e  were f i x e d  t o  one p o s i t i o n  f o r  t h i s  s t u d y  ( s e e  

T a b l e  B-1) . 
The f i n a l  s u b j e c t  p o p u l a t i o n  c o n s i s t e d  of 108 v o l u n t e e r s  from t h e  Ann 

Arbor a r e a .  F i f  ty-one (51) of t h e s e  s u b j e c t s  were  male  and £ i f  ty-seven (57) 

were females .  Ages ranged from 18 t o  79 y e a r s .  F i g s .  2 ,  3 ,  and 4 i l l u s -  

t r a t e  t h e  age ,  s t a t u r e ,  and weight  d i s t r i b u t i o n s  of t h e s e  s u b j e c t s .  T a b l e s  

2 and 3 compare t h e  s t a t u r e  and weight  p e r c e n t i l e s  from t h e  1960-1962 H e a l t h  

Survey ( 2 )  and t h e  1974 HAhTES Survey (3) of t h e  U.S. a d u l t  p o p u l a t i o n .  It 

i s  obv ious ly  i m p o s s i b l e  w i t h  such a  smal l  sample s i z e  t o  o b t a i n  a  p e r f e c t  

match t o  t h e  g e n e r a l  p o p u l a t i o n .  None the less ,  a  good d i s t r i -  

b u t i o n  of t h e s e  t h r e e  v a r i a b l e s  was ach ieved .  I f  t h e  compar isons  between 

t h e  1974 HANES d a t a  and t h e  1960-1962 HEW d a t a  a r e  r e a l i s t i c ,  t h e n  t h e  males  

"The G s c o r e  o r  g e n e r a l  package f a c t o r  i s  t h e  p r i n c i p a l  f a c t o r  which i s  
h i g h l y  c o r r e l a t e d  w i t h  t h e  n i n e  pr imary package v a r i a b l e s  which s p e c i f y  
t h e  d r i v e r  workspace. 

T h i s  s t u d y  was reviewed by,  and conducted under ,  s t a n d a r d s  e s t a b l i s h e d  by 
t h e  U n i v e r s i t y  of Michigan Medical  C e n t e r ,  Committee t o  r ev iew Gran t s  f o r  
C l i n i c a l  Research and I n v e s t i g a t i o n  Invo lv ing  Human Beings ,  and conforms 
t o  t h e  g u i d e l i n e s  of t h e  I n s t i t u t i o n a l  Guide t o  Department of H e a l t h ,  
  ducat ion and Wel fa re  P o l i c y  on P r o t e c t i o n  of Human S u b j e c t s .  



. - 

5 6 
Fig. 1 - Vehicles  used i n  study: 1-Dodge Van, 2-GX Van, 3-Pontiac LeMans, 

4-Ford Fainnont, 5-Ford F i e s t a ,  6-VW Rabbit 

Table 1 - L i s t  of  Veh ic les ,  G Scores, and Seat Track Features 

Ho r i z .  D i s tance  To ta l  Ho r i z .  
Veh i c l e  Between Detents  Seat T rzve l  

No. Veh ic le*  G Score No.Cetents ( i nches )  ( i nches )  

1 Dodge Van .27 11 .50 5.0 
2 GY Van .14 11 .54 5.4 
3 Pont iac  LeMans - . a4  9 .84 6.7 
4 Ford F a i r n o n t  - . 7 4  11 . 5 5  5.5 
5 Ford F i e s t a  - .41 9 .6 4.3 
6 V W  Rabbit-4DR -.?6 10 .86 7 . 7  

* A l l  model yea rs  a r e  1978, except q a b b i t  which i s  1976. 
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Table 2 - Sta tu re*  C h a r a c t e r i s t i c s  o f  Sub jec t s  iompargd t o  3ata  
from 1960-1962 Health Survey and 1974 HANES Survey 

Data ? e r e e n t i  1 e s  

Source 'Sender X Mean 5th 10th 50th 90th 95th --------- 
51 172.1 161.5 163.0 171.2 183.2 785.7 

e 5 151.2 151.5 154.2 161.9 170.4 i 7 3 . 5  
1374 wales 5260 175.3 163.5 166.4 175.3 184.4 186.3 

HAFIES Females 8411 161.5 151.1 153.7 161.8 159 . i  172.2 
1960-62 hiales j091 173.2 161.5 163.3 173.5 182.4 184.9 
il EM Females 3581 150.0 149.9 151.9 159.a 168.4 i70.4 

'Stature  in  cen t ime te r s  

Table 3 - Weight* C h a r a c t e r i s t i c s  o f  Subjects  Cornpard to  Data 
fmrn 1960-1962 Health Survey and 1974 HANES Survey 

Sata  p e r c e n t i l e s  
Source Gender 1 Mean jth 90th 95th 

Yal e s  51 7A.8 56.9 59.3 74.6 89.8 97.6 
Subjects Females 57 53.7 50.5 52.5 50.2 7 8 . 4  92.3 

1974 Yales 5250 78.2 58.2 52.3 7 . 3  96.0 '02.3 
YANES F m a l e s  a411 55.0 47.3 50.0 62.3 84.1 32.2 

1960-62 Yales 3091 76 .4  57.3 50.3 75.1 j3 .2  33.5 
HEW Females 3581 64.5 1 7 . 3  50.1 52 .3  82.7 30.J 

+eight  i n  kilograms 



of t h e  sample p o p u l a t i o n  a r e  somewhat l i g h t e r  and s h o r t e r  over  t h e  complete  

r a n g e  of s t a t u r e  and weight  t h a n  t h e  U.S. p o p u l a t i o n .  The females  match 

q u i t e  w e l l  t o  b o t h  t h e  1974 and 1960-1962 W U E S  d a t a  f o r  s t a t u r e  and 

. weight .  The mean age  of t h e  sample p o p u l a t i o n  i s  44 y e a r s  (43.3 f o r  males  

and 44.7 f o r  females)  , which is  probably  somewhat g r e a t e r  t h a n  t h e  mean 

a g e  of l i c e n s e d  d r i v e r s  ( 5 ) .  

While t h e  pr imary concern i n  s e l e c t i n g  s u b j e c t s  was t o  o b t a i n  a  good 

d i s t r i b u t i o n  of a g e ,  s t a t u r e ,  and weight ,  some a t t e m p t  was a l s o  made t o  

match t h e  U ,  S , p o p u l a t i o n  p r o p o r t i o n s  of a g e / s t a t u r e  and s t a t u r e / w e i g h t  

g roup ings .  The a g e  r a n g e  of 18-79 y e a r s  was d i v i d e d  i n t o  f o u r  g roups  a t  

y e a r s  30,  42, and 55. S t a t u r e  was d i v i d e d  i n t o  f i v e  groups  a t  t h e  20 th ,  

40 th ,  60th  and 8 0 t h  p e r c e n t i l e s  f o r  t h e  18-79 year  p o p u l a t i o n  of males  and 

females  s e p a r a t e l y ,  and weight was d i v i d e d  i n t o  t h r e e  groups  a t  t h e  33rd 

and 66 th  p e r c e n t i l e s  f o r  18-79 y e a r  males  and femalss .  Using t h e  1960- 

1962 EEW d a t a  (5)  and a  computer program by Hammond ( 6 ) ,  t h e  p r o p o r t i o n s  of 

t h e  U.S. p o p u l a t i o n  i n  each a g e / s t a t u r e  and s t a t u r e / w e i g h t  grouping were 

computed f o r  males  and females .  These  p r o p o r t i o n s  were then  used t o  compute 

t h e  i d e a l  number of s u b j e c t s  pe r  group,  based on sample s i z e s  of 50 males  

and 50 females .  T a b l e s  A-1 through A-4 i n  Appendix A show t h e  r e s u l t s  of 

t h e s e  computat ions  and compare them w i t h  t h e  a c t u a l  numbers of s u b j e c t s  i n  

each group. A p e r f e c t  match i s  obv ious ly  imposs ib le  w i t h  such a smal l  

sample s i z e  and would be i n p r a c t i c a l  f o r  t h i s  p r e l i m i n a r y  i n v e s t i g a t i o n  even 

i f  i t  was p o s s i b l e .  A r e a s o n a b l e  match h a s  been ach ieved ,  however, 

and i n  o n l y  one group ( t a l l ,  t h i n  females)  was, no s u b j e c t  

o b t a i n e d .  A weight ing p rocedure  c a n  t h e r e f o r e  be used on t h e  d a t a  t o  

p r o p o r t i o n  r e s u l t s  t o  t h e  7 r imary  age ,  s t a t u r e ,  and weight c h a r a c t e r i s t i c s  

of t h e  g e n e r a l  popu la t ion .  



TEST PROCEDUP\ES 

S u b j e c t s  responding t o  a d v e r t i s e m e n t s  i n  l o c a l  papers  and meeting t h e  

g e n e r a l  h e i g h t  and age  requ i rements  of t h e  s u b j e c t  s e l e c t i o n  c r i t e r i a  were 

scheduled f o r  a n  i n i t i a l  v i s i t  i n  which t h e y  f i l l e d  o u t  a  h e a l t h  ques t ion-  

n a i r e  and s igned a  consen t  form. A t  t h i s  t ime  t h e  g e n e r a l  purpose  of t h e  

s t u d y  was exp la ined  ( i . e . ,  t o  i n v e s t i g a t e  where peop le  p o s i t i o n  t h e  s e a t ) ,  

and t h e  t h i r t e e n  an th ropomet r ic  measurements l i s t e d  i n  Tab le  4 were t a k e n .  

Measurements were t aken  on c l o t h e d  s u b j e c t s  wi thou t  shoes .  

TABLE 4 - ANTHROPOMETRIC XEASUREXENTS 

Weight 
S t a t u r e  
E r e c t  S i t t i n g  Height  
Normal S i t t i n g  Height  
Eye Height  ( s i t t i n g  e r e c t )  
Shoulder  Height  ( s i t t i n g  e r e c t )  
Knee Ee igh t  ( s i t t i n g )  
F r o n t a l  A r m  Reach ( s t a n d i n g )  
But tock-Knee Length 
Lower A r m  Length 
Shoulder-Elbow Length 
Shoulder Bread th  
S e a t  Breadth  

When t h e  s u b j e c t  pool  was n e a r l y  completed,  schedu l ing  of t h e  s u b j e c t s  

f o r  a c t u a l  t e s t i n g  began. S u b j e c t s  were r u n  i n  groups  of f i v e  o r  s i x  when 

p o s s i b l e  and two s e s s i o n s  (approximately  t h r e e  hours  i n  d u r a t i o n )  were sched- 

u l e d  each day.  811 s e s s i o n s  were completed over  a  two-month per iod  dur ing  

September and October when heavy g a n e n t s  would n o t  be worn. 

STATIC TESTS - A t  t h e  beginning of  a  s e s s i o n  t h e  s u b j e c t s  were re informed 

of t h e  g e n e r a l  purpose  of t h e  s t u d y  and Pa r t  I of  t h e  i n s t r u c t i o n s  (T ig .  5 )  

concerning t h e  s t a t i c  (non-dr iving)  t e s t s  was r e a d .  S u b j e c t s  were n o t  t o l d  

a t  t h i s  t ime t h a t  they  would a l s o  b e  d r i v i n g  t h e  v e h i c l e s  i n  a  second t e s t .  

For approx imate ly  t h e  f i r s t  h a l f  of t e s t i n g  t h e  s u b j e c t s  were i n s t r u c t e d  t o  



make f o u r  s e a t  ad jus tments  i n  each v e h i c l e  wi thou t  t h e  s e a t  b e l t s * ,  two from 

t h e  s e a t  f u l l  forward and two from t h e  s e a t  f u l l  rearward.  The s e a t  p o s i t i o n  

f o r  t h e  i n i t i a l  t r i a l  ( i . e . ,  f u l l  forward o r  f u l l  rearward)  was v a r i e d  i n  

d i f f e r e n t  s e s s i o n s .  S u b j e c t s  remained i n  t h e  s e a t  between t r i a l s  w h i l e  

t h e  i n v e s t i g a t o r  a s s i s t e d  i n  a l t e r n a t e l y  moving t h e  s e a t  forward o r  r e a r -  

ward a f t e r  each t r i a l ,  The door was c l o s e d  d u r i n g  each ad jus tment .  The 

s e a t  d e t e n t  p o s i t i o n ,  i n d i c a t e d  by a  s imple  p o i n t e r  and s c a l e  a t t a c h e d  t o  

t h e  s e a t  and v e h i c l e  f l o o r  a s  shown i n  Fig .  6,  was read  by t h e  i n v e s t i g a t o r  

when t h e  s u b j e c t  i n d i c a t e d  h e / s h e  had found t h e  b e s t  p o s i t i o n .  These d e t e n t  

v a l u e s  were recorded on d a t a  c o l l e c t i o n  forms a t t a c h e d  t o  c l i p b o a r d s  wbich 

were ass igned  t o  each s u b j e c t .  S u b j e c t s  were a l s o  i n s t r u c t e d  n o t  t o  look  

a t  t h e  s e a t  p o s i t i o n  s c a l e s  dur ing  o r  between t e s t s .  

Approximately halfway through t h e  t e s t i n g  program two a d d i t i o n a l  t e s t s  

were added t o  t h e  s t a t i c  measurements i n  which t h e  s u b j e c t  a d j u s t e d  t o  t h e  

most s u i t a b l e  s e a t  p o s i t i o n  w i t h  t h e  b e l t s  i n  place."\ These two t e s t s  - 
were made w i t h  t h e  s e a t  i n i t i a l l y  p o s i t i o n e d  i n  t h e  f u l l  forward p o s i t i o n ,  

DYNAMIC TESTS - When a l l  s u b j e c t s  had completed t h e  s t a t i c  t e s t s  P a r t  

I1 of t h e  i n s t r u c t i o n s  ( ~ i g .  7 )  was r e a d ,  informing t h e  subjects*** t h a t  they  

would now d r i v e  each of t h e  v e h i c l e s  over  a  s p e c i f i e d  c o u r s e  of approximately  

*The two vans  had l a p  b e l t s  on ly .  The Rabbi t  had a p a s s i v e  t o r s o  b e l t  
system and t h e  t h r e e  o t h e r  v e h i c l e s  had s tandard  3-point  b e l t  systems. 

**It was n o t  always p o s s i b l e  f o r  t h e  s u b j e c t  t o  put  t h e  s e a t  b e l t  on i n  
t h e  f u l l  forward p o s i t i o n  o r  t o  keep t h e  b e l t s  on dur ing  a l l  of t h e  s e a t  
adjus tment  maneuvers, The f i n a l  p o s i t i o n  s e l e c t e d  i n  t h e s e  t e s t s ,  however, 
was w i t h  t h e  b e l t s  worn. 

***Subjects who d i d  no t  know how t o  d r i v e  c a r s  w i t h  s t andard  t r a n s m i s s i o n s  
could n o t  complete  t h e  dynamic t e s t s  i n  t h e  F i e s t a  and Rabbi t .  I n  a l l ,  
s i x t e e n  s u b j e c t s  (14 females  and 2 males) were e l i m i n a t e d  by t h i s  f a c t o r ,  
l e a v i n g  a  sample s i z e  of 92 r a t h e r  t h a n  108 f o r  t h e  dynamic t e s t s  w i t h  
t h e s e  v e h i c l e s .  



INSTRUCTIONS - PART I 

I n  t h i s  study we are in te res ted  i n  where people pos f t i on  t h w e l v e s  

when d r i v i n g  cars. You are going t o  p a r t i c i p a t e  i n  a ser ies of t e s t s  i n  

which s i x  d i f f e r e n t  vehic les w i l l  be used. Whlle you are n o t  going t o  

d r i v e  these vehic les,  we would ask you t o  imagine t h a t  you w i l l  d r i v e  and 

p o s i t i o n  the seat where you would l i k e  it. 

You w i l l  ad jus t  the seat i n  each car  s i x  times, tw ice  from the seat  

f u l l  forward and tw ice  from the seat  f u l l  rearward w i thou t  the seat b e l t s  

on, and twice from the seat f u l l  forward w i t h  the seat b e l t s  on. A f t e r  

each adjustment, we w i l l  note your se lected seat p o s i t i o n  using a scale 

attached t o  the f l o o r  o r  seat of the vehic le .  Please do no t  look a t  the 

scale w h i l e  you are ad jus t ing  the seat o r  when you are done w i t h  each 

adjustment. A f t e r  each reading the  seat w i l l  be reposi t ioned a t  f u l l  

rearward o r  f u l l  forward f o r  the next  t r i a l .  A l l  seat adjustments must 

he made w i t h  the ventc le  door closed. 

Are the re  any ouestions? 

F i g .  5 - F . ~ r t  I o f  S u b j e c t  I n s t r u c t i o n s  

Fig. 6 - - c a i e  and p o i n t e r  o n  F o n t i a c  Le'.lans f o r  n e a s l i r i n g  s e a t  p o s i t i o n s .  



f o u r  m i l e s .  During t h i s  d r i v e  t h e y  were t o  make a s  many s e a t  a d j u s t m e n t s  

a s  n e c e s s a r y  b u t  t o  r e t u r n  w i t h  t h e  s e a t  i n  t h e i r  most p r e f e r r e d  p o s i t i o n  

f o r  d r i v i n g .  P r i o r  t o  e n t e r i n g  a  v e h i c l e ,  t h e  s e a t  was always a d j u s t e d  t o  

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

S u b j e c t s  were a l s o  i n s t r u c t e d  t o  wear t h e  s e a t  b e l t s  throughout  t h e s e  t e s t s ,  

P r i o r  t o  t h e  s t a r t  of t h e  d r i v e ,  t h e  i n v e s t i g a t o r  recorded  t h e  s e l e c t e d  pre- 

d r i v e  s e a t  p o s i t i o n .  Upon t h e  s u b j e c t ' s  r e t u r n  from t h e  d r i v e  t h e  i n v e s t i -  

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

t i n e  t h e  s u b j e c t  f i l l e d  o u t  a v e h i c l e  e v a l u a t i o n  form ( F i g .  8) concern ing  

h i s / h e r  judgement of v a r i o u s  v e h i c l e  f e a t u r e s  ( e . g  . , l o c a t i o n  of s t e e r i n g  

wheel,  l o c a t i o n  of p e d a l s ,  s e a t  a n g l e ,  s e a t  ad jus tment  r a n g e ,  s e a t  b e l t  

accommodation, e t c . )  i n  t h e  v e h i c l e  j u s t  d r i v e n .  Upon complet ing t h i s  

q u e s t i o n n a i r e ,  t h e  s u b j  ec t e n t e r e d  t h e  n e x t  v e h i c l e  and r e p e a t e d  t h e  pro- 

c  edur  e  . 
I n  b o t h  s t a t i c  and dynamic t e s t s ,  t h e  v e h i c l e s  were a s s i g n e d  t o  s u b j e c t s  

i n  a  predetermined o r d e r  t h a t  v a r i e d  from s e s s i o n  t o  s e s s i o n .  Upon com- 

p l e t i o n  of t h e  dynamic t e s t s  i n  a l l  v e h i c l e s ,  t h e  s u b j e c t s  f i l l e d  o u t  a  

f i n a l  q u e s t i o n n a i r e  ( F i g .  9)  concern ing  t h e i r  d r i v i n g  h a b i t s ,  such a s  m i l 2 s  

d r i v e n  p e r  y e a r ,  t y p e s  of v e h i c l e s  u s u a l l y  d r i v e n ,  u s e  of s e a t  b e l t s ,  and 

whether t h e y  would normal ly  a d j u s t  t h e  s e a t  p o s i t i o n  i n  v e h i c l e s  o t h e r  t h a n  

t h e i r  own. I n  a d d i t i o n ,  s u b j e c t s  were asked t o  r a n k  t h e  v e h i c l e s  t h e y  had 

d r i v e n  by p r e f e r e n c e  f o r  s e a t i n g  accommodation. 

T a b l e  5 summarizes t h e  d i f f e r e n t  c o n d i t i o n s  under  which s e a t  p o s i t i o n s  

were recorded  and g i v e s  t h e  a b b r e v i a t e d  terms t h a t  w i l l  be  used t o  r e f e r  

t o  t h e s e  c o n d i t i o n s  i n  t h e  remainder  of t h i s  r e p o r t .  



INSTRUCTIONS - PART I1 

tiow we are going t o  ask you t o  d r i v e  each o f  the  cars  over a 

spec i f i ed  course shmn on a map provided you. 

The lmcedure  i s  as fo l lows:  Get i n  t f ie assigned car, c lose the 

door and fasten the  seat b e l t ,  then ad jus t  the  seat  p s i t i o n  t o  wnere 

you want it for  d r i v i n g .  iihen t h i s  i s  done, we w i l l  note the p o s i t i o n  

you have se lected and you may begin t o  d r i v e  the course shown on the 

map. I n  doing so you may ad jus t  the seat p o s i t i o n  as many times as 

you wish. ge ask, however, t h a t  you p u l l  over t o  the s i d e  o f  the road 

o r  i n t o  a park ing l o t  along the way and come t o  a f u i l  s top before 

a d j u s t i n g  the seat. %hen you are convinced :hat you nave found the 

most s u i t a b l e  seat p o s i t i o n  f o r  d r l v i n g ,  you may continue back t o  HSRI 
without  fu r the r  stops. Upon re tu rn ing  we w i l 9  note your f i n a l  se lected 

seat pos i t i on .  You w i l l  then park the ven ic le  and fill out  a b r i e f  evaluat ion 

form provided on your  c l i pooard  be fo re  being assigned t o  another vehicle. 

Please take ttme t o  look a t  t h i s  form before d r i v i n g  the f i r s t  vehie le .  

I n  making the  seat adjustments please do not  look a t  the seat ad jus te r  

o r  scale. 3e esoec ia l l y  cautious o f  o the r  t r a f f i c  when stooping for  

making seat adjustments. 

In d n v i n g  the course, please d r i v e  c a r e f u l l y ,  obey a l l  speed l i m i t s ,  

signs, s ignals ,  ztc. 

Fig. 7 - Par t  I1 of S u b j e c t  Instructions 

TABLE 5 - SEAT POSITION VARIABLES 

Abbreviated Term Description 

NBF Average of  2 no-belt s t a t i c  positions 
from in i t i a l  forward position 

NBR Average of 2 no-be1 t s t a t i c  positions 
from in i t i a l  rearward position 

NBM Average of  NBF and NBR positions 
WBM Average of 2 with-be1 t s t a t i c  positions 

from ini t i a l r w a r d  position 
PRE Pre-drive wi th-be1 t position 
POST post-driveposition ( w i t h  be1 t )  
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don many years have you been driving? 

Aoproximately h o w  many miles a year do you drive? 

iihich of the vehicles in these tests is ms t  si'milar 
to the car you usually drive? (ckeck one) 
1 - Oodge Van 3 - Pontiac 5 - Fiesta 
2 - Chevy Van 4 - Ford iaimn:  6 - Rabbit 

Kind of car you usually drive 

Please check which o f  the following types 3 i  venicles you 
have driven for an hour or nore in the last 5 years: 

1 - semilheavy truck 5 - mid size car 
2 - pickup/light truck 6 - small car 
3 - {an 7 - sports car 
4 - full size car 

Have you driven a rental venicle i n  the last 5 years? 
Yes - NO - 
!f yes, about hon many times do you drive a rental 
vehicle per year? (please check) 
1 - Tess than 1 3 - 3-4 
2 - 1 - 2  1 - 5 or more 

Do you (check one) 
1 - never 2 - seldom 3 - usually 4 - always 
aajust seat position when driving a vehicle other than your own? 

Given your own cnoice, for a short drive such as the one you 
have just taken, would yau use seat belts? 
I - never 2 - s m t i m s  3 - always 

Rank the six vehicles you have been sitting i n  'or driving 
cosition. 
1 - (best) 

F ig .  9 - F i n a l  Questionnaire 



DATA ANALYSIS - Data o b t a i n e d  from each  s u b j e c t ,  i n c l u d i n g  s e a t  p o s i -  

t i o n s  by s e a t  t r a c k  d e t e n t  f o r  each t r i a l ,  coded q u e s t i o n n a i r e  r e s p o n s e s ,  

and anthropometr  i c  measurements , were keypunched and i n p u t  t o  t h e  Xichigan 

Terminal  Computer System (XTS). S t a t i s t i c a l  programs c o n t a i n e d  i n  t h e  

Yich igan  I n t e r a c t i v e  Data A n a l y s i s  System (YIDAS) were used t o  perform 

s t a t i s t i c a l  computa t ions  and t a b u l a t i o n s ,  compare s e a t  p o s i t i o n s  s e l e c t e d  

under  d i f f e r e n t  c o n d i t i o n s ,  g e n e r a t e  s c a t t e r  p l o t s  and h i s t o g r a m s ,  com- 

p u t e  d a t a  p e r c e n t i l e s ,  and perform l i n e a r  r e g r e s s i o n s .  A second s e t  of 

s t a t i s t i c a l  programs (OSIRIS) was used when i t  was d e s i r e d  t o  weight  t h e  

d a t a  p o i n t s  t o  match t h e  U.S. p o p u l a t i o n  by a g e / s t a t u r e  p r o p o r t i o n s .  

V e h i c l e  d imens iona l  d a t a  were provided by t h e  Motor V e h i c l e  Manufact- 

u r e r s  A s s o c i a t i o n  (W). These dimensions  were o b t a i n e d  u s i n g  t h e  SAE 

5826 H-point machine ( 7 )  and a r e  summarized i n  T a b l e s  B - 1  and B-2 of 

Appendix B .  Using t h e s e  d imens ions ,  s e a t  p o s i t i o n  d a t a  i n  d e t e n t s  were 

conver ted  t o  d i s t a n c e s  of H-point from t h e  a c c e l e r a t o r  h e e l  p o i n t  and 

v e h i c l e  s t e e r i n g  wheel,  t h e r e b y  e n a b l i n g  comparisons  of s e l e c t e d  s e a t  

p o s i t i o n s  between v e h i c l e s .  





RESULTS 

GENERAL 

The l a r g e  volume of s e a t  p o s i t i o n  measurement d a t a ,  s u b j e c t  anthropo-  

m e t r i c  d a t a ,  and s u b j e c t  q u e s t i o n n a i r e  r e s u l t s  c o l l e c t e d  i n  t h i s  s t u d y  i s  

provided i n  raw form by s u b j e c t  and v e h i c l e  on magnet ic  t a p e  and computer 

l i s t i n g s .  T h i s  s e c t i o n  of t h e  r e p o r t  w i l l  p r e s e n t  t h e  primary r e s u l t s  of 

s t a t i s t i c a l  computat ions  and g r a p h i c a l  a n a l y s e s  on t h e s e  raw d a t a  and w i l l  

a l s o  p rov ide  some o b s e r v a t i o n s  and c o n c l u s i o n s  i n  terms of t h e  o b j e c t i v e s  

o u t l i n e d  i n  t h e  i n t r o d u c t i o n .  The p rocedures  and computat ions  d i s c u s s e d  

h e r e  a r e  n o t  in tended t o  be a l l  i n c l u s i v e ,  and f u t u r e  a n a l y s i s  and d a t a  

manipu la t ion  may be d e s i r e d  i n  terms of s p e c i f i c  needs u s i n g  t h e  d a t a  pro- 

v ided  on magnetic t a p e .  Appendix C c o n t a i n s  a  summary of t h e  v e h i c l e  

e v a l u a t i o n  and f i n a l  q u e s t i o n n a i r e  r e s u l t s  which w i l l  be  r e f e r r e d  t o  through- 

o u t  t h i s  d i s c u s s i o n .  

SELECTED SEAT POSITIONS 

F i g .  1 0  i l l u s t r a t e s  t h e  d i s t r i b u t i o n s  of p o s t - d r i v e  (POST) s e a t  p o s i t i o n s  

by d e t e n t  s e l e c t e d  by a l l  s u b j e c t s  i n  t h e  six v e h i c l e s .  One f a c t  i s  immed- 

i a t e l y  a p p a r e n t .  Except p o s s i b l y  f o r  t h e  Le Xans, t h e  s e a t  p o s i t i o n s  a r e  

n o t  normal ly  d i s t r i b u t e d .  I f ,  however, one removes t h e  s u b j e c t s  who s e l e c t e d  

t h e  f i r s t  and l a s t  d e t e n t s  of each v e h i c l e ,  t h e  remaining censored d i s t r i -  

b u t i o n s  appear  t o  be more normal ly  d i s t r i b u t e d  w i t h i n  t h e  l i m i t a t i o n s  of 

t h e  sample s i z e s .  The t o t a l  d i s t r i b u t i o n  f o r  each v e h i c l e  t h e n  d i f f e r s  

from a  normal d i s t r i b u t i o n  p r i m a r i l y  by t h e  "pi l ing-up" of s u b j e c t s  a t  t h e  

f i r s t  and l a s t  d e t e n t s ,  r e s u l t i n g  from t h e  l i m i t e d  s e a t  t r a c k  t r a v e l .  S i m i l a r  

shaped d i s t r i b u t i o n s  of s e l e c t e d  s e a t  p o s i t i o n s  were found f o r  t h e  
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7- a ' I€. 1 0  - D i s t r i b u t i o n  of pos t -d r ive  (POST) s e a t  p o s i t i o n s  f o r  a l l  s u b j e s t s  

Fig .  11' - D i s t r i b u t i o n s  of POST-NBM d i f f e r e n c e s .  Unshaded h i s tograms  f o r  
a l l  s u b j e c t s .  Shaded p o r t i o n s  f o r  sample p o p u l a t i o n  t r u n c a t e d  by excluding 
s u b j e c t s  a t  end d e t e n t s .  



no-be l t  s t a t i c  p o s i t i o n s  (NBM) , t h e  w i t h - b e l t  s t a t i c  p o s i t i o n s  ( 1 ~ ~ x 1 ,  

and t h e  p re -dr ive  (PRE) p o s i t i o n s .  

COHPARISONS OF STATIC XND DYNAMIC RESULTS 

VISUAL OBSERVATIONS - The unshaded h i s tograms  i n  F i g .  11 i l l u s t r a t e  

s u b j e c t  d i f f e r e n c e s  between t h e  POST s e l e c t e d  p o s i t i o n  and t h e  mean of t h e  

no-bel t  s e l e c t e d  p o s i t i o n s  (NBM) f o r  each v e h i c l e  (DIF=POST-NBM) . S e v e r a l  

o b s e r v a t i o n s  c a n  be made from t h e s e  d i s t r i b u t i o n s  of d i f f e r e n c e s .  I t  is  

s e e n  f i r s t  of a l l  t h a t  f o r  some s u b j e c t s  s i g n i f i c a n t  s h i f t s  i n  s e l e c t e d  

s e a t  p o s i t i o n  occur red  between t h e  s t a t i c  no-be l t  p o s i t i o n s  and t h e  pos t -  

d r i v e  p o s i t i o n .  It  i s  a l s o  seen ,  however, t h a t  t h e s e  d i f f e r e n c e s  a r e  

n e a r l y  normal ly  d i s t r i b u t e d  about  a mean d i f f e r e n c e  t h a t  i s  r e l a t i v e l y  small 

i n  each c a s e .  I n  f a c t ,  t h e s e  d i s t r i b u t i o n s  d i f f e r  from a normal d i s t r i b u t i o n  

p r - h a r i l y  by t h e  l a r g e  c e n t r a l  peak a t  POST-NBM of z e r o .  By e l i m i n a t i n g  

t h o s e  s u b j e c t s  who s e l e c t e d  t h e  f i r s t  o r  l a s t  d e t e n t  i n  POST p o s i t i o n s ,  

t h e  shaded h i s tograms  r e s u l t s  where t h e  c e n t r a l  peak i s  markedly reduced.  

Thus, t h e s e  "no change" s u b j e c t s  a r e  seen t o  be p r i m a r i l y  t h o s e  who s e l e c t e d  

e i t h e r  t h e  f u l l  forward o r  f u l l  rearward d e t e n t .  At tempts  t o  d i s t i n g u i s h  

t h e  forward movers ( n e g a t i v e  d i f f e r e n c e s )  from t h e  rearward movers ( p o s i -  

t i v e  d i f f e r e n c e s )  i n  t e rms  of s u b j e c t  d r i v i n g  e x p e r i e n c e ,  h a b i t s ,  e t c . ,  

( i .  e .  , f i n a l  q u e s t i o n n a i r e  in format ion)  r e v e a l e d  on ly  t h e  tendency f o r  

pe rsons  who s i t  close-up i n  t h e  s t a t i c  t e s t s  t o  s h i f t  rearward a f t e r  d r i v -  

i n g ,  and v i c e  v e r s a .  

The i n s e r t s  i n  F ig .  11 i l l u s t r a t e  t h a t  w h i l e  t h e  s e a n  v a l u e  of t h e  

d i f f e r e n c e  is  smal l  f o r  each v e h i c l e  ( g e n e r a l l y  l e s s  t h a n  . 5  d e t e n t )  i t  i s  

a lways n e g a t i v e  f o r  b o t h  t h e  f u l l  sample and censored d i s t r i b u t i o n s ,  

i l l u s t r a t i n g  t h a t ,  i n  t h e  mean, t h e r e  i s  a  s l i g h t  tendency f o r  s u b j e c t s  t o  



more forward a f t e r  d r i v i n g .  Yet one must conc lude  t h a t  t h e s e  mean d i f f e r -  

ences  a r e  i n s i g n i f i c a n t  from a  p r a c t i c a l  v iewpoin t  (L.e., 112  d e t e n t  is 

less t h a n  . 5  i n c h  f o r  a l l  v e h i c i e s )  and t h a t ,  f o r  a  r e a s o n a b l e  sample s i z e ,  

t h e  a v e r a g e  s t a t i c  seat p o s i t i o n  i s  e s s e n t i a l l y  t h e  same a s  t h e  a v e r a g e  

dynamic p o s i t i o n .  C a u t i o n  must be used ,  however, when l o o k i n g  a t  i n d i v i d u a l s ,  

s i n c e  s u b s t a n t i a l  d i f f e r e n c e s  can o c c u r .  

STATISTICAL COMPARISONS - D e s p i t e  t h e  f a c t  t h a t  t h e s e  mean d i f f e r e n c e s  

a r e  small from a  p r a c t i c a l  a s p e c t ,  s e v e r a l  s t a t i s t i c a l  t e s t s  were  used t o  

t e s t  t h e  h y p o t h e s i s  t h a t  t h e  mean d i f f e r e n c e s  between s e l e c t e d  s e a t  p o s i t i o n s  

under  two c o n d i t i o n s  (e .g  . , XBM and POST, NBN and TTBM) a r e  z e r o .  P a i r e d  

t - t e s t s  were r u n  f o r  t h e  f u l l  sample s i z e ,  t h e  sample of s u b j e c t s  r e s u l t i n g  

from c e n s o r i n g  t h e  POST d i s t r i b u t i o n s  a s  p r e v i o u s l y  d e s c r i b e d ,  and t h e  

sample of s u b j e c t s  r e s u l t i n g  from e l i m i n a t i o n  of t h o s e  s u b j e c t s  on each 

v e h i c l e  who i n d i c a t e d  a  d e s i r e  f o r  more o r  l e s s  s e a t  t r a v e l  on t h e  pos t -  

d r i v e  q u e s t i o n n a i r e  ( i t e m s  1 2  and 13 of T a b l e  C - 1  of Appendix C) .* The 

non-parametr ic  l J i lcoxon matched-pair  r a n k  sum s t a t i s t i c a l  t e s t  was a l s o  

used t o  t e s t  t h e  n u l l  h y p o t h e s i s  t h a t  t h e  d i s t r i b u t i o n  of t h e  d i f f e r e n c e  is  

symmetric abou t  z e r o .  While  minor d i f f e r e n c e s  appeared between t h e  r e s u l t s  

of t h e s e  d i f f e r e n t  t e s t s ,  t h e  o v e r a l l  r e s u l t s  were e s s e n t i a l l y  t h e  same, 

*This  a t t e m p t  t o  normal ize  t h e  d i s t r i b u t i o n s  by u s i n g  o n l y  t h e  "con ten ted"  
s u b j e c t s  d i d  n o t  e l i m i n a t e  a s  many "end" p e r s o n s  a s  d e s i r e d  and,  i n  f a c t ,  
o c c a s i o n a l l y  e l i n i n a t e d  a mid- t rack person .  Some improvement i n  normal- 
i z i n g  t h e  d i s t r i b u t i o n  was o b t a i n e d  i f  s u b j e c t s  who i n d i c a t e d  a d e s i r e  f o r  
a o r e  seat t r a v e l  on any v e h i c l e  were e l i m i n a t e d  from a l l  v e h i c l e s .  Pe rhaps  
t h e  q u e s t i o n n a i r e  r e s p o n s e s  were  u n r e l i a b l e .  I t  is  a l s o  p o s s i b l e  t h a t  xany 
p e r s o n s  were c o n t e n t  t o  move t h e  s e a t  a s  f a r  forward o r  rearward a s  p o s s i b l e ,  
but  would have moved i t  f u r t h e r  i f  more t r a v e l  had been a v a i l a b l e .  



Tables  D-1  through D-6 i n  Appendix D summarize these  t e s t  r e s u l t s  fo r  

t h e  f u l l  sample pa i red  t-tssts showing t h e  sample s i z e ,  t h e  mean d i f f e r e n c e ,  

t h e  s tandard dev ia t ion ,  and t h e  s i g n i f i c a n c e  ( s i g n i f .  < .05 i n d i c a t e s  a  

s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  .05 l e v e l ) .  The sample s i z e  f o r  comparisons 

with WBN i s  reduced, s i n c e  only about ha l f  t he  s u b j e c t s  performed these  

with-belt  s t a t i c  t e s t s .  Table 6 summarizes t hese  r e s u l t s  f o r  a l l  veh ic l e s .  

The observa t ions  t h a t  can be made from Table 6 a r e  s u b t l e  but i n t e r e s t -  

i ng ,  I t  w i l l  be noted t h a t  f o r  a l l  v e h i c l e s  except t h e  vans,  t h e  mean d i f -  

f e r ences  between no-belt s t a t i c  p o s i t i o n s  (NBM) and the  pos t -dr ive  (POST) 

p o s i t i o n s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  from zero.  Thus one might a t  f i r s t  

suspect  a  s t a t i s t i c a l l y  s i g n i f i c a n t  ( though p r a c t i c a l l y  i n s i g n i f i c a n t )  

d i f f e r e n c e  between s t a t i c  and dynamic se l ec t ed  s e a t  pos i t i ons .  On f u r t h e r  

observa t ion ,  however, i t  can be seen t h a t  t he  v e h i c l e s  gene ra l ly  show s ign i -  

f i c a n t  d i f f e r e n c e s  between the  NBM p o s i t i o n  and any o the r  with-bel t  p o s i t i o n  

( i . e . ,  PRE, WBM, and POST), Also, i t  i s  seen t h a t  with-belt  positions, i n  

comparison with each o t h e r ,  gene ra l ly  show r e l a t i v e l y  few cases  of s ign i -  

f i c a n t  d i f f e r e n c e s .  Thus, i t  appears  t h a t  t h e  NBM-POST d i f f e r e n c e s  nay be 

due t o  t h e  s e a t  b e l t  in f luence  r a t h e r  than a  s t a t i c  ve r sus  dynamic f a c t o r .  

I t  i s  a l s o  observed, however, t h a t  t h e r e  is a s i g n i f i c a n t  d i f f e r e n c e  

between t h e  no-belt  s t a t i c  p o s i t i o n s  s t a r t i n g  with t h e  s e a t  f u l l  forvard  

(NBF) and f u l l  rearward (SBR) f o r  a l l  v e h i c l e s ,  but t h a t  t h e r e  a r e  no s ign i -  

f i c a n t  d i f f e r e n c e s  between NBF and IBM pos i t i ons .  Since NBF and VBN 

p o s i t i o n s  were both from the  s e a t  i n i t i a l l y  f u l l  forward, t hese  r e s u l t s  

suggest t h a t  t h e  i n i t i a l  s e a t  p o s i t i o n  nay be an important f a c t o r .  The 

f a c t  t h a t  t h r e e  v e h i c l e s  show a  s i g n i f i c a n t  d i f f e r e n c e  between SBF and POST 



Table 6 - Summary of  Pa i red  T-Test Resu l ts  

Veh ic les  w i t h  Veh ic les  w i t h  
S i g n i f .  D i f f .  Mean D i f f ,  Signs o f  

Test* a t  .05 Level > . 5  Detent  Mean D i f f .  Tendency 

NBM-WBM 

NBM-PRE 

NBM-POST 

NBF-NBR 

NBF-WBM 

NBF-POST 

WBM-PRE 

WBM-POST 

PRE-POST 

None A1 1 p o s i t i v e  WBM forward 
Le kans 
Fairmont 
F i e s t a  
Rabb i t  

Dodge Van Fairmont A 1  1 p o s i t i v e  PRE forward 
Le Mans 
Fairmont 
F i e s t a  
Rabb i t  

Le Mans 
F a i n o n t  
F i e s t a  
Rabb i t  

A 1  1 veh i c les  

None 

Le Mans 
Fairmont 
F i e s t a  

None 

F ies ta  

Dodge Van 
GM Van 

None 

None 

None 

None 

None 

None 

None 

5 p o s i t i v e  POST forward 

A l l  nega t i ve  NFB forward 

4 p o s i t i v e  

4 p o s i t i v e  

4 negat ive  

4 negat ive  

5 negat ive  POST rearward 

*See Table 5 f o r  d e f i n i t i o n s .  



w h i l e  o n l y  one shows a  s i g n i f i c a n t  d i f f e r e n c e  between WBM and POST s u g g e s t s  

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

ence between NBM and POST, t h e  remaining f a c t o r  being t h e  s e a t  b e l t .  There  

a p p e a r s ,  t h e n ,  t o  b e  a  tendency f o r  pe rsons  t o  s e l e c t  p o s i t i o n s  f u r t h e r  f o r -  

ward when wearing t h e  shou lder  b e l t s  o r  when s t a r t i n g  from a  forward p o s i t i o n .  

It can  a l s o  b e  observed from t h e s e  r e s u l t s  t h a t  t h e  v a n s  tend t o  f o l l o w  

a  somewhat d i f f e r e n t  p a t t e r n  t h a n  t h e  o t h e r  f o u r  v e h i c l e s .  They do now 

show s i g n i f i c a n t  d i f f e r e n c e s  between MBM and POST p o s i t i o n s ,  and t h e y  a r e  

t h e  o n l y  v e h i c l e s  w i t h  s i g n i f i c a n t  d i f f e r e n c e s  between PRE and POST p o s i t i o n s .  

These o b s e r v a t i o n s  have two p o s s i b l e  e x p l a n a t i o n s .  From T a b l e s  D - 1  through 

D-6 i t  i s  seen t h a t  t h e  v a r i a n c e s  of t h e  d i f f e r e n c e s  tend t o  be  l a r g e r  f o r  

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

s t a t i s t i c a l  s i g n i f i c a n c e .  These l a r g e r  v a r i a n c e s  a r e  pe rhaps  a  consequence 

of t h e  u n f a m i l i a r i t y  of most of t h e  s u b j e c t s  w i t h  van t y p e  v e h i c l e s ,  which 

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

on s e l e c t e d  s e a t  p o s i t i o n s  ( o n l y  4 .4% of s u b j e c t s  d r o v e  van t y p e  v e h i c l e s ) .  

It  i s  a l s o  s e e n  t h a t  t h e  a c t u a l  mean d i f f e r e n c e s  between s e a t  p o s i t i o n s  

under t h e  d i f f e r e n t  t e s t  c o n d i t i o n s  t end  t o  be  s m a l l e r  f o r  t h e  v a n s .  T h i s  

may be e ~ p l a i n e d  by t h e  f a c t  t h a t  t h e  vans  o n l y  had l a p  b e l t s  and t h e r e f o r e  

t h e  s h o u l d e r  b e l t  f a c t o r  p r e v i o u s l y  hypothesized may n o t  have had a  s i g n i f i -  

c a n t  i n f l u e n c e  i n  t h e s e  v e h i c l e s .  The s i g n i f i c a n t  d i f f e r e n c e s  between PRE 

and POST p o s i t i o n s  f o r  t h e  vans  may a l s o  r e f l e c t  t h e  s u b j e c t  u n c e r t a i n t y  i n  

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

SEAT POSITION, ANTHROPOMETRY, AND OTRER FACTORS 

Stepwise  r e g r e s s i o n  a n a l y s i s  w a s  used t o  s t u d y  t h e  e f f e c t  of s u b j e c t  

an th ropomet r ic  measures on POST s e a t  p o s i t i o n s .  S i n c e  s u b j e c t s  s i t t i n g  a t  

e i t h e r  t h e  f i r s t  o r  l a s t  d e t e n t s  may n o t  have been a t  t h e  p o s i t i o n  of t h e i r  



c h o i c e  had f u r t h e r  s e a t  t r a v e l  been a v a i l a b l e ,  t h e y  were a g a i n  e l i m i n a t e d  

from t h e  sample s i z e  f o r  t h i s  a n a l y s i s .  The r e s u l t i n g  d i s t r i b u t i o n s ,  w h i l e  

t r u n c a t e d  normal a t  b e s t ,  c o n t a i n  o n l y  t h o s e  s u b j e c t s  who were n o t  l i m i t e d  

i n  t h e i r  s e a t  s e l e c t i o n .  

A s  one might  e x p e c t ,  s t a t u r e  was t h e  pr imary a n t h r o p o m e t r i c  v a r i a b l e  

t o  f a l l  o u t  of t h i s  a n a l y s i s ,  e x p l a i n i n g  between ,32  and . 6 2  of t h e  v a r i a n c e  

i n  POST s e a t  p o s i t i o n  d i s t r i b u t i o n s ,  a s  shown i n  T a b l e  7 .  I n c l u s i o n  of 

o t h e r  an th ropomet r ic  measures such a s  we igh t ,  s i t t i n g  h e i g h t ,  arm r e a c h ,  

e t c . ,  added l i t t l e  t o  t h e  amount of v a r i a n c e  exp la ined  by s t a t u r e  a l o n e .  

F i g .  1 2  shows a  p l o t  of p e r c e n t  v a r i a n c e  exp la ined  by s t a t u r e  a g a i n s t  v e h i c l e  

G s c o r e .  T h i s  s u g g e s t s  t h a t  t h e  lower t h e  v e h i c l e  G s c o r e ,  t h e  more impor- 

t a n t  i s  s u b j e c t  s i z e  i n  de te rmin ing  s e a t  p o s i t i o n .  When one c o n s i d e r s  

t h a t  t h e  G s c o r e  i s  a n  i n d i c a t i o n  of t h e  " t r u c k i n e s s "  of t h e  occupant  

s e a t i n g  ( i . e . ,  t h e  h i g h e r  t h e  G s c o r e ,  t h e  more u p r i g h t  i s  t h e  occupant)  

t h i s  f i n d i n g  i s  n o t  s u r p r i s i n g .  

Other  o b s e r v a t i o n s  made from a n a l y s i s  of v a r i a n c e  and c o v a r i a n c e  

on s e a t  p o s i t i o n s  from v a r i o u s  s u b j e c t  g roup ings  a r e  t h a t :  

1 )  Males and females  a r e  homogeneous i n  terms of s e l e c t e d  s e a t  
p o s i t i o n s  f o r  t h e  v a n s  and mid-sized c a r s  when a d j u s t m e n t s  
f o r  h e i g h t  and weight  a r e  made. 

2) Females t end  t o  s i t  c l o s e r  t h a n  s i m i l a r  s i z e d  males  i n  t h e  
F i e s t a  and R a b b i t .  

3) Age d o e s  n o t  add s i g n i f i c a n t l y  t o  p r e d i c t i v e  a b i l i t y  a l though  
t h e r e  i s  a  s l i g h t  tendency f o r  younger peop le  t o  s i t  f a r t h e r  
away and f o r  o l d e r  peop le  t o  s i t  c l o s e r .  

Other  a t t e m p t s  t o  e x p l a i n  s e a t  p o s i t i o n  v a r i a t i o n  from in format ion  

on s u b j e c t  d r i v i n g  h a b i t s  such a s  m i l e s / y e a r  and s i z e  of s u b j e c t s '  own 

v e h i c l e s ,  u s i n g  m u l t i v a r i a t e  nominal s c a l e  a n a l y s i s ,  r e v e a l e d  no s i g n i -  

f i c a n t  f a c t o r s .  





DIMENSIONALIZED SEAT POSITION DATA 

I n  o r d e r  t o  p r e s e n t  seat p o s i t i o n  r e s u l t s  i n  a  more mean ingfu l  way 

and t o  compare s e a t  p o s i t i o n s  between v e h i c l e s ,  t h e  d e t e n ~  numbers r e -  

corded d u r i n g  tes ; ing were c o n v e r t e d  t o  v e h i c l e  d i m e n s i o n a l  d a t a  

u s i n g  t h e  i n f o m i a t i o n  shown i n  T a b l e  B - 1 ,  F i g .  1 3  shows t h e  f o u r  dim- 

e n s i o n s  c a l c u l a t e d  and used i n  t h e  remainder  of t h i s  r e p o r t .  These  

i n c l u d e  : 

1) M H  - t h e  h o r i z o n t a l  d i s t a n c e  from t h e  H-point t o  a c c e l e r a t o r  
h e e l  p o i n t ,  

2 )  DHH - t h e  d i a g o n a l  d i s t a n c e  from H-point t o  a c c e l e r a t o r  
h e e l  p o i n t ,  

3) HCH - t h e  h o r i z o n t a l  d i s t a n c e  from H-point t o  t h e  c e n t e r  
of t h e  s t e e r i n g  wheel,  

4) HLH - t h e  h o r i z o n t a l  d i s t a n c e  from H-point t o  t h e  lower 
r im of t h e  s t e e r i n g  wheel.  

T a b l e  8 shows t h e s e  d imens iona l ized  s e a t  p o s i t i o n s  cor responding  

t o  t h e  d e t e n t  p o s i t i o n s  i n  each  of t h e  v e h i c l e s .  

STATURE LVD SEAT POSITION 

A s  p r e v i o u s l y  i n d i c a t e d ,  t h e r e  i s  a  f a i r l y  good r e l a t i o n  between 

s t a t u r e  and s e a t  p o s i t i o n ,  e s p e c i a l l y  f o r  v e h i c l e s  w i t h  low G s c o r e s .  

I t  i s  tempting,  t n e r e f o r e ,  t o  u s e  s t a t u r e  a s  a  p r e d i c t o r  of s e a t  t r a v e l  

r a n g e  f o r  p o p u l a t i o n  extremes.  F i g .  14 shows s c a t t e r  p l o t s  f o r  POST 

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

r e g r e s s i o n  l i n e s  f o r  t h e  f u l l  sample of s u b j e c t s *  ( s o l i d  l i n e )  and t h e  

*S ince  1 6  s u b j e c t s  (14 f e m a l e  and 2 male) d i d  n o t  d r i v e  t h e  F i e s t a  and 
R a b b i t ,  o n l y  9 2  POST s e a t  p o s i t i o n s  were o b t a i n e d  f o r  t h e s e  v e h i c l e s .  
I n  o r d e r  f o r  t h e  f u l l  sample of 108 s u b j e c t s  t o  b e  used i n  r e g r e s s s i o n s  
and v e h i c l e  comparisons  p r e s e n t e d  i n  t h e  remainder  of t h i s  r e p o r t ,  t h e  
NBN s e a t  p o s i t i o n s ,  rounded t o  t h e  n e a r e s t  i n t e g e r  v a i u e ,  were sub- 
s t i t u t e d  f o r  t h e  m i s s i n g  POST p o s i t i o n s  f o r  t h e s e  1 5  s u b j e c t s .  



Fig.  13 - Seat  p o s i t i o n  dimensions computed from v e h i c l e  
measurements obta ined by H-point machine techniques  



TABLE 0 DIHENSIONALIZED SEAT POSITIONS' 

HI111 = horizontal  distance f ron~ H-podnt t o  heel polnt  
Dtlll = diagonal distance from H-point t o  heel point 
IlCll = horizontal distance f r o m  11-point to  center o f  steering wheel 
tLll - horizontal  distance from li-point t o  lower r im  o f  steering wheel 

*Al l  dimensions i n  Inches. 
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reduced samples r e s u l t i n g  from e l i m i n a t i o n  of s u b j e c t s  i n  t h e  f i r s t  and 

las t  d e t e n t s  of a  p a r t i c u l a r  v e h i c l e  (dashed l i n e ) .  S e v e r a l  o b s e r v a t i o n s  

c a n  be  made from t h e s e  d a t a .  

V n i l e  i t  is  t r u e  t h a t  s h o r t e r  s u b j e c t s  tend t o  s i t  forward and 

t a l l e r  s u b j e c t s  r ea rward ,  t h e r e  i s  a  f a i r l y  wide r a n g e  of p o s i t i o n s  f o r  

any s t a t u r e  ( i . e . ,  t h e  v a r i a t i o n  of b o t h  v a r i a b l e s  c a n  be  q u i t e  l a r g e ) .  

T h i s  l a t t e r  f a c t  i s  e s p e c i a l l y  t r u e  f o r  t h e  vans ,  where, f o r  example, 

f o r  s t a t u r e s  of 160-165 cm. (5 '3"  t o  5'5") t h e r e  a r e  pe rsons  

s e l e c t i n g  p o s i t i o n s  throughout  t h e  s e a t  t r a v e l  range.  For t h e  F i e s t a ,  

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

r a n g e  of s t a t u r e s  f o r  s u b j e c t s  s e l e c t i n g  t h e  f u l l  forward p o s i t i o n .  

Comparing t h e  l i n e a r  r e g r e s s i o n  l i n e s  w i t h  t h e  s c a t t e r  p l o t s ,  i t  i s  

seen t h a t  t h e  " f i t s "  a r e  r a t h e r  poor f o r  s h o r t  and t a l l  s u b j e c t s .  

T a b l e s  9A - 9J show t h e  r e g r e s s i o n  e q u a t i o n s  and t h e  s e a t  p o s i t i o n s  

p r e d i c t e d  f o r  t h e  2.5 and 5 t h  p e r c e n t i l e  s t a t u r e  females ,  and 95 th  and 

97.5 p e r c e n t i l e  s t a t u r e  males  f o r  d e t e n t  and d imens iona l ized  s e a t  posi -  

t i o n s .  For t h e  f u l l  sample and e s p e c i a l l y  t h e  t r u n c a t e d  sample r e g r e s -  

s i o n s ,  t h e  p r e d i c t e d  s e a t  p o s i t i o n s  f o r  t h e s e  p o p u l a t i o n  extremes sug- 

g e s t  t h a t  t h e  s e a t  t r a c k  t r a v e l  r anges  f o r  a l l  t h e  v e h i c l e s  were n e a r l y  

adequa te ,  when i n  f a c t  they  were n o t .  Fur thermore,  t h e  r e g r e s s i o n  

e q u a t i o n s  f o r  t h e  t r u n c a t e d  samples s u g g e s t  s m a l l e r  s e a t  t r a v e l  r a n g e s  

t h a n  t h o s e  f o r  t h e  f u l l  sample. 

I t  i s  c l e a r  from t h e s e  r e s u l t s  t h a t  a  l i n e a r  e q u a t i o n  does  n o t  ade- 

q u a t e l y  d e s c r i 3 e  t h e  r e l a t i o n  between s t a t u r e  and s e a t  p o s i t i o n  and t h a t  

one cannot  a c c u r a t e l y  p r e d i c t  s e a t  t r a c k  t r a v e l  r e q u i r e d  f o r  t h e  popula- 

t i o n  a y t r e n e s  u s i n g  a l i n e a r  model d e r i v e d  from m i d - p e r c e n t i l e  s t a t u r e  



TABLE 9A - XEGRESSION EQUATIONS FOR POST 
SEAT POSITION (DETENTS) ON STATURE (CH) 'OR 
FULL SAMPLE (N.108) AND PREDICTED POSITIONS 

FOR POPULATION EXTREMES 

Predicted Position For Statures o f :  
2.5Xile 5thXile 95th::ile 97.5Zile 
Femaie Femaie Male Yale 

Vehicle Equation ---- 148.3cn 151.4cn 186.9~111 189.0cm 

OodgeVan P=.234(S)-33.5 1 .? 1.9 10.2 10.7 

GMVan P=.254(S)-35.8 2.0 2.7 11.7 12.2 

Lemans ?=.133(S)-25.6 1.6 2.1 8.6 9.0 

Fairmont P=.258(S)-36.4 2.0 2.7 11.8 12.4 

Fiesta P=.221(S)-32.7 - 2  .8 8.6 9.1 

Rabbit P=.228(S)-33.0 .9 1.5 9.6 10.1 

TABLE 98 - REGRESSION EQUATIONS FOR PJS 
SEAT POSIT1OI.I (DETENTS) ON STATURE (CM) FOR 
TRUNCATED SAMPLES AND PREDICTiD POSITIONS 

FOR POPULATION EXTREMES 

Pveaicted Pasition For Statures o f :  

2.5Zile Sthile 95th'bile 97.j:ile 
Female Female Male Yale 

'iehlcle t i  - -  Equation ---- 148.8cm 151.4~111 186.9cm 169.0cm 

Sodge Van 85 )=.I 53(S)-21 .O  2.7 3.1 a.3 9.1 
GH 'la n 79 P=.lbi(S)-21 .2 3.3 3.8 9.6 10.0 
Lemans 39 P=.160(S)-21 .8 2.0 2.4 8.1 9.0 
Fairmont 30 P*.216(S)-29.5 2.5 3.1 10.8 11.2 
:iesta 72 P=.l42(S)-19.3 1 .a 2.2 7.2 7.5 
Pabbit 90 P.l80(S)-24.9 1.9 2.4 8.7 9.1 







s u b j e c t s  s i t t i n g  w i t h i n  a  l i m i t e d  s e a t  t r a v e l  range.  Those persons  

who choose t o  s i t  c lose-up o r  far-back seem t o  do so t o  a  g r e a t e r  e x t e n t  

t h a n  a l i n e a r  r e g r e s s i o n  on mid-range s t a t u r e  and s e a t  p o s i t i o n  s u g g e s t s .  

Perhaps  o t h e r  f a c t o r s  come i n t o -  p l a y  f o r  t h e  s h o r t  and t a l l  

s u b j e c t s ,  such a s  v i s i b i l i t y  over  t h e  d a s h  and s t e e r i n g  wheel. and 

knee-s teer ing wheel i n t e r f e r e n c e ,  which c a u s e  t h e s e  peop le  t o  s i t  c l o s e r  

o r  f u r t h e r  back t h a n  t h e  l i n e a r  model p r e d i c t s .  I t  a l s o  seems 

t h a t  some persons  choose t o  s i t  up-close  o r  far-back more o u t  of 

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

b e t t e r  c o n t r o l ,  t h e y  a r e  more r e l a x e d ,  o r  it  i s  "the" way t o  d r i v e )  

t h a n  o u t  of an th ropomet r ic  c o n s i d e r a t i o n s .  

ESTIMATION OF SEAT POSITIONS FOR POPLTLATION EXTREMES FROM MEASURED 
DISTRIBUTIONS 

It i s  c l e a r  from t h e  d i s t r i b u t i o n s  of s e a t  p o s i t i o n s  i n  F ig .  1 0  

t h a t  some s u b j e c t s  would have chosen t o  be f u r t h e r  forward o r  f u r t h e r  

rearward i f  t h e  s e a t  t r a v e l  r a n g e  had been l o n g e r  ( i . e . ,  t h e  d a t a  a r e  

t r u n c a t e d ) .  I f  i t  is  assumed t h a t  t h e s e  d i s t r i b u t i o n s  a r e  normal except 

f o r  t h e  "pi l ing-up" of s u b j e c t s  a t  t h e  f i r s t  and l a s t  d e t e n t s ,  t h e  

mean and s t a n d a r d  d e v i a t i o n  of t h e  d i s t r i b u t i o n s  f o r  u n l i m i t e d  s e a t  

t r a v e l  and t h e r e f o r e  t h e  s e a t  p o s i t i o n s  t h a t  correspond t o  t h e  extreme 

p e r c e n t i l e s  of t h e  p o p u l a t i o n  c a n  be  e s t i m a t e d .  That  t h i s  assumption 

of n o r m a l i t y  is  r e a s o n a b l e  i s  suppor ted  by t h e  d a t a  f o r  t h e  Le Mans, i n  

which t h e  s e a t  t r a v e l  seemed n e a r l y  a d e q u a t e  f o r  t h e  s tudy  sample and 

t h e  r e s u l t i n g  s e a t  p o s i t i o n s  a r e  f a i r l y  normal ly  d i s t r i b u t e d .  Two 

approaches  were used f o r  e s t i m a t i n g  t h e  means and s tandard  d e v i a t i o n s  

based on t h i s  assumption of n o r m a l i t y  i n s i d e  t h e  end d e t e n t s .  



I n  t h e  f i r s t  approach which w i l l  be r e f e r r e d  t o  a s  t h e  "10 th- t i l e ' '  

p rocedure ,  t h e  20 th ,  3 0 t h ,  40 th ,  50 th ,  60 th ,  70 th ,  and 8 0 t h  p e r c e n t i l e s  

of t h e  POST s e a t  p o s i t i o n  d i s t r i b u t i o n  were c a l c u l a t e d  f o r  each v e h i c l e .  

I n  o r d e r  that t h e  sample p o p u l a t i o n  more a d e q u a t e l y  r e p r e s e n t  t h e  a c t u a l  

a d u l t  p o p u l a t i o n  by a g e / s t a t u r e  c h a r a c t e r i s t i c s ,  t h e  POST s e a t  p o s i t i o n  

d a t a  f o r  each s u b j  e c t  were weighted a p p r o p r i a t e l y  by f a c t o r s  r e s u l t i n g  

from T a b l e s  A-1 and A-3 i n  Appendix A. S i n c e  f o r  a  normal d i s t r i b u t i o n ,  

each p e r c e n t i l e  cor responds  t o  a  known number of s t a n d a r d  d e v i a t i o n s  

from t h e  mean, and t h e  mean is  e q u a l  t o  t h e  median o r  50 th  p e r c e n t i l e ,  

t h e  s t a n d a r d  d e v i a t i o n  of t h e  t o t a l  d i s t r i b u t i o n  can  be e s t i m a t e d  from 

t h e s e  p e r c e n t i l e  computa t ions  by: 

- 
where x = 5 0 t h  % i l e ,  Xn = n t h  %i l e ,  and Zn = Z s t a t i s t i c  f o r  t h e  n t h  % i l e  

from a s t a n d a r d  n o r n a l  d i s t r i b u t i o n  t a b l e .  C a l c u l a t i o n s  of were made 

f o r  t h e  20th ,  3 0 t h ,  4 0 t h ,  60 th ,  7 0 t h ,  and 8 0 t h  p e r c e n t i l e s  f o r  each 

v e h i c l e ,  and t h e  a v e r a g e  used a s  t h e  s t a n d a r d  d e v i a t i o n  of t h e  d i s -  

tr ibu t i o n s .  

I n  t h e  second approach t h e  p rocedure  of Cohen (8 )  f o r  e s t i m a t i n g  

t h e  mean and s t a n d a r d  d e v i a t i o n  of s i n g l y  censored  o r  t r u n c a t e d  normal 

d i s t r i b u t i o n s  was used .  S i n c e  t h e  POST d i s t r i b u t i o n s  f o r  t h e  t o t a l  

sample s i z e  were o f t e n  t r u n c a t e d  a t  both  ends ,  s i n g l y  t r u n c a t e d  d i s t r i -  

b u t i o n s  were c r e a t e d  by s e p a r a t i n g  males  and females ,  computing t h e  

e s t i m a t e s  f o r  t h e  means and s t a n d a r d  d e v i a t i o n s  of t h e s e  d i s t r i b u t i o n s ,  

and combining t h e  r e s u l t s .  Appendix E p r e s e n t s  a summary of t h e  ca l -  

c u l a t i o n s  made f o r  t h e  "Cohen" approach.  Tab le  1 0  shows t h e  es t imated  



mean va lues  f o r  dimensional ized s e a t  p o s i t i o n s  and t h e  s tandard  d e v i a t i o n s  

obtained by t h e s e  two approaches. I n  gene ra l ,  t h e r e  i s  good agreement 

of r e s u l t s  f o r  t h e s e  two procedures  w i th  t h e  primary d i f f e r e n c e  being 

i n  t h e  r e s u l t s  f o r  t he  Dodge van. S ince  t h e  r e s u l t s  of t h e  1 0 t h - t i l e  

procedure a r e  more c o n s i s t e n t  f o r  a l l  v e h i c l e s  inc luding  t h e  Dodge van, 

t h i s  procedure was used f o r  computation of p e r c e n t i l e  extremes. Tables  

11 and 12 show t h e  popula t ion  extreme p e r c e n t i l e  s e a t  p o s i t i o n s  f o r  

d e t e n t  and dimensional ized d a t a  r e s p e c t i v e l y ,  and show t h e  a d d i t i o n a l  

s e a t  t r a v e l  o r  number of s e a t  t r a c k  d e t e n t s  t h a t  would be r equ i r ed  t o  

accomodate 95 percent  of t h e  d r i v i n g  popula t ion .  

COXPMISONS OF RESULTS ACROSS VEHICLES U S I N G  DIMENSIOJALIZED SEAT 
POSITIONS 

Fig.  15  compares t h e  dimensional ized mean POST s e a t  p o s i t i o n s  f o r  t h e  

f u l l  sample of s u b j e c t s  est imated by t h e  1 0 t h - t i l e  procedure ( s e e  Table 

10) along wi th  t h e  s e a t  t r a v e l  ranges  f o r  t h e  s i x  v e h i c l e s .  Examining 

t h e  h o r i z o n t a l  d i s t a n c e  of H-point from t h e  hee l  po in t  (HHH), i t  i s  

seen t h a t ,  w i th  t h e  except ion  of t h e  Rabbi t ,  t h e  r e l a t i o n s  a r e  about  a s  

expected based on v e h i c l e  s e a t  he igh t  (1 ,  9 ) .  That is,  people tend t o  

s i t  f u r t h e r  back i n  v e h i c l e s  where t h e  s e a t  he ight  is  lower. For t he  

Rabbit ,  however, t h e  mean h o r i z o n t a l  d i s t a n c e  is  s i m i l a r  t o  t h e  vans and, 

because t h e  s e a t  he ight  i s  lower,  t h e  mean d iagonal  d i s t a n c e  (DHH) i s  

t h e  sma l l e s t  of a l l  t h e  v e h i c l e s .  For t h e  o the r  f i v e  v e h i c l e s  t h e  nean 

DHH d i s t a n c e s  a r e  i n  about t h e  same r e l a t i o n  a s  t h e  mean HHH d i s t a n c e ,  

except t h a t  t h e  d i s t a n c e  f o r  t h e  GN van i s  smal le r  than f o r  t h e  3odge van  

due t o  i t s  s h o r t e r  s e a t  he igh t ,  and mean DHH d i s t a n c e  i n  t h e  F i e s t a  i s  

only s l i g h t l y  g r e a t e r  than  f o r  t h e  vans. Excluding t h e  Rabbit  aga in ,  



TABLE 10 - ESTMATfS OF TRE W S  rn 
STAblOdaD DEVIATIONS FOB DZSTRTBUPIOWS OF HHB, 
Dm, RCB, IWD 8LE POST DRIVE POSITIONS 

BASED ON TKE m O D  OF CORE3 AND COB@rfiATION OF 
LOTS-ms 

BY Cohen - - - 
r 7 

Vehic le  J- HHH DHH HCH HLH - - - HHH OHH HCH HLH 

DodgeVan 108 26.3 30.4 15.0 10.0 2.6 25.2 29.4 13.9 8.0 1.8 

GM Van 108 26.4 29.3 13.5 8.5 2.1 26.2 29.2 13.3 8.3 1.9 

L m n s  108 31.8 33.1 10.4 7.5 1.9 31.5 32.9 10.1 7.2 1.9 

Fairmont 108 31.4 32.9 11.3 8.4 1.9 31.0 31.6 10.9 8.0 2.0 

F i e s t a  108* 28.1 30.2 12.0 8.5 2.0 27.9 30.5 11.8 8.3 1.7 

Rabbi t  108* 26.0 28.2 11.2 7.6 2.6 25.9 28.1 11.1 7.5 2.2 

A l l  dimensions i n  inches 

*For 16 sub jec ts  who d i d  mt d r i v e  s t i c k - s h i f t ,  NBM seat p o s i t i o n s  
rounded t o  nearest  l n t e g e r  were used. 

TABLE 11 - ESTLMTES OF POST-DRIVE SEAT POSITION 
H U N S ,  STANDARD DEVLATIONS, AND EXTREME PERCENTILES 
Ill VEHICLE DETENTS BASED ON 2OTH TO 80TH LO'EI-TILE 

COMPUTATIONS AND ASSUMPTION OF NORMALITY FOR 
FGLL SAMPLE (X=108) DISTRIBUTIONS 

No.of Mean 
Vehic le  Detents 5 0 t h % i l e  

Dodge Van 11 4.9 

GM Van 11 6.4 

Lemans 9 4.6 

F a i r w n t  11 5.9 

F i e s t a  3 3.4 

Rabbi t  10 4.8 

Oetent f o r  Popula t ion Pe rcen t i l es  o f :  

Add i t i ona l  #Is of  
detents  needed t o  
accorodate 95% 
o f  popu la t i on  
Forward Rearward 







t h e  r a n g e  of mean HHH d i s t a n c e s  i s  6.3 i n c h e s  w h i l e  t h e  r a n g e  of mean 

DHH d i s t a n c e s  is 3 .7  i n c h e s .  T h i s  i n d i c a t e s  t h e  tendency f o r  peop le  

t o  m a i n t a i n  a  s i m i l a r  " l eg  room" d e s p i t e  v a r y i n g  s e a t  h e i g h t s .  

Looking a t  t h e  nean  d i s t a n c e s  t o  t h e  s t e e r i n g  wheel (HcH and 

HLH) , t h e  d i s t a n c e s  t o  t h e  c e n t e r  of t h e  wheel a r e  a l l  

q u i t e  s i m i l a r  excep t  f o r  t h e  v a n s ,  The l a r g e r  d i s t a n c e s  f o r  t h e s e  ve- 

h i c l e s  a r e  a  r e s u l t  of t h e  l a r g e r  s t e e r i n g  wheel t i l t  a n g l e s ,  The mean 

h o r i z o n t a l  d i s t a n c e s  t o  t h e  s t e e r i n g  wheel lower r im (HLH) a r e  s i m i l a r  

f o r  a l l  s i x  v e h i c l e s ,  w i t h  a  range  of o n l y  1.1 inch .  T h i s  s u g g e s t s  t h a t  

w h i l e  peop le  t r y  t o  p o s i t i o n  themselves  f o r  s i m i l a r  " l e g  room" i n  d i f -  

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

w i t h  t h e  lower (and perhaps  upper)  r im of t h e  s t e e r i n g  wheel.  

I n  t h i s  r e g a r d  i t  i s  p a r t i c u l a r l y  i n t e r e s t i n g  t o  examine t h e  mean 

d i s t a n c e s  f o r  t h e  Rabbi t .  While s u b j e c t s  tended t o  s i t  c l o s e r  t h a n  

expected i n  terms of ? e d a l  l o c a t i o n  i a  t h i s  v e h i c l e ,  they  sat more to -  

ward t h e  midrange of t h e  v e h i c l e s  i n  terms of s t e e r i n g  wheel l o c a t i o n .  

Thus,  t h e  r e l a t i v e l y  s h o r t  mean d i s t a n c e  t o  t h e  p e d a l s  i n  t h e  Rabbi t  c a n  

perhaps  5 e  evp la ined  by a n  o v e r r i d i n g  d e s i r e  t o  g e t  " c l o s e  enough" t o  

t h e  s t e e r i n g  wheel.  

I n  a  s i m i l a r  way, i t  is  i n t e r e s t i n g  t o  n o t e  t h a t  f o r  t h e  Le Mans 

t h e  d i s t a n c e s  t o  t h e  h e e l  p o i n t  (HHH and DHH) a r e  g r e a t e s t  w h i i e  t h e  

d i s t a n c e s  t o  t h e  s t e e r i n g  wheel (HCH and HLH) a r e  s m a l l e s t .  T h i s  a g a i n  

may i n d i c a t e  t h e  p e d a l l s t e e r i n g  wheel i n t e r a c t i o n  which t a k e s  p l a c e  when 

s e l e c t i n g  a  s e a t  p o s i t i o n .  I n  a n  a t t e m p t  t o  g e t  an  a p p r o p r i a t e  d i s t a n c e  

away from t h e  s t e e r i n g  whzel ( s e e  i tem 1 of T a b l e  C-l), s u b j e c t s  may 

s i t  f u r t h e r  back from t h e  p e d a l s  than  they  o t n e r w i s e  would have.  Yet ,  



they may no t  move a s  f a r  from t h e  s t e e r i n g  wheel a s  d e s i r e d  a t  t h e  c o s t  

of  g e t t i n g  too f a r  from t h e  pedals .  Excluding t h e  Le Mans, t h e  range 

of mean HL9 d i s t a n c e s  i s  reduced from 1.1 inch t o  .8 inch ,  a n  =tremely 

small  spread cons ider ing  t h e  d i fTe ren t  v e h i c l e  packaging f a c t o r s .  
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APPENDIX A 

SUBJECT POOL COMPOSITION 3Y 

AGE/ STATURE AND STATURE/WEIGHT GROUPINGS 





Table  A-1 - Age versus S t a t u r e  Groupings 'or Yales 

'Numbers i n  pa ren thes i s  a r e  5 a s d  on o m p a r t i o n s  i n  U.S. 
p o p u l a t i o n  'rom 1960-1 962 HEW Survey Data. 

Age ( y r s )  

Tab le  A-2 - S t a t u r e  Versus Weight Groupings f o r  Males 

S t a t u r e  (cm) 

Sow T o t a l s  

12 ( 1 0 )  
6 ( 1 0 )  

11 (10) 
9 (101 

' 3  (10 ,  

51 ( 5 0 )  

S t a t u r ?  (cm.) j 

Sc165.1 , 
165.lcSc169.2 1 
169.29<172.5  
172.5<-SCli6.3 , 

, 4 4 0  305A<42 42rA.55 

1 l *  ! ( 2 )  4 ( 2 .5 )  5 ' 61  

1 (2.5) 3 ( 2 )  1 (2.5) 1 ( 3 )  
3 (2 .5)  2(?.5) 2 (2.51 J(2 .5)  
3 (2.5) 3 ( 3 )  1 (2 .5)  2 ( 2 )  

'Numbers i n  parentheses a re  based on p r o p o r t i o n s  i n  U.S. p o p u l a t i o n  f rom 1960-1962 HEW Survey Data. 

S2176.3 ' I  5 (3 .5)  5 ( 3 )  2 (2.5) 1 ' 1 )  
Column T o t a l s  1113(12.5) 1 5 1 2 . 5  2 13(12.5) 

Tab le  A-3 - Age versus S t a t u r e  Groupings 'or Females 

Row T o t a l s  

17 (17 )  
13 (16.5) 
21 (16.5)  

51 (50 )  

Weight ( k g )  

W.66.4 
66.4111c76.8 
Wk76.8 

Column T o t a l s  

Age (yrs) 

S t a t u r e  (G?) 1 1  A 4 0  205,442 42&<55 $25; I Row To ta l s  

S<l65.1 165.1iS<169.2 109.2iS<172.5 172.5sS<176.8 Sr175.8 

7 (5 .5 ) *  3 ( 4 )  5 (3.5) 1 (3 .5)  1 (1 .5)  
3 ( 3 )  1 (3 .5)  2 (3 .5)  3 (3 .5)  4 ( 3 )  
2 (1 .5 )  2 (2.5) 4 ( 3 )  5 ( 4 )  8 (5 .5)  

12 (10)  6 ( 10 )  11 (10)  9 ( 10 )  13 (10)  

- 

*Yumbers i n  qa ren thes i s  a re  based on p r o o o r t i o n s  i n  J.S. ~ o p u l a t i o n  
'rom 1960-1062 Survey Data. 

Table A-4 - S t a t u r e  versus Weight Groupings f o r  Females 

S t a t u r e  (cm) 
Weight ( kg )  /I S<156.0 156.0iS<159.3 159.3sS<162.6 162.6~S<166.1  S?166.4 1 Row To ta l s  

'Numbers i n  parentheses a r e  based on p r o p o r t i o n  i n  U . S .  p o p u l a t i o n  from 
1960-1962 HEW Survey Data. 

W57.7 
57.7511~67.3 
k 6 7 . 3  

6 ( 4 . 3 ) *  7 ( 3 . 0 )  9 ( a . 4 )  1 (3 .0)  0 (2.3) 
3 (3.1) 1 (3 .1 )  3 ( 3 . 1 )  6 ( 3 . 5 )  4 (3 .9 )  
3 ( 2 . 6 )  1 (3 .3)  3 (3 .5)  3 (3 .5 )  7 (3 .8 )  

23 (16.6)  
17 (16.7)  
17 (16.7) 

Column T o t a l s  12 (10)  9 (10)  15 (10 )  10 (10 )  11 (10 )  (50) 





APPENDIX B 

VEHICLE D IE??SIONAL DATA 





i a n l e  3-1 - i e n i c l e  I i m e n s i o n a l  Data  Bsing 
SAE i826 H-?oin t  Macnine 

J imens ion8  3odqe  'Ian Ciid ' ian L t  Mans i a i r m o n t  ' i n s t a  

i l l  
HI 7 

+See  T a b l e  3-2 f o r  d e f i n i t i o n s .  

Table  8-2 - Dimension D e f i n i t i o n s  Us ing SAE 3826 H-?o in t  Machine(9) 

L53 - H o r i z o n t a l  d i s t a n c e  from H-po in t  t o  a c c e l e r a t o r  heel  p o i n t  

H30 - V e r t i c a l  d i s t a n c e  from H-po in t  t o  a c c e l e r a t o r  heel  p o i n t  

L11 - H o r i z o n t a l  d i s t a n c e  from a c c e l e r a t o r  heel  p o i n t  t o  c e n t e r  
of s t e e r i n g  wheel 

HI7 - V e r t i c a l  d i s t a n c e  from a c c e l e r a t o r  heel  p o i n t  t o  c e n t e r  
of  s t e e r i n g  wheel 

W9 - S t e e r i n g  wheel maximum o u t s i d e  d iameter  

HI8  - S t e e r i n g  wheel ang le  frcm v e r t i c a l  

L40 - Back ang le  f rom v e r t i c a l  

L42 - H i p  ang le  between t o r s o  1  i n e  and t h i g h  cen te r  1  i n e  

144 - Knee ang le  between t h i g h  c e n t e r l i n e  and lower l e g  c e n t e r l i n e  

L46 - Foot  ang le  between l ower  l e g  c e n t e r  l i n e  and l i n e  tangent  t o  
b a l l  and heel of t h e  H -po in t  machine bare  f oo t  

L17 - Ao r i zon ta l  d i s t a n c e  between H-po in ts  i n  f ron tmost  and rearmast 
seat  p o s i t i o n s  

G - General Package Fac to r ,  t h e  p r i n c i p a l  f a c t o r  h i g h l y  c o r r e l a t e d  
w i t h  n i n e  workspace dimensions 

H58 - V e r t i c a l  d i s t a n c e  between H-po in ts  from rearmost t o  f r on tmos t  
sea t  p o s i t i o n s  





APPENDIX C 

VEHICLE EVALUATION FORM AND FIXAL 

QUESTIOh'NAIXE RESULTS 





TABLE C-1 - SMIARY OF POST-DRIVE EVALUATION FORM RESPONSES 

I t em 

S tee r i ng  wheel too  c l ose  
S tee r i ng  wheel t oo  f a r  
Top o f  s t e e r i n g  wheel r i m  too h igh  
Bottom o f  s t e e r i n g  wheel r i m  too  low 
Brake pedal too  c l ose  
Brake pedal t oo  f a r  
Gas pedal t oo  c l ose  
Gas pedal t oo  f a r  
Too l i t t l e  f o o t  space 
S tee r i ng  wheel ang le  t oo  f l a t  
S tee r i ng  wheel angle too  t i l t e d  
Forward seat adjustment no t  enough 
Rearward seat adjustment no t  enough 
Seat ang le  t oo  u p r i g h t  
Seat back ang le  t oo  r e c l i n e d  
Seat cushion t o o  h i g h  
Seat cushion t o o  low 
Seat cush ion too l ong  
Seat cush ion too  sho r t  
Seat cushion f r o n t  t o o  h igh  
Seat cush ion f r o n t  t oo  low 

3odge Van 

.6 
17.2 
4.2 
5.3 

16.8 
3.8 
8.3 
3.4 

13.2 
11.1 

5.2 
6.6 
1 .o 

12.4 
11.5 
10.8 

1.5 
5.0 
6.7 
4.4 
2.0 

GM Van - 
1.8 
9.2 
4.5 
5.6 

37.0 
. 6  

6.6 
9.0 

11.8 
8 .8  
8 .0  
5.3 
7.2 

18.8 
10.1 
8.3 
3.1 
4.1 
9.1 
6.1 
3.9 

Percent of Subjects 

Le Mans Fairmont F i e s t a  

23.4 7.6 6.4 
1 .8  2.2 11.9 

22.8 0 1.6 
5.0 14.4 22.1 
5.1 5.1 11.4 
5.3 1.2 3.7 
1.7 2.0 11.2 
6.7 1.5 .8  
4.7 5.2 18.9 
5.7 0 1.7 

23.2 11.2 9.6 
6.8 7.0 9.3 
3.1 6.9 6.5 
4.8 10.0 10.4 

15.4 8.2 15.4 
0 1.2 4.0 

14.5 12.3 9.9 
1.4 2.3 4.3 
6.2 7.6 5.2 
3.5 1.2 3.8 

12.3 11.8 10.1 

Table C-2 - Sub jec t  Rankings of  Vehic les By 
Seat Accomnodation For D r i v i n g  

Percent of Subjects 

Ranko rde r  DodgeVan GMVan LeMans Fairmont F ies ta *  Rabbi t*  - - -  

Rabbit 

*Sample s izes  f o r  Rabbi t  and F i e s t a  a re  smal le r  than o t h e r  veh i c l es  



TABLE C-3 - SHOULDER HANYESS ACCOMMODATION RESULTS 

Accomoda t i o n  Factor* Percent o f  Subjects D r i v i ng  Vehicle 

LeMans Fairmont F ies ta  Rabbit 

Excel 1 ent 
Good but  toward neck 
Good but  toward shoulder 
Loss of upper torso contact  
Close t o  o r  on neck 
Close t o  o r  on shoulder 
High on chest 
Below plane of shoulder 
I n te r f e res  w i t h  seat back 

o r  head r e s t r a i n t  

*See Figure C-1  f o r  i l l u s t r a t i o n s  



". 
1. Zxcellent tovard neck toward shoulder 

4 .  Loss of upper 5 .  Close to or on 6. Close to or o f f  
torso contact neck shoulder 

chest plane of shoulder shoulder harness 

F i g .  C-1 - Shoulder  Harness  Accomodation R a t i n g s  



TABLE C-4 - SlJXWiRY OF FETAL QUESTIONl?AI?.E SESULTS 

1 )  !lumber of Years  D r i v i n g  E x p e r i e n c e  

N Mean S.D. - - -  
Yal e s  5 1  26.4 17.2  
Females 57 26.0 15.3 
T o t a l  108 26.2 1 6 , l  

2) X i l e s  Dr iven  P e r  Year 

N - Xean S.D. 

a l e s  51 15,696 14,894 
Females 57 7,212 5 ,533 
T o t a l  108 11,219 11,738 

3) P e r c e n t  of S u b j e c t s  Who D r i v e  V e h i c l e  Xost  S i m i l a r  To: ' 

P e r c e n t  P e r c e n t  

Dodge Van 1.9 Fa irmon t 32.4 
GM Van 2.8 F i e s t a  10 .2  
Le ?fans 33.3 R a b b i t  19.4 

4) Approximately  11% of t h e  s u b j e c t s  u s u a l l y  d r o v e  a r e n t a l  
v e h i c l e  t h r e e  o r  more times per y e a r .  

5 )  Only 8 ,4% of t h e  s u b j e c t s  s a i d  t h a t  t h e y  n e v e r  (1.92) o r  
seldom (6.51) a d j u s t e d  t h e  seat b e f o r e  d r i v i n g  a v e h i c l e  
n o t  t h e i r  own. While  91.62 s a i d  t h e y  u s u a l l y  ( 4 4  .h%) o r  
a lways  ( 4 7 . 2 % )  a d j u s t e d  t h e  s e a t .  

6) 49.1:; of t h e  s u b j e c t s  s a i d  t h a t  t h e y  a lways  f a s t e n e d  t h e  
seat b e l t s  on a s h o r t  d r i v e  w h i l e  29.67; s a i d  t h e y  seldom 
vould and 21.3% s a i d  t h e y  n e v e r  would. 



APPENDIX D 

TABULATION OF PAIRED T-TEST RESULTS 

FOR STATIC (NBM) VERSUS DYNAMIC (POST) 

SEAT POSITION COMPARISONS 





Table 0-1 - Sumnary o f  Paired T-Test S t a t i s t i c s  f o r  Dodge Van Table 0-2 - Swmary o f  Paired T-Test S t a t i s t i c s  fo r  GM Van 

Test* Mean Oi f f. Std.0iv. S f g n i f .  Mean O i f f .  Std. Oev. S ign i  f. 

NBM-UBM 
NW-PRE 
NBM-POST 
NBF-NBR 
WBM-PRE 
WBM-POST 
PRE-POST 
NBF-WBM 
NBF-POST 

NW-WBN 
NU-PRE 
NU-POST 
NBF-NBR 
UBH-PRE 
WBH-POST 
PRE-POST 
NBF-WBH 
NBF-POST 

Table 0-3 - Sulmary o f  Paired 1-Test S t a t i s t i c s  f o r  Pontlac Le Hans Table 0-4 - S~mIIary of  Paired T-Test S t a t i s t i c s  f o r  Ford Fairmont 

Test Mean O i f f .  S ign i f .  Std. Oev. Test Mean O i f f .  Std. Oev. S i q n i f .  

NBM-WEM 
NBM-PRE 
NBM-POST 
NBF-NBR 
WBM-PRE 
WBM-POST 
PRE-POST 
NBF-WBM 
NBF-POST 

NBM-UBM 
NBM-PRE 
NBN-POST 
NBF-NBR 
WW1-PRE 
UBN- POST 
PRE-POST 
NBF- WBH 
NBF-POST 

Table 0-5 - Sumnary o f  Paired T-Test S t a t i s t i c s  f o r  Ford F ies ta  Table D-6 - Sumnary o f  Paired T-Test S t a t i s t i c s  f o r  VW Rabbit 

Test N - Mean O i f f .  Std. Oev. S iqn i f .  Test Mean O i  f f. Std. Oev. 

NBH-WBM 
NBM-PRE 
NBM-POST 
NBF-NBR 
WBM-PRE 
UBM-POST 
PRE-POST 
NBF-WBM 
NBF-POST 

NBM-WBM 
NBM-PRE 
NBM-POST 
NBF-NBR 
WBH-PRE 
WBH-POST 
PRE-POST 
NBF-ww 
NBF-POST 





APPENDIX E 

APPLICATION OF COHEN PROCEDURE FOR 

EXTIXATING THE N U N S  ANJI STANDARD DEVIATIONS 

OF DISTRIBUTIONS IN POST-DRIVE SEAT POSITIONS 





I n  h i s  paper  " S h p l i f  i e d  E s t i m a t o r s  f o r  t h e  Normal D i s t r i b u t i o n  

When Samples a r e  S i n g l y  Censored o r  T r u n c a t e d W ( 8 ) ,  A. C l i f f o r d  Cohen,Jr .  

o u t l i n e s  a p rocedure  and p r e s e n t s  a t a b l e  f o r  e s t i m a t i n g  means and 

s t a n d a r d  d e v i a t i o n s  of normal d i s t r i b u t i o n s  where, f o r  exper imenta l  

r e a s o n s ,  some of t h e  sampled d a t a  a t  t h e  ends of t h e  d i s t r i b u t i o n  a r e  

e i t h e r  excluded ( t r u n c a t e d )  o r  counted bu t  n o t  observed (censored)  . 
I n  t h i s  s t u d y  t h e  l i m i t a t i o n s  i n  s e a t  t r a c k  t r a v e l  f o r  t h e  d i f f e r e n t  

v e h i c l e s  r e s u l t s  i n  t h e  s i t u a t i o n  of censored d a t a  a t  e i t h e r  o r  b o t h  

ends of t h e  p o s t - d r i v e  s e a t  p o s i t i o n  d i s t r i b u i o n .  Tha t  i s ,  f o r  many of 

t h e  measurements a t  t h e  f i r s t  and l a s t  d e t e n t s ,  t h e  d a t a  a r e  counted 

bu t  n o t  a c t u a l l y  observed s i n c e  some of t h e  s u b j e c t s  would probably  have 

s e l e c t e d  c l o s e r  o r  f u r t h e r  back p o s i t i o n s  had t h e  s e a t  t r a v e l  been ex- 

tended.  S i n c e  t h e  e x a c t  number of s u b j e c t s  a t  t h e  end d e t e n t s  who would 

have chosen o t h e r  p o s i t i o n s  i s  n o t  known, a l l  t h e  s u b j e c t s  choosing end 

d e t e n t  p o s i t i o n s  must be  c o n s i d e r e d  censored .  It  is  a l s o  apparen t  from 

F i g u r e  1 0  t h a t ,  f o r  t h e  t o t a l  sample of s u b j e c t s ,  many of t h e  d i s t r i -  

b u t i o n s  should b e  cons idered  censored a t  b o t h  ends r a t h e r  t h a n  s i n g l y  

sensored .  I f ,  however, t h e  males  and females  a r e  t a k e n  s e p a r a t e l y  f o r  

each v e h i c l e ,  then  t h e  d i s t r i b u t i o n s  by sex can be cons idered  s i n g l y  

censored .  F i g u r e  E-1  i l l u s t r a t e s  t h i s  p o i n t  showing t h e  pos t -d r ive  s e a t  

p o s i t i o n  d i s t r i b u t i o n s  (by d e t e n t j  f o r  a l l  s u b j e c t s  and males  and f m a l e s  

s e p a r a t e l y .  Using t h e  p rocedures  o u t l i n e d  by Cohen and v a l u e s  

o b t a i n e d  from h i s  T a b l e  2 (Tab le  E- I ) ,  v a l u e s  f o r  t h e  means and s tzndard  

d e v i a t i o n s  of t h e  p o s t - d r i v e  d i s t r i b u t i o n s  by sex were c a l c u l a t e d .  

T a b l e s  E-2 through E-7 i l l u s t r a t e  t h e  v a l u e s  used and c a l c u l a t e d  i n  

working through t h i s  procedure  f o r  s e a t  p o s i t i o n  a s  a f u n c t i o n  of H- 



ALL SUBJECTS MALES 

L. 0000 
? . J I I l  
4 .  onnn 
9. j n 0 l  

6 .  onnn 
$ . I l l 1  
5 .  oqnn 
r. unon 
'.Ill! 
I. onon 

Fig. E-1 - Distributions of  Post-Drive Seat Positions for All  Subjects and 
Ma1 es and Femal es Separately 





p o i n t  t o  h e e l  p o i n t  h o r i z o n t a l  d i s t a n c e  (HHH) . 
I n  o r d e r  t o  o b t a i n  t h e  mean and s t a n d a r d  d e v i a t i o n s  of t h e  t o t a l  

d i s t r i b u t i o n s ,  t h e  means and s t a n d a r d  d e v i a t i o n s  f o r  t h e  d i s t r i b u t i o n s  

by SLY must be  combined by u s i n g  t h e  a p p r o p r i a t e  r e l a t i o n s .  The mean of 

t h e  t o t a l  sample (x ) c a n  b e  c a l c u l a t e d  d i r e c t l y  u s i n g  t h e  e q u a t i o n :  T 

- 
where N Nf , x and a r e  t h e  sample s i z e s  and means of t h e  male  and 

m ' m f 

f emale  samples  r e s p e c t i v e l y  . 
C a l c u l a t i o n  of t h e  f u l l  sample s t a n d a r d  d e v i a t i o n  c a n  b e  d e t e m i n e d  

u s i n g  t h e  e q u a t i o n :  

- 
where x a r e  t h e  observed s e a t  p o s i t i o n s ,  g2 is t h e  e s t i m a t e d  v a r i a n c e ,  

i 

and a i s  t h e  e s t i m a t e d  s t a n d a r d  d e v i a t i o n .  While t h e  x ,  a r e  n o t  a l l  known 
1 

( s i n c e  t h e  d a t a  a r e  c e n s o r e d ) ,  t h e  q u a n t i t y  C x can  be  determined f rom 
i 

t h e  r e l a t i o n :  

(3) 

which g i v e s :  



- - 
S i n c e  x ,  a ,  and N a r e  known f o r  t h e  d i s t r i b u t i o n s  by sex ,  t h e  q u a n t i t i e s  

N 
'7 C x -  can  be  c a l c u l a t e d  from e q u a t i o n  ( 2 )  f o r  males  and females  
i i= 1 

s e p a r a t e l y :  

N 
T h e v a l u e o f  V 1 i f o r  t h e  t o t a l  sample i s  s i n p l y  t h e  sum of t h e s e  

q u a n t i t i e s  f o r  b o t h  sexes :  

S i n c e  t h e  mean of t h e  t o t a l  sample is  known from e q u a t i o n  (1 )  t h e  on ly  

unknown i n  e q u a t i o n  (2) f o r  t h e  t o t a l  sample s i z e  i s  a which can  then b e  T 

c a l c u l a t e d .  



Performing t h e s e  c a l c u l a t i o n s  u s i n g  t h e  r e s u l t s  shown i n  T a b l e s  E-2 

through E-7 r e s u l t s  i n  t h e  t o t a l  sample means and s t a n d a r d  d e v i a t i o n s  

f o r  p o s t - d r i v e  seat p o s i t i o n s  (H-point t o  h e e l  p o i n t )  shown i n  T a b l e  10. 



TABLE E 2  - SlJNMUY OF CALCULATIONS 
USED FOB COMPUTING ESTIMATES OF MZGUS 
A s i  STANDARD DEVIATIONS BY COHEN PXOCEDURE 

Vehicle Dodge Van 

- -- - - - - - - 

/ Censored Portion 

Males Females 

1~arnpI.e s i re  N 

Observed Portion N 
3 

Value Censored S 
C - 

Mean of Observed Sample X h  

- -- I A (from Cohen Table 2) 

5  1 

Variance of Observed Sample ;i 
d e l  Go - Xc 

57 

4 2  

2 8 . 5  

2 5 . 7  

Estimated Standard Deviation i - - 

44 

2 3 . 1  

2 5 . 3  

1 . 7 2  

-2.8 

E s  t h a  t ed Hean - 
X - To - A *(del)  

Estimated Variance 

V = ;j2 t X ~ ( d e l ) ~  
0 

1.56 

2 . 2  

28.26 

3 . 5 7  

2 4 . 5 7  

3 . 1 7  



TABLE E3 - SUliMARY OF CALCULATIONS 
USED FOR COMPUTIXG ESTIMTES OF W S  
L"JD STANDARD DEVIATIONS BY COBEN PROCEDURE 

Vehicle GM Van 

Hales Females 

Observed Portion 

Sample Size N 

Censored Portion Nc 

5 1  1 57 

Mean of Observed Sample - x - 1 

1 6  

Value Censored X 
C 

8 

2 8 . 5  

A (from Cohen Table 2) 

2 3 . 5  

1 . 7 2  Variance qf Observed Sample G: 

del = TO - Xc 

Estimated Xean 

1.60 

Estimated Variance 

v = gz + 1 *(del)2  

-2 .2  2 . 5  

Estimated Standard Deviation 1 1.99 
;= rn 1 . 7  



TABLE E 4 - S b W Y  OF CALCLTATIONS 
USED FOR COMPUTING XSTIUTES OF MEANS 
AND STANDARD DEVIATIONS BY COHEN PliOCEDURE 

Vehicle Le Mans 

.Hales Females 

Sample Size N 

Censored Portion Nc 

Observed Portion N - 
Value Censored X 

C - 
Mean of Observed Sample 

0 

Variance of Obsemed Sample I 2.12 

5 1 

6 

35.2  

32 .31  

1 .42  

del = yo - Xc 1 -2.89 
1 

Var / (d el) .2538 

Estimated Xean 

57 

3 

28.5 

31.03 

2.53 

,2218 

h a Nc/Y 1 ,1176 1 ,0526 / 

Estimated Variance 

V = ;f =i+ X ~ ( d e l ) ~  

4 5 1 54 

X (from Cohen Table 2) ,1530 / ,0640 

Estimated Standard Deviation 

;= fl 
1.84 1.35 



TABLE E 5  - SUNHARY OF CALCULATIONS 
USE3 FOR COMPUTIXG ESTIXATES OF mS 
AND STANDARD DEVIATIONS BY COHEN PROCXDL'RE: 

Vehic le  Fairmont 

Observed P o r t i o n  

Hales Females 

Sample S i z e  N 

I A (from Cohen Table  2)  

- 

Value Censored X 
C - 

Mean of Observed Sample 
3 

Variance of Observed Sample Ti 

del = To - Xc 

Var/ ( d e l )  

Estimated Variance 

v - ;: + A * ( d e l ) 2  

Censored P o r t i o n  Nc 
3 

57 57 

38.8 

31.64 

1.695 

-2.16 

,3633 

28.3 

30.69 

1.703 

2.39 

,2982 

Estimated Standard Devia t ion  

I 
1.82 1.44 



TABLE E 6 - SlJMMY OF CALCULATIONS 
USED FOR COMPUTIXG ESTIAATES OF HEAiVS 
AND STANDARD DEVIATIONS BY COHEN PXOCEDURE 

Vehicle  Fiesta 

Ma1 e s  Females 

Sample S i z e  N 

Censored P o r t i o n  Nc 

Observed P o r t i o n  N 
0 

Value Censored X 
C 

/Va r i ance  of Observed Sample ;: 1.748 1.281 

/ Mean of Observed Sample - 1 28.3 

1 h (from Cohen Table 2) 

1 

31.2 

Xo 

Estimated Hean - 
X = - X . ( de l )  

4 

5 1 

9 

4 2 

26.4 

28.3 

57 

19 

3 8 

/Es t imated  Standard Deviat ion 1 1.93 1 

Estimated Variance 

V = ;2 + h * ( d e l l 2  
0  

3.73 3.217 



TABLE E 7 - SUMkfARY OF CALCULATIONS 
USED FOR C O M N T I N G  ESTIXATES OF M S  
AND STiLXDARD DEVIATIONS BY COHEN PROCEDURE 

Vehicle R a b b i t  

Xales Females 

/ observed portion N 4 5 4 7 
0 

1 

Sample Size N 

1 Consored Portion 

1 Value Censored X 30.3 22.6 
C 

Nc 

- 1 Mean of Observad Sample X* 26.6 1 25.6 1 

! 

5 1 

1 Variance of Observed Sample ;: 1 3.39 1 2.81 1 

5 7 

6 

I var / (del) / ,2476 1 .3122 

1 0  

1 Estimated Variance 

h = N ~ / N  

X ( f rom Cohen Table 2) 

Estimated Standard Deviation 
2.34 2.24 

.I17 6 

. I526 

.17 54 

,2444 






