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16. Abgkoef  

This  two-year study evol uated t h e  Mlchigan checklane i n s p e c t i o n  system 
as a t r i a l  s u b s t i t u t e  f o r  a p e r i o d i c  m t o r  v e h i c l e  i n s p e c t i o n  program. Two 
count ies served as t h e  t e s t  areas. One county had a s imula ted PMVI ,  w h i l e  
the  o the r  had a checklane i nspec t i on  o f  15% o f  t he  cars .  Random checklanes 
were used i n  1975 2nd 1976 t o  es t imate  t h e  c o n d i t i o n  of t h e  cars  i n  each 
county, w i t h  minimum sample s i7es o f  2000 cars  f o r  each study group. 

The r a t e  o f  equipment outages was found t o  depend s t r o n g l y  on the  age 
o f  the  car.  Charts o f  t h i s  re :a t ionsh ip  a r e  presented f o r  several  s a f e t y  
components. A f te r  ad jus t i ng  f o r  t h e  age o f  t h e  ca r ,  no s i g n i f i c a n t  d i f f e r e n c e s  
were found i n  comparing the  previous 5% checklane program t o  t he  more i n t e n s i v e  
15% checklane program. Cars iil the  s imula ted PMVI program proved t o  be a 
s e l f - s e l e c t i n g  sample o f  newer cars  i n  b e t t e r  mechanical c o n d i t i o n  than average, 
maklng d i r e c t  comparisons ro t h e  checklane popu la t i on  d i f f i c u l t .  The 1975 
sample o f  cars i n  the  P M V I  groi jp est imated t h e  e f f e c t s  of the  5% checklane 
i nspec t i on  program; the 1976 sample of these ca rs  est imated t h e  e f f e c t s  o f  t h e  
s imulated PMVI  group, and these two samples d i d  n o t  d i f f e r  s i g n i f i c a n t l y .  
Thus the re  was no evidence o f  d i f fe rences among t h e  PMVI, 15% checklane, o r  
5% cnecklane. 

A spec ia l  study i n  1975 compared a moving s topp ing t e s t  t o  a wheel-pul l  
brake i nspec t i on .  The conclusion was t h a t  t h e  MST was more s t r i n g e n t  and 
eas ie r  t o  perform. I n  1976 t h e  r e p a i r  r a t e s  f o r  veh i c les  i n  t h e  P M V I  group 
were a l s o  determined f o r  several  s a f e t y  components and were reported.  
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EVALUATION OF THE MICHIGAN TRIAL SUBSTITUTE 
VEHICLE INSPECT1 ON PROGRAM 

1 .  SUMMARY 

How e f f e c t i v e  i s  t h e  check lane v e h i c l e  i n s p e c t i o n  conducted by  

t h e  S t a t e  o f  Mich igan? How e f f e c t i v e  would a  check lane i n s p e c t i o n  

system be t h a t  i n s p e c t e d  on t h e  average 15% o f  t h e  s t a t e ' s  v e h i c l e s ,  

coup1 ed w i t h  an i nc reased  pub1 i c  awareness campaign? How would such 

a  system compare w i t h  a  p e r i o d i c  i n s p e c t i o n ?  Which procedure--a moving 

s t o p p i n g  t e s t  o r  a  wheel p u l l  i nspec t i on - i s  b e t t e r  f o r  e v a l u a t i n g  t h e  

b r a k i n g  system? These a r e  some o f  t h e  q u e s t i o n s  addressed by t h e  s tudy  

conducted by H S R I  j o i n t l y  w i t h  t h e  MSP and OHSP d u r i n g  1975 and 1976. 

To q u a l i f y  f o r  f e d e r a l  highway funds under e x i s t i n g  f e d e r a l  law,  

t h e  50 s t a t e s  must conduct  v e h i c l e  i n s p e c t i o n  programs. T h i r t y - s i x  

s t a t e s  employ p e r i o d i c  motor  v e h i c l e  i n s p e c t i o n  (PMVI), under wh ich  

a1 1  v e h i c l e s  a r e  i n s p e c t e d  and c e r t i f i e d ,  u s u a l l y  annual l y .  M ich igan  

conducts  a  yea r - round  randomized r o a d s i d e  i n s p e c t i o n  program, S t a t e  

Po! i c e  teams s e t  up temporary check lane s i t e s  a t  random t imes and l o -  

c a t i o n s ,  o r d e r  approach ing m o t o r i s t s  i n t o  them, i n s p e c t  and t e s t  t h e  

v e h i c l e ,  and i s s u e  c i t a t i o n s  t o  m0tor is t .s  whose v e h i c l e s  a r e  found w i t h  

d e f e c t s .  The S t a t e  Pol i c e  have been i n s p e c t i n g  about  300,000 v e h i c l e s  

each y e a r ,  o r  about  6% of  t h e  passenger c a r s  r e g i s t e r e d  i n  Mich igan.  

The c u r r e n t  s tudy  a t temp ts  t o  answer s e v e r a l  q u e s t i o n s  r e l a t i v e  t o  

t h e  M ich igan  check lane i n s p e c t i o n  program: 

What i s  t h e  c u r r e n t  p r o p o r t i o n  o f  d e f e c t i v e  
v e h i c l e s  i n  t h e  d r i v i n g  p o p u l a t i o n ?  

Among t h e  d e f e c t i v e  v e h i c l e s ,  what d e f e c t s  
a r e  most f r e q u e n t ?  





How do two d i f f e r e n t  methods f o r  t e s t i n g  t h e  
b r a k i n g  a b i  1  i t y  o f  v e h i c l e s  compare? 

I f  t h e  p e r c e n t  o f  i n s p e c t e d  v e h i c l e s  were r a i s e d  
t o  15 p e r c e n t  and coup led w i t h  a  p u b l i c  i n f o r m a t i o n  
campaign, how would t h e  d e f e c t  r a t e  change? 

How would  t h e  d e f e c t  r a t e s  under a  15% i n s p e c t i o n  
program compare w i t h  those  f o r  a  s e t  o f  v e h i c l e s  
wh ich  had passed an i n s p e c t i o n  t h e  p r e v i o u s  y e a r ?  

The genera l  p l a n  o f  t h e  s tudy  i s  diagrammed i n  F i g u r e  1  .I. Two 

c o u n t i e s  were s e l e c t e d  f o r  t h e  t r i a l  program, Monroe and Jackson. The 

two c o u n t i e s  have a  s i m i l a r  number o f  r e g i s t e r e d  v e h i c l e s ,  and each 

exper ienced approx ima te l y  a  15  p e r c e n t  i n s p e c t i o n  r a t e  d u r i n g  1975. Two 

s l i g h t l y  d i f f e r e n t  i n s p e c t i o n  methods were employed. The i n s p e c t i o n s  

denoted by " R "  denote random i n s p e c t i o n s  i n  wh ich  t h e  s i t e s  were randomly 

v i s i t e d  and, on each s i t e ,  a  sys temat i c  sample o f  v e h i c l e s  w i t h  a  random 

s t a r t  was i nspec ted .  The o p e r a t i o n a l  i n p s e c t i o n s ,  denoted by "0"  i n  F i g u r e  

1-1, had a  l e s s  r i g i d  schedule f o r  v i s i t i n g  t h e  s i t e s ,  and f o l l o w e d  a  some- 

what judgmental  system f o r  s e l e c t i n g  v e h i c l e s  f r o m  t h e  t r a f f i c  f l o w  f o r  

i n s p e c t i o n .  That  i s ,  a  S t a t e  P o l i c e  o f f i c e r  would v iew each v e h i c l e  e n t e r -  

i n g  t h e  i n s p e c t i o n  area and then  o r d e r  i t  i n t o  t h e  i n s p e c t i o n  queue o r  

a1 low i t  t o  proceed,  depending on h i s  i n i t i a l  impress ion .  T h i s  r e s u l t s  i n  

g e n e r a l l y  a somewhat h i g h e r  p r o p o r t i o n  o f  o l d e r  v e h i c l e s  a c t u a l l y  be ing  

i nspec ted ,  as w e l l  as v e h i c l e s  w i t h  obv ious d e f e c t s ,  o r  d e f e c t s  suspected 

because o f  t h e  v e h i c l e s '  e x t e r i o r  appearance. Only t h e  r e s u l t s  o f  t h e  

random i n s p e c t i o n s  were recorded f o r  a n a l y s i s .  

F i g u r e  1  .I a l s o  p resen ts  t h e  p r o p o r t i o n  o f  d e f e c t i v e  v e h i c l e s  i n  each 

group, c d j u s t e d  f o r  t h e  age o f  t h e  v e h i c l e .  That  i s ,  s i n c e  t h e  p r o p o r t i o n  

o f  v e h i c l e s  f a i l t n g  t h e  i n s p e c t i o n  was found t o  i n c r e a s e  w i t h  t h e  age o f  

t h e  v e h i c l e ,  and s i n c e  t h e  ages o f  v e h i c l e s  i n  t h e  d i f f e r e n t  c o u n t i e s  and 

d i f f e r e n t  s tudy  groups were found t o  d i f f e r ,  i t  was necessary t o  remove 

t h e  e f f e c t  o f  age b e f o r e  comparing t h e  p r o p o r t i o n s  o f  d e f e c t i v e  v e h i c l e s .  

T h i s  was done u s i n g  a  d i r e c t  a d j u s t  r a t e ,  and t h e  a d j u s t e d  p r o p o r t i o n s  

a r e  r e p o r t e d  i n  F i g u r e  1  .I. The number o f  v e h i c l e s  a c t u a l l y  i n s p e c t e d  i n  

each group i s  a1 so noted on t h e  f i g u r e .  



The s tudy  p l a n  was t h a t  Monroe County would serve as a  t e s t  county  

f o r  t h e  h i g h e r  l e v e l  (15% of  r e g i s t e r e d  v e h i c l e s )  o f  t h e  check lane i n -  

spec t ion ,  w h i l e  Jackson County would serve as a  t e s t  coun ty  f o r  a  s imu la ted  

o r  pseudo-per iod ic  i n s p e c t i o n  system, Thus, an a d d i t i o n a l  sample o f  

about  2000 v e h i c l e s  d u r i n g  1976 was sought f rom Monroe County t o  e s t i m a t e  

any changes i n  t h e  p r o p o r t i o n s  o f  v e h i c l e s  f a i l i n g  t h e  i n s p e c t i o n  f o r  

v a r i o u s  reasons i n  Monroe County. Such changes would presumably be asso- 

c i a t e d  w i t h  t h e  ins reased  l e v e l  o f  checklane i n s p e c t i o n s  ( f r o m  5% t o  15%).  

I n  Jackson County d u r i n g  1976 t h e  f o l l o w i n g  sampl ing scheme was used. 

A  sys temat i c  sample w i t h  a random s t a r t  was a p p l i e d  t o  a l l  v e h i c l e s .  I n  

a d d i t i o n ,  a l l  v e h i c l e s  w i t h  a  s t i c k e r  on t h e  w i n d s h i e l d  i n d i c a t i n g  t h a t  

t h e y  had been inspec ted  i n  1975 were s e l e c t e d  f o r  i n s p e c t i o n .  Again t h e  

s i t e s  were randomly r o t a t e d  as t o  days and hours .  Thus, i n  Jackson County 

a  sample of t h e  p r e v i o u s l y  ( i n  1975) i nspec ted  c a r s  was ob ta ined .  I n  

a d d i t i o n ,  a  sample o f  t h e  p r e v i o u s l y  un inspected c a r s  was ob ta ined ,  The 

r e i n s p e c t e d  c a r s  formed t h e  pseudo-per iod ic  i n s p e c t i o n  group, w h i l e  t h e  

p r e v i o u s l y  un inspected ca rs  formed a  c o n t r o l  group. The p r e v i o u s l y  i n -  

spected c a r s  were those which had e i t h e r  passed t h e  i n s p e c t i o n  i n  1975 

o r  f a i l e d  i t  and had t h e i r  d e f e c t s  c o r r e c t e d .  I n  t h i s  sense t h e y  fo rm a  

pseudo-per iod i  c  i n s p e c t i o n  group, There a r e  some d i f fe rences  : t h e  owners 

o f  t h e  c a r s  i nspec ted  i n  1975 d i d  n o t  know f o r  su re  whether t h e i r  ca rs  

would be inspec ted  i n  1976 o r  when. 

The p r e v i o u s l y  un inspected c a r s  sampled i n  1976 p r o v i d e  a  c o n t r o l  

group. These a r e  v e h i c l e s  which would o n l y  be i n f l u e n c e d  by t h e  i n s p e c t i o n  

program by pub1 i c  i n f o r m a t i o n  campaigns and/or word-of-mouth. As such, 

they  do n o t  comp le te l y  r e p r e s e n t  a  checklane p o p u l a t i o n ,  s i n c e  they  do 

n o t  i n c l u d e  t h e  5% o r  15% o f  v e h i c l e s  a c t u a l l y  i nspec ted  (and r e p a i r e d  i f  

f a i l e d )  t h a t  a  checklane i n s p e c t i o n  program a f f e c t s .  I n  a d d i t i o n ,  s i n c e  

t h e  o p e r a t i o n a l  check lane s e l e c t s  those v e h i c l e s  which a r e  most l i k e l y  t o  

f a i l  t h e  i n s p e c t i o n  (based on age, apparent  c o n d i t i o n , e t c . ) ,  t h e  non- 

i nspec ted  group may n o t  be as good as f rom a  checklane i n s p e c t i o n  system. 

The p r o p o r t i o n  of  v e h i c l e s  pass ing  t h e  i n s p e c t i o n  i n  t h e  v a r i o u s  groups 

can be seen on F i g u r e  1.1 t o  range f rom about  46% t o  about  56%. The 



proportion passing among a l l  the randomly inspected cars in 1975 was 50.1% 
and in 1976 i t  was 44.0%. This compares with the proportion passing the 
operational checklanes in Michlgan during the same two years: 38.0% in 
1975 and 37.0% i n  1976. The passing ra tes  are  similar  to  those reported 

from areas with annual PMVI, which range from 45% to  75%. 192 

The proportion of cars passing the overall inspection was found to  

vary considerably with the age of the vehicle; older vehicles ra i led  much 
more frequently. Indeed, an increasing f a i l u r e  r a t e  with age of vehicle 
was noted for  most speci f ic  components as well as for  fa i lu re  for  any 
reason. The increase in proportion i s  approximated by a quadratic curve 
or parabola qui te  we1 1, par t icular ly  fo r  the 1 a t e s t  13 model years. The 
years e a r l i e r  than t ha t  are  based on very few cases. One interest ing 
observation i s  that  the f a i l u r e  r a t e  i s  consistently over 80% for  cars a t  
l e a s t  s ix  years o ld ,  and appears to  s t ab l l i z e  a t  about 90% or so fo r  cars 
ten years old or older.  The relat ionship between f a i l u r e  ra te  and age of 
vehicle may indicate that  inspections may more profitably be concentrated 
in the population of older vehicles. 

When one looks a t  the f a i l u r e  ra te  on  speci f ic  vehicle components, 
the resu l t s  are somewhat mixed. A1 t h o u g h  most components show an increasing 
trend in the f a i l u r e  ra te  with the age of the vehicle, some components 
have qui te  low f a i l u r e  ra tes  and show l i t t l e  i f  any increase with age. 
These include horn, s teer ing,  mirrors, and vision-impaired windshields. 
On the other hand, several components--brakes, windshield washers and 
wipers, t i r e s ,  1 igh t s ,  and exhaust--show marked increasing trends with age. 
The implications of these idfferences are  not c lear .  They may indicate 
that  most owners maintain those components tha t  they perceive as essential  
to safe operation of the vehicle, while being more lax about maintaining 
the others.  If t h i s  i s  the case,  additional education about the danger 
of defects  of par t icular  components might be useful.  

' l l ~ e p o r t  of an Eva1 uatlon of Motor Vehicle Inspection," Coverdal e and 
Colpi t t s ,  Consulting Engineers, 100 Wall S t ree t ,  N.Y.,  April 1967, p .  5-6. 

2 " ~ h e  Influence of Periodic Motor Vehicle Inspection on Mechanical 
Condition," R.W. McCutcheon and H . W .  Sherman, HSRI, The University of Mich- 
igan, July,  1968, p . 9 .  



F i g u r e  1 . 2  i l l u s t r a t e s  t h e  i n s p e c t i o n  r e s u l t s  f o r  c a r s  i n  Monroe 

County. T h i s  p r o v i d e s  a  comparison o f  t h e  5% and 15% check lane i n s p e c t i o n  

r a t e s .  The f i g u r e  r e l a t e s  t h e  p r o p o r t i o n  o f  c a r s  wh ich  had one o r  more 

de fec ts  t o  t h e  age of t h e  v e h i c l e .  As can be observed i n  t h e  f i g u r e  t h e  

f a i l u r e  r a t e s  a r e  q u i t e  s i m i l a r .  A t e s t  o f  s i g n i f i c a n c e  t o  t e s t  whether 

t h e  two curves a r e  d i f f e r e n t  f a i l e d  t o  r e j e c t  even a t  t h e  20% l e v e l .  A  

s i m i l a r  comparison i s  p r o v i d e d  by  t h e  f a i l u r e  r a t e s  a d j u s t e d  f o r  t h e  age 

o f  t h e  v e h i c l e .  Fo r  t h e  i 9 7 5  da ta  t h e  a d j u s t e d  f a i l u r e  r a t e  was 55.6%, 

w h i l e  i n  1976 t h e  r a t e  was 56%. C l e a r l y  l i t t l e  change has occur red.  As 

a  r e s u l t ,  t h e r e  i s  no ev idence t o  i n d i c a t e  t h a t  t h e  15% checklane i n s p e c t i o n  

r a t e  i s  any b e t t e r  t han  t h e  5% i n s p e c t i o n  r a t e  a t  l o w e r i n g  t h e  number o f  

c a r s  wh ich  f a i l  t h e  i n s p e c t i o n .  

S imi  1 a r  comparisons f o r  each s a f e t y  component showed t h e  same genera l  

f i n d i n g .  That  i s ,  no d i f f e r e n c e s  were observed i n  t h e  f a i l u r e  r a t e s .  One 

e x c e p t i o n  t o  t h i s  was t h e  t i r e s .  I n  1976 s i g n i f i c a n t l y  more v e h i c l e s  

f a i l e d  because o f  i n s u f f i c i e n t  t i r e  t r e a d  than f a i l e d  i n  1975. T h i s  d i f -  

f e rence  p e r s i s t e d  even a f t e r  ad jus tments  f o r  age and m i leage  o f  v e h i c l e s  

were made. I n  1975, 12% o f  t h e  c a r s  i n  Monroe County had i n s u f f i c i e n t  

t r e a d ;  i n  1976, 22% d j d .  A d j u s t i n g  these  numbers t o  make t h e  ages o f  t h e  

c a r s  comparable r e s u l t s  i n  t h e  a d j u s t e d  r a t e s  o f  14% f o r  1975 and 21% f o r  

1 9 7 6 - - s t i l l  a  l a r g e  d i f f e r e n c e .  The reason f o r  t h e  d i f f e r e n c e  i s  n o t  known. 

It i s  p o s s i b l e  t h a t  a more s t r i n g e n t  i n s p e c t i o n  o f  t h e  t i r e s  i n  1976 was 

r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e .  

F i g ~ r e  1.3 i l l u s t r a t e s  t h e  r e s u l t s  f o r  t h e  v e h i c l e s  wh ich  were i n -  

spected b o t h  i n  1975 and 1976 i n  Jackson County. 

T h i s  group was s u b j e c t  t o  t h e  5% check lane i n s p e c t i o n  p r i o r  t o  1975, 

so t h e  1975 i n s p e c t i o n s  r e p r e s e n t  t h e  check lane p o p u l a t i o n .  I n  1976, a t  
* 

t h e  t i m e  o f  t h e  r e i n s p e c t i o n ,  t h e  group r e p r e s e n t s  a  s i m u l a t e d  P M V I .  Again,  

o n l y  s l i g h t  d i f f e r e n c e s  are noted i n  t h e  two curves.  The d i f f e r e n c e s  a r e  

n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  As a summary comparison, t h e  age-ad jus ted 

r a t e s  f o r  t h e  groups a r e  46.9% f a i l u r e s  i n  1975 and 45.6% f a i l u r e s  i n  1976. 

There i s  a s l i g h t  r e d u c t i o n ,  b u t  i t  i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  even 

a t  t h e  20% l e v e l .  Thus, t h e r e  i s  no ev idence t h a t  t h e  PMVI--as s i m u l a t e d  

by t h i s  e x p e r i m e n t - - i s  b e t t e r  t han  t h e  5% check lane i n s p e c t i o n  system. 
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F i g u r e  1  .1 g i v e s  t h e  f a i  1 u r e  r a t e s ,  a d j u s t e d  f o r  age o f  c a r ,  f o r  

each o f  t h e  groups. I t  shou ld  be noted t h a t  d i r e c t  comparisons between 

t h e  two c o u n t i e s  i n  1976 a r e  n o t  a p p r o p r i a t e .  The reason f o r  t h i s  i s  t h a t  

t h e  r e i n s p e c t e d  c a r s  t u r n e d  o u t  t o  be a  s e l f - s e l e c t i n g  sample. That  i s ,  

t h e  v e h i c l e s  wh ich  were i n s p e c t e d  b o t h  yea rs  were a  s p e c i a l  subgroups o f  

t h e  v e h i c l e s .  T h i s  subgroup proved t o  be v e h i c l e s  i n  b e t t e r  c o n d i t i o n  i n  

1975. T h i s  was n o t  a n t i c i p a t e d  i n  t h e  s t u d y  des ign  and c o u l d  n o t  be 

d e t e c t e d  u n t i  1  t h e  a n a l y s i s  o f  t h e  second y e a r s '  d a t a  was begun. 

An a d d i t i o n a l  comparison can be made among t h e  v e h i c l e s  i n  Jackson 

County wh ich  were newly i n s p e c t e d  each y e a r ,  T h i s  group rep resen ts  t h e  

s e t  o f  c a r s  wh ich  would o n l y  be i n f l u e n c e d  by t h e  i n f o r m a t i o n  campaign 

and t h e  knowledge t h a t  some c a r s  were be ing  i nspec ted  i n  t h e  checklanes.  

That  i s ,  t h i s  group r e p r e s e n t s  t h e  " s p i l l o v e r "  e f f e c t  o f  a  check lane.  

None of  these c a r s  was p r e v i o u s l y  i n s p e c t e d  and r e q u i r e d  t o  c o r r e c t  any 

de fec ts .  The age-ad jus ted r a t e s  o f  i n s p e c t i o n  f a i l u r e  f o r  newly i nspec ted  

v e h i c l e s  i n  Jackson County i n  1975 was 54.7%. I n  1976 i t  was 55.2%. 

Again t h e  d i f f e r e n c e  i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  and i s  o f  no p r a c t i c a l  

importance.  

Tab le  1-1 p resen ts  f a i l u r e  r a t e s  by s a f e t y  component f o r  t h e  v a r i o u s  

s tudy  groups and f o r  b o t h  yea rs  o f  t h e  i n s p e c t i o n .  One shou ld  r e c a l l  

t h a t  t h e  r e i n s p e c t e d  c a r s  a r e  one y e a r  o l d e r  i n  1976, so t h a t  somewhat 

h i g h e r  f a i l u r e  r a t e s  a r e  t o  be expected.  A lso ,  t h e  newly i nspec ted  c a r s  

averaged n e a r l y  one y e a r  o l d e r  i n  1976 than i n  1975, so t h a t  one would 

expec t  s l i g h t l y  h i g h e r  f a i l u r e  r a t e s  i n  those groups t o o .  The one com- 

ponent  wh ich  showed a  marked i n c r e a s e  i n  f a i l u r e s  i n  1976 was t h e  t i r e s .  

Tab le  1-2  summarizes t h e  f a i l u r e  r a t e s  by more d e t a i l e d  components. 

Cars r e p o r t e d  i n  t h i s  t a b l e  a r e  grouped by t h e  two c o u n t i e s  r a t h e r  than  

by s tudy  groups.  T h i s  t a b l e  p resen ts  t h e  components wh ich  caused a  c a r  

t o  f a i l  t h e  i n s p e c t i o n  so t h a t  one can determine which  components a r e  t h e  

most  f requen t  cause o f  f a i l u r e .  These da ta  r e p r e s e n t  samples f rom t h e  
two c o u n t i e s .  The most f r e q u e n t  cause o f  f a i l u r e  i s  some l i g h t  outage--  

l i c e n s e  p l a t e  1  i g h t ,  h e a d l i g h t ,  d i r e c t i o n a l  s i g n a l s ,  t a i l  1 i g h t s ,  s t o p  

l i g h t s ,  i n  o r d e r .  The n e x t  most common problem was a  v i s i o n  d e f e c t ,  u s u a l l y  



Table  1-1 

GROUP FAILURE RATES BY COMPONENT ( % )  

Group 

Re-i nspected Newly Inspected Newly Inspected 
Cars-Jackson Co. Cars-Jackson Co. Cars-Monroe Co. 

Component 1915 1976 1975 1976 1975 1976 

Wipers & Washers 12.4 11.8 17.6 20.1 21.4 24.2 

Head1 i g h t s  6.8 8.4 9.2 11.8 7.3 11.6 

A l l  L i g h t s  25.3 28.3 32.6 40. G 31 .I 38.4 

Brakes 5 . 2  6.0 10.2 12,9 12.7 15.4 

T i r e s  8 .0  14.4 12.0 18,8 12.3 22.2 



Tab le  1-2 

FAILURE RATES BY COMPONENT (%)  

Monroe Jackson T o t a l  
Component 1975 1976 1975 1976 1975 1976 

V i s i o n  23.8 28.8 21 . I  22,3 21.5 23.5 

F r o n t  D i r .  5.4 5.4 4.9 5.7 5.0 5.6 

Rear D i r .  7.2 6.2 6.9 7.6 6.9 7.3 

Head1 i g h t s  7.3 11 .6  9.2 11 , O  8.9 11.1 

Stop l i g h t s  6.4 7.2 7.4 8.2 7.2 8 .0  

T o t a l  l i g h t s  31.1 38.4 32.5 37.0 32.3 37.2 

S t e e r i  ng .1 .4 .4 . 3  . 3  . 3  

Horn 3.4 4.6 3.0 3.6 3.0 S.8 

T i r e s  12.3 22.2 12.0 17.6 12.0 18.5 

Exhaus t  10.1 16.7 9.3 16.7 9.4 16.7 

Brakes ( s t a t i c )  12.7 15.4 10 ,2  11.2 10.6 12 .0  

MST ( f a i l  t o  s t o p )  .9  .3  



Table 1 -3  

Passing Rates f o r  Reinspected Vehic les  by 
Number o f  Defects  i n  1975 

# d e f .  i n  75  Post  ca rd  Ret. Rate % Passing i n  76 

0 N A 67.6 

1 57,7% 43.6 

2 54.1 30.2 

3 49.2 20.3 

4+ 41,4 17.2 



i nadequate  w ipe rs  o r  washers. Often t h e  problem was caused by l a c k  o f  

f l  u i d  i n  t h e  washer. Fol  l o w i n g  these  come t i r e s - - u s u a l  l y  inadequate t read - -  

and exhaus t - -usua l l y  excess ive  no ise .  A  f a i r l y  l a r g e  number of  c a r s  

f a i l e d  some p o r t i o n  o f  t h e  brake t e s t ,  b u t  l e s s  than  one p e r c e n t  a c t u a l l y  

c o u l d  n o t  s top  i n  t h e  r e q u i r e d  d i s t a n c e .  

Cars wh ich  f a i l e d  t h e  i n s p e c t i o n  i n  1975 were g i v e n  a  p o s t  ca rd  t o  

s i g n  and r e t u r n  c e r t i f y i n g  t h a t  t hey  had r e p a i r e d  t h e  outage.  The s e t  o f  

c a r s  wh ich  were r e i n s p e c t e d  i n  1976 p rov ides  a  check on t h e  e f f e c t i v e n e s s  

o f  t h i s  e f f o r t .  Tab le  1 -3  g i v e s  t h e  pe rcen ts  o f  d r i v e r s  r e t u r n i n g  t h e  p o s t  

cards  by t h e  number o f  d e f e c t s  found i n  t h e i r  c a r s  as w e l l  as t h e  pe rcen t  

o f  t h e  ca rs  which passed t h e  i n s p e c t i o n  i n  1976. I n  genera l ,  b o t h  t h e  

p o s t  c a r d  r e t u r n  r a t e  and t h e  pe rcen t  pass ing t h e  i n s p e c t i o n  i n  1976 show 

a  decreas ing t r e n d  as t h e  number o f  d e f e c t s  i nc reases .  The r a t e  o f  pass ing 

i n  1976 i s  c o n s i d e r a b l y  below t h e  r a t e  o f  r e t u r n  o f  t h e  p o s t  cards .  However, 

s i n c e  n e a r l y  o n e - t h i r d  o f  t h e  c a r s  wh ich  passed i n  1975 d i d  n o t  pass i n  

1976, many o f  t h e  f a i l u r e s  may have been f o r  d i f f e r e n t  components i n  1976 

than i n  1975. Tab le  1-4 g i ves  t h e  p e r c e n t  o f  c a r s  pass ing  b o t h  yea rs ,  t h e  

pe rcen t  o f  new f a i l u r e s  i n  1976, t h e  p e r c e n t  o f  ca rs  wh ich  passed i n  1976, 

hav ing f a i l e d  i n  1975, and t h e  es t ima ted  r e p a i r  r a t e s .  Most o f  t h e  es t ima ted  

r e p a i r  r a t e s  a r e  above 80% f o r  s i n g l e  components. Two n o t a b l e  excep t ions  

a r e  t h e  l i c e n s e  p l a t e  l i g h t  (64.8%),  and t h e  exhaust  (56 .2%) .  P o s s i b l y  t h e  

1  i cense  p l a t e  l i g h t  i s  viewed as t o o  minor  t o  b o t h e r  w i t h  by most peop le .  

The exhaust--which i s  u s u a l l y  t o o  noisy--may n o t  be f i x e d  because i t  i s  

expensive,  o r  because t h e  owner d e l i b e r a t e l y  wants a  l o u d  exhaust .  A t  any 

r a t e ,  t h e  h i g h  r e p a i r  r a t e s  f o r  s i n g l e  components i n d i c a t e  t h a t  t h e  check- 

l a n e  i n s p e c t i o n  system was f a i r l y  success fu l  i n  o b t a i n i n g  r e p a i r  o f  d e f e c t i v e  

equipment. A t  l e a s t  t h i s  i s  t r u e  among those v e h i c l e s  which were cap tu red  

f o r  r e i n s p e c t i o n  t h e  second y e a r ,  The es t ima ted  r e p a i r  r a t e s  a r e  h i g h e r  

than  t h e  p o s t  ca rd  r e t u r n  r a t e s ,  i n d i c a t i n g  t h a t  some o f  t h e  d r i v e r s  f i x e d  

t h e  c a r ,  b u t  neg lec ted  t o  r e t u r n  t h e  p o s t  ca rd .  

One s p e c i a l  q u e s t i o n  i n v e s t i g a t e d  by t h e  random checklanes d u r i n g  1975 

was t h e  r e l a t i v e  performance o f  a  mov ing-s topp ing t e s t  compared t o  an 

i n s p e c t i o n  o f  t h e  brakes,  i n c l u d i n g  removal o f  a  wheel f o r  a  mechanical 



Table  1-4 

Component 

Was hers 
Wipers 
F ron t  Turns 
Rear Turns 
Head1 i g h t s  
High Beam 
T a i l  L i g h t s  
Stop L i g h t s  
License P la tes  

A T i r e  Tread 
P Par k i  ng Brake 

Stop 
P u l l  t o  Side 
Combi ned 
Exhaust 
A l l  L i g h t s  
Major Mechanical 
Tota l  Inspec t ion  

Repair and New F a i l u r e  Rates f o r  Reinspected Vehic les  

Percent  Passing 
Both Years 

81 - 8  
78.8 
94.2 
91 - 4  
86.6 
88.9 
91 - 2  
90.3 
79.3 
80.0 
90.9 
90.8 
96.0 
81 - 8  
86.6 
59.7 
49.3 
41 - 6  

P [ f a i l  ' 761Pass  ' 7 5 1  P [ p a s s  '76 I f a i l  ' 7 5 1  
% New F a i l u r e s  i n  '76  % S ta te  Convicted i n  '76 

Est imated 
Repa i r Rate 

87 - 2  
84.8 
91 - 0  
82.4 
80.3 
81 - 7  
74.7 
78.2 
64.8 - 
82.3 
75.3 
94.6 
90.6 
90.2 
56.2 
59.4 
55.5 
51 .O 



i n s p e c t i o n  o f  t h e  b r a k i n g  system, The movi ng -s topp i  ng t e s t  was conducted 

as f o l l o w s ,  The v e h i c l e  was t u r n e d  over  t o  a  r e g u l a r  s t a t e  p o l  i c e  t r o o p e r .  

The t r o o p e r  a c c e l e r a t e d  t h e  v e h i c l e  t o  twenty  m i l e s  p e r  hour ,  and a t tempted 

t o  s t o p  i n  a  l a n e  t w e n t y - f i v e  f e e t  l o n g  and t e n  f e e t  wide.  A v e h i c l e  was 

judged t o  f a i l  i f  i t  f a i l e d  t o  s t o p ,  p u l l e d  t o  e i t h e r  s i d e ,  if t h e r e  was 

an unusual sound f r o m  t h e  brakes,  o r  i f  t h e  pedal  p ressu re  r e q u i r e d  t o  

s top  was n o t  w i t h i n  s a f e  bounds. 

A random subset  o f  t h e  v e h i c l e s  i n  t h e  random check lane were a l s o  

g i v e n  t h e  " w h e e l - p u l l "  b rake i n s p e c t i o n .  I n  t h i s  i n s p e c t i o n  t h e  r i g h t  f r o n t  

wheel of t h e  v e h i c l e  was removed t o  p e r m i t  i n s p e c t i o n  o f  t h e  c o n d i t i o n  o f  

t h e  brakes.  A v e h i c l e  was judged t o  f a i l  t h i s  i n s p e c t i o n  i f  any o f  t h e  

f o l l o w i n g  c o n d i t i o n s  were found:  l i n i n g  on t h e  brake shoe o r  pad l e s s  than 

1/32 i n c h ,  cracked r o t o r  o r  drum, d e f e c t i v e  o r  l e a k i n g  wheel c y l i n d e r ,  low 

mascer c y l  i n d e r  f l u i d  l e v e l .  T h i s  i n s p e c t i o n  was conducted i ndependec t l y  

dnd w i t h o u t  knowledge o f  t h e  r e s u l t s  o f  t h e  s t o p p i n g  t e s t ,  

A t o t a l  o f  2465 v e h i c l e s  were g i v e n  b o t h  types o f  b rake i n s p e c t i o n s /  

s topp ing  t e s t s  i n  t h e  two c o u n t i e s  combined. The r e s u l t s  a r e  shown i n  

Tab le  1-5. The two t e s t i n g  procedures agreed on 75.0% o f  t h e  v e h i c l e s .  

There were 617 cases o f  d isagreement as t o  pass o r  f a i l  between t h e  two 

methods. I f  t h e  disagreements were symmet r i c - - tha t  i s ,  i f  a v e h i c l e  was 

e q u a l l y  l i k e l y  t o  pass t h e  wheel p u l l  and f a i l  t h e  s t o p p i n g  t e s t  as i t  

was t o  pass t h e  s t o p p i n g  t e s t  and f a i l  t h e  wheel p u l l - - t h e n  approx ima te l y  

equal numbers o f  each t y p e  o f  d isagreement would be expected.  I n  f a c t ,  

t h e  numbers a r e  q u i t e  unequal and t h e  d i f f e r e n c e  i s  s t a t i s t i c a l l y  s i g -  

n i f i c a n t  beyond t h e  .001 l e v e l  by McNemarls t e s t .  

Tab le  1-5 

Comparison o f  B r a k i n g  Tes t  Resul t s  

Wheel P u l l  Inspect i ion  
Pass F a i l  T o t a l  

Moving 
Stopp ing 
T e s t  

Pass 
Fa i  1 
T o t a l  



The disagreements i n  t h e  two methods o f  e v a l u a t i n g  t h e  b r a k i n g  

system o f  t h e  v e h i c l e  r a i s e  t h e  p o l l c y  ques t ion  o f  which method should 

be p r e f e r r e d .  The moving-stopping t e s t  r e q u i r e s  l e s s  equipment and i s  

cheaper and f a s t e r  t o  conduct than t h e  whee l -pu l l  i n s p e c t i o n .  I t  a l s o  

does n o t  r e q u i r e  t h e  presence of one o r  more mechanics. On t h e  o t h e r  
hand, t h e  wheel - p u l l  i n s p e c t i o n  p r o v i  des a  more d e f i n i t i v e  s ta tement  o f  

t h e  mechanical c o n d i t i o n  of  t h e  b r a k i n g  system--at l e a s t  o f  t h e  r i g h t  

f r o n t  wheel. Th is  m igh t  i n d i c a t e  v e h i c l e s  which c u r r e n t l y  c o u l d  s top,  

b u t  which m i g h t  need r e p a i r s  t o  t h e  brakes i n  t h e  near f u t u r e .  

One u s e f u l  comparison o f  t h e  r e s u l t s  o f  t h e  two t e s t s  i s  t o  assume 

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

One can then es t ima te  what p r o p o r t i o n  o f  t h e  v e h i c l e s  passed by e i t h e r  

c r i t e r i o n  would a c t u a l l y  be d e f e c t i v e .  Formal ly  t h i s  i s  t h e  c o n d i t i o n a l  

p r o b a b i l i t y  t h a t  a  v e h i c l e  which passes t h e  moving-stopping t e s t  a c t u a l l y  

has d e f e c t i v e  brakes (as judged by t h e  wheel p u l l  ) .  The s i m i l a r  q u a n t i t y  

i s  t h e  c o n d i t i o n a l  p r o b a b i l i t y  t h a t  a v e h i c l e  which passes t h e  whee l -pu l l  

i n s p e c t i o n  a c t u a l l y  i s  d e f i c i e n t  i n  s topp ing  c a p a b i l i t y  (as judged by t h e  

moving s topp ing  t e s t )  . 
From Table  1-5 t h e  es t ima te  o f  t h e  p r o p o r t i o n  of  v e h i c l e s  which would 

pass t h e  moving s topp ing  t e s t  b u t  y e t  have d e f e c t i v e  brakes i s  found t o  be 

- -  I'4 - 0.060. A 95% conf idence i n t e r v a l  f o r  t h i s  p r o p o r t i o n  i s  f rom 0.043 1887 
t o  0.077. 

On t h e  o t h e r  hand, the  es t ima te  o f  t h e  v e h i c l e s  which would be d e f i c i e n t  

i n  s topp ing  c a p a b i l i t y ,  g i ven  t h a t  they  passed t h e  wheel p u l l  i n s p e c t i o n ,  

i s  s= 0.221. A 95% conf idence i n t e r v a l  f o r  t h i s  p r o p o r t i o n  i s  f rom 0.200 2276 
t o  0.242. 

The comparison of t h e  two p r o p o r t i o n s  i n  t h e  preced ing paragraphs nay 

be viewed as comparing t h e  expected p r o p o r t i o n s  o f  v e h i c l e s  w i t h  d e f e c t i v e  

s topp ing  c a p a b i l i t i e s  which would n o t  be de tec ted  i f  o n l y  one o f  t h e  two 

brake i n s p e c t i o n  techniques were used. Thus, i f  o n l y  t h e  wheel - p u l l  i n -  

s p e c t i o n  were used, one m i g h t  expect  ove r  20% of  t h e  v e h i c l e s  which passed 

t h e  i n s p e c t i o n  t o  be d e f i c i e n t  i n  s topp ing  c a p a b i l i t y .  On t h e  o t h e r  hand, 

i f  o n l y  t h e  moving s topp ing  t e s t  were used, one would expect  o n l y  about 6% 

o f  t h e  v e h i c l e s  which passed t o  a c t u a l l y  have d e f i c i e n t  b r a k i n g  c a p a b i l i t y .  



T h i s  comparison, coup led w i t h  t h e  ease and economy of  pe r fo rm ing  t h e  

mov ing-s topp ing t e s t ,  would seem t o  argue t h a t  i t  i s  t h e  s u p e r i o r  t e s t  

procedure.  

Note t h a t  o n l y  one wheel was inspec ted  i n  t h e  wheel p u l l  i n s p e c t i o n .  

Presumably more v e h i c l e s  w i t h  d e f i c i e n t  b r a k i n g  systems would be d e t e c t e d  

i f  two o r  more wheels were t o  be i nspec ted .  However, t h i s  would markedly 

i n c r e a s e  t h e  d i f f i c u l  ty and c o s t  o f  pe r fo rm ing  t h e  wheel - p u l l  i n s p e c t i o n .  

A lso ,  t h e  usua l  p r a c t i c e  i s  t o  r e l i n e  brakes on a l l  f o u r  wheels a t  t h e  

same t ime,  so t h e  c o n d i t i o n  o f  one brake i s  g e n e r a l l y  regarded as a  good 

i n d i c a t o r  o f  t h e  o t h e r s .  I t  seems d o u b t f u l  t h a t  one wheel would be i n  much 

b e t t e r  c o n d i t i o n  than t h e  o t h e r s ,  though brakes a r e  sometimes r e p a i r e d  i n  

p a i r s  ( i . e . ,  b o t h  f r o n t  o r  b o t h  back whee ls ) .  Thus i t  seems u n l i k e l y  t h a t  

even if t h e  w h e e l - p u l l  i n s p e c t i o n  were t o  be extended t o  more wheels, a  

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

would be ob ta ined .  

D r i v e r  i n t e r v i e w s  were conducted f o r  t h e  subsampl e  o f  v e h i c l e s  s e l e c t e d  

f o r  t h e  whee l -pu l l  i n s p e c t i o n .  T h i s  p o p u l a t i o n  o f  d r i v e r s  was s e l e c t e d  t o  

r e p r e s e n t  l o c a l  t r a f f i c  r a t h e r  than  l o n g  t r i p  and i n t e r s t a t e  t r a f f i c ,  so 

responses may n o t  r e p r e s e n t  t h e  p o p u l a t i o n  o f  d r i v e r s ,  D r i v e r s  i n  Jackson 

County demonstrated a  g r e a t e r  knowledge o f  t h e  v e h i c l e  i n s p e c t i o n  program 

i n  M ich igan  than  d i d  d r i v e r s  i n  Monroe County. Jackson County d r i v e r s  gave 

32% more c o r r e c t  responses t o  ques t i ons  deal  i n g  w i t h  knowledge of t h e  check- 

l a n e .  T h i s  seems t o  have been due t o  t h e  more i n t e n s i v e  media campaign 

i n  Jackson County, s i n c e  75% of  t h e  d r i v e r s  t h e r e  l e a r n e d  o f  t h e  program 

th rough  t h e  media as compared w i t h  o n l y  52% i n  Monroe County. 

I n  b o t h  c o u n t i e s ,  ove r  t w o - t h i r d s  o f  t h e  d r i v e r s  agreed t h a t  " sea t  

be1 t s  save 1 i v e s .  " However, o f f i c e r s  observed o n l y  e leven  p e r c e n t  o f  t h e  

d r i v e r s  a c t u a l l y  wear ing  them ( i n  1975) .  Reported use o f  s e a t  be1 t s  was 

h i g h e r  i n  Jackson County than  i n  Monroe County. Twenty-one p e r c e n t  of 

t h e  d r i v e r s  i n  Jackson County r e p o r t e d  they  "a lways" wore s e a t  b e l t s  and 

twenty-seven p e r c e n t  t h a t  t h e y  " o f t e n "  wore s e a t  be1 t s  . The cor respond ing 

f i g u r e s  f o r  Monroe County were 17 p e r c e n t  and 22 pe rcen t .  Jackson County 

d r i v e r s  r e p o r t e d  1 ess inconven ience f rom s e a t  be1 t s  (43% n o t  inconven ienced)  

than  d i d  Monroe County d r i v e r s  (34% n o t  inconven ienced) .  



The proportion of d r i v e r s  observed t o  be wearing s a f e t y  b e l t s  i n -  

creased i n  t he  1976 inspec t ions .  I n  Monroe County 21,6% o f  d r i v e r s  were 

wear ing t h e i r  s a f e t y  b e l t s  a t  t h e  t ime o f  t he  i nspec t i on .  I n  Jackson 

County 34% wore safety  b e l t s ,  Combined, 31,7% of  t h e  d r i v e r s  wore s a f e t y  

be1 t s  i n  1976 compared w i t h  o n l y  11% i n  1975, The reasons f o r  t h i s  i n -  

crease a r e  unknown, The most l i k e l y  exp lana t ion  i s  t h a t ,  w h i l e  some i n -  

crease occurred, be1 t wearing was underrepor ted i n  1975. Th is  may have 

occurred because d r i v e r s  removed b e l t s  i n  o rder  t o  reach t h e i r  opera to rs  

l i censes  be fo re  t h e  t rooper  observed t h e  b e l t  wear ing. 

A l a r g e  p r o p o r t i o n  of d r i v e r s  (84% i n  Monroe, 91% i n  Jackson) agreed 

t h a t  t h e  55 mph speed l i m i t  reduced t r a f f i c  f a t a l i t i e s ,  S l i g h t l y  fewer 

(76% i n  Monroe; 74% i n  Jackson) agreed t h a t  h i ghe r  l i m i t s  should n o t  be 

r e i n s t a t e d  on a l l  s t a t e  highways. Over h a l f  o f  t h e  d r i v e r s  (58% and 60% 

i n  Monroe and Jackson) were a l s o  opposed t o  r e i n s t a t i n g  a  h i ghe r  speed 

l i m i t  o n l y  on i n t e r s t a t e s .  A m a j o r i t y  (56% i n  Monroe, 53% i n  Jackson) o f  

t he  d r i  vers i n t e r v i  ewed f e l  t t h a t  po i  n t s  should be g iven  on a  d r i v e r s  

1 icense f o r  speeding v i o l a t i o n s  between 5 5  and 70 mph, 

A t  t he  end o f  t h i s  year  t he  data should p rov ide  a  good es t imate  of 

t he  percent  o f  veh ic les  i n  acceptab le  c o n d i t i o n  t o  be ob ta ined  by a  15% 

ope ra t i ona l  checklane i nspec t i on  r a t e  coupled w i t h  a  p u b l i c  i n f o rma t i on  

campaign. A1 so, t h e  compari son between t h e  ope ra t i ona l  check1 ane i nspec t i on  

popu la t ions  and t he  s imulated PMVI popu la t i on  w i l l  p r ov i de  a d d i t i o n a l  

evidence about t he  poss ib l e  bene f i t s  o f  a  PMVI i n  Michigan. Th is  evidence 

can be coupled w i t h  est imates of t he  r e l a t i v e  cos ts  o f  t he  two i n s p e c t i o n  

systems t o  a i d  adm in i s t r a to r s  and t h e  l e g i s l a t u r e  i n  s e l e c t i n g  t he  most 

c o s t - b e n e f i c i a l  system f o r  Michigan. 



2, PROJECT DESIGN 

2.1  I n t r o d u c t i o n  

A r o a d s i d e  check lane motor  v e h i c l e  i n s p e c t i o n  program has opera ted  

i n  M ich igan  s i n c e  1967. The i n s p e c t i o n  i n c l u d e s  a  v e h i c l e  check f o r  

s a f e t y  r e l a t e d  mechanical  l i g h t i n g  and v i s u a l  d e f e c t s  as w e l l  as a  d r i v e r ' s  

1  i cense  and v e h i c l e  r e g i s t r a t i o n  check. The check lane i n s p e c t i o n  has 

served t o  s a t i s f y  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  A c t  requ i remen t  f o r  

a  p e r i o d i c  motor  v e h i c l e  i n s p e c t i o n  (PMVI) program o r  f o r  an adequate 

s u b s t i t u t e  program. 

Bu t  two ques t ions  p e r s i s t :  (1  ) what c o n s t i t u t e s  an adequate sub- 

s t i  t u t e  program and ( 2 )  what i s  t h e  comparat ive  e f f e c t i v e n e s s  o f  t h e  

PMVI vs .  check lane programs f o r  r e d u c i n g  v e h i c l e  de fec ts?  Another  r e l a t e d  

q u e s t i o n  concerns t h e  c o s t  e f f e c t i v e n e s s  of any v e h i c l e  i n s p e c t i o n  p r o -  

gram. The check lane program i s  much l e s s  expens ive  than  t h e  PMVI program 

f o r  t h e  taxpayers .  I f  t h e  check lane program was as e f f e c t i v e  o r  n e a r l y  

as e f f e c t i v e  as t h e  PMVI program i n  reduc ing  d e f e c t i v e  v e h i c l e s  on t h e  

road,  t hen  t h e  che rk lane  program would be more c o s t  e f f e c t i v e .  The i s s u e  

o f  c o s t  e f f e c t i v e n e s s  i s  an i m p o r t a n t  one s i n c e  seve ra l  s tud ies '  have shown 

t h a t  n o t  more than  6% o f  a l l  a c c i d e n t s  have d e f i n i t e  v e h i c l e  d e f e c t  i n -  
2 

volvement.  Data f rom t h e  M ich igan  Department o f  S t a t e  Po l  i c e  i n d i c a t e  

t h a t  o n l y  1.25% t o  1.5% of a c c i d e n t s  i n  M ich igan  a r e  d i r e c t l y  due t o  

d e f e c t i v e  equipment. Thus t h e  c o s t  o f  a  v e h i c l e  i n s p e c t i o n  program must 

be k e p t  w i t h i n  t i g h t  bounds if t h e  v e h i c l e  i n s p e c t i o n  program i s  t o  remain  

c o s t  e f f e c t i v e .  

' s tudy  t o  Determine t h e  R e l a t i o n s h i o p  Between V e h i c l e  De fec ts  and 
Fai lu+s,and V e h i c l e  Crashes, May, 1973. I n d i a n a  U n i v e r s i t y  I n s t i t u t e  f o r  
R e s e a r c h i n P u b l i c  S a f e t v .  

A T r i - L e v e l  Study b f  t h e  Causes o f  T r a f f i c  Acc iden ts .  August, 1976. 
I n d i a n a  U n i v e r s i t y  I n s t i t u t e  f o r  Research i n  P u b l i c  S a f e t y .  

' ~ i c h i ~ a n  T r a f f i c  Acc iden t  Fac ts ,  1976. Department o f  S t a t e  Pol i c e .  



The Highway Sa fe ty  Research I n s t i t u t e ,  t h e  O f f  i c e  o f  Highway 

Safety P lann ing,  and the  Mich igan S t a t e  Pol i c e  have cooperated on severa l  

s t u d i e s  t o  measure t h e  e f fec t i veness  o f  t h e  checklane i n s p e c t i o n  program, 

The f i r s t  e f f o r t  began i n  1968 and was conducted as a  p i l o t  e f f o r t  

t o  g a i n  exper ience i n  f i e l d  e v a l u a t i o n s .  No formal  r e p o r t  was pub l ished.  

I n  1972, a new s tudy was begun which i n c l u d e d  two ma jo r  e lements:  

( 1 )  The f r a c t i o n  of t h e  v e h i c l e  p o p u l a t i o n  inspec ted  was 
e x p e r i m e n t a l l y  a t  5%, 10% and 20% c o n t r o l  l e d  i n  t h r e e  
d i f f e r e n t  coun t ies  o f  t h e  s t a t e  i n  o r d e r  t o  determine 
t h e  most d e s i r a b l e  i n s p e c t i o n  l e v e l .  

( 2 )  Fol low-up procedures were i n s t i t u t e d  t o  I n s u r e  t h a t  
v e h i c l e s  found d e f e c t i v e  were r e p a i r e d .  

The i n s p e c t i o n s  l a s t e d  seven months, The fo l low-up procedures r e s u l t e d  

i n  t h e  r e p a i r  o f  70% t o  80% o f  t h e  f a i l e d  v e h i c l e s  as r e p o r t e d  by t h e  

owners. The comparisons o f  t h e  d i f f e r e n t  i n s p e c t i o n  r a t e s ,  however, were 

i n c o n c l u s i v e .  The 20% i n s p e c t i o n  l e v e l  d i d  appear t o  produce a  s l i g h t  

b u t  s i g n i f i c a n t  decrease over t i m e  i n  t h e  average number o f  major  mechanical 

and v i s u a l  d e f e c t s  pe r  c a r .  

The c u r r e n t  s tudy  began I n  e a r l y  1975 t o  more c a r e f u l l y  i n v e s t i g a t e  

t h e  e f f e c t s  o f  d i f f e r e n t  i n s p e c t i o n  systems on t h e  s a f e t y  c o n d i t i o n  o f  t h e  

Mich igan motor v e h i c l e  p o p u l a t i o n .  Two ma jo r  ques t ions  were cons idered.  

( 1 )  Would a  15% i n s p e c t i o n  r a t e  be more e f f e c t i v e  than a  5% r a t e  i n  

reduc ing  v e h i c l e  s a f e t y  i n s p e c t i o n  f a i l u r e  r a t e s ?  ( 2 )  How does t h e  

check1 ane system compare w i t h  a  p e r i o d i c  i n s p e c t i o n  f o r  reduc ing  s a f e t y  

i n s p e c t i o n  f a i l u r e  r a t e s ?  

I n  a d d i t i o n  t h e  s tudy addressed severa l  o t h e r  i m p o r t a n t  i ssues .  

( 1 )  Whas i s  t h e  c u r r e n t  p r o p o r t i o n  o f  d e f e c t i v e  v e h i c l e s  i n  t h e  d r i v i n g  

p o p u l a t i o n ?  ( 2 )  Among t h e  d e f e c t i v e  v e h i c l e s ,  what d e f e c t s  a r e  most f r e -  

quent? ( 3 )  Which procedure,  a  moving s topp ing  t e s t  o r  a  wheel p u l l  i n -  

s p e c t i o n  i s  b e t t e r  f o r  e v a l u a t i n g  t h e  b r a k i n g  system? 

Some i n f o r m a t i o n  on t h e  knowledge and o p i n i o n s  o f  t h e  d r i v e r s  was 

a1 so c o l  1  ec ted.  



2.2 Exper imenta l  Design 

A t  l e a s t  two y e a r s  were needed f o r  t h e  p r o j e c t :  t h e  f i r s t  y e a r  

t o  implement t h e  programs and t h e  second y e a r  t o  measure t h e  e f f e c t s .  

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

c o l l  e c t e d  t h e  f i r s t  y e a r ,  Comparisons o f  t h e  programs and conc lus ions  

about  t h e  e f f e c t s  c o u l d  n o t  Be made u n t i l  t h e  second y e a r ' s  da ta  were 

c o l l e c t e d  and analyzed.  

Two s i m i l a r  c o u n t i e s  i n  Mich igan,  Monroe County and Jackson County, 

were s e l e c t e d  as t h e  s t u d y  areas .  Most c o u n t i e s  ( a l l  b u t  two p r e v i o u s  

exper imenta l  c o u n t i e s ,  Ingham and Genesee) i n  M ich igan  were be ing  i n -  

spec ted by o p e r a t i o n a l  checklanes a t  a  5% l e v e l  d u r i n g  t h e  p r e v i o u s  i n -  

s p e c t i o n  y e a r s .  Monroe County was s e l e c t e d  f o r  t h e  more i n t e n s e  15% 

i n s p e c t i o n  procedure  f o r  t h e  y e a r  1975, Be fo re  t h e  o p e r a t i o n a l  check1 ane 

began t h e  15% i n s p e c t i o n  procedure ,  a  s p e c i a l  check lane was opera ted t o  

o b t a i n  a  random sample o f  about  2000 v e h i c l e s .  (The d i f f e r e n c e  between 

t h e  random and o p e r a t i o n a l  checklanes i s  d e s c r i b e d  l a t e r  i n  t h i s  s e c t i o n ) .  

T h i s  random sample taken f rom Monroe County had two purposes:  (1 ) t o  
de termine t h e  b a s e l i n e  s t a t e  o f  t h e  v e h i c l e s  i n  Monroe County p r e v i o u s l y  

s u b j e c t e d  t o  t h e  5% check lane v e h i c l e  i n s p e c t i o n  program and ( 2 )  t o  p r o v i d e  

a  p r o f i l e  o f  t h e  v e h i c l e  p o p u l a t i o n  i n  Monroe County f o r  comparisons w i t h  

Jackson County. A second random sample o f  about  2000 v e h i c l e s  was o b t a i n e d  

d u r i n g  t h e  second y e a r  (1 976).  T h i s  second random sample measured t h e  

e f f e c t  o f  t h e  15% check lane i n s p e c t i o n  program. Thus, a t  t h e  end o f  t h e  

second y e a r ,  a  measure of t h e  e f f e c t  o f  t h e  more i n t e n s e  15% checklane i n -  

s p e c t i o n  program was ob ta ined  by comparing t h e  random sample taken  d u r i n g  

t h e  f i r s t  y e a r  (1975) w i t h  t h a t  taken i n  1976 a f t e r  t h e  15% checklane had 

been i n  o p e r a t i o n  f o r  one y e a r .  

Due t o  l e g i s l a t i v e  requ i rements ,  i t  was n o t  p o s s i b l e  t o  

have an a c t u a l  p e r i o d i c  motor  v e h i c l e  i n s p e c t i o n  program opera te .  

Consequent ly ,  an a t t e m p t  was made t o  s i m u l a t e  such a  P M V I  as 

c l o s e l y  as p o s s i b l e  w i t h i n  t h e  framework o f  t h e  e n a b l i n g  l e g i s -  

l a t i o n .  In Jackson County, a  random sample o f  10,408 v e h i c l e s  was 



i n s p e c t e d  by t h e  random check lane i n s p e c t i o n  teams. T h i s  COm- 

p r i s e d  approx ima te l y  15% of  t h e  r e g i s t e r e d  v e h i c l e s  i n  t h e  County* 

These v e h i c l e s  had a  s t i c k e r  p laced  on t h e i r  w i n d s h i e l d s  so t h a t  

t h e y  c o u l d  be i d e n t i f i e d  i n  t h e  subsequent yea r .  The owners were 

requested t o  c o r r e c t  any d e f e c t s  found and were t o l d  t h a t  t h e y  

were n o t  s u b j e c t  t o  t h e  o p e r a t i o n a l  check lane i n s p e c t i o n s  t h e  r e -  

mainder of  t h e  y e a r ,  b u t  t h a t  t h e i r  v e h i c l e s  c o u l d  be r e - i n s p e c t e d  

t h e  f o l l o w i n g  y e a r .  The group which  i s  r e - i n s p e c t e d  wou ld  thus  

s i m u l a t e  a  p o p u l a t i o n  of  PMVI v e h i c l e s  w i t h  one y e a r ' s  exper ience  

i n  1976. 

As d iscussed above, d u r i n g  1976, a  second random sample o f  about  

2000 v e h i c l e s  was taken  f rom Monroe County t o  measure t h e  e f f e c t  o f  

t h e  15% check lane i n s p e c t i o n  program. I n  Jackson County, a  random 
sample of about  2000 v e h i c l e s  was taken  f r o m  t h e  p r e v i o u s l y  i n s p e c t e d  

v e h i c l e s  t o  measure t h e  e f f e c t  of  t h e  s i m u l a t e d  PMVI program. I n  
a d d i t i o n ,  a  random sample o f  about  7000 was o b t a i n e d  f r o m  t h e  popu- 

l a t i o n  o f  un inspec ted  v e h i c l e s  i n  Jackson County. 

The random sample from t h e  p r e v i o u s l y  i n s p e c t e d  v e h i c l e s  i n  

Jackson County was'used t o  measure t h e  e f f e c t  o f  t h e  ( s i m u l a t e d )  

P M V I  by  comparing i t s  r e s u l t s  t o  t h e  o r i g i n a l  sample o f  v e h i c l e s  

from Jackson County. I f  t h e  v e h i c l e  p o p u l a t i o n s  o f  t h e  two c o u n t i e s  

a r e  s u f f i c i e n t l y  s i m i l a r ,  a  d i r e c t  comparison o f  t h e  check lane 

program and t h e  PMVI program can be made on t h e  b a s i s  o f  t h e  com- 

p a r i s o n  of  two random samples: t h a t  from t h e  genera l  v e h i c l e  

p o p u l a t i ~ n  of  Monroe County i n  1976 and t h a t  f rom t h e  p r e v i o u s l y  

i n s p e c t e d  v e h i c l e s  i n  Jackson County. 

I f  i m p o r t a n t  d i f f e rences  i n  t h e  two c o u n t i e s  a r e  found which  

a f f e c t  de fec t  r a t e s ,  and if these  cannot  be a d j u s t e d  f o r ,  t hen  an 
a1 t e r n a t i v e  comparison o f  t h e  P M V I  program w i t h  t h e  check lane 

program i s  p o s s i b l e  u s i n g  o n l y  the 1976 samples f rom Jackson 

County. The sample from t h e  p r e v i o u s l y  i n s p e c t e d  c a r s  would r e p r e -  
s e n t  a  sample from a  PMVI p o p u l a t i o n ,  w h i l e  t h e  sample from t h e  F r e -  

v i o u s l y  un inspec ted  p o p u l a t i o n  would r e p r e s e n t  a  sample f rom a  





p o p u l a t i o n  wh ich  had been s u b j e c t  t o  a  15% checklane i n s p e c t i o n ,  

b u t  which had n o t  a c t u a l l y  been inspec ted .  T h i s  comparison i s  

b iased  i n  f a v o r  o f  t h e  P M V I  group, s i n c e  one o f  t h e  b e n e f i t s  o f  

t h e  checklane i s  presumeably t o  e f f e c t  r e p a i r  o f  those v e h i c l e s  

stopped and found d e f e c t i v e .  However, t h i s  comparison wou ld  p ro -  

v i d e  an upper bound on t h e  b e n e f i t s  o f  t h e  P M V I  over  t h e  checklane.  

The b i a s  c o u l d  be removed b y  randomly s e l e c t i n g  a  subsample ( o f  

s i z e  equal  t o  15% o f  t h e  sample s i z e  o f  t h e  un inspected sample-- 

about  300) and combining these w i t h  t h e  un inspected sample t o  

o b t a i n  a  random sample o f  a  p o p u l a t i o n  which was s u b j e c t e d  t o  a  15% 

random i n s p e c t i o n  program, b u t  which does n o t  have t h e  15% o f  t h e  

v e h i c l e s  wh ich  were p r e v i o u s l y  i n s p e c t e d  a r t i f i c i a l l y  removed. 

F i g u r e  2.1 summarizes t h e  des ign o f  t h e  s tudy.  I n  t h e  

f i g u r e ,  "R "  denotes t h e  random sample o f  v e h i c l e s  i n s p e c t e d  by t h e  

random checklane,  w h i l e  "0" denotes v e h i c l e s  i n s p e c t e d  by  t h e  

o p e r a t i o n a l  checklane as u s u a l l y  opera ted by t h e  Mich igan S t a t e  

P o l i c e .  There a r e  some d i f f e r e n c e s  between t h e  o p e r a t i o n a l  and t h e  

random checklanes.  The o p e r a t i o n a l  checklanes were n o t  r e s t r i c t e d  

t o  a  s e t  p a t t e r n  o f  s i t e s .  I n  a d d i t i o n ,  t h e  o f f i c e r s  c o u l d  use 

t h e i r  judgment i n  s e l e c t i n g  v e h i c l e s  f o r  i n s p e c t i o n  f rom t h e  t r a f f i c  

stream. Thus, t h e y  c o u l d  tend  t o  s e l e c t  o l d e r  v e h i c l e s ,  v e h i c l e s  

w i t h  obv ious d e f e c t s ,  or v e h i c l e s  suspected o f  d e f e c t s  because o f  

t h e  v e h i c l e ' s  e x t e r i o r  appearance, e t c .  The random checklane team 

adhered s t r i c t l y  t o  a  random sampl ing p r o t o c o l  f o r  v i s i t i n g  t h e  

i n s p e c t i o n  s i t e s  and f o r  s e l e c t i n g  t h e  v e h i c l e s  f rom t h e  t r a f f i c  

st ream f o r  i n s p e c t i o n .  A v e h i c l e  w i t h  a  f l a g r a n t  d e f e c t  would be 

stopped, however, b u t  n o t  i n c l u d e d  i n  t h e  sample da ta  un less  i t  met 

t h e  sampl ing p r o t o c o l .  A lso ,  t h e  random checklane i n s p e c t i o n  team 

conducted a  moving s t o p p i n g  t e s t  and v a r i o u s  i n t e r v i e w s  which  were 

n o t  p a r t  o f  t h e  o p e r a t i o n a l  checklane procedure.  



2.3 F i e l d  Opera t ions  

2.3.1 The Sample Checklane Procedures.  The sample check lane i n -  

s p e c t i o n s  were conducted i n  c o o p e r a t i o n  between t h e  M ich lgan  S t a t e  

P o l i c e  and t h e  HSRI researchers ,  The M ich igan  S t a t e  P o l i c e  per formed 

most o f  t h e  i n s p e c t i o n ,  w h i l e  t h e  H S R I  researchers  were i n v o l v e d  o n l y  

i n  t h e  d r i v e r  i n t e r v i e w s  and t h e  wheel p u l l  i n s p e c t i o n s  wh ich  were o n l y  

conducted d u r i n g  t h e  f i r s t  y e a r ,  

The checklane i n s p e c t i o n  takes  p l a c e  a d j a c e n t  t o  a  roadway. 

A d iagram o f  a  t y p i c a l  i n s p e c t i o n  l a n e  i s  g i v e n  i n  F i g u r e  2 . 2 .  

V e h i c l e s  a r e  d i r e c t e d  o u t  of  t h e  t r a f f i c  stream, a r e  i n s p e c t e d  f o r  

de fec ts  i n  m a j o r  systems, a r e  g i v e n  a  moving s t o p p i n g  t e s t ,  and then  

re leased ,  g i v e n  a  p o s t c a r d  t o  r e t u r n  ( f o r  m ino r  d e f e c t s ) ,  o r  i ssued  

a  summons ( f o r  ma jo r  d e f e c t s ) .  A subsample i s  s e l e c t e d  f o r  d r i v e r  

i n t e r v i e w s  and f o r  a  b rake  i n s p e c t i o n  i n v o l v i n g  removal o f  one wheel 

t o  p e r m i t  i n s p e c t i o n  of  b rake  components . 
The p o i n t  man i s  r e s p o n s i b l e  f o r  s e l e c t i n g  t h e  v e h i c l e s  f rom 

t h e  t r a f f i c  s t ream f o r  t h e  i n s p e c t i o n .  I n  t h e  random checklane,  he 

began each p e r i o d  w i t h  a  random s t a r t ,  a f t e r  wh ich  he s e l e c t e d  e v e r y  

n - t h  e l i g i b l e  v e h i c l e  i n t o  t h e  i n s p e c t i o n  l ane .  ( E l i g i b l e  v e h i c l e s  
were passenger ca rs  and l i g h t  t r u c k s  w i t h  M ich igan  l i c e n s e  p l a t e s . )  

Thus, t h e  random checklane used a  sys temat i c  sample o f  v e h i c l e s  w i t h  

a  random s t a r t .  The i n t e r v a l ,  n, v a r i e d ,  depending upon t h e  

d e n s i t y  o f  t r a f f i c  f l o w  a t  t h e  s i t e .  S ince h i g h e r  sampl ing  r a t e s  

c o u l d  be used a t  s i t e s  w i t h  low t r a f f i c  volume, h i g h  d e n s i t y  s i t e s  

were v i s i t e d  more f r e q u e n t l y  t o  ba lance t h e  d e n s i t y .  Hence, ove r  

t h e  course o f  t h e  sample, app rox ima te l y  equal  f r a c t i o n s  were sam- 

p l e d  f rom h i g h  d e n s i t y  and low d e n s i t y  s i t e s .  

Once t h e  v e h i c l e  was s e l e c t e d  f o r  i n s p e c t i o n ,  i t  was d i r e c t e d  

t o  t h e  i n s p e c t i o n  area,  where a  r e g u l a r  t r o o p e r  o r  a  s e r v i c e  

t r o o p e r  would i n s p e c t  t h e  v e h i c l e  systems. The r e s u l t s  o f  t h e  i n -  

s p e c t i o n  were reco rded  on a  computer mark-sense form, sample o f  

wh ich  i s  g i v e n  i n  Appendix A. 1. The s e r v i c e  t r o o p e r s  a l s o  checked 





t h e  d r i v e r ' s  1  icense,  v e h i c l e  r e g i s t r a t i o n ,  and v e h i c l e  i nsu rance ,  

and i ssued  a  p o s t c a r d  t o  t h e  d r i v e r  i f  any i n o p e r a t i v e  equipment 

was found on t h e  v e h i c l e .  I n  Jackson County, a  prenumbered s t i c k e r  

was p laced  on t h e  l o w e r  l e f t  c o r n e r  o f  t h e  w i n d s h i e l d .  T h i s  

s t i c k e r  exempted t h e  v e h i c l e  f rom f u r t h e r  i n s p e c t i o n s  d u r i n g  t h e  

y e a r  and p r o v i d e d  t h e  means o f  i d e n t i f i c a t i o n  f o r  t h e  second y e a r ' s  

sampl e. 

A f t e r  t h e  v i s u a l  i n s p e c t i o n  o f  t h e  v e h i c l e  had been completed, 

i t  was t u r n e d  ove r  t o  a  r e g u l a r  t r o o p e r  who conducted t h e  moving 

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

twen ty  m i l e s  p e r  hour ,  and then  a t tempted t o  s t o p  i n  a  l a n e  twenty-  

f i v e  f e e t  l o n g  and t e n  f e e t  wide.  The r e s u l t s  o f  t h i s  t e s t  were 

reco rded  on unused l i n e s  a t  t h e  end of  t h e  mark-sense form and were 

t a b u l a t e d  a l o n g  w i t h  t h e  o t h e r  r e s u l t s .  
Dur ing  t h e  f i r s t  y e a r  o f  t h e  s tudy ,  a f t e r  t h e  moving s t o p p i n g  

t e s t  was completed,  t h e  v e h i c l e  was d i r e c t e d  t o  t h e  w h e e l - p u l l  a rea 

f o r  a  d r i v e r  i n t e r v i e w  and a  mechanical  i n s p e c t i o n  o f  b rake components 

by H S R I  t e c h n i c i a n s  i f  t h a t  a rea was f r e e .  I f  t h e  wheel p u l l  a rea was 

occupied,  t h e  v e h i c l e  was r e l e a s e d  if i t  has passed. I f  ma jo r  s a f e t y  

d e f e c t s  had been found, t h e  v e h i c l e  was d e t a i n e d  and a  summons w r i t t e n .  

If m i n o r  d e f e c t s  were found t h e  d r i v e r  was i n s t r u c t e d  t o  r e p a i r  t hese  

and r e t u r n  t h e  p o s t c a r d  c e r t i f y i n g  t h a t  t h e  de fec ts  had been r e p a i r e d ,  

a f t e r  wh ich  t h e  v e h i c l e  was re leased .  A sample o f  t h e  p o s t c a r d  fo rm i s  

g i v e n  i n  App?ndix A . 2 .  

2.3 .2  The Opera t i ona l  Check1 ane Procedures. The o p e r a t i o n a l  

check lane procedure  d i f f e r e d  s l i g h t l y  f rom t h e  random checklane.  I n  

t h e  o p e r a t i o n a l  checklanes,  no moving s t o p p i n g  t e s t s  or w h e e l - p u l l  

b rake i n s p e c t i o n s  were conducted, n o r  were any d r i v e r  i n t e r v i e w s  



taken.  Also,  no pos tca rds  were issued.  D r i v e r s  were e i t h e r  i ssued  

a  summons f o r  ma jo r  defec ts ,  o r  were v e r b a l l y  i n s t r u c t e d  t o  r e p a i r  

any m ino r  d e f e c t s  found. The o t h e r  major  d i f f e r e n c e  i s  i n  t h e  

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

I n  t h e  o p e r a t i o n a l  checklanes,  s i t e s  were v i s i t e d  on a  judg-  

mental  b a s i s  r a t h e r  than  acco rd ing  t o  a  p r e s c r i b e d  sampl i n g  schedule.  

F u r t h e r ,  t h e  s e l e c t i o n  o f  v e h i c l e s  f rom t h e  t r a f f i c  st ream f o r  i n -  

s p e c t i o n  i s  l e f t  t o  t h e  judgment o f  t h e  p o i n t  man. He may s e l e c t  a  

h i g h e r  p r o p o r t i o n  o f  o l d e r  v e h i c l e s  o r  those which  appear t o  be 

1  i k e l y  t o  have d e f e c t s  f rom t h e  genera l  appearance. I n  consequence, 

o p e r a t i o n a l  checklanes may be more e f f i c i e n t  a t  f i n d i n g  d e f e c t i v e  

v e h i c l e s  than  random check1 anes. However, t h e  random s e l e c t i o n  p ro -  

cess i s  necessary t o  a c c u r a t e l y  r e f l e c t  t h e  s t a t u s  o f  t h e  v e h i c l e  

p o p u l a t i o n .  

Because no moving s t o p p i n g  t e s t s  o r  w h e e l - p u l l  i n s p e c t i o n s  o f  

brakes were conducted i n  t h e  o p e r a t i o n a l  checklanes,  t h e  s i t e  r e -  

quirements f o r  an o p e r a t i o n a l  checklane a r e  n o t  as s t r i n g e n t  as those 

f o r  a  sample checklane.  Consequently a  w i d e r  v a r i e t y  o f  roadways 

may be used w i t h  a c o r r e s p o n d i n g l y  b e t t e r  coverage o f  t h e  v e h i c l e  

p o p u l a t i o n .  

2 . 3 . 3  S i t e  Requirements. The procedure f o r  conduc t ing  

checklane i n s p e c t i o n s  d i c t a t e d  c e r t a i n  requ i rements  f o r  t h e  i n -  

spec t i ons  s i t e s .  A p r o s p e c t i v e  s i t e  had t o  have ample room f o r  

v e h i c l e s  t o  w a i t  w i t h o u t  b l o c k i n g  t r a f f i c  w h i l e  undergoing t h e  i n -  

s p e c t i o n  and space f o r  t h e  p o l i c e  van t o  be parked o u t  o f  t h e  way. 

The s t o p p i n g  t e s t  added t h e  requ i rements  o f  a  l a rge ,  d ry ,  f l a t ,  

paved area.  There had t o  be room f o r  t h e  v e h i c l e  t o  be a c c e l e r a t e d  

and stopped which imp1 i e d  a  t o t a l  of  about  two hundred f e e t  f o r  t h e  

s t o p p i n g  t e s t .  Care was a l s o  taken t o  p r o v i d e  f o r  a  s a f e  run -ove r  

area p a s t  t h e  s t o p p i n g  l a n e  i n  t h e  even t  o f  a  brake f a i l u r e  d u r i n g  

t h e  s t o p p i n g  t e s t .  The f i n a l  space requ i rement  was d i c t a t e d  by t h e  



presence o f  t h e  HSRI w h e e l - p u l l  a rea.  Room was needed f o r  t h e  

v e h i c l e  t o  be parked a l o n g s i d e  t h e  HSRI van f o r  t h e  brake i n -  

s p e c t i o n .  T h i s  area had t o  be s u f f i c i e n t l y  d i s t a n t  from t h e  s topp-  

i n g  l a n e  so t h a t  t h e  v e h i c l e  c o u l d  be e a s i l y  manuvered i n t o  p o s i t i o n  

f o r  a  whee l -pu l l  and s t i l l  have a  minimum o f  danger i n  t h e  case of 

a  run -ove r  fo rm t h e  s t o p p i n g  l ane .  These space requ i rements  r e -  

s t r i c t e d  p o t e n t i a l  s i t e s  t o  those o f  roads ides w i t h  ample space, 

l a r g e  p a r k i n g  l o t s ,  o r  " t r i a n g l e "  types o f  a reas.  

S i t e s  a l s o  had t o  be chosen f o r  t h e  t r a f f i c  f l o w  and o r i g i n .  

For  purposes o f  t h e  sample checklane,  t h e  f l o w  had t o  be o f  m o s t l y  

l o c a l  o r i g i n  ( w i t h i n  t h e  p a r t i c u l a r  coun ty )  i n  s u f f i c i e n t  volume 

t h a t  about  200 v e h i c l e s  c o u l d  be randomly i n s p e c t e d  d a i l y .  The 

above requ i rements  l i m i t e d  t h e  s i t e s  t o  those  which  were feeders  i n -  

t o  t h e  c i t i e s  and t h e r e f o r e  e l i m i n a t e d  some r u r a l  areas f rom t h e  i n -  

s ~ e c t i o n  procedures .  The a c t v a l  s i t e s  used were ass igned randomly 

t o  t h e  days i n  such a  manner t h a t  t h e  same s i t e  was n o t  used on two 

consecu t i ve  days. Tab le  1  i n  Appendix A g i v e s  t h e  s i t e s  used and 

Tab le  2 g i v e s  t h e  i n s p e c t i o n  schedule f o r  1975 and 1976 ( s e v e r a l  s i t e s  
were dropped i n  1976 because o f  road  c o n s t r u c t i o n ) .  

The a c t u a l  equipment s t a t e  p o l i c e  needed f o r  t h e  sample check- 

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

r e q u i r e d  f o r  t h e  w h e e l - p u l l .  The s t a t e  p o l i c e  needed roads ide  s igns ,  

t r a f f i c  marker cones, an equipment van, and a  chase c a r  f o r  t h e  en- 

forcement o f f i c e r .  The HSRI t e c h n i c i a n s  r e q u i r e d  a  j ack ,  an a i r  

wrench, and a s s o r t e d  t o o l s  t o  complete t h e i r  wheel - p u l l  i n s p e c t i o n  

o f  t h e  brake.  A  supp ly  o f  spare p a r t s  f o r  t h e  brakes was a l s o  

c a r r i e d .  I n  a d d i t i o n ,  an a i r  compressor was needed t o  power t h e  a i r  

wrench, a  t r a i l e r  t o  c a r r y  t h e  compressor and j a c k ,  and a  van needed 

t o  s t o r e  t h e  e x t r a  t o o l s  and p a r t s  as w e l l  as t o  tow t h e  t r a i l e r .  

Most o f  t h e  HSRI equipment was leased  o v e r  t h e  course o f  t h e  summer 
o f  1975. 



2.3.4 Pub1 i c i  t y .  An a c t i v e  pub1 i c i t y  campaign was conducted 

i n  bo th  coun t ies  as an a t tempt  t o  e x p l a i n  t h e  i n s p e c t i o n  s i t u a t i o n  

t o  t h e  un inspected popul a t i o n  and encourage good maintenance o f  t h e  

un inspected v e h i c l e s .  A more i n t e n s e  campaign was conducted i n  

Jackson County, s i n c e  t h e  sample checklane operated w i t h  a h i g h e r  

i n t e n s i t y  i n  t h a t  county.  Both coun t ies  had good coverage o f  t h e  

checklane procedures by t h e  media i n  t h e  forms o f  r a d i o ,  t e l e v i s i o n ,  

and newspaper. Jackson County a l s o  had an a c t i v e  b i l l  board campaign 

combined w i t h  a pamphlet g i ven  t o  t h e  d r i v e r s  o f  a l l  i nspec ted  

v e h i c l e s  t o  e x p l a i n  t h e  sample checklane. The t o t a l  p u b l i c i t y  cam- 

pa ign was c r e d i t e d  w i t h  g i v i n g  an unexpectedly h i g h  degree o f  p u b l i c  

coopera t ion  w i t h  t h e  s t a t e  p o l i c e  v e h i c l e  i n s p e c t i o n s  and t h e  HSRI 

wheel - p u l l  s. 

2 .4  Data C o l l  e c t i o n  and Management 

The bas ic  i n s p e c t i o n  v a r i a b l e s  were recorded by t h e  MSP on a 

computer mark-sensing form (Appendix A). The mark-sensing forms 

were c o l l e c t e d  by t h e  MSP. The data  were read f rom t h e  mark-sense 

forms and a magnet ic tape o f  t h e  data  was prepared by t h e  MSP. 

The data from t h e  whee l -pu l l  i n s p e c t i o n s  (see Appendix A) were 

keypunched a t  HSRI and a computer f i l e  o f  these data  was a l s o  p re -  

pared. To prepare t h e  data  f o r  a n a l y s i s ,  t h e  data  f i l e  f rom t h e  

f rom t h e  MSP was merged w i t h  t h e  data f i l e  f rom t h e  HSRI whee l -pu l l  

i n s p e c t i o n s .  The data f rom t h e  d r i v e r  i n t e r v i e w s  was t a b u l a t e d  and 

summarized by HSRI. No merging o r  matching w i t h  o t h e r  i n s p e c t i o n  

r e s u l  t s  was r e q u i  red.  

Appendix B g ives  t h e  l i s t  o f  v a r i a b l e s  i n  t h e  HSRI computer 

f i l e .  A lso  i n c l u d e d  a r e  t h e  d e t a i l s  o f  t h e  data  s torage such as t h e  

column l o c a t i o n s ,  v a r i a b l e  names and numbers, and notes on recod ing.  

According t o  HSRI records,  t h e  sample checklane conducted 2,019 

i n s p e c t i o n s  i n  Monroe County and 10,408 i n s p e c t i o n s  i n  Jackson 



County i n  1975. O f  those 12, 427 es t ima ted  i n s p e c t i o n s ,  11,651 

i n s p e c t i o n  r e s u l t s  were r e c e i v e d  by H S R I .  An es t ima ted  776 i n -  

s p e c t i o n  r e s u l t s  were l o s t  d u r i n g  t h e  p rocess ing  o f  t h e  i n s p e c t i o n  

data  f rom t h e  i n s p e c t i o n  forms t o  magnet ic tape.  Due t o  a  c l e r i c a l  

e r r o r ,  approx ima te ly  200 o f  those 11,651 r e s u l t s  had t h e  f o r m  num- 

bers  changed. Thus, approx ima te ly  976 (about  7.8%) o f  t h e  data  

c o l l e c t e d  i n  1975 a r e  m i s s i n g  o r  miscoded, 

Again, acco rd ing  t o  HSRI records,  2,536 whee l -pu l l  b rake i n -  

spec t ions  were conducted i n  1975. O f  those 2,536 es t ima ted  i n -  

spec t ions ,  t h e  form numbers o f  2,317 i n s p e c t i o n  r e s u l t s  about  91.4% 

matched t h e  form numbers on t h e  tape t h a t  we r e c e i v e d  from t h e  

Mich igan S t a t e  P o l i c e .  O f  t h e  219 unmatched brake r e s u l t s ,  198 

appear t o  be due t o  MSP m i s s i n g  o r  miscoded records,  and 21 appear 

t o  be due t o  HSRI p rocess ing  e r r o r s .  

I n  1976, t h e  sample checklane conducted approx ima te ly  2200 i n -  

spec t ions  i n  Monroe County and 9550 inspections I n  Jackson County, O f  
t h e  9547 i n s p e c t i o n s  i n  Jackson County, 251 9 were r e - i n s p e c t i o n s  o f  ca rs  

i nspec ted  I n  1975 and 7028 were c a r s  i nspec ted  f o r  t h e  f i r s t  t ime .  The 

exac t  coun t  o f  usab le  i n s p e c t i o n s  i s  2139 i n  Monroe County, 2442 r e -  

i n s p e c t i o n s  and 6768 new i n s p e c t i o n s  i n  Jackson County. The rema in ing  

were l o s t  due t o  h a n d l i n g  or da ta  p rocess ing  e r r o r s .  Thus o f  t h e  data  

c o l l e c t e d  i n  1976, o n l y  about 3.4% were n o t  usab le .  T h i s  rep resen ts  

an improvement i n  data  management j o i n t l y  between HSRI and t h e  Mich igan 

S t a t e  Pol  i c e .  





3. ANALYSIS AND RESULTS OF 1975 DATA 

T h i s  s e c t i o n  summarizes t h e  s t a t e  o f  r e p a i r  o f  t h e  v e h i c l e  popu- 

l a t i o n s  i n  Monroe and Jackson Count ies i n  1975. Thus, these da ta  r e p r e s e n t  

t h e  b a s e l i n e  a g a i n s t  wh ich  t h e  e f f e c t  o f  t h e  checklane i n s p e c t i o n  p ro -  

gram w i l l  be measured, Comparisons o f  t h e  v e h i c l e  p o p u l a t i o n s  sampled i n  

t h e  two c o u n t i e s  a r e  presented as w e l l  as d e f e c t  r a t e s .  

3.1 Representa t iveness o f  t h e  Samples, 

The sampl ing p l a n  presented i n  Sec t i on  2 has c e r t a i n  l i m i t a t i o n s .  

I t  rep resen ts  an a t t e m p t  t o  o b t a i n  a  random sample o f  v e h i c l e s  opera ted 

l o c a l l y .  T h i s  p o p u l a t i o n  o f  v e h i c l e s  i s  n o t  n e c e s s a r i l y  t h e  same as t h e  

p o p u l a t i o n  o f  r e g i s t e r e d  v e h i c l e s .  I n  p a r t i c u l a r ,  a  comparison o f  t h e  

model yea rs  between t h e  r e g i s t e r e d  veh i  c l  es and t h e  sampled v e h i c l  es r e v e a l  s  

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

r e g i s t e r e d  v e h i c l e s  i s  g i v e n  i n  Tables 0-1 th rough B-3  i n  Appendix 

B .  I n  genera l ,  fewer o l d e r  v e h i c l e s  were found i n  t h e  sample than  

expected f rom t h e  d i s t r i b u t i o n  o f  r e g i s t e r e d  v e h i c l e s ,  and co r -  

respond i  n g l y  , more newer v e h i c l e s  than  expected were observed. 

There a r e  a  number o f  p o s s i b l e  i n t e r p r e t a t i o n s  o f  t h i s  obser-  

v a t i o n .  One i s  t h a t  t h e  sampl ing procedure s e l e c t s  v e h i c l e s  w i t h  

p r o b a b i l i t y  p r o p o r t i o n a l  t o  t h e i r  c u r r e n t  usage and hence is  a  

sample o f  t h e  p o p u l a t i o n  o f  v e h i c l e s  a c t u a l l y  be ing  used. As such, 

t h e  sample would a c c u r a t e l y  r e p r e s e n t  t h e  a p p r o p r i a t e  t a r g e t  group, 

s i n c e  t h e  more a  v e h i c l e  i s  used, t h e  more i m p o r t a n t  i t  i s  t h a t  i t  

be i n  s a f e  mechanical c o n d i t i o n .  

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

v e h i c l e s  which uses t h e  roads s u i t a b l e  f o r  checklane s i t e s  a t  t h e  

hours when t h e  checklane opera tes  i s  d i f f e r e n t  f rom t h e  general  

p o p u l a t i o n  o f  v e h i c l e s  i n  use. T h i s  c o u l d  be t h e  case i f  p a r t i c u l a r  



ages o f  v e h i c l e s  a r e  used p redominan t l y  f o r  l o n g  d i s t a n c e  and 

freeway d r i v i n g  on p redominan t l y  r u r a l  , low volume roads.  To t h e  

e x t e n t  t h a t  t h i s  i s  t h e  case, t h i s  rep resen ts  a  l i m i t a t i o n  o f  t h e  

check1 ane i n s p e c t i o n  program's  a b i  1  i ty  t o  reach t h e  i n t e n d e d  popu- 

l a t i o n .  I t  i s  conce ivab le ,  though u n l i k e l y ,  t h a t  t h e  d i f f e r e n c e s  

r e s u l t  f rom d e l i b e r a t e  a t tempts  t o  a v o i d  t h e  checklane.  It i s  n o t  

p o s s i b l e  w i t h  these data  t o  determine why t h e  sampled p o p u l a t i o n  

d i f f e r s  f rom t h e  r e g i s t e r e d  v e h i c l e s .  The assumpt ion i s  made t h a t  

i t  rep resen ts  d i f f e r e n c e s  i n  use by  d i f f e r e n t  types o f  v e h i c l e s ,  and 

hence t h a t  t h e  checklane sample i s  a t  l e a s t  as r e p r e s e n t a t i v e  o f  

t h e  p o p u l a t i o n  o f  v e h i c l e s  i n  use as t h e  r e i g s t r a t i o n  1  i s t .  

I t  shou ld  be noted,  however, t h a t  even i f  t h e  p o p u l a t i o n  ob- 

served by  t h e  sample checklanes i s  n o t  t h e  same as t h e  p o p u l a t i o n  

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

o f  t h e  p r o j e c t  adve rse ly .  That  i s ,  t h e  measured e f f e c t  o f  t h e  check- 

l a n e  w i l l  be observed i n  t h e  sampled p o p u l a t i o n .  S i m i l a r l y ,  t h e  

e f f e c t  o f  t h e  P M V I  w i l l  be observed i n  t h e  sampled p o p u l a t i o n  and 

comparisons between these w i  11 be based on s i m i l a r  p o p u l a t i o n s .  Thus, 

t h e  es t ima tes  o f  e f f e c t s  a r e  based c o n s i s t e n t l y  on t h e  sampled 

p o p u l a t i o n s  . 

S ince i t  3s hoped t o  make cross-county  canpar i rons ,  i t  i s  i m p o r t a n t  

t o  compare t h e  sampled p o p u l a t i o n  o f  v e h i c l e s  i n  Jackson and Monroe 

Count ies .  Several  comparisons of  the  sampled v e h i c l e s  were made and a r e  

r e p o r t e d  i n  d e t a i l  i n  Tables 8-4 th rough  8-7 o f  Appendix B.  

No s i g n i f i c a n t  d i f f e r e n c e  was found i n  t h e  d i s t r i b u t i o n  o f  

v e h i c l e  t ypes .  A s l  i g h t  d i f f e r e n c e  i n  r e p o r t e d  m i leage  was observed 

(p=.044), w i t h  v e h i c l e s  i n  Jackson County hav ing  s l i g h t l y  g r e a t e r  

mi leages.  I n  v iew o f  t h e  l a r g e  sample s i z e s  and smal l  d i f f e r e n c e  

i n  mi leage,  t h i s  i s  p robab ly  n o t  o f  p r a c t i c a l  impor tance.  A 

somewhat more s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  d i s t r i b u t i o n  o f  model 

yea rs  was found ( p =  ,013) .  T h i s  d i f f e r e n c e  i s  r a t h e r  sma l l  , b u t  

may be i m p o r t a n t  s i n c e  d e f e c t  r a t e s  have been found t o  v a r y  con- 

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



o f  v e h i c l e  makes was found. The re levance o f  t h i s  t o  t h e  d e f e c t  

r a t e s  i s  u n c e r t a i n  a t  t h i s  p o i n t  b u t  w i l l  be cons idered i n  making 

t h e  comparisons, 

The o v e r a l l  d e f e c t  r a t e  i n  t h e  two coun t ies  a r e  g i ven  i n  

Tab le  3.1. 

TABLE 3.1 

T o t a l  V e h i c l e  De fec t  Rates 

County 
Monroe Jackson T o t a l  

Percent  Passing 48.1 50.5 50.1 

T o t a l  1786 9865 11651 

The d i f f e rence  was n o t  s i g n i f i c a n t  a t  t h e  5% l e v e l  (p=.062), however 

Jackson County d i d  e x h i b i t  a  s l i g h t l y  b e t t e r  pass ing r a t e .  Since 
Jackson County a l s o  had s l i g h t l y  h i g h e r  mi leage and o l d e r  v e h i c l e s ,  

i t  appears t h a t  t h e  a f f e c t s  o f  t h e  age d i f fe rences between t h e  two coun t ies  

were n o t  ve ry  pronounced. That  i s ,  i t  may n o t  be necessary t o  a d j u s t  f o r  

age between t h e  two c o u n t i e s .  

O v e r a l l  , t h e  two coun t ies  seem t o  be q u i t e  s i m i l a r  i n  t h e  popu- 

l a t i o n  o f  v e h i c l e s  sampled by t h e  checklanes.  The l a r g e s t  d i f f e r e n c e  

l i e s  i n  t h e  make o f  t h e  v e h i c l e s .  Th is  probab ly  r e f l e c t s  d i f f e r e n c e s  

i n  a v a i l a b i l i t y  and d e a l e r  agressiveness i n  t h e  two areas.  I t  does 

n o t  appear t o  be c l o s e l y  connected w i t h  c o n d i t i o n  o f  v e h i c l e s .  

3.2 De fec t  Rates. The s e l e c t i v e  random checklane used by  t h e  

Mich igan S t a t e  P o l i c e  i n s p e c t s  about  300,000 v e h i c l e s  a n n u a l l y  f o r  

an o v e r a l l  i n t e n s i t y  o f  about  5  t o  10 pe rcen t .  The p o p u l a t i o n  f rom 

which our  sample was drawn thus rep resen ts  an i n s p e c t i o n  system 

w i t h  no mandatory i n s p e c t i o n s  and a  low p r o p o r t i o n  of a c t u a l l y  i n -  

spected v e h i c l e s .  The data  r e p o r t e d  i n  t h i s  s e c t i o n  rep resen t  t h e  pooled 

data  over  t h e  course of t h e  summer o f  1975 f o r  Jackson and Monroe Count ies.  

Veh ic les  were i nspec ted  on twenty  t h r e e  i tems (Tab le  3.2). 

The t o t a l  sample s i z e  f o r  t h i s  p o l i c e  i n s p e c t i o n  f rom June t o  October 1975 



was 12,315 v e h i c l e s  from v e h i c l e  model yea rs  1960 t o  1976, Rates 

o f  pass and f a i l  were t a b u l a t e d  on these  v a r i a b l e s ,  as we1 1 as on 

seven d e r i v e d  v a r i a b l e s .  The d e r i v e d  v a r i a b l e s  were formed on each 

genera l  d e f e c t  ca tegory  which had more than one sub-category  ( l i g h t s ,  

exhaust ,  b rakes,  t i r e s ,  g l a s s ,  w ipe rs  and washers) such t h a t  a  

f a i l u r e  i n  any one o f  t h e  sub -ca tegor ies  was counted as a  f a i l u r e  

i n  t h e  d e r i v e d  v a r i a b l e .  A f i n a l  d e r i v e d  v a r i a b l e  was added f o r  

t h e  t o t a l  v e h i c l e  such t h a t  a  f a i l u r e  i n  any ca tegory  gave a  f a i l  

i n  t h e  t o t a l  v e h i c l e .  

An a n a l y s i s  b y  v e h i c l e  age f o r  some o f  t h e  above v a r i a b l e s  

was performed. I t  was found t h a t  a l l  t h e  i nspec ted  v e h i c l e s  passed 

on t h e  s a f e t y  g l a s s  and beam i n d i c a t o r  so these v a r i a b l e s  as w e l l  

as t o t a l  g lass  were d e l e t e d .  The t e s t  f o r  f o o t  b rake was r e p l a c e d  

b y  ano the r  p a r t  o f  t h e  exper iment  and so was n o t  i n c l u d e d  i n  t h e  

a n a l y s i s .  For  t h i s  reason,  t h e  v a r i a b l e  f o r  t o t a l  b rake  a l s o  was 

n o t  i n c l u d e d  i n  t h i s  a n a l y s i s .  

TABLE 3.2 

Pol i c e  Inspec ted  I terns 

I n s p e c t i o n  V a r i a b l e s  

Glass L i g h t s  

S a f e t y  F r o n t  D i r e c t i o n a l  
V i s i o n  Impai red High Beam 

Wipers and Washers 
Low Beam 

Wipers A i m  o f  H e a d l i g h t  

Was he rs  Output  
Ta i  1  

Horn 

S t e e r i n g  

Brakes 
Foot  
Pa rk ing  

T i  r e s  
Bulges o r  Break 
Tread 

Stop 
Rear D i r e c t i o n a l  
P l a t e  
Beam I n d i c a t o r  

Exhaust 
No isy  
Smoke 

M i r r o r  

3.2.1 T o t a l  V e h i c l e  De fec ts .  We developed a  d e s c r i p t i v e  

m o d e l  r e l a t i n g  t h e  t o t a l  v e h i c l e  f a i l u r e  r a t e  t o  t h e  model y e a r  o f  



t h e  v e h i c l e .  The dependent v a r i a b l e  i s  t h e  p r o p o r t i o n  o f  v e h i c l e s  

f a i l i n g  on a t  l e a s t  one component, The Independent v a r i a b l e  i s  t h e  

model y e a r  ( o r  e q u i v a l e n t l y ,  t h e  age) of t h e  v e h i c l e .  The age i s  

computed as t h e  d i f f e r e n c e  between 1976 and t h e  model y e a r  o f  t h e  

v e h i c l e .  For example, a c a r  w i t h  model y e a r  1970 i s  regarded as 

hav ing an age o f  s i x  years .  

Tab le  3.3 g i ves  t h e  data .  The p r o p o r t i o n  f a l l i n g  i s  p l o t t e d  

a g a i n s t  age (model y e a r )  i n  F i g u r e  3.1 . An i n c r e a s i n g  t r e n d  o f  t h e  

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

dependent v a r i a b l e  i s  a p r o p o r t i o n  which changes cons ide rab ly ,  and 

s i n c e  t h e  sample s i z e s  a r e  unequal , t h e  var iances a r e  a1 so unequal . 
Th is  i m p l i e s  t h a t  t h e  usual  r e g r e s s i o n  o r  l e a s t  squares method o f  

f i t t i n g  a t r e n d  l i n e  i s  n o t  a p p r o p r i a t e .  Ins tead ,  weighted l e a s t  

squares has been used. The d e t a i l s  o f  t h i s  s t a t i s t i c a l  techn ique 

a r e  summarized i n  Appendix E . 

TABLE 3.3 

Observed Resu l t s  on T o t a l  Veh ic le  
Model Years 1960-1976 

Year -. 

1976 
1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 
1965 
1964 
1963 
1962 
1961 
1960 

Pass 

2 7 
1151 
1406 
1241 
86 2 
579 
358 
270 
149 
8 6 
4 4 
28 
18 

7 
4 
0 
0 

Fa i  1 

0 
148 
484 
757 
850 
690 
623 
753 
599 
466 
341 
24 2 
126 
4 6 
38 
12 
10 

T o t a l  -. 

2 7 
1299 
1890 
1998 
1712 
1169 
981 

1023 
748 
552 
38 5 
270 
144 

53 
42 
12 
10 



Proportion 
Fail 

TOTAL VEHICLE 

VEHICLE AGE 

FIGURE 3-1 

Observed Failure Rates for Total Vehicle, 

Model Years 1960 - 1976 



The r e s u l t s  i n d i c a t e  t h a t  the  r e l a t i o n s h i p  of p ropo r t i on  

d e f e c t i v e  t o  age i s  bes t  described by t he  model : 

where X i s  the  age i n  years  and Y i s  the  p ropo r t i on  de fec t i ve .  

The l i near model : 

has nea r l y  t he  same p red i c t ed  power, b u t  shows a  s i g n i f i c a n t  

l a c k  o f  f i t .  D e t a i l s  o f  t he  model d e r i v a t i o n  may be found i n  

Appendix C .  

The main conc lus ion t o  be drawn from t h i s  regress ion  model 

seems t o  be t h a t  t he re  i s  a  s t rong  increase o f  d e f e c t i v e  veh ic les  

w i t h  age. The exact  form o f  the  r e l a t i o n s h i p  may n o t  be o f  pr imary 

i n t e r e s t .  However the  model prov ides a  concise summary o f  what 

p ropo r t i on  o f  de fec t i ve  veh ic les  one should expect f o r  a  g iven age 

o f  veh ic les .  

Models o f  t h i s  s o r t  a l so  have p o t e n t i a l  u t i l i t y  i n  making 

po l  i c y  dec is ions  regard ing  veh i c l e  inspec t ions .  For example, i f  i t  

were determined t h a t  t o  be c o s t - e f f e c t i v e  an i nspec t i on  should n o t  

be app l i ed  t o  a  popu la t ion  o f  veh ic les  unless t he  de fec t  r a t e  were 

a t  l e a s t  25%, t he  model would i n d i c a t e  t h a t  o n l y  veh ic les  over two 

years  o l d  would be inspected. 

3.2.2 S p e c i f i c  Components Defects .  It migh t  be t h a t  some 

s p e c i f i c  component o r  some o the r  combination o f  components would be 

considered an appropr ia te  c r i t e r i o n  f o r  determin ing what s e t  o f  

veh ic les  should be the  t a r g e t  o f  an i nspec t i on  program. The percent  

de fec t i ve  f o r  each model year  a re  p l o t t e d  f o r  several  s p e c i f i c  

de fec ts  i n  F igures B-1 through B-24 o f  Appendix B. Also i n  Table 
B-9 o f  Appendix B are d e t a i l e d  tab les  of t he  number and percent  o f  

veh ic les  w i  t h  each s p e c i f i c  de fec t  f o r  each county. 



Most de fec t  r a t e s  show an inc rease  w i t h  t h e  age of t h e  v e h i c l e .  

However a  few, such as h e a d l i g h t  o u t p u t ,  s t e e r i n g ,  t i r e  bu lges o r  

breaks,  and exhaust  smoke, a r e  so r a r e  t h a t  t h e  tendency o f  t h e  p ro -  

p o r t i o n  t o  i nc rease  w i t h  age i s  ha rd  t o  v e r i f y .  

I n  Monroe County 10.2 pe rcen t  o f  t h e  d r i v e r s  seen i n  t h e  random 

checklane s a i d  t h a t  t hey  had been p r e v i o u s l y  i nspec ted  i n  a  check- 

l ane .  I n  Jackson County o n l y  4.6 pe rcen t  had had p rev ious  exper ience 

w i t h  a  checklane i n s p e c t i o n .  O v e r a l l ,  5 .4 pe rcen t  o f  t h e  d r i v e r s  

had been through a  checklane p r e v i o u s l y ,  Th is  f i g u r e  agrees w i t h  

t h e  s ta tew ide  o p e r a t i o n a l  i n s p e c t i o n  r a t e  o f  5-6 pe rcen t .  

D e f e c t s  R e l a t i n s  t o  V i s i o n .  A l l  o f  t h e  v e h i c l e s  

seen i n  t h e  random checklanes had approved s a f e t y  g lass  i n  t h e  wind- 

s h i e l d  and windows, In bo th  coun t ies  combined, 3.6 pe rcen t  o f  t h e  

v e h i c l e s  had v i s i o n  impa i red  due t o  cracked o r  chipped w indsh ie lds .  

Monroe County v e h i c l e s  had a  2 pe rcen t  r a t e  w h i l e  Jackson County 

v e h i c l e s  had a  3.9 pe rcen t  r a t e  o f  d e f e c t s .  The i n c i d e n c e  o f  t h i s  

d e f e c t  increases o n l y  moderate ly  w i t h  t h e  age o f  t h e  v e h i c l e  remain ing 

a t  about  3  pe rcen t  u n t i l  t h e  v e h i c l e  i s  s i x  yea rs  o l d  o r  so. I n  t h e  

o l d e r  v e h i c l e s  t h e  r a t e  tends t o  be around e i g h t  percent ,  b u t  was 

v a r i a b l e .  

Windsh ie ld  w ipers  were d e f e c t i v e  on 3.4 pe rcen t  o f  t h e  v e h i c l e s  

i n  Monroe County, and 3.6 pe rcen t  o f  t h e  v e h i c l e s  i n  Jackson County, 

g i v i n g  a  combined r a t e  o f  3.6 pe rcen t .  For w i n d s h i e l d  washers, t h e  

d e f e c t  r a t e s  were 19.5 pe rcen t  i n  Monroe, 15.3 pe rcen t  i n  Jackson 

f o r  a  combined r a t e  o f  16.0 pe rcen t .  O v e r a l l ,  18.1 pe rcen t  o f  t h e  

v e h i c l e s  had e i t h e r  t h e  w i n d s h i e l d  w ipers  o r  washers d e f e c t i v e .  

Both w ipers  and washer d e f e c t  r a t e s  show s t rong ,  n e a r l y  l i n e a r  

increases w i t h  age o f  t h e  v e h i c l e s ,  however, t h e  w ipe r  r a t e s  were 

q u i t e  v a r i a b l e  and were about  a  t h i r d  o f  t h e  washer r a t e s .  

About 2.4 pe rcen t  o f  t h e  v e h i c l e s  observed had d e f e c t i v e  o r  

i n s u f f i c i e n t  m i r r o r s  . An i n c r e a s i n g  , n e a r l y  1  i n e a r ,  t r e n d  w i t h  age 

was noted,  r i s i n g  f rom a r a t e  o f  near  zero f o r  new ca rs  t o  about  

s i x  pe rcen t  f o r  v e h i c l e s  t e n  yea rs  o l d .  



Combining t h e  v i s i o n  defec ts ,  78.5 p e r c e n t  o f  t h e  v e h i c l e s  

had no v i s i o n  r e l a t e d  de fec ts .  E ighteen pe rcen t  had one v i s i o n  

d e f e c t  and 3.5 pe rcen t  had two o r  more. The r a t e s  o f  a1 1  d e f e c t i v e  

v e h i c l e s  showed a  marked tendency t o  i nc rease  w i t h  t h e  age o f  t h e  

v e h i c l e .  

L i a h t i n a  De fec ts .  Only f o u r  o f  t h e  11,651 v e h i c l e s  

sampled had a  non f u n c t i o n a l  beam i n d i c a t o r  l i g h t ,  Thus t h i s  com- 

ponent  a lmost  never f a i l s ,  H e a d l i g h t  o u t p u t  was i n s u f f f c i e n t  i n  o n l y  

1.3 pe rcen t  o f  t h e  v e h i c l e s .  The o u t p u t  showed l i t t l e  r e l a t i o n s h i p  

t o  age, be ing  a t  most o n l y  about  4.0 pe rcen t  i n  model yea rs  w i t h  

s u f f i c i e n t  sample s i z e  t o  g i v e  a  r e l i a b l e  r a t e .  

H e a d l i g h t  a im was f a u l t y  i n  9.7 pe rcen t  o f  t h e  v e h i c l e s ,  Th is  

r a t e  showed a  l i n e a r  t r e n d  i n c r e a s i n g  w i t h  age t o  about  7,O pe rcen t  

f o r  10 y e a r  o l d  v e h i c l e s .  Low beams were o u t  i n  o n l y  2.4 pe rcen t  

of t h e  v e h i c l e s ,  w h i l e  h i g h  beams were o u t  i n  7.3 pe rcen t  o f  t h e  

v e h i c l e s .  The h i g h  beam outage r a t e  showed a  s t r o n g l y  i n c r e a s i n g  

l i n e a r  t r e n d  w i t h  age. On t h e  o t h e r  hand, t h e  l ow  beam outage r a t e  

was more v a r i a b l e  and showed a  s m a l l e r  s l o p e  i n  i t s  i nc rease  w i t h  

age. I n  general  t h e  low beams were s a t i s f a c t o r y  i n  more ca rs  than 

t h e  h i g h  beams. Th is  may r e f l e c t  a  much h i g h e r  use o f  low beams 

than o f  h i g h  beams i n  t h i s  p o p u l a t i o n .  I f  so, then t h e  i n d i c a t i o n  

i s  t h a t  d r i v e r s  n o t i c e  low beam h e a d l i g h t  outages--and r e p a i r  them-- 

more r e a d i l y  than h i g h  beam outage.  O v e r a l l  93.8 pe rcen t  o f  t h e  

v e h i c l e s  had s a t i s f a c t o r y  head1 i g h t s .  

F i v e  pe rcen t  o f  t h e  v e h i c l e s  had d e f e c t i v e  f r o n t  d i r e c t i o n a l  

1  i g h t s  and 6.9 pe rcen t  had d e f e c t i v e  r e a r  d i r e c t i o n a l  l i g h t s .  The 

d i f f e r e n c e  may be due t o  t h e  r e l a t i v e  ease o f  n o t i c i n g  b u l b  f a i l u r e s  

i n  t h e  f r o n t  d i r e c t i o n a l  l i g h t s .  Both f r o n t  and r e a r  d i r e c t i o n a l  

l i g h t s  show a  l i n e a r  i nc rease  i n  de fec t  r a t e s  w i t h  age. F r o n t  

outages reach a  h i g h  o f  about  11 pe rcen t  f o r  10 y e a r  o l d  v e h i c l e s ,  

w h i l e  r e a r  outages range up t o  about  20 pe rcen t  a t  10 y e a r s .  
T a i l  1 i g h t s  were d e f e c t i v e  i n  6.2 pe rcen t  o f  t h e  v e h i c l e s ,  w h i l e  

s t o p  i i g h t s  were d e f e c t i v e  i n  7.2 pe rcen t  o f  t h e  v e h i c l e s .  Both  o f  



t hese  d e f e c t s  showed 1  i n e a r  t rends ,  r i s i n g  t o  about  12 p e r c e n t  d e f e c t i v e  

i n  10 y e a r  o l d  v e h i c l e s .  I n  v e h i c l e s  o l d e r  than  10 yea rs ,  t h e  r a t e s  

were q u i t e  v a r i  ab l  e .  

The l i c e n s e  p l a t e  l i g h t  had t h e  h i g h e s t  r a t e  of d e f e c t s ,  16.8 

p e r c e n t .  Th i s  i s  p robab ly  due t o  a  combinat ion  o f  f a c t o r s ,  I t  i s  

n o t  r e a d i l y  n o t i c e d  by  an owner, and i t s  r e p a i r  i s  p robab ly  n o t  

regarded as u r g e n t ,  

Only 67.7 p e r c e n t  o f  t h e  v e h i c l e s  had a l l  l i g h t s  f u n c t i o n i n g .  

However 79.8 pe rcen t  had no ma jo r  1  i g h t  d e f e c t s .  (Major  1  i g h t  

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

low beam headl i g h t s ,  o r  i n s u f f i c i e n t  headl  i g h t  o u t p u t  . )  

Exhaust De fec ts .  O f  t h e  v e h i c l e s  inspected,  8.8 

p e r c e n t  had excess ive  n o i s e  and 1 . 2  p e r c e n t  had excess i ve  smoke. 

The n o i s e  r a t e  e x h i b i t e d  a  g e n e r a l l y  1  i n e a r  i n c r e a s e  w i t h  age, r i s i n g  

t o  a  r a t e  o f  about  twenty  p e r c e n t  f o r  10 y e a r  o l d  v e h i c l e s .  The 

r a t e  o f  excess ive  smoke was v i r t u a l l y  zero  f o r  t h e  f i r s t  5 o r  6 yea rs  

a f t e r  which i t  v a r i e d  w i d e l y  among d i f f e r e n t  ages. It ranged f rom 

ze ro  t o  about  7 pe rcen t ,  averag ing about  4 p e r c e n t  i n  ca rs  o v e r  6 

years  o l d .  

C o n t r o l  Defect&.  S t e e r i n g  d e f e c t s  were recorded 

i n  0.3 p e r c e n t  o f  t h e  v e h i c l e s .  The r a t e  o f  s t e e r i n g  d e f e c t s  i s  so 

low t h a t  no s p e c i f i c  t r e n d  w i t h  age i s  r a t e d ,  a1 though t h e  r a t e s  

have been p l o t t e d  by  model y e a r  i n  Appendix B .  

The f o o t  b rake was recorded as d e f e c t i v e  i n  one p e r c e n t  o f  t h e  

v e h i c l e s .  A comparison o f  t h e  moving s t o p p i n g  t e s t  w i t h  t h e  wheel 

p u l l  method o f  t e s t i n g  t h e  b r a k i n g  c a p a b i l i t y  o f  t h e  v e h i c l e s  i s  

presented i n  S e c t i o n  3 .3 .  The d e t e r m i n a t i o n s  t h e r e  a r e  though t  

t o  be much more p r e c i s e  than t h i s  v a r i a b l e .  There 18.2 p e r c e n t  o f  

t h e  v e h i c l e s  were found t o  be d e f e c t i v e ,  however, t h i s  was n o t  

determined s e p a r a t e l y  f o r  d i f f e r e n t  model yea rs .  Ten p e r c e n t  o f  t h e  

v e h i c l e s  were found t o  have d e f e c t i v e  p a r k i n g  brakes.  T h i s  a l s o  

showed an i n c r e a s i n g  t r e n d  w i t h  v e h i c l e  age. 

Twelve p e r c e n t  of  t h e  v e h i c l e s  had a t  l e a s t  one t i r e  w i t h  i n -  

s u f f i c i e n t  t r e a d .  Only 0.3 p e r c e n t  o f  t h e  v e h i c l e s  had t i r e  bu lges 



o r  c o r d  breaks.  The percentage of ca rs  w i t h  i n s u f f i c i e n t  t r e a d  

( b a l d  t i r e s )  showed an i n c r e a s i n g  t r e n d  w i t h  age, however t h e  

p e r c e n t  w i t h  t i r e  bu lges o r  breaks was t o o  smal l  t o  determine any 

t r e a d  w i t h  v e h i c l e  age. T i r e  pressures  were a l s o  measured on t h e  

subsample o f  v e h i c l e s  which had a  wheel p u l l  i n s p e c t i o n .  D i s t r i b u t i o n s  

o f  t h e  t i r e  pressures  a r e  r e p o r t e d  i n  Table B-10 o f  Appendix B. 

No s a t i s f a c t o r y  d e f i n i t i o n  o f  what c o n s t i t u t e d  i n c o r r e c t  t i r e  p res -  

sures has been determined,  so t i r e  p ressu re  was n o t  recorded as a  

v e h i c l e  d e f e c t ,  

O v e r a l l  , 87.2 pe rcen t  o f  t h e  v e h i c l e s  had no c o n t r o l  de fec ts .  

M i  sce l  laneous  defect^. rhree p e r c e n t  o f  t h e  

v e h i c l e s  were found t o  have d e f e c t i v e  horns .  T h i s  v a r i a b l e  a l s o  

showed a  l i n e a r  i nc rease  w i t h  age, rang ing  from ze ro  f o r  new ca rs  

t o  about  9 pe rcen t  f o r  t e n  y e a r  o l d  c a r s .  

A1 1 b u t  1.5 pe rcen t  o f  t h e  d r i v e r s  had v a l i d  o p e r a t i n g  1  icenses,  

and o n l y  0.2 pe rcen t  d i d  n o t  have p roper  v e h i c l e  r e g i s t r a t i o n .  A  

t o t a l  o f  s i x  improper r e g i s t r a t i o n s  were de tec ted .  A t o t a l  of 

t h r e e  f a i l u r e s  t o  comply w i t h  i nsu rance  were found. However these 

r e s u l t s  a r e  n o t  thought  t o  be r e p r e s e n t a t i v e  o f  t h e  s t a t e ,  s i n c e  

t h e  v e h i c l e s  sampled do n o t  come from any c e n t r a l  c i t y  areas n o r  

g e n e r a l l y  f rom comp le te l y  r u r a l  areas.  A c i t a t i o n  was i ssued  i n  

1.3 pe rcen t  o f  t h e  cases. Seat b e l t s  were observed i n  use by 11.4 

p e r c e n t  o f  t h e  occupants.  However t h i s  i s  t hough t  t o  be somewhat 

u n r e l  i a b l  e. I t  i s  p robab ly  an underes t imate ,  s i n c e  some d r i v e r s  

may have unbuckled them t o  g e t  d r i v e r s  l i c e n s e s  o r  r e g i s t r a t i o n  

papers b e f o r e  t h e  o f f i c e r  reached t h e  c a r .  

3.2.3 Post  Card Return  Rates by De fec t .  Opera tors  o f  v e h i c l e s  

w i t h  a t  l e a s t  one d e f e c t  were g i v e n  a  pos tca rd  t o  r e t u r n  c e r t i f y i n g  

t h a t  t h e  d e f e c t  had been r e p a i r e d .  A t o t a l  o f  6,200 postcards  were 

issued,  o f  which 3,700 were r e t u r n e d .  Thus 59.7% o f  t h e  opera to rs  

r e t u r n e d  a  pos tca rd  c e r t i f y i n g  t h a t  a l l  d e f e c t s  noted had been 

r e p a i r e d  w i t h i n  21 days. 



The r a t e  o f  r e t u r n  o f  p o s t  cards  i s  n o t  a  t o t a l l y  s a t i s f a c t o r y  

measure o f  t h e  r e p a i r  r a t e .  A measure which was independent o f  t h e  

d r i v e r  (owner) would be p re fe rab le ,  b u t  was n o t  a v a i l a b l e .  (The 

sample r e s u l t s  i n  1976 from p r e v i o u s l y  i nspec ted  ca rs  w i l l  p r o v i d e  

an independent es t ima te  o f  t h e  r e p a i r  ra te - -wh ich  1  as ted  a  y e a r ) .  

I t  may be t h a t  n o t  a l l  o f  t h e  postcards  r e t u r n e d  a c t u a l l y  had t h e  

r e p a i r s  made. What seems more l i e k l y ,  however, i s  t h a t  many r e p a i r s  

were made b u t  t h e  cards were n o t  returned--perhaps because they  were 

m i s l a i d  o r  f o r g o t t e n  u n t i l  a f t e r  t h e  21 day pe r iod .  

An a t tempt  was made t o  e s t i m a t e  t h e  a c t u a l  r e p a i r  r a t e s  th rough 

a  subsample. A random sample o f  400 v e h i c l e s  f o r  which postcards  

were i ssued  was drawn. O f  these, 204 o r  51% r e t u r n e d  t h e  pos tca rds .  

There was no way t o  t r a c e  t h e  o t h e r  196 f o r  an i n t e r v i e w .  O f  t h e  

204 r e t u r n s ,  62 c o u l d  n o t  be matched w i t h  a  name and address, 47 

had no 1  i s t e d  te lephone, and 95 had te lephone numbers. O f  t he  95, 

we were a b l e  t o  c o n t a c t  30 ( d u r i n g  r e g u l a r  work ing hours ) ,  O f  t h e  

30, t h e  i n t e r v i e w e r  concluded t h a t  a l l  had a c t u a l l y  r e p a i r e d  t h e  

d e f e c t s .  However, t h e  l a r g e  non-response r a t e  prec ludes much con- 

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

Table 3.4 t a b u l a t e s  t h e  r e t u r n  r a t e s  by types o f  d e f e c t .  

These r a t e s  were es t ima ted  f rom t h e  sample o f  400 p o s t  ca rd  v e h i c l e s .  

L i g h t s  had t h e  h i g h e s t  r e t u r n  r a t e ,  c l o s e l y  f o l l o w e d  by mechanical .  

V i s i o n  and c o n t r o l  v a r i a b l e s  had somewhat l ower  r e t u r n  r a t e s .  

Look ing a t  t h e  r e t u r n  r a t e s  by  number o f  d e f e c t s  found i n  t h e  t o t a l  

i n s p e c t i o n ,  one notes  a  decreas ing r a t e  o f  r e t u r n  w i t h  i n c r e a s i n g  

numbers o f  d e f e c t s ,  Thus t h e r e  may be some i n d i c a t i o n  t h a t  t h e  

ca rs  w i t h  severa l  d e f e c t s  a r e  n o t  r e p a i r e d  as w e l l  as a  r e s u l t  o f  

t h e  i n s p e c t i o n  as a r e  those w i t h  fewer d e f e c t s .  

I t  shou ld  be noted t h a t  v e h i c l e s  which were i ssued  c i t a t i o n s  

were n o t  i ssued  pos tca rds .  Thus t h e  1 .3  pe rcen t  o f  t h e  v e h i c l e s  w i t h  

t h e  most s e r i o u s  de fec ts - - f rom t h e  s a f e t y  s tandpo i  nt- -were r e p a i r e d  

o r  t h e  owner faced a  c o u r t  appearance and f i n e .  



Defec t  Type 

V i s i o n  

Cont ro l  

L i g h t  

Mechanical 

TABLE 3,4 

Rate o f  Post  Card Return by Defect  

% Return 

44.9 

44.6 

56.2 

55.4 

Number o f  
Mechanical Defects % Return 

1  55.3 

2 56.4 

3 47.1 

4-t 40.4 

Number o f  
L i g h t  Defects X Return 

1  60.4 

T o t a l  I n s p e c t i o n  
Defects 

1 
2 

% Return 

57.7 

54.1 



3.3 D r i v e r  I n t e r v i e w  Resu l t s  

Dru ing o p e r a t i o n  o f  t h e  sample c h e c k l a n e e i n  1975, a  d r i v e r  i n t e r v i e w  

was conducted. The subsample o f  d r i v e r s  whose v e h i c l e s  were s e l e c t e d  

f o r  t h e  wheel p u l l  b rake i n s p e c t i o n s  was used f o r  t h i s  purpose. 

The two-page i n t e r v i e w  as shown i n  Appendix A  was g i v e n  d u r i n g  

t h e  months o f  June and J u l y ,  1975. I n  August, a  s p e c i a l  second 

page rep laced  t h a t  shown f o r  use by t h e  O f f i c e  o f  t h e  S e c r e t a r y  o f  

S t a t e  and was n o t  processed by HSRI. The f i n a l  month and a  h a l f  o f  

t h e  checklane had o n l y  t h e  f i r s t  page used ( q u e s t i o n  1-5)  due 

t o  t h e  absence o f  researchers  a t  t h e  checklane and as a  t ime  con- 

s i d e r a t i o n .  The absence o f  t h e  second page f o r  much o f  Jackson 

County e x p l a i n s  t h e  l a r g e  numbers o f  m i s s i n g  va lues f o r  ques t i ons  

6  th rough 12.  The ques t ions  deal  w i t h  two t o p i c s  : t h e  sample 

checklane and o p i n i o n s .  De ta i  1  ed r e s u l  t s  o f  t h i s  q u e s t i o n n a i r e  a r e  

t a b u l a t e d  i n  Appendix B  as Table B-11 . 
The r e s u l t s  o f  t h e  age and sex answers show s i m i l a r  p a t t e r n s  

f o r  t h e  samples f rom each county ,  Both o f  t h e  c o u n t i e s  have t h e  

b u l k  o f  t h e  d r i v e r s  under 35 yea rs  01 d  and male. The percentage 

male was more pronounced i n  Monroe County (60.2%) than  i n  Jackson 

(56.3%),  however. 

Ques t ions  one and two deal  t w i t h  d r i v e r  know1 edge o f  t h e  

Mich igan V e h i c l e  I n s p e c t i o n  Program. The f i r s t  q u e s t i o n  r e l a t e d  

t o  how t h e  v e h i c l e  was t o  be i nspec ted ,  w i t h  a  c o r r e c t  response 

o f  " t o  a l l o w  t h e  p o l i c e  t o  check i t  a t  any t ime. "  There was a  marked 

inc rease  i n  t h e  c o r r e c t  responses f rom Monroe t o  Jackson Count ies 

(51.0% t o  63.6%) a t t r i b u t e d  t o  t h e  more i n t e n s e  p u b l i c i t y  campaign 

i n  Jackson County. S i m i l a r l y ,  t h e r e  was an i n c r e a s e  i n  t h e  c o r r e c t  

responses f o r  t h e  second q u e s t i o n  on how o f t e n  t h e  v e h i c l e  must be 

inspected.  The inc rease  f rom 35.0% t o  48.8% i n  Monroe dnd Jackson 

Count ies,  r e s p e c t i v e l y ,  i s  exp la ined  i n  t h e  same manner as above. 

Ques t ions  t h r e e  and f o u r  r e l a t e d  t o  where and when t h e  

d r i v e r  had heard about  t h e  Mich igan i n s p e c t i o n  program. The press  



campaign was aga in  e v i d e n t  i n  t h e  p r o p o r t i o n s  o f  t h e  d r i v e r s  who 

had n o t  heard of  t h e  M V I P ,  as 7.5% i n  Monroe County had n o t  compared 

t o  1.9% i n  Jackson County. Other  ev idence i s  t h e  p r o p o r t i o n  o f  t h e  

d r i v e r s  who had heard  about  t h e  checklane f r o m  t h e  press  (52.1% i n  

Monroe County, 74.6% i n  Jackson County. Both c o u n t i e s  had ove r  90% 

o f  t h e  p o p u l a t i o n  who had heard of t h e  checklane sometime before  t h e  

day o f  t h e  i n t e r v i e w .  Some i n c o n s i s t e n c i e s  occu r red  between t h e  

ques t i ons ,  because some d r i v e r s  t h a t  heard o f  t h e  i n s p e c t i o n  t h a t  

day as they  went th rough t h e  i n s p e c t i o n  marked t h a t  t h e y  had heard 

o f  t h e  checkiane f rom t h e  p o l i c e  i n  q u e s t i o n  3 and " today"  on 

q u e s t i o n  4. 

Q u e s t i o n  f i v e  was a  check i n s t a l l e d  t o  ensure t h a t  t h e  b u l k  of 

t h e  t r a f f i c  was o f  m o s t i y  l o c a l  o r i g i n  f o r  t h e  des ign purposes,  

The responses i n d i c a t e d  t h a t  t h e r e  was l e s s  than 20% non-county 

t r a f f i c  f o r  each county .  Th is  i n d i c a t e s  t h a t  a  s i z e a b l e  number o f  

i n s p e c t e d  v e h i c l e s  may be recovered i n  Jackson County. 

Ques t ions  s i x  th rough  e i g h t  r e l a t e d  t o  s e a t  b e l t  usage. 

There seemed t o  be a  t r e n d  o f  l e s s  usage i n  Monroe County than i n  

Jackson County. Fewer d r i v e r s  i n  Monroe County r e p o r t e d  they  

"a lways" o r  " o f t e n "  wore s e a t  b e l t s  (16.8% and 22.3%) than  d i d  

d r i v e r s  i n  Jackson County (21 .I% and 26.7%).  I t  i s  i n t e r e s t i n g  t o  

n o t e  t h a t  t h e  t r o o p e r s  conduc t ing  t h e  i n s p e c t i o n  observed o n l y  

about  11 pe rcen t  o f  t h e  d r i v e r s  t o  be wear ing  s e a t  b e l t s .  P a r t  o f  

t h i s  d i f f e r e n c e  may be due t o  t h e  d r i v e r  hav ing  removed t h e  b e l t  

by t h e  t i m e  t h e  t r o o p e r  reached t h e  c a r ,  b u t  i t  seems l i k e l y  t h a t  

t h e r e  was a  b i a s  toward o v e r - r e p o r t i n g  o f  usage. A t  l e a s t  t h e  

r e p o r t e d  usage seems h i g h e r  than  t h e  a c t u a l  usage i n  t h e  p a r t i c u l a r  

d r i v i n g  s i t u a t i o n  a t  t h e  checklane s i t e .  

More d r i v e r s  i n  Monroe County f e l  t inconven ienced by  s e a t  

be1 t s  (65.7% vs . 56 -8%)  t h a n  i n  Jackson County. Over two- t h i  rds 
(67.3% and 69 .3%)  o f  t h e  d r i v e r s  i n  b o t h  c o u n t i e s  agreed t h a t  

s e a t  be1 t s  save 1  i ves . 
Quest ions n i n e  th rough t w e l v e  r e f e r r e d  t o  t h e  55 rnph speed 

l i m i t .  D r i v e r s  i n  b o t h  c o u n t i e s  s t r o n g l y  f e l t  t h a t  t h e  l ower  speed 

l i m i t  ( 5 5  rnph) reduces highway f a t a l i  t i e s  (87.7%).  There was a  



s t r o n g  o p i n i o n  t h a t  t h e r e  shou ld  n o t  be a  h i g h e r  speed 1  i m i t  on 

a l l  s t a t e  highways (75.0%) and a  somewhat weaker f e e l i n g  f o r  t h e  

55 mph speed l i m i t  on t h e  i n t e r s t a t e  highways (59.0% i n  f a v o r  o f  

m a i n t a i n i n g  t h e  55 mph l i m i t ) .  There was somewhat l e s s  s u p p o r t  

f o r  i n s t i t u t i n g  p o i n t s  on d r i v e r ' s  1  i cense  f o r  speeding v i o l a t i o n s  

between 55 and 70 mph, w i t h  an average o f  o n l y  54.6% o f  t h e  d r i v e r s  

ag ree ing  . 
I t  shou ld  be r e c a l l e d  t h a t  t h e  sampl ing techn iques i n tended  

t o  concen t ra te  on l o c a l  t r a f f i c .  D r i v e r s  who do most o f  t h e i r  

d r i v i n g  on i n t e r s t a t e s  were excluded.  S i m i l a r l y  most d r i v e r s  on 

l o n g  t r i p s  were exc luded.  Consequently, these r e s u l t s  cannot  be 

g e n e r a l i z e d  t o  t h e  p o p u l a t i o n  o f  a l l  d r i v e r s ,  b u t  r e l a t e  t o  those 

- - i n  Monroe and Jackson Counties--who do m o s t l y  l o c a l ,  s h o r t  t r i p  

d r j v i n g .  A  survey  taken on i n t e r s t a t e s  m i g h t  produce q u i t e  d i f -  

f e r e n t  r e s u l t s .  

There may a l s o  be a  b i a s  o f  d r i v e r s  t o  r e p o r t  t h e  " o f f i c i a l l y  

accep tab le "  o p i n i o n .  A l though t h e  i n t e r v i e w s  were n o t  conducted 

by t h e  MSP, t h e  t r o o p e r s  were much i n  ev idence and t h i s  may have 

i n f l  uenced t h e  r e s u i  t s  . The d i sc repancy  between t h e  p e r c e n t  o f  

d r i v e r s  observed t o  wear s e a t  be1 t s  (11%) and t h e  pe rcen t  who 

r e p o r t e d  t h a t  t h e  "a lways" (19% o r  " o f t e n "  (24%) wore s e a t  be1 t s  

may r e f l e c t  t h i s .  I n  t h e  f u t u r e ,  randomized response techn iques 

m i g h t  be u t i l i z e d  t o  a v o i d  t h i s .  

3.4 Brake I n s p e c t i o n  Resu l t s  

3.4.1 The Moving-Stcpping Tes t .  A1 1  v e h i c l e s  (excep t  f o r  

1.97; who re fused )  were g i v e n  a  1cw speed moving-stopping t e s t .  A 

s t a t e  t r o o p e r  a c c e l e r a t e d  t h e  v e h i c l e  t o  twenty  m i l e s  pe r  hour ,  

and then  a t tempted t o  s t o p  i t  i n  a  l a n e  t w e n t y - f i v e  f e e t  l o n g  and 

t e n  f e e t  w ide .  The r e s u l t s  were recorded i n  t h r e e  v a r i a b l e s  : 

pedal p ressure ,  a b i l i t y  t o  s t o p ,  and s t o p p i n g  a u d i b l e .  The 

d e t a i l e d  r e s u l t s  o f  t h i s  t e s t  a r e  presented i n  Tab le  B-12 of 

Appendix B. 



It was be1 i e v e d  t h a t  a  f a i l  on any o f  t h e  t h r e e  v a r i a b l e s  i n -  

d i c a t e d  a  se r ious  brake defec t ,  consequent ly a  v e h i c l e  was judged 

t o  pass o n l y  i f  i t  passed a l l  t h r e e .  The pe rcen t  of v e h i c l e s  pass ing 

t h e  moving s topp ing  t e s t  was 75% i n  Monroe County and 83.1% i n  Jackson 

County, The most f r e q u e n t  causes o f  f a i l u r e  were s topp ing  a u d i b l e  

and p u l l  i n g  t o  one s i d e  i n  t h e  moving t e s t ,  

Tab le  3.5 g i ves  the  pe rcen t  o f  v e h i c l e s  i n  each county  which 

f a i l e d  t h e  moving s topp ing  t e s t  on each o f  t h e  t h r e e  v a r i a b l e s .  

A lso  i n c l u d e d  a r e  t h e  o v e r a l l  pass ing r a t e s  and t h e  percentage of  

v e h i c l e s  f a i l i n g  on more than one d e f e c t ,  

TABLE 3.5 

Moving Stopp ing Tes t  Resul t s  

Pedal 
Pressure 

Stopp ing 
Tes t  

Stopping 
Audib le  

One Defect  

Two Defects 

Three Defects  

Pass 

Monroe County 
Count % F a i l  

Jackson County 
Count % F a i l  

T o t a l  
Count % F a i l  

3 . 4 . 2  Wheel P u l l  I n s p e c t i o n s .  A  random subsample of 2,465 v e h i c l e s  

were g i v e n  a brake i n s p e c t i o n  by an automot ive  t e c h n i c i a n .  Th is  i n -  

s p e c t i o n  was conducted s e p a r a t e l y  and independent ly  o f  t h e  moving 

s topp ing  t e s t .  I t  cons is ted  o f  removing one wheel ( t h e  r i g h t  f r o n t  

wheel ) and i n s p e c t i n g  t h e  b r a k i n g  systemf s  mechanical components. 

The d e t a i l e d  r e s u l t s  a r e  t a b u l a t e d  i n  Table B-13 o f  Appendix B.  One 
i n t e r e s t i n g  observa t ion  i s  t h a t  ca rs  i n  Monroe County had a  d i f f e r e n t  

d i s t r i b u t i o n  o f  brake types than d i d  those I n  Jackson County, Th is  

may correspond t o  t h e  d i f f e r e n c e s  i n  makes noted between t h e  two 

c o u n t i e s ,  



Table 3.6 g i ves  t h e  number and pe rcen t  o f  v e h i c l e s  f a i l i n g  by 

each cause f o r  t h e  two coun t i es .  

TABLE 3.6 

Wheel P u l l  I n s p e c t i o n  F a i l u r e s  

Monroe Co. Jackson Co. To ta l  
Count % F a i l  Count % F a i l  Count % F a i l  

Brake F l u i d  12 4.1 74 3 ,7  8  6  3.8 

Rotor  o r  Drum 10 4.2 1  58 8.5 168 8.0 

Wheel Cy l i nde rs  8 3.4 7 0 .4  15 G. 7  

3.4.3 Comparison o f  t h e  Wheel P u l l  and Moving Stopp ing Test .  

The main a im o f  t h e  wheel p u l l  i n s p e c t i o n s  was t o  p r o v i d e  a  comparison 

between t h e  mechanical i n s p e c t i o n  and t h e  moving s topp ing  t e s t  as 

methods f o r  de termin ing  t h e  b r a k i n g  capab i l  i t y  o f  t h e  i nspec ted  v e h i c l e s .  

To do t h i s  i s  was necessary t o  d e f i n e  a  p a s s - f a i l  c r i t e r i o n  f o r  t h e  

wheel p u l l  i n s p e c t i o n .  Three p o s s i b l e  c r i t e r i a  f o r  t h i s  p a s s / f a i l  

v a r i a b l e  were cons idered:  

F a i l  i f  shoe/pad f a i l ,  o r  cracked r o t o r /  
drum, o r  wheel c y l i n d e r s  f a i l  

WPI 1  = 

Pass o the rw ise  

F a i l  i f  W P I  1 f a i l ,  o r  l ow  master  c y l i n d e r  

WPI 2 = 
f l u i d  

Pass o the rw ise  

i a i  1  i f  WPI 2 f a i l  , o r  worn ro to r /d rum 
WPI 3 = 

Pass o t h e r i s e  

Due t o  t h e i r  nes ted q u a l i t y ,  a  v e h i c l e  t h a t  f a i l s  W P I  1 must a l s o  

f a i l  WPI 2,  and a v e h i c l e  t h a t  f a i l s  WPI 2 must a l s o  f a i l  WPI 3, 

Conversely,  a  v e h i c l e  t h a t  passes H S R I  3 must a l s o  pass WPI 2,  and a  

v e h i c l e  t h a t  passes WPI  2 must a l s o  pass WPI 1 .  The r e s u l t s  of t h e  

two t e s t s  j o i n t l y  a r e  presented i n  Table 3.7 .  



TABLE 3.7 

Brake I n s p e c t i o n  Resu l t s  

Pass 
Fi ST Fa i  1  

T o t a l  

Pass 
MST F a i  1 

T o t a l  

W P I  1  

Pass Fa i  1  T o t a l  

1825 62 1887 
534 44 578 

2359 106 2465 

W P I  2 

Pass F a i l  T o t a l  

WPI  3 

Pass F a i  1  T o t a l  

Pass 1749 138 1887 
MST F a i  1 491 57 578 

T o t a l  2240 225 2465 

The p o l i c y  i s s u e  t h a t  t h e  a n a l y s i s  i s  meant t o  examine i s  whether 

t h e  s t o p p i n g  t e s t  i s  a n  adequate brake i n s p e c t i o n ,  o r  whether i t  i s  

necessary t o  remove a wheel i n  o r d e r  t o  pe r fo rm an adequate brake 

i n s p e c t i o n .  There fore ,  t h e  o b j e c t i v e  i s  t o  p r o v i d e  es t ima tes  o f  

t h e  p r o b a b i l i t y  t h a t  a  s e r i o u s  brake d e f e c t  w i l l  be d i scove red  by a  

wheel p u l l  i ~ s p e c t i o n  f o r  v e h i c l e s  t h a t  had passed t h e  s t o p p i n g  t e s t .  

An a d d i t i o n a l  o b j e c t i v e  o f  t h e  a n a l y s i s  i s  t o  examine whether a  

wheel p u l l  i n s p e c t i o n  i s  adequate, o r  whether i t  i s  a l s o  necessary t o  

conduct  a  s t o p p i n g  t e s t .  The re fo re ,  we a l s o  w ish  t o  e s t i m a t e  t h e  

p r o b a b i l i t y  t h a t  a  s e r i o u s  brake d e f e c t  w i l l  be d i scove red  by a  

s t o p p i n g  t e s t  f o r  v e h i c l e s  t h a t  had passed t h e  wheel p u l l  i n s p e c t i o n .  

Note t h a t  t h e  wheel p u l l  i s  n o t  a  complete i n s p e c t i o n  o f  t h e  

brakes.  Only one wheel i s  i nspec ted .  I n s p e c t i o n  o f  a1 1  4 wheels 

would g i v e  a  complete d e s c r i p t i o n  o f  t h e  mechancia l  c o n d i t i o n  o f  t h e  

brakes,  b u t  m i g h t  n o t  d e t e c t  a  tendency o f  t h e  c a r  t o  p u l l  t o  one 

s i d e  w h i l e  s topp ing .  However i n s p e c t i o n  o f  a l l  f o u r  wheels would 

add a  g r e a t  deal  o f  t i m e  and e f f o r t  t o  t h e  i n s p e c t i o n .  



From Tab le  3.7 i t  i s  s imp le  t o  c a l c u l a t e  t h e  p e r c e n t  o f  v e h i c l e s  

which passed t h e  moving s t o p p i n g  t e s t ,  b u t  f a i l e d  t h e  wheel p u l l  

i n s p e c t i o n  (by  t h e  WPI 1, 2, o r  3  c r i t e r i a ) .  T h i s  p e r c e n t  i s  an 

e s t i m a t e  o f  t h e  unsafe  v e h i c l e s  which pass t h e  moving s t o p p i n g  t e s t .  

Tab le  3.8 g i v e s  these  pe rcen ts ,  t o g e t h e r  w i t h  t h e i r  j o i n t  95% con- 

f i d e n c e  i n t e r v a l  s ,  ( D e r i v a t i o n  o f  t h e  con f i dence  i n t e r v a l  s  i s  com- 

p l e x .  I t  i s  p resented i n  Appendix C . )  Even u s i n g  t h e  most con- 

s e r v a t i v e  c r i t e r i o n - - t h e  one t h a t  most f a v o r s  t h e  wheel p u l l - - a t  most 

9.1% o f  t h e  v e h i c l e s  which pass t h e  moving s t o p p i n g  t e s t  would be 

unsafe, And t h e  b e s t  e s t i m a t e  i s  t h a t  o n l y  7.3% would be unsafe .  

We be1 i e v e  t h a t  t h e  most  reasonab le  p a s s / f a i l  c r i t e r i o n  i s  WPI -2. 
T h i s  es t ima tes  t h a t  6% o f  unsafe  v e h i c l e s  would f a i l  t h e  moving 

s t o p p i n g  t e s t ,  and one i s  95% c o n f i d e n t  t h a t  a t  most 7.7% o f  t h e  

v e h i c l e s  pass ing  would have unsafe  brakes .  

TABLE 3.8 

Est imated Percent  Veh ic les  Passing Moving Stopp ing 
Tes t  wh ich  have Unsafe Brakes 

Percent  95% Conf idence I n t e r v a l s  

Unsafe by WPI-1 3.3 (2.0 t o  4.6)  

Unsafe by WPI-2 6.0 (4 .3  t o  7.7) 

Unsafe by WPI  - 3  7.3 (5 .4  t o  9.1)  

The o t h e r  approach i s  t o  ask " i f  t h e  wheel p u l l  i n s p e c t i o n  were 

used, what p r o p o r t i o n  o f  v e h i c l e s  pass ing  t h e  wheel p u l l  i n s p e c t i o n  

would have s t o p p i n g  d e f e c t s ? "  That  i s ,  o f  t hose  v e h i c l e s  pass ing  t h e  

wheel p u l l  , what pe rcen t  would f a i l  t h e  moving s t o p p i n g  t e s t .  Tab le  

3.9 g i v e s  es t ima tes  o f  these pe rcen ts  f o r  each o f  t h e  3 c r i t e r i a  

t o g e t h e r  w i t h  t h e  j o i n t  95% con f i dence  i n t e r v a l  s  . 
I n s p e c t i o n  o f  Tab le  3.9 r e v e a l s  t h a t  i f  t h e  wheel p u l l  i n s p e c t i o n  

were used, a t  l e a s t  19.8 p e r c e n t  o f  t h e  v e h i c l e s  pass ing  t h e  wheel 

p u l l  would have s t o p p i n g  defec ts  as judged by t h e  moving s t o p p i n g  t e s t .  



If t h e  WPI-2 c r i t e r i o n  f o r  pass ing  i s  used, an e s t i m a t e d  22.1% 

o f  t h e  v e h i c l e s  wh ich  passed c o u l d  have s t o p p i n g  d e f e c t s .  

TABLE 3.9 

Es t ima ted  Percent  o f  Veh ic les  Pass ing t h e  
Wheel P u l l  which have Stopp ing De fec ts  

Percent  95% Conf idence I n t e r v a l  

WPI-1 22.6 20.5 t o  24.7 

WPI-2 22.1 20.0 t o  24.2 

WPI-3 21.9 19.8  t o  24.0 

Thus, i f  t h e  c r i t e r i o n  f o r  t h e  b rake  i n s p e c t i o n  i s  t o  a v o i d  

pass ing  v e h i c l e s  which have s t o p p i n g  d i f f i c u l t i e s ,  t h e  moving 

s t o p p i n g  t e s t  i s  more e f f i c i e n t .  Even i f  t h e  c r i t e r i o n  most  

f a v o r a b l e  t o  t h e  wheel p u l l  i s  used, t h e  p r o p o r t i o n  o f  d e f e c t i v e  

v e h i c l e s  t h a t  would be undetec ted by  t h e  moving s t o p p i n g  t e s t  i s  

l e s s  than  9.1 pe rcen t ,  w h i l e  t h e  p r o p o r t i o n  of d e f e c t i v e  v e h i c l e s  

t h a t  wou ld  be undetec ted by t h e  wheel p u l l  i s  more than  19.8 p e r c e n t .  

S ince  t h e  moving s t o p p i n g  t e s t  i s  a l s o  e a s i e r  and f a s t e r  t o  conduct ,  

i t  seems t h e  p r e f e r r e d  cho ice .  



3.4.4 F u r t h e r  Coaparisons o f  Brake Tests .  

T h i s  s e c t i o n  i n v e s t i g a t e s  f u r t h e r  t h e  r e l a t i o n s h i p s  between t h e  wheci 

p u l l  b rake  t e s t  and t h e  mov ing-s topp ing and s t a t i o n a r y  brake t e s t s .  The 

i n v e s t i g a t i o n  shou ld  i n d i c a t e  t h e  v a l i d i t y  o f  assumptions about  a c t u a l  

b rake c o n d i t i o n s  based on r o u t i n e  mov ing-s topp ing t e s t  r e s u l t s ,  

The s t a t i o n a r y  b rake  t e s t  i n v o l v e d  mere l y  t e s t i n g  t h e  f o o t  b rake t o  

see i f  i t  func t i oned .  The mov ing-s topp ing t e s t  i n v o l v e d  a c c e l e r a t i n g  t h e  

v e h i c i e  t o  twen ty  m i l e s  pe r  hour  and then a t t e m p t i n g  t o  s t o p  i n  a  space 

twenty  f i v e  f e e t  l o n g  and t e n  f e e t  wide.  Both  o f  these t e s t s  were p e r -  

form2d on a l l  v e h i c l e s  i nspec ted  i n  1975, The wheel p u l l  t e s t  i n v o l v e d  

examining t h e  master  c y l i n d e r  r e s e r v o i r  f l u i d  l e v e l  and then  removing t h e  

r i g h t  f r o n t  wheel and i n s p e c t i n g  t h e  brakes.  T h i s  t e s t  was performed on a  

random sample o f  2,465 v e h i c l e s ,  

I t  i s  n o t  r e a l i s t i c  t o  assume t h a t  a l l  f o u r  brakes on a v e h i c l e  a r e  

i n  t h e  same c o n d i t i o n  as t h e  r i g h t  f r o n t  brake;  so these comparisons a r e  

n o t  complete.  I n  s p i t e  o f  t h i s  drawback, u s e f u l  i n s i g h t s  i n t o  t h e  r e l a t i o n -  

s h i p s  between t h e  t e s t s  can h o p e f u l l y  be ob ta ined  f rom t h e  da ta  a t  hand. 

I n  t h i s  i n v e s t i g a t i o n  t h e  f o l l o w i n g  two ques t i ons  a r e  o f  genera l  

i n t e r e s t  : 

1  ) What i n f e r e n c e s  can be made about  a c t u a l  b rake c o n d i t i o n s ,  
based on s t a t i o n a r y  and mov ing-s topp ing t e s t  r e s u l t s ?  

2 )  How s e n s i t i v e  a r e  t h e  t e s t s  t o  known b rake  d e f e c t s ?  

I t  i s  d i f f i c u l t  t o  o b t a i n  d e f i n i t i v e  r e s u l t s  f rom a l l  b rake comparisons 

f o r  q u e s t i o n  ( 1 )  due t o  t h e  f a c t  t h a t  a1 1  brakes were n o t  t e s t e d ,  Good 

answers, however, can be ob ta ined  f o r  q u e s t i o n  ( 2 )  s i n c e  one known d e f e c t i v e  

b rake  shou ld  be s u f f i c i e n t  t o  a f f e c t  t e s t  r e s u l t s .  

These ques t i ons  can b e s t  be answered by examining two-way t a b l e s  such 

as Tables 3-10 t o  3-18. S ince t h e  t a b l e s  may appear c o n f u s i n g  a t  f i r s t ,  a  b r i e f  

e x p l a n a t i o n  i s  i n  o rde r .  A column of "Col % "  f i g u r e s  sums t o  100% and a  

row o f  "Row %' I  f i g u r e s  sums t o  100%. The "Col % "  f i g u r e s  a r e  t h e  breakdown 



of t h e  whee l -pu l l  t e s t  r e s u l t s  f o r  each outcome o f  t h e  s t a t i o n a r y  o r  moving- 

s t o p p i n g  t e s t .  These a r e  t h e  data  which g i v e  i n s i g h t  i n t o  q u e s t i o n  ( 1 ) .  

For example, i n  Tab le  I ,  of t h e  204 v e h i c l e s  which f a i l e d  t h e  Stopp ing Aud ib le  

t e s t ,  68.1% passed t h e  Shoe-Pad Thickness t e s t ,  12.7% had between 50 and 7 5 %  

of t h e  pad, 10,8% had between 1/32 i n c h  and 50% of t h e  pad, and 8.3% f a i l e d  

t h e  t e s t .  A comparison of t h i s  column w i t h  t h a t  f o r  v e h i c l e s  which passed 

t h e  Stopping Aud ib le  t e s t  w i l l  i n d i c a t e  t h e  e f f e c t i v e n e s s  o f  t h e  Stopp ing 

Aud ib le  t e s t  i n  p o i n t i n g  o u t  shoe-pad d e f i c i e n c i e s .  The "Row % "  f i g u r e s  a r e  

t h e  breakdown of t h e  mov ing-s topp ing t e s t  r e s u l t s  f o r  each outcome o f  t h e  

whee l -pu l l  t e s t .  These da ta  suggest  t h e  s e n s i t i v i t y  o f  t h e  t e s t s  t o  v a r i o u s  

known d e f e c t i v e  components. For example, i n  Tab le  I ,  o f  t h e  86 v e h i c l e s  

which f a i l e d  t h e  Soe-Pad Thickness t e s t ,  80.2% passed t h e  Stopp ing-Audib le  

t e s t  and 19,8% f a i l e d .  

The column of "Overa l l  " percentages i s  t h e  t o t a l  breakdown o f  t h e  

v a r i o u s  w h e e l - p u l l  r e s u l t s .  The " T o t a l "  row o f  percentages breaks down t h e  

moving s topp ing  o r  s t a t i o n a r y  t e s t  r e s u l t s .  

Tables 3-10, 3-102, 3-11 and 3 - l l a  a r e  f o r  t h e  Stopping Aud ib le  p a r t  o f  

t h e  mov ing-s topp ing t e s t .  By comparing t h e  "Col % "  f i g u r e s  f o r  those v e h i c l ~ s  

which passed t h e  Stopp ing A u d i b l e  t e s t  w i t h  t h e  f i g u r e s  f o r  those v e h i c l e s  

which f a i l e d ,  one can see t h a t  t h e  v e h i c l e s  t h a t  passed f a r e d  b e t t e r  i n  t h e  

Shoe-pad Thickness t e s t .  These f i g u r e s  suggest  t h a t  v e h i c l e s  t h a t  f a i l  t h e  

Stopp ing A u d i b l e  t e s t  a r e  more l i k e l y  t o  have d e f e c t i v e  shoe-pads than  a r e  

v e h i c l e s  which pass t h e  Stopp ing Aud ib le  t e s t .  

Due t o  t h e  f a c t  t h a t  o n l y  one brake was t e s t e d ,  i t  i s  perhaps more 

i m p o r t a n t  t o  examine t h e  1  i k e l i  hood of  a  v e h i c l e  f a i l i n g  t h e  Stopp ing Aud ib le  

t e s t  g i v e n  t h a t  t h e r e  i s  a t  l e a s t  one d e f e c t i v e  shoe-pad. I n  t h i s  s tudy  

19.8% o f  t h e  v e h i c l e s  w i t h  a t  l e a s t  one t h i n  shoe-pad f a i l e d  t h e  Stopp ing 

A u d i b l e  t e s t ,  T h i s  f i g u r e  i s  low enough t o  suggest  t h a t  t h e  Stopp ing Aud ib le  

t e s t  i s  n o t  v e r y  u s e f u l  as an i n d i c a t o r  o f  shoe-pad c o n d i t i o n .  T h i s  s t a t e -  

ment i s  r e i n f o r c e d  by Tab le  3-10a where t h e  breakdown o f  shoe-pad t h i c k n e s s  

f o r  v e h i c l e s  which f a i l e d  o n l y  t h e  Stopp ing Aud ib le  p o r t i o n  o f  t h e  moving- 

s t o p p i n g  t e s t  i s  v e r y  s i m i l a r  t o  t h e  breakdown f o r  v e h i c l e s  which passed 

t h e  Stopp ing Aud ib le  t e s t .  



Tables 3-1 1  and 3 - l l a  compare t h e  Stopp ing Aud ib le  t e s t  w i t h  t h e  Rotor  

o r  Drum t e s t ,  As would be expected, these t a b l e s  show a  ve ry  weak r e l a t i o n  

between Stopp ing Aud ib le  and r o t o r  o r  drum c o n d i t i o n ,  The f i g u r e s  i n  Table 

3-1 l a  a r e  v e r y  s i m i l a r  t o  t h e  f i g u r e s  f o r  v e h i c l e s  t h a t  passed Stopp ing 

Aud ib le .  These f o u r  t a b l e s  suggest  t h a t  t h e  Stopp ing A u d i b l e  t e s t  i s  i n -  

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

Tables 3-12, 3-13, and 3-14 show how w e l l  t h e  s topp ing  t e s t  worKea as an 

i n d i c a t o r  o f  d e f i c i e n c i e s  i n  master  c y l  i n d e r  f l u i d  1  eve1 , shoe-pad c o n d i t i o n ,  

and r o t o r  o r  drum c o n d i t i o n .  I n  these t a b l e s  t h e  number o f  v e h i c l e s  wh ich  

f a i l e d  t h e  s topp ing  t e s t  due t o  b o t h  s i d e - t o - s i d e  mo t ion  and an i n a b i l i t y  

t o  s t o p  was t o o  smal l  f o r  u s e f u l  a n a l y s i s  (13 v e h i c l e s )  and so has been 

i n c l u d e d  i n  t h e  "Cannot Stop" column. The t a b l e s  show t h a t  an i n a b i l i t y  

t o  s t o p  i s  assoc ia ted  w i t h  low master  c y l  i n d e r  f l  u i d  l e v e l ,  a  grooved r o t o r  

o r  drum, and t h i n  shoe pads. None of these a s s o c i a t i o n s  a r e  s t r o n g  enough 

t o  be u s e f u l  f o r  p r e d i c t i v e  purposes however. The s t r o n g e s t  re1  a t i o n s h i  ps 

here  appear t o  be between v e h i c l e s  which have s i d e - t o - s i d e  mo t ion  ( p u l l i n g )  

d u r i n g  s t o p p i n g  and e l  t h e r  a  grooved r o t o r  o r  drum o r  a  t h i n  shoe pad. Th is  

seems l o g i c a l ,  b u t  even though t h e  r e l a t i o n s h i p  does e x i s t ,  i t  i s  s t i l l  

h a r d l y  s t r o n g  enough t o  be u s e f u l  f o r  i n f e r e n c e s  (67.4% o f  t h e  v e h i c l e s  w i t h  

a t  l e a s t  one t h i n  shoe pad s t i l l  passed t h e  s topp ing  t e s t ) .  These t a b l e s  

i n d i c a t e  t h a t  t h e  s topp ing  t e s t  does n o t  a c c u r a t e l y  r e f l e c t  master  c y l i n d e r  

f l u i d  l e v e l .  

Tables 3-15 and 3-16 show t h e  r e l a t i ~ r ~ s h i p s  between t h e  pedal p ressure  

t e s t  and t h e  t e s t s  f o r  master  c y l i n d e r  f l u i d  l e v e l  and shoe-pad c o n d i t i o n .  

Because o f  smal l  group s i z e s  and t h e  s i m i l a r i t y  o f  t h e  c a t e g o r i e s ,  i t  i s  

h e l p f u l  he re  t o  combine t h e  f i g u r e s  f o r  " S o f t " ,  "Low", and "Pressure Loss" .  
Doing t h i s  i n  Table 3-15 one f i n d s  t h a t  o f  11U v e h i c l e s  i n  t h i s  group, 74 of  

them (67.3%) had f u l l  cy 1  i nder r e s e r v o i r s ,  25 (22,7%) had ha1 f - f u l  1  r e s e r v o i r s ,  

and 11 (10%) had low f l u i d  l e v e l s .  T h i s  i n d i c a t e s  t h a t  v e h i c l e s  which f a i l e d  

t h e  pedal p ressu re  t e s t  were more l i k e l y  t o  have h a l f  o r  low f l u i d  l e v e l s ,  

b u t  t h e  r e l a t i o n s h i p  i s  f a i r l y  weak s i n c e  67% o f  these v e h i c l e s  had f u l l  

r e s e r v o i r s .  A s i m i l a r  weak r e l a t i o n s h i p  occurs i n  Tab le  3-16 if t h e  same 

aggrega t ion  of  f a i l u r e  c a t e g o r i e s  i s  made. O f  t h e  93 v e h i c l e s  which f a i l e d  



Th i  ckness /S topp ing  

S topp ing  A u d i b l e  vs,  Shoe-Pad Thickness 

Pass (7 75%) Col % 
Row % 

50%-75% Col % 
Row % 

1/32"-50% C O ~  % 
Row % 

F a i l  (41 /32" )  Col % 
Row % 

T o t a l  
(Count)  

Pass F a i  1 -- Overal  I (Count )  

TABLE 3-1 03 

Shoe-Pad Thickness T e s t  Resu l t s  f o r  V e h i c l e s  wh ich  F a i l e d  
Only Stopping-Audi  b l e  on Moving-Stopping T e s t  

Thickness 

Pass (775%) 72.4% 

1/3211-50% 8.2% 

F a i l  (41 /32" )  6.0% 

(Count )  (134) 



because of a  s o f t  o r  low pedal  o r  because of p ressu re  l o s s ,  e i g h t  o f  them 

( 8 , 6 % )  had l e s s  than  1/32 i n c h  o f  shoe-pad and 65 (70%) had more than  75% 

o f  t h e i r  shoe-pad l e f t .  These t a b l e s  s t a t e d  t h a t  t h e  pedal  p ressu re  t e s t  

i s  n o t  ve ry  u s e f u l  as an i n d i c a t o r  of master  c y l i n d e r  f l u i d  l e v e l  o r  o f  

shoe-pad c o n d i t i o n ,  T h i s  l a c k  o f  p r e d i c t i v e  power i s  made e s p e c i a l l y  obvious 

by t h e  f a c t s  t h a t  89,5% o f  t h e  v e h i c l e s  w i t h  a  f a i l i n g  shoe-pad and 86% 

o f  t h e  v e h i c l e s  w i t h  l o w  f l u i d  l e v e l  passed t h e  pedal p ressu re  t e s t .  

Tables 3-17 and 3-18 show t h e  r e l a t i o n s h i p s  between t h e  f o o t  b rake t e s t  

and t h e  master  c y l i n d e r  f l u i d  and shoe-pad t e s t s .  Mean ingfu l  c a u s e l e f f e c t  

r e l a t i o n s h i p s  a r e  d i f f i c t r l  t t o  d e t e c t  here  because o f  t h e  smal l  number o f  

v e h i c l e s  t h a t  f a i l e d  t h e  f o o t  b rake t e s t .  The "Col % "  f i g u r e s  i n  Tab le  3 - I t  

show a  f a i r l y  s t r o n g  r e l a t i o n  between t h e  f o o t  b rake t e s t  and t h e  shoe-pad 

t h i c k n e s s  t e s t .  Note t h a t  26.8% o f  t h e  v e h i c l e s  (11 v e h i c l e s )  t h a t  f a i l e d  

t h e  f ~ o t  b rake t e s t  a l s o  f a i l e d  t h e  shoe-pad t e s t ,  whereas o f  t h e  v e h i c l e s  

which passed t h e  f o o t  b rake t e s t ,  o n l y  3.6% f a i l e d  t h e  shoe-pad t e s t .  I t  

must a l s o  be no ted  however i n  t h e  "Row % "  f igures, t h a t  87.2% o f  t h e  v e h i c l e s  

w i t h  a t  l e a s t  one t h i n  shoe-pad passed t h e  f o o t  b rake  t e s t .  

I n  examining t h e  s tudy  da ta  f o r  o t h e r  r e l a t i o n s h i p s ,  one f i n d s  many 

s i m i  l a r  weak correspondances between even seemingly u n r e l a t e d  v a r i a b l e s  

( i . e . ,  between t i r e  t r e a d  and shoe-pad t h i c k n e s s ) .  Th i s  suggests t h a t  t h e  

r e l a t i o n s h i p s  i n  Tables 3-10-3-18 may be due t o  t h e  f a c t  t h a t  some owners keep 

t h e i r  v e h i c l e s  i n  much b e t t e r  genera l  r e p a i r  t han  do o t h e r  owners. The 

e f f e c t  o f  t h i s  i s  t h a t  v e h i c l e s  w i t h  one d e f e c t i v e  component a r e  more l i k e l y  

t o  have o t h e r  f a i l u r e s - w h e t h e r  o r  n o t  t h e r e  i s  a  c a u s e / e f f e c t  r e l a t i o n s h i p .  

The o v e r a l l  r e s u l t s  o f  t h i s  s tudy  a re  t h a t  t h e r e  a r e  few, if any, use- 

f u l  ( p r e d i c t i v e )  correspondances which can be drawn between t h e  moving- 

s t@?ping and s t a t i o n a r y  brake t e s t s  and t h e  a c t u a l  c o n d i t i o n  o f  t h e  brakes 

as d i scove red  by t h e  whee l -pu l l  t e s t ,  



TABLE 3-1 1  

Stopp lng A u d i b l e  vs, Rotor  o r  Drum C o n d i t i o n  

Rotor ,  Drum/Stopplng 

Pass 

Cracked 

Worn 

Grooves 

T o t a l  
(Count)  

Col % 
Row % 
Col % 
Row % 
Col % 
Row % 
Col % 
Row % 

Pass - F a i l  O v e r a l l  - (Count) 

TABLE 3-1 l a  

Ro to r  o r  Drum C o n d i t i o n  Resu l t s  f o r  Veh ic les  Which F a i l e d  
o n l y  Stopp ing Aud ib le  i n  Moving Stopp ing Tes t  

C o n d i t i o n  

Pass 

Cracked 

Worn 

Grooves 

(Count)  



TABLE 3-12 

Stopp ing Tes t  vs,  blaster C y l i n d e r  F l u i d  Leve ls  

Cannot Side- 
Cyl i nder /Stopp ing Pass Stop to -S ide  O v e r a l l  (Count)  

F u l l  Col % 87,8% 70.5% 82,0% 86 -8% (1970) 
Row % 88.0% 1.6% 10.4% 

H a l f  Col % 8.7% 18.2% 13.6% 9.4% 
Row % 80.3% 2,2% 16,0% 

(213) 

Low Col % 3.5% 11.3% 4.4% 3.8% 
Row % 81.4% 5.8% 12,8% 

(86) 

T o t a l  87. C% 2.0% 11,0% 
(Count) (1975) (44) (250) 

TABLE 3-13 

Stopp ing Tes t  vs. Ro to r  o r  Drum C o n d i t i o n  

Cannot Side- 
Rotor,Drum/Stopping Pass S t o p  t o - S i  de O v e r a l l  (Count)  

Pass Col % 92.3% 56.6% 83.1% 90.7% (1  901 ) 
Row % 88.7% 1.4% 9.8% 

Cracked Col % . i % O,O% .4% .l% 
Row % 66.7% 0.0% 33.3% 

( 3 )  

Wron Col % 1.3% 4.5% 0.0% 1.3% 
Row % 92.9% 7.1% 0.0% 

(28)  

Grooves Col % 6.2% 31.8% 16.4% 7.8% 
Row % 68.9% 8.5% 22.6% 

(164) 

T o t a l  87.2% 2.0% 10.7% 
(Count)  (1828) (44)  (225) 



TABLE 3-14 

Stopp ing Tes t  vs. Shoe-Pad C o n d i t i o n  

Cannot Side- 
Shoe-Pad/Stoppi n g  - Pass Stop to -S ide  O v e r a l l  (Count) 

Pass (275%) Col % 81.6% 54,5% 72.1% 80.0% ( 1  684) 
Row % 88.9% 1.5% 9.7% 

50-75% Col % , 9.8% 16.0% 11.1% 1 0.0% 
Row % 85.3% 2,9% 11.9% 

(211 

1/32"-50% C O ~ %  5.4% 13.6% 7.5% 5.9% 
Row % 80.6% 5,6% 13.7% 

(124) 

F a i l  ( ~ 1 / 3 2 " )  Col % 3.2% 15.9% 9.3% 4.1% 
Row % 67.4% 8.2% 24,4% 

( 8 6 )  

T o t a l  87.2% 2.1% 10.7% 
(Count) (1835) (44) (226 



TABLE 3-1 5 
Pedal Pressure Tes t  vs. Master C y l i n d e r  F l u i d  Level  

Pressure Pu l -  
Cy l inder /Pedal  Pass - S o f t  p Low Loss Hard s a t i n g  O v e r a l l  (Count)  - 
F u l l  C o l %  88.1% 76.7% 65.8% 42.9% 66,7% 78.9% 86:8% (1970) 

Row % 94.9% 1.2% 2,4% .2% .6% .8% 
H a l f  Col % 8.4% 20.0% 23.3% 28.6% 27.8% 21.1% 9.4% (213) 

Row % 84.0% 2,8% 8.0% .9% 2.3% 1.9% 
Low Col % 3.5% 3.3% 11.0% 28.6% 5.6% 0.0% 3.8% (86)  

Row % 86.0% 1.2% 9.3% 2.3% 1.2% 0.0% 

To t a  1 93.5% 1.3% 3.2% .3% .8% .8% 
(Count j (2122) (30)  (73)  ( 7 )  (18)  (19) (2269) 

TABLE 3-16 

Pedal Pressure Tes t  vs .  Shoe-Pad Thickness 

Pressure Pul  - 
Shoe-Pad/Pedal Pass So f t  - Low Loss Hard s a t i n g  

Pass Col % 80.4% 76.9% 67.8% 62.5% 82.4% 84.2% 
Row % 94.4% 1.2% 2.4% .3% .8% 1 .O% 

50-75% COW i O . O %  15.4% 10.2% 12.5% 5.9% 10.5% 
Row % 93.4% 1.9% 2.8% .5% .5% .9% 

1/32" -  Col % 5.7% 7.7% 8.5% 25.0% 11.8% 0.0% 
50 Row % 91.1% 1.6% 4.0% 1,6% 1.6% 0.0% 

F a i l  C o l %  3.9% 0.0% 13.6% O,O% 0.0% 5.3% 
Row 7: 89.5% G.O% 9,3% 0.0% 0.0% 1 .2% 

T o t a l  93.5% 1.2% 2.8% .4% .8% .9% 
(Count)  (1976) (26) (59) ( 8 )  ( 1 7 )  (19) 

O v e r a l l  (Count)  . 
80% ( 1  684) 



TABLE 3-1 7 

Foot  Brake T e s t  vs. Master  C y l i n d e r  F l u i d  Leve l  

Cyl i nder /  Foot  Brake Pass F a i l  Overa 1 l (Count)  

F u l l  Col % 87,2% 69,0% 86.8% ( 1  973) 
Row % 98.5% 1.5% 

t ia l  f Col % 9.1% 23.8% 9.4% 
Row % 95.3% 4.7% 

(21 3)  

Low Col % 3.7% 7.1% 3.89: 
Row % 3.5% 

( 8 6 )  
96.5% 

T o t a l  
(Count)  

TABLE 3-13 

Foot  Brake T e s t  vs. Shoe-Pad Thickness 

Shoe-Pad/Foot Brake Pass F a i  1 O v e r a l l  (Count)  

Pass (7 75%) Col % 
Row % 

50-75% Col % 
Row % 

1132"-50% Col % 
Row % 

F a i l  Col % 
(41132")  Row % 

T o t a l  
(Count)  



3.5 Comparison w i t h  1975 S ta tew ide  I n s p e c t i o n  Data 

I n  1975 t h e  S t a t e  P o l i c e  i nspec ted  374,738 v e h i c l e s  i n  M ich igan  

(Source:  M ich igan  T r a f f i c  Acc iden t  Facts  1975).  Most o f  t hese  v e h i c l e s  

were i n s p e c t e d  i n  o p e r a t i o n a l  checklanes ( i , e . ,  a t  t h e  o f f i c e r ' s  d i s c r e t i o n ) ,  

n o t  randomly chosen as were t h e  Monroe and Jackson County s tudy  v e h i c l e s .  

S ince  v e h i c l e s  wh ich  a r e  i nspec tea  i n  o p e r a t i o n a l  checklanes a r e  o f t e n  o l d  

v e h i c l e s  o r  v e h i c l e s  i n  o b v i o u s l y  poor  r e p a i r ,  t h e  f a i l u r e  r a t e s  f o r  these 

v e h i c l e s  i s  expected t o  be much h i g h s r  than  f o r  t h e  randomly s e l e c t e d  

v e h i c l e s .  

The t a b l e  below p resen ts  t h e  data  f o r  1975 f a i l u r e  r a t e s .  

Tab le  3.11 

Comparison o f  Opera t i ona l  and Random Checkl ane De fec t  
Rates by Component 

S ta tew ide  Random 
(Opera t i ona l  ) Check1 ane 

F r o n t  D i r e c t i o n a l  L i g h t s  21 .O% 5.0% 
Rear D i r e c t i o n a l  l i g h t s  20.0% 6.9% 
Was he rs  21.0% 16.0% 
T i r e  Tread 14,0% 12.0% 
Emergency Brake 11 - 0 %  10.1% 
O p e r a t o r ' s  i i c e n s e  4.9% 1.5% 

T o t a l  Count 

The outage o r  d e f e c t  r a t e s  observed i n  t h e  random checklanes a r e  con- 

s i d e r a b l y  l ower  f o r  most components. T h i s  p o i n t s  o u t  t h e  e f f i c i e n c y  o f  t h e  

o p e r a t i o n a l  check lane a t  i d e n t i f y i n g  v e h i c l e s  w i t h  some d e f e c t i v e  equipment. 

One exception--emergency b r a k e - - i  s  no ted i n  which b o t h  outage r a t e s  a r e  

about  equa l .  T h i s  may be due t o  an i n a b i l i t y  o f  t h e  d r i v e r s  t o  d e t e c t  t h i s  

outage and/or  an u n w i l l i n g n e s s  t o  r e p a i r  i t .  S i m i l a r l y ,  t h e  outage r a t e s  

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

d r i v e r s  t o  purchase new t i r e s  as soon as t h e y  shou ld .  Outages on washers 

o f t e n  i s  caused by l a c k  o f  f l u i d  r a t h e r  than  mechanical  problems and may 

r e p r e s e n t  t h e  p e r c e p t i o n  t h a t  washers a r e  n o t  p a r t i c u l a r l y  i m p o r t a n t  equipment . 



This perception would reasonably result  i n  only occasional checks of f l u i d  

levels in washers and the relatively h S g h  outage rate .  





4. ANALYSiS AND RESULTS OF 1976 DATA 

T h i s  c h a p t e r  d i scusses  t h e  da ta  ga the red  i n  t h e  1976 survey  i n  Monroe 

and Jackson Count ies .  Defec t  r a t e s  a r e  p resen ted  a l o n g  w i t h  da ta  comparing 

t h e  samples i n  t h e  two c o u n t i e s .  The da ta  p resen ted  here  a r e  s i m i l a r  t o  t h e  

da ta  p resen ted  f o r  t h e  1975 survey  (Chapter  3 ) .  Comments i n  Chapter  3 wh ich  

e x p l a i n  t e s t s  o r  suggest  reasons f o r  f a i l u r e s  a r e  a p p l i c a b l e  t o  t h i s  c h a p t e r .  

The 1976 samp! e  was drawn f rom two e s s e n t i a l  l y  d i f f e r e n t  p o p u l a t i o n s  . 
The p o p u l a t i o n  o f  v e h i c l e s  wh ich  had n o t  been i n s p e c t e d  i n  1975 was t o  be 

sampied randomly a t  a l l  i n s p e c t i o n  s i t e s  i n  b o t h  c o u n t i e s .  The second popu- 

l a t i o n ,  t hose  v e h i c l e s  wh ich  had been i n s p e c t e d  i n  1975 i n  Jackson County, 

was sampled by i n s p e c t i n g  eve ry  v e h i c l e  w i t h  1975 i n s p e c t i o n  s t i c k e r s  wh ich  

were encountered a t  t h e  random check lane s i t e s .  I t  was necessary t o  use 

t h i s  sampl ing scheme i n  o r d e r  t o  i n s u r e  a  l a r g e  enough sample s i z e .  

Most o f  t h e  da ta  i n  t h i s  c h a p t e r  a r e  f o r  a l l  v e h i c l e s  i n s p e c t e d  i n  1976. 

The v e h i c l e s  a r e  ana lyzed by  p o p u l a t i o n  t y p e  (newly  i n s p e c t e d  o r  r e i  nspected)  

i n  Chapter  5 ,  For  t h e  pruposes o f  t h i s  s e c t i o n  combining p o p u l a t i o n s  has 

l i t t l e  e f f e c t  on t h e  r e s u l t s ,  b u t  t hese  e f f e c t s  shou ld  be ment ioned.  The 

p o p u l a t i o n  o f  r e i n s p e c t e d  v e h i c l e s  was composed o f  newer v e h i c l e s  than  was 

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

tended t o  be i n  b e t t e r  r e p a i r  t han  t h e  o t h e r  v e h i c l e s  even w i t h i n  s p e c i f i c  

age and m i l eage  groups.  These f a c t s  a r e  d iscussed i n  more d e t a i l  i n  Chapter  

5 .  

4.1 R e ~ r e s e n t a  ti veness o f  t h e  S a m ~ l  es . 
As was found t o  be t h e  case i n  1975, t h e  v e h i c l e s  i n s p e c t e d  i n  1976 were 

n o t  r e p r e s e n t a t i v e  o f  r e g i s t e r e d  v e h i c l e s  i n  M ich igan  i n  1976. Tab les  C-1 

and C-2 p r e s e n t  t h e  d a t a  and Chi-square t e s t s  o f  homogeneity between t h e  two 



coun ty  samples and t h e  Mich igan 1976 v e h i c l e  r e g i s t r a t i o n  f i g u r e s .  The 

t a b l e s  a r e  f o r  v e h i c l e  manufacturer  and v e h i c l e  age. Tab les  C-3 th rough 

C-6 p r e s e n t  comparisons of t h e  samples f rom t h e  two c o u n t i e s .  The comparisons 

o f  v e h i c l e  t ype ,  mi leage,  and manu fac tu re r  show t h e  county  samples t o  be 

d i f f e r e n t  on these c r i t e r i a ,  y e t  Tab les  C-5 shows t h e  samples t o  be s i m i l a r  

i n  v e h i c l e  age d i s t r i b u t i o n  (p=.2445), S ince t h e  coun ty  samples were s i m i l a r  

on t h i s  c r i t e r i o n  and s i n c e  v e h i c l e  f a i l u r e  r a t e s  have been found t o  be 

s t r o n g l y  r e l a t e d  t o  v e h i c l e  age, f u r t h e r  ana lyses  i n  t h e  s e c t i o n  a r e  con- 

duc ted w i t h  v e h i c l e  age as t h e  s t r a t i f y i n g  v a r i a b l e .  

The o v e r a l l  outage r a t e s  i n  t h e  two c o u n t i e s  a r e  g i v e n  i n  Tab le  C-7. 

The d i f f e r e n c e  between t h e  f a i l u r e  r a t e s  i s  h i g h l y  s i g n i f i c a n t  here  (p=O.OO). 

T h i s  d i f f e r e n c e  c o u l d  be due t o  t h e  combinat ion  o f  newly i n s p e c t e d  and r e -  

i nspec ted  v e h i c l e s  i n  t h e  Jackson County f i g u r e  ( o v e r a l l  f a i l u r e  r a t e  f o r  

t h e  newly i nspec ted  v e h i c l e s  i n  Jackson County was 57.9%) o r  i t  c o u l d  be due 

t o  t h e  f a c t  t h a t  t h e  Jackson County sample con ta ined  more h i g h  m i l eage  v e h i c l e s  

thaf i  d i d  t h e  Monroe County sample (Tab le  C-4).  

4.2 D e f e c t  Rates 

The components i nspec ted  i n  1976 were t h e  same as those i nspec ted  i n  

1975, w i t h  t h e  e x c e p t i o n  t h a t  t h e  whee l -pu l l  t e s t  was n o t  conducted i n  1976. 

The t o t a l  sample i n  1976 was 11,426 v e h i c l e s .  O f  these,  2,139 were f rom 

Monroe County and 9,287 were f rom Jackson County. O f  t h e  Jackson County 

veh i  c i  es , 2,442 were r e i  nspected v e h i c l e s  . 
4.2.1 T o t a l  V e h i c l e  De fec ts .  A mathemat ical  model was developed t o  

r e l a t e  t o t a l  v e h i c l e  f a i l u r e  r a t e s  t o  t h e  age o f  t h e  v e h i c l e .  As w i t h  t h e  

1975 da ta ,  a  we ighted l e a s t  squares r e g r e s s i o n  procedure was used t o  f i t  a  

t r e n d  l i n e  t o  t h e  da ta .  F i g u r e  C-18 g i v e s  t h e  da ta  f o r  newly i nspec ted  

v e h i c l e s .  F i g u r e  4 .1  shows t h e  da ta  and t h e  f i t t e d  t r e n d  l i n e  f o r  v e h i c l e s  

aged one t o  f i f t e e n  yea rs .  A d e s c r i p t i o n  o f  t h e  s t a t i s t i c a l  p rocedure  used 

i s  i n  Appendix F. 

The r e l a t i o n s h i p  o f  f a i l u r e  r a t e  t o  age i s  b e s t  desc r i bed  by t h e  equa t i on :  



I 5 10 15 
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VEHICLE AGE (YEARS) 

Figure 4,1, OBSERVED FAILURE RATES FOR TOTAL VEHICLE MODEL 
YEARS 1962 - 1976 
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Figure 4.2. F I T T E D  REGRESSIONS FOR F A I L  RATE  LY V E H I C L E  
AGE FOR MONROE AND JACKSON C O U N T I E S  



where X i s  t h e  age i n  yea rs  and Y i s  t h e  p r o p o r t i o n  o f  d e f e c t i v e  v e h i c l e s .  

For t h i s  model, R~ = .993 wh ich  i n d i c a t e s  t h a t  t h e  model f i t s  t h e  d a t a  v e r y  

w e l l .  As i n  1975 t h e r e  i s  a s t r o n g  r e l a t i o n s h i p  between age and d e f e c t  

r a t e .  

Regression ana lyses were performed w i t h  m i leage  as t h e  p r e d i c t o r  v a r i a b l e .  

These ana lyses showed m i leage  t o  do s l i g h t l y  b e t t e r  as a  p r e d i c t o r  o f  t o t a l  

v e h i c l e  f a i l u r e  than  d i d  v e h i c l e  age. However, as a g u i d e  t o  which v e h i c l e s  

shou ld  be i n s p e c t e d  ( f o r  example, o n l y  v e h i c l e s  01 d e r  than  5 y e a r s )  , i t i s  

more p r a c t i c a l  t o  use age as a  p r e d i c t o r  v a r i a b l e .  Analyses u s i n g  m i leage  

d i s t r i b u t i o n s  a r e  presented i n  Chapter 5.  

Models were f i t  t o  t h e  separa te  Monroe and Jackson County da ta  t o  see 

i f  t h e  r e l a t i o n s h i p  between age and f a i l u r e  r a t e s  was t h e  same f o r  b o t h  

c o u n t i e s  i n  1976. Using d a t a  f o r  v e h i c l e s  aged 1  t o  12+ yea rs ,  t h e  model f o r  

Monroe County i s :  

and f o r  Jackson County t h e  model i s :  

F i g u r e  4.2 shows t h e  t r e n d  l i n e s .  An F - t e s t  u s i n g  t h e  r e g r e s s i o n  e r r o r  

Sum of Squares f o r  t h e  models was used t o  t e s t  whether t h e  r e g r e s s i o n s  f o r  

t h e  two c o u n t i e s  were t h e  same. The t e s t  had a  s i g n i f i c a n c e  l e v e l  o f  ,018. 

There fo re  t h e r e  i s  some ev idence t h a t  t h e  r e g r e s s i o n s  ( i  .e.,  t h e  r e l a t i o n -  

s h i p s  between v e h i c l e  age and f a i l u r e  r a t e )  a r e  n o t  t h e  same i n  t h e  two 

c o u n t i e s ,  

4,2,2 S p e c i f i c  Component De fec ts .  Tab le  C-8 i n  Appendix C g i v e s  t h e  

coun ty  and t o t a l  sample r e s u l t s  f o r  t h e  v a r i o u s  t e s t s  on a l l  t h e  v e h i c l e s .  

The combined coun ty  age d i s t r i b u t i o n s  o f  f a i l u r e  percentages f o r  t h e  newly 



i n s p e c t e d  v e h i c l e s  a r e  g i v e n  i n  F igu res  C-1 t o  C-18. These f i g u r e s  a r e  

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

components. As i n  1975, most component d e f e c t  r a t e s  show an i n c r e a s e  w i t h  

age of t h e  v e h i c l e .  F i g u r e s  a r e  n o t  g i v e n  f o r  components wh ich  had f a i l u r e  

r a t e s  o f  l e s s  than  5%. 

De fec ts  R e l a t i n p  t o  V i s i o n .  I n  t h e  t o t a l  sample o n l y  two 

v e h i c l e s  were n o t  f u l l y  equipped w i t h  s a f e t y  g l a s s .  O v e r a l l ,  4.4% o f  t h e  

v e h i c l e s  had v i s i o n  impa i red  due t o  a  c racked o r  ch ipped w i n d s h i e l d .  Far  

more common v i s i o n  imapirments were d e f e c t i v e  w ipe rs  and washers. Both  o f  

these component f a i l u r e  r a t e s  showed a s t r o n g  tendency t o  i n c r e a s e  w i t h  

v e h i c l e  age. I n  t h e  t o t a l  sample, 76.5% of  t h e  v e h i c l e s  had no v i s i o n  

d e f e c t s ,  18.5% had one d e f e c t ,  and 5.0% had two o r  more d e f e c t s .  

L i q h t i n q  De fec ts .  The da ta  f o r  1  i g h t s  i n  Tab le  C-8 a r e  s e l f -  

e x p l a n a t o r y ,  The l i g h t  w i t h  t h e  h i g h e s t  d e f e c t  r a t e  was t h e  p l a t e  l i g h t ,  

w i t h  18.9% o f  t h e  v e h i c l e s  f a i l i n g .  The n e x t  most common f a i l u r e  was t h e  

h e a d l i g h t  h i g h  beam, No v e h i c l e s  had d e f e c t i v e  beam i n d i c a t o r  l i g h t s .  

O v e r a l l ,  88.9% o f  t h e  v e h i c l e s  had s a t i s f a c t o r y  head1 i g h t s .  The ca tego ry  

"Major  L i g h t  Defects"  i n c l u d e s  d i r e c t i o n a l  1  i g h t s ,  s t o p  and t a i l  l i g h t s ,  

h i g h  and low beam h e a d l i g h t s ,  and h e a d l i g h t  o u t p u t .  Only 76.1% o f  t h e  

v e h i c l e s  had a l l  ma jo r  l i g h t s  i n  s a t i s f a c t o r y  c o n d i t i o n .  Most o f  t h e  l i g h t  

outage r a t e s  showed an i n c r e a s i n g  t r e n d  w i t h  age o f  t h e  v e h i c l e .  

Exhaust  Defect$.  The F i g u r e s  f o r  "Exhaust No ise"  and " T o t a l  

Exhaust"  b o t h  show i n c r e a s i n g  d e f e c t  r a t e s  w i t h  i n c r e a s i n g  v e h i c l e  age. 

There were v e r y  few v e h i c l e s  t h a t  had excess i ve  smoke i n  t h e  exhaust  (1 .7%) .  

G o n t r o l  De fec ts .  The s t a t i o n a r y  f o o t  b rake t e s t  i s  i n c l u d e d  

i n  t h i s  ca tego ry ,  a long  w i t h  s t e e r i n g ,  t i r e  bu lges  o r  breaks,  and t i r e  

t r e a d .  I n  t h i s  sample, 81.0% o f  t h e  v e h i c l e s  had no c o n t r o l  d e f e c t s  and 1% 

had two o r  more d e f e c t s .  There were t h r e e  t e s t s  i n  t h i s  group wh ich  had 

v e r y  l ow  f a i l u r e  r a t e s ;  t h e  f o o t  b rake  t e s t ,  t h e  s t e e r i n g  t e s t ,  and t h e  check 

f o r  t i r e  bu lges  o r  c o r d  breaks.  The "To ta l  T i r e "  f a i l u r e  r a t e  shows a  

s t r o n g  tendency t o  i n c r e a s e  w i t h  v e h i c l e  age. Most o f  t h e  c o n t r o l  d e f e c t s  

were worm t i r e  t r e a d .  



M i  s c e i  lanegus D e i e c t s .  A 1 arge percentage (1 1.6%) o f  

v e h i c l e s  had d e f e c t i v e  p a r k i n g  brakes.  Monroe County a lone  had a  f a i l u r e  

r a t e  o f  15%. T h i s  r a t e  shows a  tendency t o  i n c r e a s e  w i t h  age f o r  v e h i c l e s  

1 t o  10 y e a r s  01 d, and i s  e r r a t i c  f o r  v e h i c l e s  ove r  t e n  yea rs  o l d ,  

A l l  b u t  2,5% o f  t h e  d r i v e r s  had a  p roper  o p e r a t o r  l i c e n s e .  A t o t a l  

o f  2.7% o f  t h e  d r i v e r s  d i d  n o t  have a l l  t h e  p roper  c r e d e n t i a l s  ( l i c e n s e ,  

r e g i s t r a t i o n  and p r o o f  o f  i nsu rance) .  As i n  1975, these f i g u r e s  a r e  prob-  

a b l y  n o t  r e p r e s e n t a t i v e  o f  t h e  e n t i r e  s t a t e  s i n c e  t h e  v e h i c l e s  sampled were 

n o t  f rom t h e  c e n t r a l  c i t y  areas,  no r  from t h e  extreme r u r a l  areas where 

compl i a n c e  w i t h  r e g i s t r a t i o n  and insu rance  laws i s  though t  t o  be l o w e r .  

4 .2 .3  Brake T e s t  Resu l t s  . The mov ing-s topp ing t e s t  was conducted 

on a1 1  v e h i c l e s  (excep t  15.8% who r e f u s e d  o r  were excused) i n  t h e  same 

txanner as was done i n  1975. Tables C-9 t o  C-12 p r e s e n t  t h e  age d i s t r i b u t i o n s  

o f  t h e  r e s u l t  v a r i a b l e s  f o r  t h e  mov ing-s topp ing t e s t .  The s topp ing  t e s t  

(Tab le  C-10) showed t h a t  ve ry  few v e h i c l e s  f a i l e d  t o  s t o p  adequate ly .  Most 

o f  t h e  s t o p p i n g  f a i l u r e s  were due t o  s i d e - t o - s i d e  mot ion .  

In t h e  pedal  p ressu re  t e s t  most o f  t h e  f a i l u r e s  due t o  "Low Pedal ," 
a l though  "Low Pedal ," " S o f t  Pedal ," and "Pressure Loss" a r e  a l l  s i m i l a r  

c a t e g o r i e s ,  and i f  combined t h e  f a i l u r e  r a t e  i s  2.1%, A l l  t h e  mov ing-s topp ing 

t e s t  f a i l u r e  c a t e g o r i e s  showed a  t r e n d  which i nc reased  w i t h  v e h i c l e  age. 

An examinat ion  o f  t h e  brake r e s u l t s  d i s t r i b u t e d  by age and by m i leage  f a i l e d  

t o  show any s p e c i f i c  p o i n t s  i n  a  v e h i c l e ' s  h i s t o r y  ( e i t h e r  i n  age o r  m i l e s )  

where brake t r o u b l e s  s t a r t  t o  i nc rease  i n  f requency.  

4.3 Comparison w i t h  Other  I n s p e c t i o n  Data 

In 1975 and 1976 t h e  S t a t e  P o l i c e  conducted Opera t i ona l  Checklane i n -  

spec t i ons  th roughou t  Mich igan.  S ince t h e  v e h i c l e s  i nspec ted  i n  these check- 

lanes were n o t  randomly s e l e c t e d  f o r  i n s p e c t i o n ,  t h e  f a i l u r e  r a t e s  shou ld  

be h i g h e r  than f o r  randomly chosen v e h i c l e s .  The t a b l e  below g i v e s  t h e  

percentages o f  v e h i c l e s  t h a t  passed t h e  s t a t e w i d e  i n s p e c t i o n s  a1 ong w i t h  

those t h a t  passed t h e  random checklanes f o r  t h i s  p r o j e c t .  



Sta tewide  Statewide P r o j e c t  P r o j e c t  
(Ope ra t i ona l  ) (Ope ra t i ona l  ) (Random) (Random) 

1975 1976 1975 1976 

Veh i c l es  I nspec ted  374,738 185,740 11,651 11,426 

Percentage Passed 38.0% 37.0% 50.1% 44.0% 

As expected, a h i g h e r  percentage o f  tRe v e h i c l e s  passed t h e  random 

check lane  i n s p e c t i o n  than  passed t h e  o p e r a t i o n a l  checklane i n  b o t h  s tudy  

years .  I n  t h i s  t a b l e  i t  appears t h a t  t h e  1976 sample more c l o s e l y  resembles 

an o p e r a t i o n a l  checklane t han  d i d  t h e  1975 sample. The above s t a t e w i d e  da ta  

were r e p o r t e d  i n  t h e  S t a t e  Pol i c e  pub l  i c a t i o n ,  "Michigan T r a f f i c  Acc iden t  

Fac ts  1976". 

The M ich igan  1975 and 1976 random check lane  f a i l u r e  r a t e  da ta  g e n e r a l l y  

f a l l  w i t h i n  t h e  ranges quoted i n  t h e  r e p o r t  Data on V e h i c l e  I n s p e c t i o n  Pro- 

grams f o r  S t a t e  Appo in ted  S t a t i o n s ,  S t a t e  Owned and Operated S t a t i o n s  (see 

Appendix E ) .  The components f o r  which t h e  Mich igan  da ta  d i sag ree  w i t h  t h e  

pub l  i shed  d a t a  a r e  t i r e s  (Mich igan  range:  14.4-1 9.7%; AAMVA range 0,4-7.2X), 

s t e e r i n g  (Mich igan :  0.2-0.4%; AAMVA: 1 . 5 - g a l % ) ,  s t e e r i n g  (Mich igan :  0.2-0.4%; 

AAMVA: 1 .5 -9 .1%) ,  and head1 i g h t s  (Mich igan :  8.4-11,8%; AAMVA: 13.9-42.0%).  

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

procedures and d i f f e r e n t  laws about  v e h i c l e s  wh ich  must be i nspec ted ,  o r  

d i f f e r e n t  p e n a l t i e s  f o r  f a i l u r e  t o  have t h e  r e p a i r s  done. 



5.0  COMPARISONS AMONG THE STUDY GROUPS 

Two ma jo r  ques t i ons  o f  t h i s  s tudy  were: ( 1 )  Would a  15% checklane 

i n s p e c t i o n  r a t e  be more e f f e c t i v e  than  a  5% checklane i n s p e c t i o n  r a t e  i n  

reduc ing  outage r a t e s  among v e h i c l e  s a f e t y  components? ( 2 )  How does a  

15% check1 ane i n s p e c t i o n  compare w i t h  a  p e r i o d i c  i n s p e c t i o n  program i n  

reduc ing  outage r a t e s  among v e h i c l e  s a f e t y  components? 

5.1 E f f e c t  o f  I n c r e a s i n g  t h e  I n s p e c t i o n  Rate 

F i g u r e  5.1 i l l u s t r a t e s  t h e  i n s p e c t i o n  r e s u l t s  f o r  ca rs  i n  Monroe County. 

The p r o p o r t i o n  o f  v e h i c l e s  which were found t o  have one o r  more d e f e c t s  i n  

t h e i r  equipment i s  r e l a t e d  t o  t h e  age o f  t h e  v e h i c l e .  The two curves show 

t h e  r e l a t i o n s h i p  between t h e  f a i l u r e  t o  pass t h e  i n s p e c t i o n  and t h e  age o f  

t h e  v e h i c l e s  f o r  ca rs  i nspec ted  i n  1975 and f o r  those inspec ted  i n  1976. 

Gnly s l i g h t  d i f f e r e n c e s  a r e  seen and t h e  d i f f e r e n c e s  were n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t  a t  t h e  5% l e v e l .  The curves were f i t  by t h e  method o f  weighted 

l e a s t  squares, desc r ibed  i n  Appendix F.  P r i o r  t o  t h e  sample o f  v e h i c l e s  taken 

i n  1975, v e h i c l e s  i n  Monroz County had been s u b j e c t  t o  t h e  checklane i n s p e c t i o n  

system a t  a  ( s t a t e w i d e )  5% r a t e .  When t h e  sample was taken i n  1976, t h e  

v e h i c l e s  had been s u b j e c t  t o  a  checklane i n s p e c t i o n  a t  a  15% r a t e  t h e  p rev ious  

y e a r .  The n e g l i g i b l e  d i f f e r e n c e  i n  t h e  two curves i n  F i g u r e  5.1 i n d i c a t e s  

t h a t  t h e r e  was no d i f f e r e n c e  i n  t h e  o v e r a l l  c o n d i t i o n  o f  t h e  v e h i c l e s  a f t e r  

i n c r e a s i n g  t h e  r a t e  o f  t h e  checklane i n s p e c t i o n s .  Thus t h e  p resen t  data  

do n o t  c o n t r a d i c t  t h e  hypo thes i s  t h a t  t h e r e  was no change i n  t h e  c o n d i t i o n  

o f  v e h i c l e s  i n  t h e  genera l  p o p u l a t i o n  due t o  t h e  i nc reased  i n s p e c t i o n  e f f o r t s .  

I f  one takes t h e  age d i s t r i b u t i o n  o f  c a r s  i n  t h e  S t a t e  of Mich igan as a  

s tandard  p o p u l a t i o n ,  then t h e  outage r a t e s  may be summarized by an age-ad jus ted 

r a t e ,  wh ich  removes any d i f f e r e n c e s  caused by d i f f e r e n t  ages o f  c a r s  i n  t h e  

1975 and 1976 samples. Using o n l y  c a r s  up t o  and i n c l u d i n g  ages o f  12 yea rs ,  
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genera l  p o p u l a t i o n .  T h i s  means f u r t h e r  t h a t  t h e  e f f e c t  o f  t h e  pseudo- 

p e r i o d i c  i n s p e c t i o n  i s  most a p p r o p r i a t e l y  measured w i t h i n  t h e  group o f  

r e i n s p e c t e d  v e h i c l e s .  D i r e c t  comparisons o f  f a i  1  u r e  r a t e s  between t h e  

r e i n s p e c t e d  group and o t h e r  groups a r e  n o t  a p p r o p r i a t e .  The reasons f o r  

t h e  s e l f - s e l e c t i o n  a r e  n o t  known. One m i g h t  specu la te  t h a t  t h e  c a r s  which 

a r e  owned by persons who p l a n  t o  keep them l o n g e r  a r e  b e t t e r  ma in ta ined .  

Such c a r s  would be more l i k e l y  t o  be recap tu red .  S i m i l a r l y ,  c a r s  which 

have a  low occur rence o f  mechanical problems a r e  I i k e l y  t o  be d r i v e n  more 

and more l i k e l y  remain w i t h  t h e  same owner f rom one y e a r  t o  t h e  n e x t .  

These would a1 so make t h e  b e t t e r  c a r s  more 1 i k e l y  t o  appear i n  t h e  r e i n s p e c t e d  

group. 

F i g u r e  5-2 i l l u s t r a t e s  t h e  o v e r a l l  i n s p e c t i o n  f a i l u r e  r a t e  f o r  t h e  

c a r s  i n  t h e  r e i n s p e c t e d  group (Jackson County) ,  As before,  t h e  curves have 

been f i t t e d  by weighted l e a s t  squares as desc r ibed  i n  Appendix F. The 

s i q i l a r i t y  o f  t h e  curves i s  apparent .  As before,  t h e  d i f f e r e n c e  i n  t h e  

curves i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  5% l e v e l .  Thus, t h e r e  i s  no 

ev idence t o  suggest  t h a t  t h e  p e r i o d i c  i n s p e c t i o n - - a s  rep resen ted  by t h e  

r e i  nspected cars-- improved t h e  c o n d i t i o n  o f  t h e  c a r s .  I f  one s tandard izes  

t h e  age d i s t r i b u t i o n  t o  t h a t  of t h e  v e h i c l e s  i n  t h e  S t a t e  of  Mich igan,  

r e s t r i c t i n g  a t t e n t i o n  t o  t h e  l a t e s t  12 model yea rs ,  then  t h e  f a i l u r e  r a t e  

a d j u s t e d  f o r  age f o r  c a r s  i n  t h e  r e i n s p e c t e d  group i n  1975 i s  46.9%, w h i l e  

i n  1976 i t  i s  45.6%. The d i f f e r e n c e  i s  n o t  s i g n i f i c a n t .  Even i f  i t  were, 

i t  appears t o  be t o o  smal l  t o  be o f  any p r a c t i c a l  importance.  

A  s i m i l a r  comparison can be made among t h e  v e h i c l e s  i n  Jackson County 

which were newly i nspec ted  each y e a r .  T h i s  group rep resen ts  t h e  s e t  o f  

v e h i c l e s  which would o n l y  be i n f l u e n c e d  by t h e  i n f o r m a t i o n  campaign and 

t h e  knowledge t h a t  some v e h i c l e s  were be ing  inspec ted  i n  t h e  checklanes.  

That i s ,  t h e  group rep resen ts  t h e  " s p i l l o v e r "  e f f e c t  of a  checklane.  None 

of  these v e h i c l e s  was p r e v i o u s l y  i nspec ted  and r e q u i r e d  t o  c o r r e c t  any 

d e f e c t s ,  The age-ad jus ted r a t e s  o f  i n s p e c t i o n  f a i l u r e s  f o r  newly i nspec ted  

v e h i c l e s  i n  Jackson County i n  1975 was 54.7% and i n  1976 i t  was 55.2%. 

Again t h e  d i f f e r e n c e  i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  and i s  of  no p r a c t i c a l  

importance.  



t h e  age a d j u s t e d  r a t e s  f o r  v e h i c l e s  i n  1975 ( s u b j e c t  t o  a  5% i n s p e c t i o n  

r a t e )  i s  55.6%, w n i l e  t h a t  f o r  v e h i c l e s  i n  1976 ( s u b j e c t  t o  a  15% i n s p e c t i o n  

r a t e )  i s  56.0% (Monroe County) ,  T h i s  d i f f e r e n c e  i n  t h e  i n s p e c t i o n  f a i l u r e  

r a t e s ,  a d j u s t e d  f o r  age, i s  c l e a r l y  n e g l i g i b l e .  

More d e t a i l e d  i n f o r m a t i o n  on t h e  f a i l u r e  r a t e s  by t h e  age o f  t h e  

v e h i c l e  and by t h e  s p e c i f i c  v e h i c l e  component i s  p resen ted  i n  Appendix D. 

Most components show o n l y  smal l  d i f f e r e n c e s  i n  f a i l u r e  r a t e s  among t h e  two 

y e a r s  and w i t h i n  a  g i v e n  age o f  c a r .  I t  shou ld  be noted t h a t  t h e  numbers 

o f  v e h i c l e s  i n s p e c t e d  wh ich  were o l d e r  t han  t e n  y e a r s  becomes r a t h e r  s a m l l .  

The number o f  c a r s  o f  each age i nspec ted  each y e a r  i s  g i v e n  i n  Tab le  D-13. 

The genera l  answer t o  t h e  f i r s t  q u e s t i o n  seems t o  be t h a t  t h e r e  i s  

no ev idence t h a t  an i nc reased  i n s p e c t i o n  r a t e  changed t h e  v e h i c l e  i n s p e c t i o n  

f a i  1  d r e  r a t e s .  

5.2 Comparison o f  P e r i o d i c  and Checklane I n s p e c t i o n s  

The second q u e s t i o n  i s  more d i f f i c u l t  t o  answer. A d i r e c t  comparison 

between t h e  r e i  nspected c a r s - - r e p r e s e n t i n g  a  pseudo-per iod i  c  i n s p e c t i o n  group- 

and t h e  newly  i n s p e c t e d  c a r s - - r e p r e s e n t i n g  a  check lane popu la t ion- -was i n -  

a p p r o p r i a t e .  The reason f o r  t h i s  was t h a t  t h e  r e i n s p e c t e d  group proved t o  

be a  s e l f - s e l e c t i n g  sample. That  i s ,  t h e  v e h i c l e s  wh ich  were i n s p e c t e d  b o t h  

y e a r s  fo rm a  s p e c i a l  subgroup of t h e  v e h i c l e s .  T h i s  subgroup proved t o  be 

v e h i c l e s  i n  b e t t e r  c o n d i t i o n  i n  1975. Thus, t hey  would be expected t o  remain  

i n  b e t t e r  c o n d i t i o n  i n  1975. Tab le  D-1 i l l u s t r a t e s  t h i s  e f f e c t .  Note 

t h a t  i n  t h e  t a b l e ,  an age by age comparison o f  t h e  o r i g i n a l  1975 f a i l u r e  

r a t e s  o f  t h e  r e c a p t u r e d  (and thus  r e i n s p e c t e d )  v e h i c l e s  w i t h  t h e  1975 

f a i l u r e  r a t e s  of t h e  t o t a l  Jackson County sample show t h a t  t h e  r e c a p t u r e d  

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

T h i s  was n o t  a n t i c i p a t e d  i n  t h e  s tudy  des ign ,  and c o u l d  n o t  be d e t e c t e d  

u n t i l  t h e  a n a l y s i s  o f  t h e  second y e a r s  d a t a  was begun. 
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Thus t h e  genera l  c o n c l u s i o n  i s  t h a t  none o f  t h e  groups showed r e d u c t i o n  

i n  t h e  p r o p o r t i o n  o f  v e h i c l e s  f a i l i n g  t h e  i n s p e c t i o n  i n  1976 as compared t o  

t h e  p r o p o r t i o n  f a i l i n g  i n  1975, Thus, none of t h e  i n s p e c t i o n  systems rep re -  

sen ted - -pe r iod i c  a f t e r  one yea r ,  a  15% checklane, and v e h i c l e s  n o t  i nspec ted  

b u t  sub jec ted  t o  p u b l i c i t y  campaigns about  v e h i c l e  i n s p e c t i o n  and checklane 

inspect ions--showed a  s i g n i f i c a n t  change i n  t h e  p r o p o r t i o n  o f  v e h i c l e s  f a i  1  i n g  

t h e  i n s p e c t i o n ,  

5.3 Comparisons by Components 

Tables 0-1 th rough D-6 i n  Appendix D 1 i s t  f a i l u r e  r a t e s  i n  pe rcen t  by 

v e h i c l e  age f o r  t h e  s i x  major  i n s p e c t i o n  c a t e g o r i e s  ( t o t a l  v e h i c l e ,  w ipe r  

& washers, h e a d i i g h t s ,  t o t a l  l i g h t s ,  t o t a l  brakes,  t o t a l  t i r e )  and Tables 0-7 

th rough  D-12 do t h e  same by  ~ e h i c l e  mi leage,  Tab le  D-13 g i v e s  t h e  number o f  

c a r s  i n  each group, age, and yea r .  Each t a b l e  shows t h e  data  ar ranged by 

sample group and i n s p e c t i o n  yea r .  Several  obse rva t i ons  s tand  o u t .  F i r s t  

w h i l e  t o t a l  v e h i c l e  f a i l u r e  r a t e s  d i d  n o t  s i g n i f i c a n t l y  change f rom 1975 

t o  1976 as d iscussed above, one major  components' f a i l u r e  r a t e s  d i d  change-- 

t o t a l  t i r e  f a i l u r e  r a t e s  went up (see Table D-6). T h i s  rep resen ts  a  h i g h e r  

r a t e  o f  i n s u f f i c i e n t  t i r e  t r e a d  as t h e  s p e c i f i c  d e f e c t .  The reasons f o r  t h i s  

a r e  n o t  c l e a r .  There was a  w i d e l y  p u b l i c i z e d  rubbe r  workers s t r i k e  d u r i n g  

t h e  p e r i o d ,  which may have a f f e c t e d  t i r e  a v a i l a b i l i t y  o r  may have a f fec ted  

t h e  t i r e  replacement.  Another poss i  b i  1  i t y  i s  t h a t  t h e  i n s p e c t i o n  procedure 

i n  1976 was more s t r i n g e n t  than i n  1975. I n  1976, t r e a d  depth  was measured, 

w h i l e  i n  1975 v i s u a l  i n s p e c t i o n  f o r  wear i n d i c a t o r s  was used. The same 

inc reased  f a i l u r e  r a t e  f o r  t i r e s  i s  observed i f  v e h i c l e  m i l eage  i s  used 

r a t h e r  t han  v e h i c l e  age, so t h e  e f f e c t  i s  n o t  due t o  ca rs  o f  a  g i v e n  age 

hav ing  more m i l e s  i n  1976 than i n  1975. The t a b l e s  show t h a t  t h e  o v e r a l l  

f a i l u r e  r a t e s  f o r  a l l  sample groups was h i g h e r  i n  1976 than  i n  1975. T h i s  

i n c r e a s e  i n  1976 i s  due t o  an i n c r e a s e  i n  t h e  p r o p o r t i o n  o f  o l d e r  ca rs  i n  

t h e  1976 sample. The i nc rease  i n  o l d e r  c a r s  can be seem by comparing t h e  

v e h i c l e  counts  by age i n  Tables 0-6 (1975) and C-5 (1976).  T h i s  comparison 

shows, f o r  example, t h a t  v e h i c l e s  f o u r  yea rs  o f  age and o l d e r  r e p r e s e n t  



58.1% of  t h e  1975 sample b u t  i nc rease  t o  71% of  t h e  1976 sample, and a  

s t r o n g  r e l a t i o n s h i p  has a1 ready been demonstrated between v e h i c l e  age and 

v e h i c l e  f a i l u r e  r a t e s .  But  o t h e r  than  age, t h e  1975 and 1976 samples a r e  

reasonab ly  comparable. And i f  t h e  d e f e c t  r a t e s  a r e  a d j u s t e d  f o r  t h e  d i f -  

ference i n  age d i s t r i b u t i o n s ,  t h e  r e s u l t i n g  s tandard i zed  r a t e s  a r e  v e r y  

s i m i l a r .  F i g u r e  5-2 shows t h e  o r i g i n a l  sample des ign  w i t h  sample s i z e s  

and age-ad jus ted f a i  1  u r e  r a t e s .  Note t h a t  t h e  d i f f e r e n c e  i n  age d i s t r i b u t i o n s  

i n  t h e  two y e a r s '  samples t o g e t h e r  w i t h  t h e  dependence o f  v e h i c l e  c o n d i t i o n  

on age r e q u i r e  t h a t  ad jus tments  f o r  age be i n c l u d e d  b e f o r e  any comparisons 

a r e  made. 

5 .4  Est imated R e ~ a i r  Rates 

Some a d a i t i o n a l  i n f o r m a t i o n  about  t h e  e f f e c t i v e n e s s  o f  t h e  i n s p e c t i o n  

program i n  g e t t i n g  p a r t i c u l a r  s a f e t y  components r e p a i r e d  i s  a v a i l a b l e  f rom 

t h e  r e i n s p e c t e d  group.  I t  must be born  i n  mind t h a t  t h i s  i s  a  s e l f - s e l e c t e d  

group and t h a t  t h e  es t ima tes  o f  t h e  r e p a i r  r a t e s  may thus  be somewhat 

o p t i m i s t i c .  Table 5-1 g i v e s  t h e  p r o p o r t i o n  o f  t h e  r e i n s p e c t e d  c a r s  which 

passed t h e  i n s p e c t i o n  b o t h  yea rs  on each s p e c i f i c  component. The second 

column o f  t h e  t a b l e  g i v e s  t h e  p r o p o r t i o n  o f  t h e  c a r s  wh ich  f a i l e d  t h e  i n -  

s p e c t i o n  i n  1976, g i ven  t h a t  t hey  passed t h e  i n s p e c t i o n  i n  1975. T h i s  may 

be taken t o  be an e s t i m a t e  o f  t h e  p r o p o r t i o n  o f  c a r s  which would s u f f e r  a  

f a i l u r e  o f  t h a t  s p e c i f i c  component d u r i n g  a  y e a r .  Thus column two o f  Tab le  

5-1 es t ima tes  an annual f a i l u r e  r a t e  by components. 

The t h i r d  column o f  t h e  t a b l e  g i v e s  t h e  p r o p o r t i o n  o f  t h e  c a r s  which 

passed t h e  i n s p e c t i o n  i n  1976, g i v e n  t h a t  t hey  had f a i l e d  t h e  i n s p e c t i o n  

on t h a t  component i n  1975. C l e a r l y  a l l  these c a r s  r e p a i r e d  t h e  n o n - f u n c t i o n i n g  

component. As such, t hey  r e p r e s e n t  one e s t i m a t e  of t h e  r e p a i r  r a t e  f o r  each 

s p e c i f i c  component. However, i f  these ca rs  were r e p a i r e d  s h o r t l y  a f t e r  t h e  

i n s p e c t i o n  i n  1975, t h e  component was s u b j e c t  t o  app rox ima te l y  one y e a r  o f  

wear b e f o r e  t h e  1976 i n s p e c t i o n ,  d u r i n g  which some o f  t h e  new components 

m i g h t  be expected t o  f a i l .  As a r e s u l t ,  t h i s  e s t i m a t e  of t h e  r e p a i r  r a t e  

may be somewhat t o o  low. I f  one assumes t h a t  t h e  f a i l u r e  r a t e  f o r  c a r s  







which  were r e p a i r e d  i n  response t o  t h e  i n s p e c t i o n  i n  1975 i s  t h e  same as 

f o r  those c a r s  wh ich  passed t h e  Snspect ion  i n  1975, t hen  an a d j u s t e d  r e p a i r  

r a t e  may be c a l c u l a t e d  r e f l e c t i n g  t h a t  some components may have been r e p a i r e d  

b u t m a y h a v e f a i l e d a g a i n d u r i n g  t h e y e a r ,  T h i s a d j u s t e d r e p a i r r a t e i s  

p resented i n  t h e  l a s t  column o f  Tab le  5-1. 

Tab le  5-2 compares t h e  r e t u r n  r a t e s  f o r  t h e  p o s t  cards  i ssued  t o  c a r s  

wh ich  d i d  n o t  pass t h e  i n s p e c t i o n  i n  1975 t o  t h e  p r o p o r t i o n  o f  c a r s  which 

passed t h e  i n s p e c t i o n  i n  1976. The comparison i s  made w i t h i n  f i v e  groups 

o f  cars--grouped by t h e  number o f  de fec ts  found i n  t h e  1975 i n s p e c t i o n .  

I n  gene ra l ,  t h e  observed pass ing  r a t e  i s  l ower  than t h e  p e r c e n t  o f  pos tca rds  

r e t u r n e d .  However, i t  must be no ted  t h a t  about  o n e - t h i r d  o f  t h e  c a r s  which 

passed i n  1975 d i d  n o t  pass t h e  i n s p e c t i o n  i n  1976. Thus, t h e  p r o p o r t i o n  

o f  c a r s  wh ich  passed i n  1976 b u t  n o t  i n  1975 i s  c o n s i s t e n t  w i t h  t h e  r e p o r t e d  

r e t u r n  r a t e ,  if i t  i s  assumed t h a t  some c a r s  were r e p a i r e d  b u t  s u f f e r e d  

an a d d i t i o n a i  f a i l u r e  o r  a  f a d l u r e  o f  a d i f f e r e n t  component d u r i n g  t h e  i n t e r -  

ven ing  y e a r .  The o t h e r  obv ious  c o n c l u s i o n  f rom Tab le  5-2 i s  t h a t  t h e  

r e p a i r  r a t e  decreases w i t h  t h e  number of components wh ich  needed r e p a i r .  

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

p r o p o r t i o n  o f  ca rs  which passed i n  1976, hav ing  f a i l e d  i n  1975. 

Tab le  5-2 

Passing Rates f o r  Reinspected Veh ic les  
by humbein o f  De fec ts  i n  1975 

Number o f  Percent  Es t imated 
De fec ts  Postcard  Passing Repa i r  
i n  1975 Return  Rate i n  1976 V e h i c l e  

0  (passed N . A .  67.6% N , A ,  
i n  1975) 

1 57.7% 42,6% 64.6% 
2 54.1% 30.2% 44.6% 
3  49.2% 20.3% 30.1 % 
4t 41.4% 17,2% 25.5% 



6.0  CONCLUSIONS AND RECOMMENDATIONS 

The p r i m a r y  purposes of t h i s  s tudy were t o  e s t i m a t e  t h e  e f f e c t  on t h e  

p r o p o r t i o n  o f  v e h i c l e s  w i t h  outages i n  s a f e t y  equipment o f  a  15% checklane 

i n s p e c t i o n  program and t o  compare t h i s  w i t h  t h e  es t ima ted  e f f e c t  of a  s imu la ted  

p e r i o d i c  (annual  ) motor  v e h i c l e  i n s p e c t i o n  program. From t h e  da ta  c o l l e c t e d  

t h e  f i r s t  y e a r  i t  became apparent  t h a t  t h e  sa fe ty  component outage r a t e s  

were s t r o n g l y  i n f l u e n c e d  by t h e  age o f  t h e  v e h i c l e .  As a  r e s u l t ,  comparisons 

among t h e  groups o f  i n t e r e s t  were a d j u s t e d  f o r  t h e  ages of  t h e  v e h i c l e s  i n -  

vo l ved .  I n  a d d i t i o n  t o  t h e  conc lus ions  r e l a t i n g  t o  t h e  two p r i n c i p a l  purposes 

o f  t h e  s tudy,  some a n c i l l a r y  conc lus ions  about  t h e  t y p e  o f  s topp ing  t e s t  t o  

be used, t h e  r e l a t i v e  outage r a t e s  o f  v a r i o u s  components, and t h e  r e p a i r  

r a t e s  a r e  r e p o r t e d .  

6.1 E f f e c t  o f  t h e  15% Checklane I n s p e c t i o n  Program 

The 15% random check lane opera ted i n  Monroe County. The crude p r o -  

p o r t i o n  o f  ca rs  f a i l i n g  t h e  i n s p e c t i o n  i n  1975 i n  Monroe County was 51.9% 

w h i l e  i n  1976 t h i s  r a t e  c l imbed  t o  62%. However, t h e  sample o f  c a r s  o b t a i n e d  

i n  1976 was g e n e r a l l y  o l d e r  than t h e  sample ob ta ined  i n  1975. The average 

d i f f e r e n c e  i n  ages o f  c a r s  was 0 .9  yea rs ,  o r  n e a r l y  one y e a r .  Comparing 

t h e  i n d i v i d u a l  outage r a t e s  f o r  each age o f  c a r  r e v e a l e d  t h a t  l i t t l e  d i f -  

f e rence  i n  outage r a t e s  remained a f t e r  age o f  c a r  had been taken i n t o  

account .  The age d i s t r i b u t i o n  o f  c a r s  i n  t h e  S t a t e  o f  Mich igan ( t r u n c a t e d  

a t  twe lve  y e a r s )  was used as a  s tandard  p o p u l a t i o n  and t h e  s tandard i zed  

r a t e s  o f  c a r s  f a i l  i n g  t h e  i n s p e c t i o n  were c a l c u l a t e d ,  The age-ad jus ted 

r a t e  o f  f a i l u r e  o f  ca rs  i n  1975 i n  Monroe County was 55.6%. I n  1976 t h e  

age-ad jus ted f a i l u r e  r a t e  was 56.0%. Thus t h e  r a t e s  o f  f a t l u r e s  i n  Monroe 



County remained e s s e n t i a l l y  t h e  same. T h i s  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  

t h e  i n c r e a s e  i n  t h e  r a t e  of i n s p e c t i o n  f rom a  l e v e l  o f  about  5% ( s t a t e w i d e )  

t o  a  l e v e l  o f  15% d i d  n o t  change t h e  o v e r a l l  r a t e  o f  f a i l u r e  o f  t h e  i n -  

s p e c t i o n ,  

A s i m i l a r  exper ience  was o b t a i n e d  i n  Jackson County, I n  Jackson County, 

t h e  newly i n s p e c t e d  v e h i c l e s  I n  1975 r e p r e s e n t  a  sample f rom t h e  approx ima te l y  

5% random check lane i n s p e c t i o n  program. The newly  i n s p e c t e d  v e h i c l e s  i n  

1976 r e p r e s e n t  a  sample from a  p o p u l a t i o n  s u b j e c t  t o  a  15% check lane i n -  

s p e c t i o n  program, b u t  w i t h  t h e  r e - i n s p e c t e d  v e h i c l e s  removed from t h e  popu- 

l a t i o n .  That  i s ,  t h e  newly i n s p e c t e d  v e h i c l e s  i n  Jackson County i n  1976 

r e p r e s e n t  a  sample from t h e  v e h i c l e s  wh ich  were n o t  i n s p e c t e d  t h e  p r e v i o u s  

y e a r .  Thus, presumably t h e y  m i g h t  be somewhat b iased  toward h i g h e r  f a i l u r e  

r a t e s .  The crude r a i l u r e  r a t e s  f o r  Jackson County were 49.6% i n  1975 and 

57.9% i n  1976 ( f o r  newly i n s p e c t e d  v e h i c l e s ) .  Again, most o f  t h e  d i f f e r e n c e  

appears t o  be i n  t h e  age o f  t h e  v e h i c l e s .  A f t e r  a d j u s t i n g  f o r  t h e  d i f f e r e n t  

age d i s t r i b u t i o n s  i n  t h e  samples, t h e  age-ad jus ted r a t e s  a r e  54.7% i n  1975 

and 55.2% i n  1976, a g a i n  i n d i c a t i n g  t h a t  no s i g n i f i c a n t  change has occu r red .  

I f  one p o o l s  a l l  t h e  c a r s  i n s p e c t e d  i n  Jackson County, one shou ld  have a  

sample wh ich  i s  s l i g h t l y  b i a s e d  toward fewer  i n s p e c t i o n  f a i l u r e s ,  s i n c e  i t  

would  i n c l u d e  a  h i g h e r  percentage o f  t h e  c a r s  wh ich  were i n s p e c t e d  i n  1975 

t h a t  would be due t o  chance. I f  t h i s  i s  done, t h e  age-ad jus ted r a t e s  a r e  

52.8% i n  1975 and 52.5% i n  1976. Again, no s i g n i f i c a n t  change i s  observed.  

The c o n c l u s i o n  seems t o  be t h a t  t h e  i n c r e a s e  f rom a  5% t o  a  15% i n s p e c t i o n  

r a t e  has n o t  i n f l u e n c e d  t h e  o v e r a l l  f a i l u r e  r a t e s .  

The same p a t t e r n  p e r s i s t e d  when i n d i v i d u a l  components were cons ide red  

i n s t e a d  o f  t h e  o v e r a l l  pass ing  o f  f a i l u r e  of  t h e  e n t i r e  v e h i c l e .  W i t h  

few excep t ions ,  t h e  change f rom a  5% t o  15% i n s p e c t i o n  r a t e  f a i l e d  t o  p r o -  

duce any changes i n  t h e  outage r a t e s  o f  t h e  v e h i c l e  p o p u l a t i o n .  Thus, no 

p a r t i c u l a r  advantage can be c la imed  f o r  t h e  h i g h e r  e f f o r t .  

6.2 E f f e c t  o f  t h e  S imula ted PVYI 
I n  Jackson County, a  subsample o f  p r e v i o u s l y  ( i n  1975) i n s p e c t e d  

v e h i c l e s  was o b t a i n e d  d u r i n g  1976. T h i s  subsample r e p r e s e n t s  a  s i m u l a t e d  



P M V I  group.  The o v e r a l l  ou tage r a t e  among these  v e h i c l e s  i n  1976 was 

o n l y  45.2%, a p p a r e n t l y  b e t t e r  t han  t h e  o t h e r  groups.  However, t h i s  group 

t u r n e d  o u t  t o  be a  s e l f - s e l e c t i n g  sample o f  t h e  b e t t e r  and newer v e h i c l e s .  

The same c a r s  were a l s o  b e t t e r  on t h e  average than  t h e  o t h e r  c a r s  i n s p e c t e d  

i n  1975. The o v e r a l l  f a i l u r e  r a t e  i n  1975 f o r  t h i s  group o f  c a r s  was o n l y  

38.5%. As a  r e s u l t ,  comparisons ac ross  groups appear t o  be i n v a l i d  because 

of t h e  s e l  f - s e l  e c t i  ng n a t u r e  o f  t h e  r e i  nspected v e h i c l  es . 
Comparisons w i t h i n  t h e  r e i n s p e c t e d  v e h i c l e s  can g i v e  i n s i g h t  i n t o  t h e  

e f f e c t  o f  t h e  P M V I  as compared t o  t h e  p r e v i o u s  5% check lane i n s p e c t i o n  p r o -  

gram. O f  course  t h e  r e i n s p e c t e d  c a r s  a r e  a1 1 ( a p p r o x i m a t e l y )  one y e a r  

o l d e r  t han  t h e y  were i n  1975, so t h e  age must  be a d j u s t e d  f o r .  When t h e  

age-adjustment  r a t e s  were c a l c u l a t e d ,  t h e  r a t e  among t h i s  group i n  1975 

was found t o  be 46.9% and i n  1976 i t  decreased s l i g h t l y  t o  45.6%. Thus 

t h e r e  was s l i g h t  improvement i n  t h e  o v e r a l l  f a i l u r e  r a t e .  The d i f f e r e n c e  

was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  however, g i v i n g  a  p - v a l u e  o f  o n l y  0.2, 

one-s ided.  

Comparisons by t h e  s p e c i f i c  components r e v e a l e d  e s s e n t i a l l y  t h e  same 

r e s u l t s :  l i t t l e  change i n  t h e  outage r a t e s .  There was one e x c e p t i o n  t o  

t h e  genera l  p a t t e r n .  Fa i  1  u r e  o f  t h e  i n s p e c t i o n  because o f  i n s u f f i c i e n t  

t i r e  t r e a d  was s i g n i f i c a n t l y  h i g h e r  i n  1976 than  i n  1975. T h i s  p e r s i s t e d  

a f t e r  t h e  age o f  t h e  v e h i c l e  was a d j u s t e d  f o r .  A s i m i l a r  ad jus tmen t ,  

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

i n  t h e  f a i l u r e  r a t e s  caused by i n s u f f i c i e n t  t i r e  t r e a d .  So t h e r e  appeared 

t o  be a h i g h e r  f a i l u r e  r a t e  f o r  i n s u f f i c i e n t  i n  1976 t h a n  i n  1975. The 

o t h e r  s a f e t y  components showed s l i g h t - - b u t  non-significant--improvements. 
However, t h e  worsen ing o f  t h e  component t i r e s  ba lanced o u t  t h e  accumulated 

s l i g h t  improvements i n  t h e  o t h e r  components t o  r e s u l t  i n  an o v e r a l l  i n s i g -  

n i f i c a n t  change. 

I n  c o n c l u s i o n ,  t h e  s i m u l a t e d  PMVI group d i d  n o t  expe r ience  a  s i g n i f i c a n t  

improvement r a t e  i n  pass ing  t h e  i n s p e c t i o n .  Because o f  a  p r e v i o u s l y  

unknown s e l f - s e l e c t i o n  o f  t h e  PMVI  group,  d i r e c t  comparisons o f  outage r a t e s  

w i t h  t h e  check lane p o p u l a t i o n s  a r e  n o t  a p p r o p r i a t e .  N e i t h e r  t h e  s i m u l a t e d  



PMVI group n o r  t h e  check lane groups a t  t h e  h i g h e r  i n s p e c t i o n  r a t e  showed 

an improvement o v e r  t h e  o p e r a t i o n a l  check lane i n s p e c t i o n  program o p e r a t i n g  

a t  app rox ima te l y  5% of t h e  v e h i c l e s ,  A l l  o f  t h e  random groups,  however, 

e x h i b i t e d  a  l o w e r  f a i l u r e  r a t e  f o r  t h e  i n s p e c t i o n  than  i s  r e p o r t e d  f rom 

t h e  o p e r a t i o n a l  checklanes.  T h i s  may be i n t e r p r e t e d  t o  mean t h a t  t h e  

o p e r a t i o n a l  I anes t h e  o p e r a t i o n a l  l anes  a r e  r e 1  a t f v e l y  success fu l  i n  

s e l e c t i n g  v e h i c l e s  f rom t h e  t r a f f i c  s t ream which  a r e  d e f e c t i v e .  I n  t h i s  

sense, t h e  o p e r a t i o n a l  checklanes seem t o  be r a t h e r  e f f e c t i v e  a t  i d e n t i f y i n g  

t h e  v e h i c l e s  w i t h  mechanical  d e f e c t s .  

6.3 Other  Conc lus ions  f rom t h e  Study 

A1 though i n  genera l  no s i g n i f i c a n t  changes i n  t h e  outage r a t e s  were 

found, one c o n s i s t e n t  e x c e p t i o n  was t h e  c o n d i t i o n  o f  t h e  t i r e s .  The l e v e l  

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

i n s p e c t e d  i n  1976 than i n  1975, even a f t e r  ad jus tments  f o r  age and m i leage  

were made. T h i s  was c o n s i s t e n t  i n  a l l  groups.  The a d j u s t e d  r a t e s  were 

as f o l l o w s .  I n  t h e  r e i n s p e c t e d  c a r s  ( s imu la ted  PMVI), t h e  f a i l u r e  r a t e  

i nc reased  from 9.97% t o  14.86%. I n  t h e  newly i nspec ted  c a r s  i n  Jackson 

County, t h e  a d j u s t e d  r a t e  i nc reased  f rom 13.52% t o  17.51%, and among t h e  

newly i nspec ted  c a r s  i n  Monroe County t h e  a d j u s t e d  r a t e  i nc reased  f rom 14.15% 

t o  21.05%. Thus t h e  data  r e f l e c t  a  c o n s i s t e n t  worsening o f  t h e  c o n d i t i o n  

o f  t h e  t i r e s  i n  t h e  v e h i c l e  p o p u l a t i o n .  The reasons f o r  a r e  n o t  known. 

I n  genera l  t h e  a d j u s t e d  r a t e s  f o r  o t h e r  components showed m ino r  im- 

provements, none o f  which were s t a t i s t i c a l l y  s i g n i f i c a n t  o r  l a r g e  enough 

t o  be o f  p r a c t i c a l  impor tance.  The i nc reased  f a i l u r e  r a t e  f o r  t i r e s  more 

than ba lanced t h e  m ino r  ga ins  i n  o t h e r  components, r e s u l t i n g  i n  no s i g -  

n i f i c a n t  change i n  t h e  o v e r a l l  r a t e s ,  Had t i r e s  remained t h e  same o r  shown 

a m ino r  improvement, t h e  o v e r a l l  r a t e s  o f  f a i l u r e  would have shown a s l i g h t  

improvement i n  a l l  s tudy  groups--on t h e  o r d e r  of 4  o r  5 percentage p o i n t s .  

Wh i l e  t h i s  would p robab ly  have been s t a t i s t i c a l l y  s i g n i f i c a n t - - t h a t  i s ,  n o t  

due t o  c h a n c e - - i t s  p r a c t i c a l  s i g n i f i c a n c e  i s  open t o  ques t i on .  

A comparison of two types  o f  b r a k i n g  t e s t s - - a  moving s topp ing  t e s t  (MST) 

and a  wheel p u l l  i n s p e c t i o n  (WP1)--was per fo rmed as p a r t  o f  t h e  s tudy .  The 



genera l  c o n c l u s i o n  was t h a t  t h e  moving s t o p p i n g  t e s t  appeared t o  have 

advantages i n  terms of  d e t e c t i n g  v e h i c l e s  wh ich  were d e f i c i e n t  I n  c u r r e n t  

s t o p p i n g  c a p a b i l i t i e s ,  w h i l e  t h e  wheel p u l l  i n s p e c t i o n  m i g h t  be more 

d i a g n o s t i c  o f  f u t u r e  s t o p p i n g  d i f f i c u l t i e s ,  A1 though d e f i n i t e  a s s o c i a t i o n s  

among components i n s p e c t e d  i n  t h e  WPI and performance measured i n  t h e  MST 

were found,  these  were t o o  weak t o  be used Tn a  p r e d i c t i v e  sense. For  

example, a1 though poor  pedal  p ressu re  and low  brake f l u i d  1  eve1 s  were 

assoc ia ted ,  t h e  a s s o c i a t i o n  was t o o  weak t o  suggest  t h a t  poor  pedal  p ressu re  

was due t o  low brake f l u i d  l e v e l s .  

The r e p a i r  r a t e s  f o r  components found i n o p e r a t i v e  among t h e  r e i  nspected 

v e h i c l e s  were es t ima ted .  Tn most  cases these were r a t h e r  h igh--between 

e i g h t y  and n i n e t y  p e r c e n t .  One n o t a b l e  e x c e p t i o n  was t h e  exhaust  ( n o i s e )  

which had an e s t i m a t e d  r e p a i r  r a t e  o f  o n l y  56%. Another was t h e  l i c e n s e  

p l a t e  l i g h t  w i t h  a  r e p a i r  r a t e  e s t i m a t e d  a t  o n l y  65%.  A b i l i t y  t o  s t o p  (MST) 

was r e p a i r e d  a t  an e s t i m a t e d  95%. I n  g e n e r a l ,  t h e  i t ems  which  had low  

es t ima ted  r e p a i r  r a t e s  tended t o  be t h e  i tems p e r c e i v e d  as m ino r  by t h e  

m o t o r i s t s - - o r  p o s s i b l y  i n  t h e  case o f  exhaust  n o i s e  as an i t e m  they  d i d  n o t  

w ish  t o  r e p a i r .  

N e i t h e r  t h e  s i m u l a t e d  P M V I  n o r  t h e  more i n t e n s i v e  check lane i n s p e c t i o n  

programs produced a  s i  g n i  P i c a n t  r e d u c t i o n  i n  t h e  p r o p o r t i o n  o f  v e h i c l e s  

f a i l i n g  t h e  i n s p e c t i o n .  As a  r e s u l t ,  c o n t i n u a t i o n  o f  t h e  check lane i n s p e c t i o n  

program a t  t h e  c u r r e n t  l e v e l  o f  abou t  5% seems recommended. 

Not s u r p r i s i n g l y ,  d e f e c t  r a t e s  were found t o  i n c r e a s e  w i t h  t h e  

age o f  t h e  v e h i c l e .  T h i s  adds credence t o  t h e  c o n t e n t i o n  t h a t  t h e  

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

s a f e t y  d e f e c t s .  

D r i v e r s  w i t h  d e f e c t i v e  v e h i c l e s  were i ssued  a  p o s t  c a r d  t o  r e t u r n  

c e r t i f y i n g  t h a t  t h e  r e p a i r s  had been made w i t h i n  21 days. A l ow  r a t e  

o f  r e t u r n - - s i x t y  percent--was observed.  There was some i n d i c a t i o n  

t h a t  t h e  r e t u r n  r a t e  was lower  f o r  v e h i c l e s  w i t h  s e v e r a l  d e f e c t s  o r  

w i t h  t h e  more s e r i o u s  d e f e c t s .  A l though t h e  r a t e  o f  r e t u r n  o f  t h e  

p o s t  cards  may n o t  comp le te l y  r e f l e c t  t h e  r a t e  o f  r e p a i r ,  i t  causes 

concern f o r  t h e  e f f i c a c y  o f  t h i s  system f o r  e f f e c t i n g  r e p a i r  o f  



d e f e c t i v e  v e h i c l e s .  We would recommend t h a t  e f f o r t s  t o  s t r e n g t h e n  t h e  

r e p a i  r i n c i  dence be cons idered.  

The comparison of t h e  moving s t o p p i n g  t e s t  w i t h  t h e  wheel p u l l  b rake 

i n s p e c t i o n  i n d i c a t e d  t h a t  t h e  moving s topp ing  t e s t  more a c c u r a t e l y  d e t e r -  

mines t h e  c a r ' s  b r a k i n g  c a p a b i l i t y .  I t  i s  a l s o  q u i c k e r  and e a s i e r  t o  pe r fo rm.  

For  t hese  reasons we recommend t h a t  i t  be adopted as t h e  i n s p e c t i o n  p r o -  

cedure  f o r  b r a k i n g  capabi  1 i t y  . 
In ferences from t h e  d r i v e r  i n t e r v i e w s  wh ich  were conducted o n l y  i n  

1975 a r e  n e c e s s a r i l y  r e s t r i c t e d  t o  d r i v e r s  i n  p r i m a r i l y  l o c a l  t r a f f i c .  I n  

p a r t i c u l a r ,  d r i v e r s  on i n t e r s t a t e  roads and on l o n g  t r i p s  were exc luded.  

Thus t h e  r e s u l t s  a r e  n o t  g e n e r a l i z a b l e  t o  t h e  p o p u l a t i o n  o f  Mich igan d r i v e r s .  

D r i v e r s  g e n e r a l l y  t hough t  t h a t  t h e  55 mph speed l i m i t  had reduced 

t r a f f i c  f a t a l i  t i e s  and were opposed t o  r a i s i n g  t h e  l i m i t  f o r  a l l  

s t a t e  highways. They were l e s s  opposed t o  i n c r e a s i n g  t h e  speed 1  i m i  t 

on i n t e r s t a t e s  and t o  i n s t i t u t i n g  p o i n t s  f o r  speeding v i o l a t i o n s  i n  

t h e  5 5  t o  73 mph range.  

D r i v e r s  i n  Jackson County showed a  g r e a t e r  knowledge and aware- 

ness o f  t h e  checklane i n s p e c t i o n  program than  d i d  those i n  Monroe 

County. Th i s  c o i n c i d e s  w i t h  a  more i n t e n s i v e  i n f o r m a t i o n  campaign t h e r e .  

I t  i s  recommended t h a t  pub1 i c  i n f o r m a t i o n  campaigns be con t i nued .  

Two t h i r d s  o f  t h e  d r i v e r s  be1 i e v e  t h a t  s e a t  be1 t s  save 1  i v e s .  

However o n l y  43 p e r c e n t  r e p o r t e d  t h a t  t h e y  o f t e n  o r  always wore 

s e a t  b e l t s .  Only e leven  pe rcen t  o f  t h e  d r i v e r s  were observed t o  be 

wear ing  be1 t s  b y  t h e  i n s p e c t i n q  o f f i c e r s .  T h i s  i n d i c a t e s  t h a t  t h e r e  

may be a  b i a s  i n  t h e  i n t e r v i e w  r e s u l t s .  I n  t h e  f u t u r e ,  i t  i s  recommended 

t h a t  randomized response techn iques be cons ide red  t o  reduce t h i s  

p o t e n t i a l  b i a s .  
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you fall to make Ihe neecie:l reoalrs you are subject l o  rlelectlon anrl prosecution anytlme t h ~ s  dehicle IS stoDped 
by a poltce o f f ~ c e r  

I hereby cer l i ly that the dt lovr Ilsce!,i 
defectksl have been c o r r e ~ t e d  

- --- 
S~gnature  of D r~ve r  or Owner 

F i g u r e  A-2 

Reply Postcard 



F i g u r e  A-3 

Brake I n s p e c t i o n  C h e c k l i s t  

S t i c k e r  No. I n s p e c t o r  I n i t i a l s  

1. Brake t y p e  ( ) Disc  ( ) Power 
( ) Drum ( ) Non-power 

2 .  Mas t e r  c y l i n d e r  f l u i d  ( ) F u l l  
( ) Half  
( ) Low ( s l i g h t l y  o v e r  t h e  p o r t )  

3 .  Brake F l u i d  Con tamina t ion  ( ) P a s s  
( ) F a i l  due t o  

4 .  Vacuum Hose ( ) P a s s  
( ) F a i l  

5 .  Wheel Bea r ing  Grease  ( ) P a s s  
( ) F a i l  ( s e a l  l e a k i n g )  
( ) Unable  t o  i n s p e c t  

6 .  Wheel P u l l  ( ) Wheel p u l l e d  
( ) Unable t o  p u l l  wheel (omi t  

q u e s t i o n s  7  t h rough  10)  

7 .  Drum Shoe C o n d i t i o n  ( ) 75-100% 
o r  ( ) 50-75% 

Disc  Pad C o n d i t i o n  ( ) 1/32" - 50% 
( ) F a i l  ( l e s s  t h a n  1/32") 

8 .  Ro to r  o r  Drum 

9 .  Brake Hardware 

1 0 .  Wheel C y l i n d e r s  
--- - - 

( ) P a s s  ( ) Worn ( d i s c o l o r e d )  
( ) Cracked ( ) Grooves 

( ) P a s s  ( ) R e t a i n e r s  
( )  S p r i n g s  ( ) S e l f - a d j u s t e r  

( ) P a s s  
( ) F a i l  -- ( l e a k i n g )  

11. A c t u a l  T i r e  P r e s s u r e  LF RF 

12 .  T i r e  S i z e  

13 .  Recommended T i r e  P r e s s u r e  
LOADED 

UNLOADED 

1 4 .  Comments ( u s e  r e v e r s e  s i d e  i f  n e c e s s a r y )  





. - Table A - 1  

LOCATION CODES 

Monroe County 
4810 S t e w a r t  Road Church o f  God 

S t e w a r t  Road between US-24 and  M-125 

4820 Route  M-50 
Near R a i s i n v i l l e  Rd. west of  Monroe 

4830 F i r s t  B a p t i s t  Church 
Corne r  o f  Lewis Rd. and  E r i e  Rd. 
Nor th  of Temperance 

4840 Route  US-24 
On US-24 s o u t h  of  Mich. S t a t e  P o l i c e  p o s t  

J ackson  County 
4910 Spr  i n g p o r  t Road 

West of  Campbel l ,  Blackman Twp. 

4915 A i r p o r t  Lanes  
A i r p o r t  Rd. a c r o s s  from a i r p o r t ,  Blackman Twp. 

4920 Ann Arbor Road (BR 94)  
E a s t  of S u t t o n ,  Leoni  Twp. 

4921 Wisener  S t r e e t  
Back of Shopping p l a z a ,  n o r t h  of  c i t y  o f  J ackson  

4922 Monroe S t r e e t  
Between Wisener  S t .  and West S t .  

4930 Ramp from M-50 t o  US-127 
From Westbound M-50 t o  Northbound US-127, Summitt twp. 

493 5 Moose Lodge 
L a n s i n g  Ave. a t  t h e  Moose Lodge,  c i t y  o f  J ackson  

4940 Route  M-60 
Between 1-94 and McCain Rd.,  e a s t b o u n d ,  Summitt twp. 

4945 Route  M-50 
Southbound,  c i t y  o f  J ackson  

4950 Route  M-106 
A t  B u n k e r h i l l  Rd. ,  H e n r i e t t a  twp. 

4955 US-127 
E a s t  s e r v i c e  d r i v e  of  US-127 a t  Weatherby Rd. ,  Columbia 



Table A - 1  C o n t i n u e d  

P a r n a l l  S c h o o l  
L a n s i n g  Ave. n o r t h  of  P a r n a l l  S t . ,  Blackman twp. 

Lumen C h r i s t i  High S c h o o l  
S p r i n g  Arbor  Rd. a t  L ,C ,H,S . ,  Surnrnitt twp. 

McDevi t t  Road 
West o f  US-127, Summitt  twp. 

Parma B a p t i s t  Church 
Mich igan  Ave. east o f  Parma a t  c h u r c h ,  S a n d s t o n e  twp.  

Route  M-50 
N o r t h  o f  McDevi t t  R d . ,  Summitt  twp,  

F e r g u s o n  Road 
A t  t h e  i n t e r s e c t i o n  o f  F e r g u s o n ,  H o r t o n ,  a n d  J a c k s o n  Rds.  
Summit t  twp. 

Elm Road 
N o r t h  o f  1-94,  Blackman twp. 

J a c k s o n  S t a t e  P r i s o n  
N o r t h  o f  c i t y  o f  J a c k s o n  



T a b l e  A-2 

Check l ane  I n s p e c t i o n  S c h e d u l e  

Monroe County-  1 3 7 5  

DATE LOC . INSP. TOTAL WHEEL PULL TOTAL 

Pionroe County-  1 1 7  6 

DATE LOC . INSP . TOTAL 



T a b l e  A-2 Con t inued  

Jackson  County - 1 9 7 5  

WHEEL 

PULL TOTAL DATE LOC . INSP. TOTAL 



T a b l e  A - 2  C o n t i n u e d  

J a c k s o n  County  - 1 9 7 5  

DATE Lot, IN SP. TOTAL WHEJL PULL TOTAL 



Table A-2 Continued 

JACKSON COUNTY 1976 

DATE LOCATION STICKERS TOTAL NON-STICKERS TOTAL 



Table A-2 Continued 

JACKSON COUNTY 1976 

DATE LOCATION STICKERS TOTAL NON-STICKERS TOTAL 



Table A-3 

Checklane Variable L i s t  

Variable 
Number Variable Name 

Original  
Locat ion -- 

St icke r  Number 16-21 

Location Code 1- 5 

hfonth of Checklane 7-8 

Day of Checklane 9- 10 

Year of Checklane 11-12 

Ju l i an  Date 

Vehicle Year 

Vehicle Type  

Vehicle hlake 22-23 

Vehicle Mileage 

Number of Tr ips  

Safety Glass 

Vision Impaired 

Total  Glass 

\Y i p e r s  

Washers 39-40 

Total. Wipers and Washers 41-42 

hlirror 107- 108 

Vision Defects ----- 
F r o n t  Direct ionnl  Lights 43-44 

High Beams 45-46 

Low Beams 47-48 

Headlight A i m  49-50 

Headlight Output 5 1- 52 

Headlights Operat ion ----- 
T a i l - l i g h t s  53-54 

Stop l i g h t s  55-56 

Rear d i r e c t i o n a l  57-58 

Platc l i g h t  I 59-60 
1 

Beam i nd ica to r  l i g h t  61-62 

New 
Locat ion 

Recode 
Notes - 

note 1 

note 2 

note 3 

note 3 - 

note 3 

note 3 

note 3 

note 3 

note 3 

note 4 

note 3 

note 3 

note 3 

note 3 

note 3 

note 5 

no.t;e 3 

note 3 

note 3 

note 3 

no te  3 
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Tota l  l i g h t s  

Major l i g h t  de fec t s  

Tota l  Light Defects  

Horn 

Steer ing 

Foot Brake 

Parking Brake 

Tot a1  Bralre 

T i r e  Bulges o r  Break 

T i re  Tread 

Tota l  T i r e s  

Control Defects 

Exhaust Noise 

Exhaust Smoke 

Total  Exhaust 

Operators License 

Vehicle Regis t ra t ion  

Vehicle Insurance 

Operator Defective 

Major Mechanical Defect 

Tota l  Mechanical Defect 

Tota l  Vehicle 

Summons Issued 

Seat Be l t s  

Brake Light 

Wheel Pu l l  

Pedal Pressure Test 

Stopping Test 

Stopping Audible 

Tota l  Stopping Defects 

Tota l  Inspection Defects 

note 3 

note 6 

note 7 

note 3 

note 3 

note 3 

note 3 

note 3 

note 3 

note 3 

note 3 

note 8 

note 3 

note 3 

note 3 

note 3 

note 10 

note 11 

note 12 

note 13 

note 1 4  

note 3 

note 15 

note 3 

note 16 

note 17 

note 18 

note 19 

note 20  

note 21 

note 22 



Tab le  A-3 Cont inued 

Brake Key 

I n t e r v i e w  Key 

S t i c k e r  Number 

I n s p e c t o r  I n i t i a l s  

Brake Type 

Master  C y l i n d e r  F l u i d  

Brake F l u i d  Q u a l i t y  

Vacuum Nose 

Wheel Bea r ing  Grease  

Wheel P u l l  

Shoe-Pad Cond i t i on  

R o t o ~  o r  Drum 

Brake Hardware 

Wheel C y l i n d e r s  

L-F T i r e  P r e s s u r e  

L-R T i r e  P r e s s u r e  

R-F T i r e  P r e s s u r e  

R-R T i r e  P r e s s u r e  

T i r e  S i z e  

F r o n t  Loaded Rec. P r e s s .  

Rear Loaded Rec. P r e s s .  

F r o n t  Unloaded Rec. P r e s s .  

Rear Unloaded Rec. P r e s s .  

Comment s 

S t  i cl;e r Number 

Age o f  D r i v e r  

Sex of D r i v e r  

Q u e s t i o n  1 

Q u e s t i o n  2 

Q u e s t i o n  3 

Q u e s t i o n  4 

n o t e  23 

n o t e  23 

n o t e  24 

n o t e  25 

n o t e  26 

n o t e  27 

note 27 

n o t e  ' 2 8  

n o t e  29 

n o t e  32 

n o t e  27 

n o t e  33 

n o t e  34 

n o t e  3 5  

n o t e  35  

n o t e  35  

n o t e  3 5  - 



Table A-3 Continued 

Question 5 15 

Question 6 16 

Question 7 17 

Question 8 18 

Question 9 19 

Question 10 20 

Question 11 21 

Question 12 22 

Completion Problems 23 

Interviewer I n i t i a l s  24-25 

hlatch Key 

St icker  Number 

Location Code 

Month of Checklane 

Day of Checklane 

Year of Checklane 

Ju l i an  Date 

Vehicle Year 

Vehicle Type 

Vehicle Make 

Vehicle Mileage 

Number of T r i p s  

Safety Glass 

Vision Impaired 

Total Glass 

Wipers 

Washers 

Total  Wipers and Washers 

Mirror 

Vision Defects 

Front Direct ional  L i g h t s  

High Beams 

Low Beams 

note 3 5  

note 3 5  

note 35  

note 3 5  

note 35 

note 3 5  

note 35 

note 35 

note 36 

note 24 

note 37 

note 1 

note 2 

note 3 

note 3 

note 3 

note 3 

note 3 

note 3 

note 3 

note 4 

note 3 

note 3 

note 3 



Table A-3 Continued 

Headlight A i m  

Headlight Output 

Headlight Operation 

Ta i l  L i g h t s  

Stop L i g h t s  

Rear Direc t ional  

P l a t e  L i g h t  

Beam Indicator  Light 

Total  L i g h t s  

Major L i g h t  Defects 

Total  L i g h t  Defects 

Horn 

Steer ing  

Foot Brake 

Parking Brake 

Total  Brake 

T i re  Bulges or Break 

Ti re  Tread 

Total  T i res  

Control Defects 

Exhaust Noise 

Exhaust Smoke 

Total  Exhaust 

Operators License 

Vehicle Regis t ra t ion  

Vehicle Insurance 

Operator Defective 

Major Mechanical Defects 

Total  Mechanical Defects 

Total  Vehicle 

Summons Issued 

Seat Bel t s  

Brake L i g h t  

note 3 

note 3 

note 5 

note 3 

note 3 

note 3 

note 3 

note 3 

note 3 

note 6 

note 7 

note 3 

note 3 

note 3 

note 3 

note 3 

note 3 

note 3 

note 8 

note 3 

note 3 

note 3 

note 9 

note 10 

note 11 

note 1 2  

note 13 

note 14 

note 3 

note 15 

note  3 

note 16 
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Recheck 

Pedal Pressure Test 

Stopping Test 

Stopping Audible 

Total  Stopping Defects 

Total Inspection Defects 

239 note 38 

240 note 18 

241 note 19 

2 42 note 20  

2 43 note 2 1  

244-245 note 22 



Table A - 3  Continued 

Checklane Recode Notes  

1. V8 - V e h i c l e  t y p e  

Or ig .  Value 

0 
1 
2  
3  
4  
5 
6 
7 
8 
o t h e r  

F u l l  S i z e  
I n t e r m e d i a t e  
Compact 
S p o r t s  Car  
S t a t i o n  B u s ,  C a r r y a l l  
J e e p  
P ickup  o r  p a n e l  
Uni t  o r  s t r a i g h t  t r a c t o r  
Truck t r a c t o r  (semi)  
Unknown/missing 

2, V9 = V e h i c l e  Make 

O r i g ,  Value New Value 

01-- 14 0  1-- 1 4  
18--3 1 18--3 1 
39--47 39--47 

00 50 
o t h e r  00 

O r i g ,  Value Code - 
0 1  F a i l  
10  P a s s  

Other  Miss ing  

4 .  V19- # v i s o r  d e f e c t s  p l u s  1 

set t o  z e r o  
scan (V12, V13, V15, ~ 1 6 ,  ~ 1 8 )  
Count number of "2" and add 1 

5. V25 = h e a d l i g h t  o p e r a t i o n  

New Value 

New Value 

se t  t o  z e r o  
s c a n  (V21, V22, V24) 
i f  a l l  = "1" V25 = 1 
if  any = "2 It V25 = 2 



Tab le  A-3 Cont inued 

6 .  V32 = # major  l i g h t  d e f e c t s  p l u s  1 

set  t o  z e r o  
s c a n  (V20, V21, V22, V24, ~26, V27, V28) 
count  number of "2" and add 1 

7.  V33 = # l i g h t  d e f e c t s  p l u s  1 

s e t  t o  z e r o  
s c a n  (V23, 29 ,  3 0 )  

1 count  number of "2" 
Add V32 

8.  V42 = # c o n t r o l  d e f e c t s  p l u s  1 

set  t o  z e r o  
s c a n  (V35, V36, V39, V40) 
count  number of "2" and add 1 

9 ,  V46 = o p e r a t o r s  l i c e n s e  

s e t  V46 and K 1  t o  z e r o  
i f  p o s i t i o n s  93-94 e q u a l  "10" t h e q  V46=1 ( p a s s )  
I f  p o s i t i o n s  87-88 e q u a l  "01" t h e n  V46=2 (no l i c e n s e  

and K l = K l  + 1 
i f  p o s i t i o n s  89-90 e q u a l  "01" t h e n  V46 = 3 

(suspended o r  revoked)  and K l = V l t l  
i f  p o s i t i o n s  91-92 e q u a l  "01" t h e n  V46=4 ( o t h e r )  

and K 1 - K l t l  
i f  K 1  i s  g r e a t e r  t h a n  1 V46 = 5 

10 .  V47 = v e h i c l e  r e g i s t r a t i o n  

se t  t o  z e r o  
i f  p o s i t i o n s  99-100 e q u a l  "10" V47 - 1 ( p a s s )  
i f  posi1; ions  95-96 e q u a l  "01" V47 = 2 ( imprope r )  
i f  p o s i t i o n s  97-98 e q u a l  "01" V47 = 3 (none on pe r son )  

11. V48 = v e h i c l e  i.ns.urance 

set  t o  z e r o  
i f  p o s i t i o n s  105-106 e q u a l  "10" V48 - 1 ( p a s s )  
i f  p o s i t i o n s  101-102 e q u a l  "01" V48 = 2 (no  compl iance)  
i f  p o s i t i o n s  103-104 e q u a l  "01" V48 = 3 (none on p e r s o n )  
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12. V49 - Opera to r  d e f e c t i v e  

set t o  two 
if V46, V47, V48 a r e  a l l  e q u a l  "1" t h e n  V49 = 1 

13. V50 = major mechanica l  d e f e c t s  p l u s  1 

add V19, V32, V42 
s u b t r a c t  two 
i f  V43 e q u a l s  "2" t h e n  V50 - V5O + 1 
i f  V44 e q u a l s  "2" t h e n  V50 = V50 + 1 

14 ,  V51 = t o t a l  mechanica l  d e f e c t s  p l u s  1 

add V19, V 3 3 ,  v42 
s u b t r a c t  two 
i f  V43 = "2" t h e n  V51 = V51 -t 1 
i f  V44 - "2"  t h e n  V51 - V 5 1  + 1 
i f  V34 = "2" t h e n  V51 = ~ 5 1  + 1 

15. V53 = # summons i s s u e d  p l u s  1 

add 1 to positions 111-112 
i f  V53 is g r e a t e r  t h a n  90 o r  l e s s  t h a n  0, s e t  7753 t o  0 

16 .  V55 = Brake l i g h t  

set t o  zero 

Old Value - Code 
0  Bass  

New Value 

1 F a i l  1 
2 Not checked 2 

17. V56 = Wheel p u l l  

set  t o  z e r c  

Old Value Code - 
0 Yes 
I No 

New Value 
2 

1' 
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18. V57 - P e d a l  P r e s s u r e  T e s t  

se t  t o  z e r o  

Old Val.ue Code - 
P a s s  
S o f t  P e d a l  
Low P e d a l  
P r e s s u r e  Loss  
Complete Loss  
Hard P e d a l  
P u l s a t i n g  P e d a l  

19 .  V58 = S t o p p i n g  T e s t  

s e t  t o  z e r o  

Old Value Code 

0  P a s s  
1 Cannot S t o p  
2 S i d e  t o  S i d e  
3 Both 1 and 2 

20.  V59 - S t o p p i n g  a u d i b l e  

S e t  t o  z e r o  

Old Value Code - 
P a s s  
F a i l  

New Value 

New Value 

New Value 

2 
1 

2 1 ,  V60 = t o t a l  s t o p p i n g  d e f e c t s  p l u s  1 

S e t  V60 t o  1. 
i f  V57 n o t  e q u a l  t o  "7" add 1 t o  V60 
i f  V58 n o t  e q u a l  t o  "4" add 1 t o  VGO 
i f  V59 n o t  e q u a l  t o  "2" add 1 t o  V60 
i f  V57=0 o r  V5S=0 o r  V59-0 set  V60 t o  0  

22. V G 1  = t o t a l  i n s p e c t i o n  d e f e c t s  p l u s  1 

i f  V60=0 se t  V61 = V51 
if  V60 n o t  e q u a l  t o  z e r o ,  t h e n  V61"V60+V51-1 
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23 .  Code v a l u e s  

0  = no d a t a  a v a i l a b l e  
1 = d a t a  

24 .  Code v a l u e s :  

01 - R ,  Alexa 
02 = R. Copp 
03 = R .  Corn 
04 = R .  Crombez 
05  = D. H i n d a l  

06 - M. Huber 
07 = J . P .  Monson 
08 = M. S a c k e t t  
09 = M .  Todd 
00 = Othe r  o r  m i s s i n g  

2 5 .  Code Va lues :  

00 = m i s s i n g  2 1  = power drum 
11 - pourer d i s c  22 = non-power drum 
12 = non-power d i s c  

26 .  Code v a l u e s :  

0  = m i s s i n g  
1 = f u l l  

27 .  Code v a l u e s :  

0  = m i s s i n g  
1 - p a s s  
2  = f a i l  

2 8 , .  Code v a l u e s :  

0  = m i s s i n g  
1 = p a s s  

2  = h a l f  
3 = low 

2 = f a i l  
3 = u n a b l e  t o  i n s p e c t  

29 .  Code v a l u e s :  

0  = m i s s i n g  
1 = wheel. p u l l e d  
2  = u n a b l e  t o  p u l l  

3 0 .  Code v a l u e s  : 

0  = m i s s i n g  3  = 1/32"=50% 
1 = 75-IOO'j: - - - - . .- - . - . . - - - - 4 . -  F a i l  - 
2  = 50-75% 

31. Code V a l u e s :  

0 = m i s s i n g  3 - worn 
1 = p a s s  4 = g r o o v e s  
2 - cracked- - .--. 
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32. Code va lues :  

0 = missing 
1 = pass 
2 = spr ings  

3 = r e t a i n e r s  
4 = s e l f - a d j u s t e r  

3 3 .  Code Values: 

1 = no comment 
2 = comment 

3 4 .  Code values:  

0 = missiilg 
1 = male 
2 = female 

3 5 .  Refer t o  quest ionnaire  f o r  code values 

0 = missing 

36. Code values:  

1 = none 
2 = refused 
3  = i l l i t e r a t e  

4 = no reading g lasses  
5 = mentally-physically incapable 
6 = other  

37. Code Values: 

0 - 1975 data  only 

1 = 1976 data  only 

2 = Both 1975 and 1976 data  

3 8 .  Code Values: 

20  = No 

1 = Yes (stickered vehicle) 

0 = Missing 





APPENDIX B 

DETAILED DATA TABULATIONS - 1975 





Table B-1 

Vehicle Year 

Year 

pre-1960 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
Total 

Monroe 
County 

Monroe 
Sample 

Chi-squared goodness of fit 

Expected 

g 2 = 1 5 1 .  1 significance level = 0.0 



Table B-2 

Vehicle Year 

Year 
Jackson 
County 

Jackson 
Sample 

Chi-squared goodness of fit 

Expected 

3L2=625.  7 significance level = 0.0 



Table B-3 

Vehicle Year 

Year 

pre-1960 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
Total 

Michigan Sample 

Chi-squared goodness of fit 

Expected 

y2=445. 8 significance level = 0.0 



Table B-3 

Vehicle Year 

Year 

pre-1960 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
Total 

Michigan Sample Expected 

Chi-squared goodness of fit 

y2=445. 8 significance level = 0.0 



Table B-5 

Vehicle Mileage 
(thousands of miles) 

Mileage 

0-10 
10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70-80 
80-90 
90-100 
100-110 
110-120 
120-130 
130-140 
140-150 
150-16G 
7160 
Total 

Monroe Jackson Total 
Count % Count % Count % 

Mean 45.82 
Std. Deviation 29.83 

* 
Chi-square test of homogeneity 

')L2=21.456 significance level = 0.044 

* 
Due to small numbers vehicles with over 120,000 
miles were collapsed into one category. 



Table B-6 

Vehicle Year 

Pre 1960 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

TOTAL 

Monroe Jackson 
Count % Count % 

* 
Chi-square test for homogeneity 

x2=31. 036 significance level = 0.0133 

Total 
Count 8 

* category 1976 deleted due to inspections in 
Monroe county before model year 1976. 



Table B-7 
* 

Vehicle Make 

Monroe Jackson Total 
Count % Count % Count % 

Passenger Cars 

Buick 
Cadillac 
Chevrolet 
Chrysler 
Dodge 
Ford 
Imperial 
Jeep 
Lincoln 
Mercury 
Oldsmobile 
Plymouth 
Pontiac 
Volkswagen 
Other 

Trucks 

Chevrolet 95 5.5 
Dodge 24 1.4 
Ford 114 6.6 
GMC 10 0.6 
International 2 0.1 
Willys 6 0.3 

Total 1726 

* *  
Chi-square test for homogeneity 

2 < =149.79 significance level = 0.00 

* 
Due to some unexplained error, no American Motors 
vehicles were recognized in this table. 

* *  
Due to small expected values, Imperial and Jeep were 
included with other passenger cars and Willys and 
International were combined for trucks. 



T a b l e  B-8 

T o t a l  V e h i c l e  

Monroe J a c k s o n  

% C o u n t  % C o u n t  

T o t a l  

% C o u n t  

P a s s  4 8 . 1  859  5 0 . 5  4 9 8 1  5 0 . 1  5840 

F a i l  5 1 . 9  927  4 9 . 5  4884 4 9 . 9  5 8 1 1  

T o t a l  1 7 8 6  9 8 6 5  1 1 6 5 1  

C h i - s q u a r e  t e s t  o f  h o m o g e n e i t y  



Table B-9 

Tabulations of Variables Recorded by Service Troopers 

Monroe 
Count % 

Jackson Total 
Count 8 Count 'is 

NUMBER OF TRIPS 

Number 
1 
2 
3 
4 
5 
Total 

SAFETY GLASS 

Category 
Pass 
F a i l  
Total  

VISION IMPAIRED 

Pass 
F a i l  
Total 

GLASS DEFECTS 

Pass 
F a i l  
Total 

WIPERS 

Pass 
F a i l  
Total 

WASHERS 

Pass 
F a i l  
Total 

WIPERS OR WASHERS 

Pass 
F a i l  
Total 



Table B-9 Continued 

MIRROR 

Pass 
Fail 
Total 

Monroe 
Count % 

TOTAL VISION DEFECTS 

Number 
0 1361 7 6 . 2  
1 367 2 0 . 5  
2  5 4  3 . 0  
3 4  0 .2  
4  0  0 .0  
Total 1 7 8 6  

FRONT DIRECTIONAL LIGHTS 

Pass 
Fail 
Total 

HIGH BEAM 

Pass 
Fail 
Total 

LOW BEAM 

Pass 
Fail 
Total 

HEADLIGHT AIM 

Pass 
Fail 
Total 

HEADLIGHT OUTPUT 

Pass 
Fail 
Total 

Jackson Total 
Count % Count 8 



Table B-9 Continued 

Monroe Jackson Total 
Count % Count 8 Count % 

TOTAL HEADLIGHT 

Pass 
Fail 
Total 

TAIL LIGHTS 

Pass 1687 94.5 9237 93.6 10924 93.8 
Fail 99 5.5 628 6.4 727 6.2 
Total 1786 9865 11651 

STOP LIGHTS 

Pass 
Fail 
Total 

REAR DIRECTIONAL 

Pass 
Fail 
Total 

PLATE LIGHT 

Pass 
Fail 
Total 

BEAM INDICATOR 

Pass 1786 100.0 9861 100.0 11651 100.0 
Fail 0 0.0 4 0.0 0 0.0 
Total 1876 9865 11651 

TOTAL LIGHTS 

Pass 
Fail 
Total 

MAJOR LIGHT DEFECTS 

0 1461 81.8 7839 79.5 9300 79.8 
1 162 9.1 1095 11.1 1257 10.8 
2 84 4.7 444 4.5 528 4.5 
3 52 2.9 344 3.5 396 3.4 
4 20 1.1 107 1.1 127 1.1 
>4 7 0.4 36 0.3 43 0.4 
Total 1786 9865 11651 



T a b l e  B-9 C o n t i n u e d  

Monroe J a c k s o n  T o t a l  

C o u n t  % C o u n t  % C o u n t  % 

TOTAL LIGHT DEFECTS 

Number 
0 
1 
2 
3 
4 
5  
7 5  
T o t a l  
M i s s i n g  

HORN 

P a s s  1 7 2 5  
F a i l  6 1  
T o t a l  1 7 8 6  

STEERING 

P a s s  
F a i l  
T o t a l  

FOOT BRAKE 

P a s s  
F a i l  
T o t a l  

PARKING BRAKE 

P a s s  
F a i l  
T o t a l  

FOOT AND PARKING BRAKE 

Pass 
F a i l  
T o t a l  

TIRE BULGES OR BREAK 

P a s s  
F a i l  
T o t a l  



Table B-9 Continued 

Monroe Jackson Total 
Count % Count % Count % 

TIRE TREAD 

Pass 
Fail 
Total 

TIRES, OVERALL 

Pass 
Fail 
Total 

CONTROL DEFECTS 

number 
0 
1 
2 
3 
Total 

EXHAUST NOISE 

Pass 
Fail 
Total 

EXHAUST SMOKE 

Pass 
Fail 
Total 

TOTAL EXHAUST 

Pass 
Fail 
Total 

OPERATOR'S LICENSE 

Pass 1765 98.8 9709 98.4 11474 98.5 
No license 14 0.8 107 1.1 121 1.0 
Suspended or 
Revoked 0 0.0 6 0.1 6 0.1 

Other 7 0.4 40 0.4 47 0.4 
More than 1 no pass 0 0.0 3 0.0 3 0.0 
Total 1786 9865 11651 



Table B-9 Continued 

Monroe 
Count % 

VEHICLE REGISTRATION 

Pass 1783 99.8 
Improper 0 0.0 
None on person 3 0.2 
Total 1786 

VEHICLE INSURANCE 

Pass 1785 99.9 
No Compliance 0 0.0 
None on Person 1 0.1 
Total 1786 

TOTAL OPERATOR 

Pass 
Fai 1 
Total 

MAJOR MECHANICAL 

number 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Total 

TOTAL MECHANICAL 

number 
0 

Total 

Jackson Total 
Count % Count % 



Table B-9 Continued 

Monroe Jackson Total 
Count % Count % Count B 

TOTAL VEHICLE 

Pass 
Fail 
Total 

SUMMONS ISSUED 

number 
0 
1 
2 
Miscode 
Total 

SEAT BELTS 

Yes 
No 
Total 



Notes on TAble B-9 

EXPLANATION OF CHECKLANE VARIABLES 

Number of T r i p s  - This  i s  t h e  number of t imes  
d r i v e r s  s a i d  they  had been i n s p e c t e d  by a  
checklane ,  i n c l u d i n g  t h e  c u r r e n t  i n s p e c t i o n .  

S a f e t y  Glass - This was a  check t o  s e e  whether 
windows and windsh ie lds  were made of s a f e t y  
g l a s s .  

Vis ion  Impaired - A v e h i c l e  f a i l e d  i f  t h e  g l a s s  
was cracked o r  i f  t h e  windshie ld  had t o o  many 
s t i c k e r s  on i t ,  t h u s  impa i r ing  v i s i o n .  

T o t a l  Vis ion  Defects  - The number of v i s i o n  
i tems f a i l e d  ( s a f e t y  g l a s s ,  v i s i o n  impaired ,  
w i p e r s ,  washers ,  and m i r r o r ) .  

Headl ight  Output - A v e h i c l e  f a i l e d  i f  t h e  
h e a d l i g h t s  were n o t  s u f f i c i e n t l y  b r i g h t .  

Major L igh t  Defects  - The number of major 
l i g h t  i tems t h a t  f a i l e d  ( f r o n t  d i r e c t i o n a l ,  
h igh  beams, low beams, t a i l  l i g h t s ,  s t o p  
l i g h t s ,  and r e a r  d i r e c t i o n a l ) .  

T o t a l  L igh t  Defects  - The number of major 
l i g h t  d e f e c t s  p l u s  t h e  number of o t h e r  l i g h t  
i tems t h a t  f a i l e d  ( h e a d l i g h t  aim, and p l a t e  
l i g h t )  . 
Foot Brake - A v e h i c l e  f a i l e d  t h i s  i tem i f  
i t  was c l e a r  t h a t  t h e  d r i v e r  p ressed  t h e  
b rake  pedal  t o  t h e  f l o o r .  

Parking Brake - The d r i v e r  was asked t o  s e t  
t h e  parking brake  and then slowly a c c e l e r a t e .  
I f  t h e  parking brake  d i d  n o t  seem t o  h o l d ,  
t h e  v e h i c l e  f a i l e d  t h i s  i tem.  

Cont ro l  Defects  - The number of c o n t r o l -  
r e l a t e d  i tems t h a t  f a i l e d  ( s t e e r i n g ,  f o o t  
b r a k e ,  t i r e  bu lges  o r  b rake ,  and t i r e  t r e a d ) .  

Major Mechanical - The number of v i s i o n  d e f e c t s ,  
major l i g h t  d e f e c t s  and c o n t r o l  d e f e c t s ,  p l u s  
t h e  number of  exhaus t  d e f e c t s  ( exhaus t  n o i s e  
and exhaus t  smoke) . 



Notes on Table B-9 Continued 

T o t a l  Mechanical - The number of v i s i o n  
d c f e c t s ,  t o t a l  l i g h t  d e f e c t s ,  and c o n t r o l  
d e t e c t s ,  p l u s  t h e  number of exhaus t  d e f e c t s  
and horn.  

Summons Issued - The number o f  summonses 
i s s u e d  by t h e  enforcement o f f i c e r .  

S e a t  B e l t s  - The s e r v i c e  o f f i c e r s  observed 
whether t h e  passengers  i n  t h e  v e h i c l e  
wore s e a t  b e l t s .  



T a b l e  B-10 

T i r e  P r e s s u r e s  

Monroe 
C o u n t  % 

LEFT-FRONT TIRE PRESSURE 

<lo  
10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 

>55 
T o t a l  
M i s s i n g  

LEFT-REAR TIRE PRESSURE ( P S I )  

(1 0 
10-15  
15-20  
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
>55 
T o t a l  
M i s s i n g  

RIGHT-FRONT TIRE PRESSURE 

410  
10-15  
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
>5 5 
T o t a l  
M i s s i n g  

J a c k s o n  
C o u n t  % 

T o t a l  
C o u n t  % 



Table B-10 Continued 

Monroe Jackson Total 
Count % Count % Count 

RIGHT-REAR TIRE PRESSURE 

c10 
10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
.55 
Total 
Missing 

FRONT LOADED RECOMMENDED TIRE PRESSURE (PSI) 

15-2C 
20-25 
25-30 
30-35 
35-40 
Total 
Missing 

REAR LOAGED RECOMMENDED TIRE PRESSURE (PSI) 

20-25 
25-30 
30-35 
35-40 
Total 
Missing 

FRONT UNLOADED RECOMMENDED TIRE PRESSURE (PSI) 

15-20 
20-25 
25-30 
30-35 
Total 
Missing 



T a b l e  B-10 C o n t i n u e d  

Monroe J a c k s o n  T o t a l  
Count  % Count  % Count  B 

REAR UNLOADED RECOMMENDED TIRE PRESSURE ( P S I )  

20-25 
25-30 
30-35 
T o t a l  
M i s s i n g  



% f a i l e d  

1 5  

Year  - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

V i s i o n  I m p a i r e d  

T o t a l  

10 
12 
4 2 
53 

144 
270 
385 
5 52 
7 48 

1023 
98 1 

1169 
1712 
1998 
1890 
1299 

27 

F a i l e d  

0 
1 
3 
4 

19 
2 5  
44 
45 
44 
43 
33  
36 
49 
5 4 
3 1  

8 
0 

Model Y e a r  

8 Failing 

0 . 0  
8 . 3  
7 . 1  
7 . 5  

1 3 . 2  
9 . 3  

1 1 . 4  
8 . 2  
5 .9  
4 . 2  
3 . 4  
3 . 1  
2 . 9  
2 . 7  
1 . 6  
0 . 6  
0 . 0  

T o t a l  12315 439 3 . 6  

F i g u r e  B - 1  



% failed 
30 X 

Wipers 

6 

Year 

1960 
196 1 
1962 
1963 
1964 
196 5 
1966 
1967 
1968 
1969 
19 7 0 
1971 
1972 
1973 
1974 
1975 
19 7 6 

Total 

Total Failed 

10 3 
12 0 
42 7 
53 14 
144 13 
270 35 
385 40 
5 52 35 
748 48 
102 3 75 
98 1 47 
1169 5 2 
1712 39 
1998 19 
1890 10 
i299 0 
27 0 

12315 437 

Model Year 

% Failing 

3 . 0  
0 . 0  

1 6 . 7  
2 6 . 4  

9 . 0  
1 3 . 0  
1 0 . 4  

6 . 3  
6 . 4  
7 . 3  
4 . 8  
4 . 4  
2 . 3  
1 . 0  
0 . 5  
0 . 0  
0 . 0  

F i g u r e  B-2 



Washers 
% f a i l e d  

80  

60 6 5  70 7 5  
Model Year 

Year 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
197 5 
19 7 6 

To ta l  

T o t a l  

10 
12 
42 
5 3 

144 
270  
385  
5 52 
748 

1023 
98 1 

1169 
1712 
1998 
1890 
1299 

27 

F a i l e d  8 F a i l i n g  

6 0 . 0  
7 5 . 0  
4 7 . 6  
4 1 . 5  
4 4 . 4  
39.3 
3 7 . 1  
3 4 . 6  
2 9 . 7  
2 4 . 1  
1 5 . 9  
1 4 . 3  
1 3 . 5  
1 0 . 3  

7 . 8  
4 . 0  
0 . 0  

Figure B-3 



T o t a l  Wipers  and  Washers 

% f a i l e d  

8 0  

60 

% 
40 

X 
& 

)r. 

20  X x 
)1 

% 
h 

% 

0 

60  6 5  70  7 5  
Model y e a r  

Year - 
1960 
1961  
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971  
1972 
1973 
1974 
1975 
1976 

T o t a l  

T o t a l  

1 0  
12 
42 
53 

144 
270  
385  
5 52 
748 

1023 
98 1 

11169 
17 12 
1998 
1890 
1299 

27 

12315 

F a i l e d  

7 
9 

22 
28  
70 

12 6 
163  
206 
245  
287 
1 9 3  
2 0 5  
262 
220  
154 

52 
0 

% Failing --...- - -. 

70 .0  
75 .0  
52.4  
52 .8  
48.6 
46.7  
42 .3  
37 .3  
32.8 
2 8 . 1  
1 9 . 7  
1 7 . 5  
1 5 . 3  
1 1 . 0  

8 . 1  
4 .0  
0 .0  

F i g u r e  B-4 



Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
1975 
1976 

Total 

10 
12 
4 2 
5 3 
144 
270 
385 
5 52 
748 
1023 
98 1 
1169 
1712 
1998 
1890 
1299 
27 

Mirrors 

% 

60 65 70 75 
Model Year 

Failed % F a i l i n g  

0 . 0  
0 . 0  
9 . 5  
18.9 

9 . 7  
7.4 
6.8 
4 . 9  
5.9 
2 . 7  
7.9 
1 . 7  
2 . 0  
1 . 0  
0 . 7  
0 . 3  
0 . 0  

Total 12315 296 2.4 

Figure B-5 



Fron t  D i r e c t i o n a l  
X n 

20 

% f a i l e d  

15  

10 

Year 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

60 65  70 7 5  
Model Year 

T o t a l  

10 
12 
42 
5 3 

144 
270 
385 
5 52 
748 

1023 
98 1 

1169 
17 12 
1998 
1890 
1299 

27 

F a i l e d  

1 
1 
8 

11 
26 
56 
44 
6 2 
74 
72 
54 
45 
78 
43 
3 1  

2 
0 

% Failing 

10.0 
8.3 
19.0 
20.8 
18.1 
20.7 
1 1 . 4  
11.2 
9.9 
7.0 
5 . 5  
3.8 
4 . 6  
2.2 
1.6 
0 . 2  
0.0 

T o t a l  12315 608 4.9 

Figure B-6 



Rear Directional 
30 

% failed 

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Tota l  

Total 

10 
12 
4 2 
5 3 
144 
270 
385 
5 52 
748 
1023 
98 1 
1169 
17 12 
1998 
1890 
1299 
27 

60 65 70 75 
Model Year 

Failed % Failing 

F i g u r e  B-7 



40 X 

O/o f a i l e d  

3 0  

Year 

1960 
1961  
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971  
1972 
1973 
1974 
1975 
1976 

High Beams 

T o t a l  

10  
12 
42 
53 

144 
270 
385  
5 52 
748 

1023 
98 1 

1169 
17  12 
1998 
1890 
1299 

27 

I I I I 

60  65  70  7 5  
Model year 

F a i l e d  Po F a i l i n g  

40.0  
0 .0  

21.4 
17 .0  
16 .0  
1 3 . 7  
18 .2  
1 8 . 3  
1 2 . 4  
12 .9  

7 .8  
6 . 5  
6 . 2  
4 . 1  
2 . 4  
1 . 5  
0.0 

T o t a l  12315 884  7 . 2  

F i g u r e  B-8 



Year 

Low Beams 

Total 

60 65  70 7 5  
Model Year 

Failed % Failing 

0.0 
8.3 

14.3 
5.7 
2 . 8  
5.6 
5 . 7  
2 . 9  
4 . 5  
3 . 2  
2 . 9  
2 . 1  
2 . 2  
1 . 7  
1 . 5  
0 . 6  
0 . 0  

To ta l  12315 293 2 . 4  

F i g u r e  B-9 



20 

% failed 

15 

10 

5 X 

d X 
x A 

X 

X 
X 

0 

Aim of Headlight 

60 65 70 75 
Model Year 

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
197 6 

Total 

10 
12 
4 2 
53 
144 
270 
385 
5 52 
748 
102 3 
98 1 
1169 
17 12 
1998 
1890 
1299 
27 

Failed 

0 
0 
6 
8 
13 
22 
26 
23 
39 
35 
41 
39 
34 
22 
12 
2 
0 

% Failing 

0.0 
0.0 

14.3 
15.1 
9.0 
8.1 
6.8 
4.2 
5.2 
3.4 
4.2 
3.3 
2.0 
1.1 
0.6 
0.2 
0.0 

Total 

Figure B-10 



Output of Headlights 

x 
10 

% failed 

8 

6 

x 
4 

x 
r! 

2 
X 

f K  
x 

r 
k 

I ( X X  

0 

60 65 70 7 5 
Model Year 

Year - Total Failed % Failing 

Total 12315 151 1.2 

Figure B-11 



T a i l  L i g h t s  

Year T o t a l  

10 
12 
4 2 
53 

144 
270 
385 
5 52 
748 

1023 
98 1 

1169 
1712 
1998 
1890 
1299 

27 

I I 

60 65  70 75  
Model Year 

F a i l e d  

2 
2 
9 
8 

30 
4 2 
87 
77 
8 3  

115 
74 
65 
67 
52 
37 
12 

0 

% F a i l i n g  

2 0 . 0  
1 6 . 7  
2 1 . 4  
1 5 . 1  
2 0 . 8  
1 5 . 6  
2 2 . 6  
1 3 . 9  
11.1 
1 1 . 2  

7 . 5  
5 . 6  
3 . 9  
2 . 6  
2 . 0  
0 . 9  
0 . 0  

T o t a l  12315 762 6 . 2  

F i g u r e  B-12  



S t o p  L i g h t s  

$ f a i l e d  

I 1  

60 6 5  7 0  7 5  
Model Year 

Year - 
1960 
1961  
1962 
1963 
1964 
1965  
1966 
1967 
1968 
1969 
1970 
1971  
9972 
1973 
1974 
1975  
1976 

Total .  

T o t a l  F a i l e d  Po F a i l i n g  

30.0 
25 .0  
31.0 
17 .0  
1 9 . 4  
1 8 . 1  
2 3 . 6  
15 .2  
14 .0  
1 0 . 7  

8 .2  
7 .4  
4.7 
3 .7  
3 .0  
0 . 5  
0 .0  

F i g u r e  B-13  



P l a t e  L i g h t  

% f a i l e d  

48 

" X A  

36 

Y Y 

4 
24 

Y 

k 

r: 
X 

12 

;< 

0 

60 65  70 75 
Model Year 

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

T o t a l  

1.0 
12 
42 
5 3 

144 
270 
385 
5 52 
748 

1023 
98 L 

1169 
17 12 
1998 
1890 
1299 

27 

F a i l e d  

3 
7 

16 
14 
54 

101 
145 
167 
230 
2 52 
210 
223 
264 
2 62 

97 
35 

0 

% F a i l i n g  

3 0 . 0  
5 8 . 3  
3 8 . 1  
2 6 . 4  
3 7 . 5  
3 7 . 4  
3 7 . 7  
3 0 . 3  
3 0 . 7  
2 4 . 6  
2 1 . 4  
1 9 . 1  
15 .4  
1 3 . 1  

5 . 1  
2 . 7  
0 . 0  

T o t a l  

F i g u r e  B-14 



O/o f a i l e d  

80  

Year 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

T o t a l  

10  
12 
4 2 
5 3 

144 
270 
385 
5 52 
748 

1023 
98 1 

1169 
17 12 
1998 
1890 
12 99 

27 

T o t a l  L i g h t s  

X 
X x 

X 

X 

X 

N 

X 

X 

A 

4 

N 

60 65  70 75 
Model Year 

F a i l e d  

6 
9 

3 1 
33 
93 

176 
2 56 
337 
4 18 
490 
3 98 
429 
513 
454 
2 48 

74 
0 

% F a i l i n g  

6 0 . 0  
7 5 . 0  
7 3 . 8  
6 2 . 3  
6 4 . 6  
6 5 . 2  
6 6 . 5  
6 1 . 1  
5 5 . 9  
4 7 . 9  
4 0 . 6  
3 6 . 7  
3 0 . 0  
2 2 . 7  
1 3 . 1  

5 . 7  
0 . 0  

T o t a l  12315 3965 3 2 . 2  

F i g u r e  B-15 



Horn 
20 

% f a i l e d  

1 5  

X 

10 

Z 

Y 

5 
'' Y 

X 
X 

k 
X 

k 

0 )i 

1 

60 65 70 7 5 
Model Year 

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

T o t a l  

10  
P 2 
4 2 
5 3 

144 
270 
385 
5 52 
7 48 

1023 
98 1 

1169 
1712 
1998 
1890 
1299 

27 

F a i l e d  

0 
2 
8 
9 

16 
22 
4 1 
38 
34 
45  
29 
39 
36 
26 
19 
2 
0 

% Failing 

0.0 
16.7 
1 9 . 0  
17 .0  
11.1 
8.1 

10.6 
6.9 
4.5 
4.4 
3.0 
3.3 
2 . 1  
1 . 3  
1 .0  
0.2 
0.0 

T o t a l  

Figure B-16  



S t e e r i n g  

5 

O/o f a i l e d  

4 

3 

2 

X 
1 

X 
1 Y 

< 
0 k X Z  x *  

60 65  70 75  
Model Year 

Year 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

T o t a l  F a i l e d  

10 0 
12 0 
4 2 1 
53 2 

144 2 
270 6 
385 5 
5 52 2 
7 48 8 

1023 4 
98 1 5 

1169 1 
17 12 1 
1998 0 
1890 1 
1299 0 

27 0 

% F a i l i n g  

0.0 
0.0 
2 . 4  
3 .8  
1 . 4  
2 . 2  
1 . 3  
0.4 
1.1 
0 . 4  
0 .5  
0 . 1  
0 . 1  
0.0 
0 . 1  
0.0 
0.0 

T o t a l  12315 38 0 .3  

F i g u r e  B-17  



Park ing  Brake 

% f a i l e d  I X 

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

T o t a l  

60 6 5  70  75 
Model Year 

T o t a l  

10 
12 
42 
5 3 

144 
270 
385 
5 52 
748 

1023 
98 1 

1169 
17 12 
1998 
1890 
1299 

27 

F a i l e d  % Failing 

3 0 . 0  
8 . 3  

4 2 . 9  
2 8 . 3  
3 8 . 2  
3 1 . 1  
2 9 . 6  
2 9 . 0  
2 2 . 9  
1 8 . 9  
1 5 . 0  
1 0 . 7  

5 . 3  
3 . 3  
1 . 3  
1 . 0  
0 . 0  

F i g u r e  B-18 



50 

% f a i l e d  

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
P973 
1974 
1975 
1976 

T o t a l  

T i r e  Tread 

T o t a l  

10 
12 
42 
5 3 

144 
270 
38 5 
5 52 
748 

102 3 
98 1 

1169 
1712 
1998 
1890 
12 99 

27 

60 65 70 7 5  
Model Year 

F a i l e d  

4 
3 

10 
18 
40 
79 
96 

12 6 
177 
195 
140 
156 
197 
173 
8 1  

4 
0 

1499 

% F a i l i n g  

40 .0  
2 5 . 0  
2 3 . 8  
3 4 . 0  
2 7 . 8  
2 9 . 3  
2 4 . 9  
2 2 . 8  
23 .7  
1 9 . 1  
1 4 . 3  
1 3 . 3  
1 1 . 5  

8 . 7  
4 . 3  
0 . 3  
0 . 0  

F i g u r e  B-19 



Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
31972 
1973 
1974 
1975 
1976 

T i r e  Bulges o r  Break 

I: 

60 65 70 75  
Model Year 

T o t a l  

10 
12 
4 2 
53 

144 
270 
385 
552 
748 

102 3 
98 1 

1169 
17 12 
1998 
1890 
12 99 

27 

F a i l e d  

0 
0 
0 
1 
2 
3 
2 
1 
6 

% Failing 

0 . 0  
0 . 0  
0 . 0  
1 . 9  
1 . 4  
1.1 
0 . 5  
0 . 2  
0 . 8  
0 . 1  
0 . 3  
0 . 2  
0 . 3  
0 . 2  
0 . 1  
0 . 0  
0 . 0  

T o t a l  12315 3 1  0 . 3  

Figure B-20 



T o t a l  T i r e s  

50  

% f a i l e d  

Year  - 
1960 
1961  
1 9  62 
1963 
1964 
1965  
1966 
1967 
1968 
1969 
1970 
1971  
1972 
1973 
1974 
1975 
1976 

T o t a l  

10  
12 
42 
53 

144 
270 
385  
5 52 
748 

1023 
981  

1169 
17  12 
1998 
1890 
1299 

27 

60 6 5  70  7 5  
:Model Year  

F a i l e d  % Failing -- 
40.0 
25.0  
23.8  
34.0  
27.8  
29 .3  
24.9  
22 .8  
23.9  
1 9 . 1  
14 .4  
13 .4  
1 1 . 7  

8 . 8  
4 . 3  
0 . 3  
0 .0  

Tota l  

Figure B-21 



Exhaust Noise 

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Total 

Total 

10 
12 
42 
53 
144 
270 
38 5 
5 52 
748 
1023 
98 1 
1169 
17 12 
1998 
1890 
1299 
27 

60 65 70 75 
Model Year 

Failed 

3 
2 
11 
14 
3 1 
60 
88 
94 
156 
179 
115 
112 
114 
65 
22 
8 
0 

% Failing 

30.0 
16.7 
26.2 
26.4 
21.5 
22.2 
22.9 
17.0 
20.9 
17.5 
11.7 
6.7 
3.3 
1.2 
0.6 
0.0 

Figure B-22 



Exhaust Smoke 
10 

% f a i l e d  

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
1975 
1976 

Total 

T o t a l  

10  
1% 
42 
5 3 

144 
270 
385 
5 52 
748 

1023 
98 1 

1169 
1712 
1998 
1890 
1299 

27 

12315 

60 65  70 75  
Model Year 

F a i l e d  

0 
0 
3 
3 
4 

20 
7 

30 
20 
23 
16  
16 
7 
4 
3 
0 
0 

156 

8 Failing 

0 .0  
0 . 0  
7 . 1  
5 . 7  
2 .8  
7 . 4  
1.8 
5 . 4  
2 .7  
2 .2  
1 .6  
1 . 4  
0 . 4  
0 .2  
0 . 2  
0 . 0  
0 .0  

1.3 

Figure B-23 



% failed 

40 

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
197 4 
197 5 
1976 

Total 

10 
12 
42 
5 3 
144 
270 
385 
5 52 
748 
1023 
98 1 
1169 
17 12 
1998 
1890 
1299 
27 

Total Exhaust 

1 I 

60 65 70 75 
Model Year 

Failed % Failing 

30.0 
16.7 
31.6 
28.3 
22.2 
27.0 
23.9 
19.9 
21.9 
18.9 
12.9 
10.6 
6.9 
3.4 
1.3 
0.6 
0.0 

Total 12315 1165 9.5 

Figure B-24 



Table  B-11 

DRIVER INTERVIEW DATA 

Monroe Jackson  T o t a l  
Count % Count % Count 8 

AGE OF DRIVER 

15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-65 
65-70 
70-75 

75  
T o t a l  
Miss ing  

SEX OF DRIVER 

Male 
Female 
T o t a l  
Miss ing  

QUESTION #1 

Response 
1 

T o t a l  
Miss ing  

QUESTION # 2  

Response 
1 
2 

T o t a l  
Miss ing  

QUESTION # 3  

Response 
1 
2 
3 
4 
5 
6 
T o t a l  
Miss ing  9 * d e n o t e s  c o r r e c t  r e s p o n s e  



Table B-11 Continued 

QUESTION #4 

Response 
1 
2 
Total 
Missing 

QUESTION # 5  

Response 
1 
2 
3 
4 
5 
6 
Total 
Missing 

QUESTION #6 

Response 
1 
2 
3 
4 
Total 
Missing 

QUESTION # 7  

Response 
1 
2 
3 
Total 
Missing 

QUESTION #8 

Response 
Agree 
Disagree 
No Opinion 
Total 
Missing 

Monroe Jackson 
Count % Count % 

Total 
Count 9 



Table B-11 Continued 

Monroe Jackson Total 
Count % Count % Count B 

QUESTION #9 

Response 
Agree 262 84.5 
Disagree 33 10.6 
No Opinion 15 4.8 
Total 310 
Missing 6 

QUESTION #10 

Response 
Agree 9 7 31.3 
Disagree 181 58.4 
No Opinion 32 10.3 
Total 310 
Missing 6 

QUESTION #11 

Response 
Agree 4 1 13.2 
Disagree 237 76.2 
No Opinion 33 10.6 
Total 311 
Missing 5 

QUESTION #12 

Agree 174 55.9 
Disagree 96 30.9 
No Opinicn 41 13.2 
Total 311 
Missing 5 

COMPLETION PROBLEMS 

None 306 96.8 
Ref used 1 0.3 
Illiterate 5 1.6 
No Reading Glasses 0 0.0 
Mentally/Physically 

Incapable 1 0.3 
Other 3 0.9 
Total 316 



Table B-11 Continued 

Monroe Jackson Total 
Count % Count % Count % 

INTERVIEWER 

R. Copp 
R. Corn 
J.P. Monson 
M. Sackett 
M. Todd 
Total 
Missing 



Table B-12 

MOVING-STOPPING TEST VARIABLES 

Monroe Jackson Total 
Count % Count % Count % 

WHEEL PULL 

Yes 287 16.1 2004 20.3 2291 19.7 
No 1499 83.9 7861 79.7 9360 80.3 
Total 1786 9865 11651 

PEDAL PRESSURE 

Pass 
Soft Pedal 
Low pedal 
Pressure loss 
Complete loss 
Hard Pedal 
Pulsating pedal 
Refused 
Total 



T a b l e  B-12 C o n t i n u e d  

Monroe 
C o u n t  % 

STOPPING TEST 

P a s s  i 5 7 0  8 7 . 9  
C a n n o t  s t o p  1 3  0 . 7  
S i d e  t o  s i d e  1 9 2  1 0 . 8  
B o t h  7  0 . 4  
R e f u s e d  4  0 . 2  
T o t a l  1 7 8 6  

STOPPING AUDIBLE 

P a s s  
F a i l  
R e f  used 
T o t a i  

TOTAL STOPPING DEFECTS 

n u m b e r  
0 

1 
2  
3 
R e f  u s e d  
T o t a l  

TOTAL INSPECTION DEFECTS 

0  
1 
2 
3 
4  
5 
6  
7  
8  
9 
1 0  
> l o  
T o t a l  

J a c k s o n  T o t a l  
C o u n t  % C o u n t  % 



Table B-13 

WHEEL PULL VARIABLES 

Monroe Jackson Total 
Count % Count % Count % 

BRAKE INSPECTION 

No 
Yes 
Total 

INTERVIEW 

Yes 316 17.7 1915 19.4 2231 19.1 
No 1470 82.3 7950 80.6 9420 80.9 
Total 17 8 6 9865 11651 

BRAKE INSPECTOR 

M. Huber 17 5.7 0 0.0 17 0.7 
J.P. Monson 17 3 57.9 105 5.2 275 11.9 
M. Sackett 40 13.4 24 1.2 6 4 2.8 
M. Todd 69 23.1 1888 93.6 1952 84.3 
Total 2 9 9 2 0 1 2316 
Missing 1487 7848 9335 

BRAKE TYPE 

Power-disc 11 2 37.5 828 41.1 9 4 0 40.6 
Non-power disc 3 5 11.7 14 2 7 .O 177 7.6 
Power-drum 4 3 14.4 4 0 4 20.0 4 4 7 19.3 
Non-power drum 101 33.8 6 0 7 30.1 7 0 8 30.6 
Incomplete code 8 2.7 3 5 1.8 43 1.9 
Total 299 2016 2315 
Missing 0 2 2 
* 
MASTER 

Full 
Half 
Low 
Total 
Missing 

CYLINDER FLUID 

BRAKE FLUID QUALITY 

Pass 
Fai 1 
Total 
Missing 

VACUUM HOSE 

Pass 
Fail 
Total 
Missing 



Table B-13 Continued 

Monroe 
Count % 

WHEEL BEARING GREASE 

Pass 266 89.9 
Fail 3 1.0 
Unable to inspect 27 9.1 
Total 296 
Missing 3 

WHEEL PULL 

Yes 238 80.1 
Unable to pull 59 19.9 
Total 297 
Missing 2 

SHOE-PAD CONDITION 

75-100% 19 5 82.3 
50-75% 29 12.2 
1/32"-50% 10 4.2 
Fail 3 1.3 
Total 237 
Missing 6 2 

ROTOR OR DRUM 

Pass 215 91.1 
Cracked 0 0.0 
Worn 11 4.7 
Grooves 10 4.2 
Total 236 
Missing 63 

BRAKE HARDWARE 

Pass 237 100.0 
Springs 0 0.0 
Retainer 0 0.0 
Seif-adjuster 0 0.0 
Total 237 
Missing 62 

WHEEL CYLINDERS 

Pass 
Fail 
Total 
Missing 

Jackson 
Count % 

Total 
Count % 



APPENDIX C 

DETAILED DATA TABULATIONS - 1976 





AMC 

Ford 

C h r y s l e r  

GM 

T a b l e  C - 1  

V e h i c l e  Manufac tu re r  

J a c k s o n  

1 6 1  

Ch i - squa re  t e s t  of  homogenei ty  

J a c k s o n  - Michigan 

J a c k s o n  - Monroe 

Monroe - Michigan 

Monroe Michigan 

134 ,255  

S i g n i f i c a n c e  
0.0 



Table C-2 

Vehicle Age 

Age 

Newly 
inspected 
Jackson Monroe 

Chi-square test of Homogeneity 

Jackson - Michigan 
Monroe - Michigan 
Total Sample - Michigan 
Jackson - Monroe 

Significance 

0.0 

0.0 

0.0 

0.0510 

Sample 
Total Michigan 

407,915 

407,814 

507,774 

575,210 

496,810 

401,490 

346,579 

330,422 

280,011 

195,622 

150,889 

110,903 

632,362 



Table C-3 

Vehicle Type 

Full Size 

Intermediate 

Sports Car 

Station bus, 
Carryall 

Jeep 

Pickup or Panel 

Total 

Missing 

Monroe Jackson 
Count % Count % 

Total 
Count % 

Chi-square test of homogeneity 

y2 = 36.834 significance level = 0.0000 



Table C-4 

Mileage 

0-10 
10-20 
20-30 
30-40 
40-50 
50-6;) 
60-70 
70-80 
80-90 
90-100 
100-110 
110-120 
120-130 
130-140 
140-150 
150-160 
,160 
Total 

Vehicle Mileage 
(thousands of miles) 

Monroe Jackson 
Count % Count % 

* 
Chi-square test of homogeneity 

r2 = 30.697 significance level = ,0022 

Total 
Count % 

* 
Due to small numbers vehicles with over 120,000 
miles were collapsed into one category 



Table C-5 

Vehicle Year 

Pre 1960 
1960 
1961 
1462 
1963 
1964 
1 9 6 5  
1966 
1967 
1968 
1969 
i970 
1971 
1972 
1973 
197 4 
197 5 
1976 

Total 

Monroe Jackson 
Count % Count % 

* 
Chi-square test for homogeneity 

Total 
Count % 

$2= iJ.604 significance level = .2445 



Table C-6 

Vehicle ?.lake 

Passenger Cars 

Aiqc 
Buick 
Cadillac 
Chevrolet 
Chrysler 
Dodge 
Ford 
Imperial 
Jeep 
Lincoln 
Mercury 
Oldsmobile 
Plymouth 
Pontiac 
Volkswagen 
Otner 

Trucks 

Monroe Jackson 
Count % Count 0. lo 

Chevrolet 90 4.3 488 5.4 
Dodge 30 1.4 121 1.3 
Ford 99 4.7 457 5.0 
Gi4C 10 0.5 88 1.0 
International 13 0.6 29 0.3 
Willys 5 0.2 9 0.1 

Chi-square test for homogeneity 

Total 
Count % 

2 
=192.05 significance level = 0.0 



Table C-7 

Total Vehicle 

Nonroe Jackson Total 
Count % Count % Count % 

Pass 813 38.0 4219 45.4 5032 44.0 

Fail 1326 62.0 5068 54.6 6394 56.0 

Total 2139 9287 11426 

Chi-square test of homogeneity 

y2=38. 347 significance level = 0.0 



Table C-8 Continued 

WIPERS 02 WASHERS 

Pass 
Fail 
Total 

EII RROH 

Pass 
Fail 
Total 

TOTAL VISION DEFECTS 

Monroe Jackson 
Count % Count % 

0 
1 
2 
3 
4 
Total 

FRONT DIRECTIONAL LIGHTS 

Total 
Count 5 

Pass 
Fail 
Total 

HIGH BEAM 

Pass 
Fail 
Total 

LOW BEAM 

Pass 
Fail 
Total 



Table C-8 Continued 

WIPEZS 02 WASHERS 

Pass 
Fail 
Total 

Pass 
Fail 
Total 

TOTAL VISION DEFECTS 

ivIonr oe Jackson 
Count % Count % 

0 
1 
2 
3 
4 
Total 

FRONT DIRECTIONAL LIGHTS 

Pass 
Faii 
Total 

HIGH BEAM 

Pass 
Fail 
Total 

LOW EEAM 

Pass 
Fail 
Total 

Total 
Count 5 



T a b l e  C-8 C o n t i n u e d  

PLATE LIGHT 

P a s s  
F a i l  
T o t a l  

BEMI INDICATOR 

P a s s  
F a i l  
T o t a l  

TOTAL LIGHTS 

P a s s  
F a i l  
T o t a l  

MAJOR LIGHT DEFECTS 

0 
1 
2 
3 
4 
>4 
T o t a l  

TOTAL LIGHT DEFECTS 

> I o n r o e  J a c k s o n  
C o u n t  % C o u n t  9 

T o t a l  
C o u n t  % 

0 
1 
2 
3 
4 
S 
> 5  
T o t a l  



T a b l e  C-8 C o n t i n u e d  

PLATE LIGHT 

P a s s  
F a i l  
T o t a l  

BEAM INDICATOR 

P a s s  
r a i l  
T o t a l  

TOTAL LIGHTS 

P a s s  
F a i l  
T o t a l  

PlAJOR LIGHT DEFECTS 

0 
1 
2 
3 
4 
>4 
T o t a l  

TOTAL LIGHT DEFECTS 

0 
1 
Z 
3 
4 
5 
> 5  
T o t a l  

iblonroe 
C o u n t  % 

J a c k s o n  
C o u n t  SL 

T o t a l  
C o u n t  % 



T a b l e  C-8 C o n t i n u e d  

T I R E  TREAD 

P a s s  
F a i l  
T o t a l  

T I R E S ,  OVERALL 

P a s s  
F a i l  
T o t a l  

COIJTROL DEFECTS 

3 
T o t a l  

EXHAUST NOISE 

P a s s  
F a i l  
T o t a l  

EXHAUST SMOKE 

P a s s  
F a i l  
T o t a l  

TOTAL EXHAUST 

Monroe J a c k s o n  
C o u n t  % C o u n t  % 

T o t a l  
C o u n t  % 

P a s s  
F a i l  
T o t a l  



Table C-8 Continued 

T I R E  TREAD 

Pass 
F a i l  
Total 

TIREIS, OVERALL 

Pass 
F a i l  
Total 

COIJTROL DEFECTS 

0 
1 
2 
3 
Total  

EXHAUST NOISE 

Pass 
F a i l  
Total  

EXHAUST SMOKE 

Pass 
F a i l  
Total 

TOTAL EXHAUST 

Pass 
F a i l  
Total  

Monroe Jackson 
Count 8 Count % 

Total 
Count % 



Table C-8 Continued 

Monroe Jackson 
Count "a Count % 

Tota l  
Count % 

TOTAL MECHANICAL 

5 

6 
7 
3 
9 
1 0  
11 
1 2  
Tota l  

TOTAL VEHICLE 

Pass 
F a i l  
Tota l  

SUZ..IMONS ISSUED 

L 
l4iscode 
Tota l  

SEAT BELTS 

Yes 
No 
Total  



Table C-b Continued 

TOTAL m C H A N I C A L  

d 
9 
1 0  
11 
1 2  
Total 

TOTAL VEHICLE 

Pass 
F a i l  
Total  

SUI~QIONS ISSUED 

0 
1 
2 
Miscode 
Totai  

SEAT BELTS 

Monroe Jackson 
Count % Count % 

Total 
Count % 

Yes 
No 
Total 



Tab le  C-9  

Peda l  P r e s s u r e  T e s t  

A g e  Count P a s s  
Peda l  
Soft 

Low 
Peda l  

P r e s s u r e  
Loss 

Hard 
Peda l  

P u l s a t i n g  
Peda l  

T o t a l  



Table C-10  

A g e  

T o t a l  

Count 

Stopping Test 

Pass Cannot Stop Both 



Table C - 1 1  

Age 

Total 

Count 

Stopping Audible 

Pass Fail 



Table C-12 

Total  

Count 

Number of Stopping Defects 



I Wipers 
1 )r 

% Failed 20 i x  

Model Year 

Year Total Failed % Failing 

pre 1960 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
197 6 
Total 

Figure C-1 



Model Year 

50 

% Failed 
40 

3 0 

20 

10 

0 

Year 

I X  
A 7 

F X 

f 
I 

X 
6 

X 

X 
8 

X 

K 

pre 1960 
1960 
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8 
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14 
18 
55 
96 
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17 5 
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197 
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87 
44 
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% Failing 
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36.7 
55.0 
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33.2 
25.3 
19.3 
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14.9 
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1.1 
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W a s h e r s  a n d  Wipers 

8 o  1 
% F a i l e d  

6 0  

Year 

p r e  1 9 6 0  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 3 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  
1 9 7 5  
1 9 7  6 
T o t a l  

Model Year 

T o t a l  F a i l e d  % F a i l i n g  

6 0 . 0  
7 1 . 4  
6 0 . 0  
6 1 . 5  
3 8 . 8  
5 6 . 0  
5 1 . 1  
4 5 . 1  
4 4 . 0  
3 8 . 5  
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2 5 . 0  
2 4 . 0  
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1 1 . 0  

9 . 0  
6 . 0  
1.1 

2 1 . 3  

Figure C-3 
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1973 
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1976 
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Total 

60 65 7 0 7 5 
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28.6 
26.7 
30.8 
16.3 
21.0 
19.3 
18.2 
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12.2 
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7.5 
4.4 
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3.1 
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High Beams 
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p r e  1 9 6 0  
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1 9 6 3  
1964  
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1 9 6 6  
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1968  
1 9 6 9  
1 9 7 0  
1 9 7  1 
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1 9 7  3  
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1 9 7 5  
1 9 7 6  
T o t a l  

T o t a l  

60 65 7  0  7 5  

Model Year  

F a i l e d  % F a i l i n u  
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Headlight Aim 
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X 
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1969 
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197 3 
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Figure C-7 
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Figure C-9 



S t o p  Ligkts 
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p r e  1 9 6 0  
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1967  
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T o t a l  
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Table  D-2 
Wipers and Washers 

Percen t  F a i l u r e  Rates 

Vehi c l  e 
Aqe 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17+ 

Overa l l  

Reinspected Veh ic les  
Jackson County 

1975 1976 

3.0 0.0 
6.2 3.3 
9.6 7.6 

10.9 7.1 
13.4 14.3 
16.5 17.1 
22.9 17.6 
18.9 17.5 
34.7 20.8 
27.3 15.7 
39.4 15.9 
38.9 21 - 2  
28.6 22.2 
33.3 28.6 

100.0 33.3 
66.7 100.0 
33.3 50.0 

Newly I n s p e c t e d  V e h i c l e s  
Jackson County Monroe County 

1975 1976 1975 1976 





Table D-4 

Vehi c l  e 
Age 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17+ 

Overall 

Reinspected Vehicles 
Jackson County 

1975 1976 

Total Lights  
Percent  Fa i lu r e  Rates 

Newly Inspected Vehicles 
Jackson County Monroe County 

1975 1976 1975 1976 
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Table D-8 

Vehic le 
M i  1 eage 
(1,000's) 

Overa l l  

Rei nspected Vehi c l  es 
Jackson County 

1975 1976 

Wipers and Washers 
Percentage Fai  1 u r e  Rates 

Newly Inspected Vehi c l  es 
Jackson County Monroe County 

1975 1976 1975 1976 





Table D-10 

Vehic le 
M i  1 eage 
(1,000's) 

Overa l l  

Reinspected Vehic les 
Jackson County 

1975 1976 

5.4 7.7 
10.1 9.7 
16.5 15.9 
21.5 20.8 
32.0 22.2 
33.3 28.9 
33.0 32.2 
45.1 42.8 
46.5 46.5 
55.6 48.1 
54.2 54.5 

To ta l  L i g h t s  
Percentage Fa i  1 u re  Rates 

Newly Inspected Vehic les 
Jackson County Monroe County 

1975 1976 1975 1976 
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Vehic le 
M i  1 eage 
(1,000's) -- 

Overal l  

Rei nspected Vehic l  es 
Jackson County 

1975 1976 

Table D-12 

To ta l  T i r e s  
Percentage F a i l u r e  Rates 

Newly Inspected Vehic les 
Jackson County Monroe County 

1975 1976 1975 1976 

0.2 0.0 0.0 0.0 
2.4 2.3 1.8 3.4 
6.5 9.1 7.1 19.4 
8.2 12.2 8.7 17.0 

11 - 7  14.1 12.1 17.4 
13.2 18.4 16.8 21 - 9  
14.5 23.8 19.0 23.8 
19.1 28.1 24.5 35.6 
20.7 29.5 20.7 35.1 
27.9 30.2 25.0 39.1 
28.4 36.2 26.2 43.1 

12 .O 18.8 12.3 22.2 
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V e h i c l e  I n s p e c t i o n  Program", HSRI, Ann Arbor ,  1974. (29268) 

Examines t h e  e f f e c t i v e n e s s  o f  an on-road, s p o t  check 
method o f  conduc t i ng  v e h i c l e  i n s p e c t i o n s .  

Creswel l  , J . S . ,  "The M ich jgan  T r i a l  S u b s t i t u t e  Motor  V e h i c l e  I n s p e c t i o n  
Program", HIT LAB Repor ts ,  Vo l .  4, No. 5, January,  1974, p.1-9. 

D e s c r i p t i o n  o f  an exper imenta l  PMVI program designed t o  
enchance check- lane e f f e c t i v e n e s s  w h i l e  m i n i m i z i n g  
c o s t s  . 

"Costs and B e n e f i t s  o f  Mo to r  V e h i c l e  I n s p e c t i o n " ,  N a t i o n a l  Highway 
S a f e t y  A d m i n i s t r a t i o n ,  Washington, 1975. (34073) 

Costs o f  v a r i o u s  types  o f  motor  v e h i c l e  i n s p e c t i o n  
and t h e  a n t i c i p a t e d  s a f e t y  b e n e f i t s  o f  each. 

V e h i c l e  I n s v e c t i o n  Pro 

d m i n i s t r a t o r s ,  Washing 

Costs o f  i n s p e c t i o n s ,  number o f  v e h i c l e s  t e s t e d ,  r e -  
l a t i o n s h i p  o f  i n s p e c t i o n s  t o  f a t a l i t i e s ,  percentages 
o f  d e f e c t s  found (by component). 

Development o f  Techniques and Equipment t o  ,Improve Re1 i a b i  1  i ty  o f  
Automot ive  D iagnos is ,  C l i n e ,  t . L . ,  C lay ton  Mfg. Co., E l  Monte, 
C a l i f o r n i a ,  1967. -THSKI 01566) 

Development and use o f  au tomat i c  d i a g n o s t i c  t ech -  
n iques  i n  a u t o  i n s p e c t i o n .  

Durgea, H.A., "Random Moto r  V e h i c l e  I n s p e c t i o n  i n  C a l i f o r n i a " ,  
T r a f f i c  D i g e s t  and Review, Vo l .  16, No. 5, May, 1968, p.5-7.  (06952) - - 

Costs,  procedures,  and a d m i n i s t r a t i o n  o f  Cal i f o r n i a ' s  
PMVI system. 



"Equipment f o r  Emi-Automatic V e h i c l e  I n s p e c t i o n  Lane", Crypton-  
T r i a n g l e  L t d . ,  1973. (HSRI 32140 A05) 

D iscuss ion  o f  equipment used i n  an advanced d i a g n o s t i c  
t e s t  f a c i l i t y  as developed i n  Grea t  B r i t a i n  i n  1960. 

" F l o r i d a  O f f i c a l  V e h i c l e  I n s p e c t i o n  Manual",  - F l o r i d a  Highway P a t r o l ,  
1961. (0651 5)  

Rules, r e g u l a t i o n s ,  and procedures f o r  a  s t a t e w i d e  system 
o f  mo to r  v e h i c l e  s a f e t y  i n s p e c t i o n  conducted b y  p r i v a t e l y  
opera ted garages i n  F l o r i d a .  

"Compulsory V e h i c l e  I n s p e c t i o n " ,  Ford  Motor  Company, Dearborn, 1961. 
( 1  1850) 

B r i e f  arguments f o r  s a f e t y  checks o f  au tos .  

Fuchs, V .  R. , "Motor  A c c i d e n t  M o r t a l  i ty  and Compulsory I n s p e c t i o n  o f  
V e h i c l e s " ,  New York Cit2 H e a l t h  Serv i ces  A d m i n i s t r a t i o n ,  1967. (03010) 

The r e l a t i o n  between a c c i d e n t  m o r t a l i t y  and compulsory 
a u t o  i n s p e c t i o n  i n  examined by r e g r e s s i n g  age- 
s t a n d a r d i z e d  m o r t a l i t y  r a t i o s  on i n s p e c t i o n  and o t h e r  
v a r i a b l e s  across  s t a t e s .  

Gril l o ,  J., " S t a t u s  o f  P e r i o d i c  Motor  V e h i c l e  I n s p e c t i o n  Program", 
N a t i o n a l  Highway T r a f f i c  S a f e t y  Admini s t r a t i o n ,  Washington, 1975. 
(331 76) 

Tabu la r  summary o f  s t a t u s  o f  PMVI programs by s t a t e .  

Grime, G.G. ,  " i n s p e c t  i o n  o f  V e h i c l e s  f o r  Road Worth iness w i t h  Spec ia l  
~ e f e r e n c e  t o  ~ e t h b d s  and Equipment", Proceedings o f  t h e  ~ n s t i t u t i o n  
o f  Mechanical  - E n ~ n e e r s ,  No. 5, pp. 129-1 58. (HSRI 02054) 

D iscuss ion  o f  some c o n s i d e r a t i o n s  i n v o l v e d  i n  i n s p e c t i o n  
o f  motor  v e h i c l e s ,  w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  need 
o f  i n s p e c t i o n ,  i tems t o  be checked, and f requency of 
i nspect  i on. 

Goodwin, ;&/.A,, "Deveiopment o f  a  P e r i o d i c  Motor  V e h i c l e  I n s p e c t i o n  
System", rennessee U n i v e r s i t y ,  K n o x v i l l e ,  1970. (14973) 

I n t e r i m  r e g o r t  r e c o u n t i n g  t h e  f i r s t  y e a r ' s  e f f o r t  t o  
deve lop a PMVJ system f o r  Tennessee. D iscuss o b j e c t i v e s  
compares t ypes  of systems, develops procedures and 
recotmnends F a c i ?  i t i e s .  

"Handbook f o r  i n s t a l  l a t i o n  and I n s p e c t i o n  S t a t i o n s " ,  Cal i f o r n i a  High- 
way P a t r o l  , Sacramento, 1969. (HSRI 14982) 

An o u t l i n e  f o r  t h e  o p e r a t i o n  o f  p o l l u t i o n  c o n t r o l  
equipment i n s p e c t i o n  s t a t i o n s .  



"How t o  Operate Communi t y  Safety-Check Lanes", Auto I n d u s t r i e s  Highway 
S a f e t y  Committee, I n c .  , Was h i  ng ton,  1962. (05700) 

"How t o  P lan and Conduct Your V e h i c l e  S a f e t y  Check, N a t i o n a l  V e h i c l e  
S a f e t y  Check f o r  Communit ies", Washington, 1961. (09835) 

Organ iz ing  a  motor  v e h i c l e  s a f e t y  i n s p e c t i o n  program 
i n  y o u r  c i t y .  

Hrebec, M.P., "Random Motor V e h i c l e  I n s p e c t i o n  i n  Mich igan" ,  T r a f f i c  
D i g e s t  and Review, Vo l .  16, No. 5, May, 1968, p.12-14. ( 0 6 9 5 2 )  

I n c e p t i o n  o f  program o p e r a t i n g  procedure,  and c o s t s  o f  
M i c h i g a n ' s  PMVI system. 

Hrebec, M.  P ,  , " S t a t e  Compulsory I n s p e c t i o n  Systems: Mich igan System 
and Data Summary", M ich igan  Department o f  S t a t e  Pol i c e ,  Lansing,  1968. 
(05051 ) 

General d i s c u s s i o n  o f  e f f e c t s  o f  PMVI; t a b u l a r  summary 
o f  M ich igan  program. 

" I n s p e c t i o n  Handbook f o r  Passenger Cars, Trucks,  and Buses, Motor -  
c y c l e s ,  School Buses, Fo re ign  V e h i c l e s " ,  Motor  V e h i c l e  Manufac turers  
A s s o c i a t i o n ,  D e t r o i t ,  7973. (14294) 

Procedures f o r  t h e  i n s p e c t i o n  o f  cars ,  t r u c k s ,  buses, 
and mo to rcyc les .  

" I n s p e c t i o n  Laws Annotated",  N a t i o n a l  Committee on Un i fo rm T r a f f i c  
Laws and Ordinances, Washington, 1969. (10403) 

Development o f  s t a t e  PMVI laws,  a n n o t a t i o n  o f  laws by 
t o p i c ,  t e x t s  o f  s t a t e  i n s p e c t i o n  laws,  t e x t  o f  highway 
s a f e t y  program. 

" I n s ~ e c t i o n  o f  Motor  V e h i c l e s  i n  Bloominston.  I n d i a n a  and Monroe 
county1 ' ,  U l  t rasys tems , I n c .  , Newport ~ea;h, ~ a l  i f o r n i a ,  1972. (HSRI 
27289) 

Study o f  i n - u s e  motor  v e h i c l e s  th rough  t h e  use o f  a  
m o b i l e  i n s p e c t i o n  f a c i l i t y  ( van ) .  

K a l i n ,  S .R . ,  ''An E v a l u a t i o n  o f  t h e  New Je rsey  Motor  V e h i c l e  I n s p e c t i o n  
System", Opera t ions  Research, I n c . ,  S i l v e r  Spr ing ,  Md., 1970. ( 1  5861 ) 

Covers: 9 )  a d m i n i s t r a t i o n ,  2 )  compl iance w i t h  s tandards ,  
3 )  o p e r a t i o n s  and f a c i l i t i e s ,  4 )  q u a l i t y  a u d i t ,  5 )  en- 
f orcement. 

King,  R.B., " V e h i c l e  I n s p e c t i o n " ,  S a f e t y  on t h e  Road, G.S. McC le l l an ,  
ed. , H. kl.  Wilson Co. , 1966, p. 132. (04773 A26) 

Arguments f o r  v e h i c l e  i n s p e c t i o n .  



L i t t l e ,  J.W., "The Fa1 l a c y  o f  E v a l u a t i n g  P e r i o d i c  Motor  V e h i c l e  
I n s p e c t i o n  by  Death Rates",  HSRI, Ann Arbor ,  1968. (28843) 

An a n a l y s i s  o f  t h e  e f f e c t  o f  PMVI on a u t o  a c c i d e n t  
f a t a l i t y  r a t e s  i n  t h e  U.S. 

ii t t l e ,  J ,  W . ,  "Federal  P o l i t i c s  i n  S t a t e  V e h i c l e  I n s p e c t i o n  Safe ty  
Programs", A r i zona  SLate Law J o u r n a l ,  Vol . 1969, NO. '  3, 1963, pp.341- 
368. ( 1  2 4 9 F - - -  

Descr ibes  how highway s a f e t y  measures have become 
i ssues  o f  f e d e r a l - s t a t e  p o l i t i c s ,  and p resen ts  a  s u r -  
vey o f  t h e  e f f e c t  o f  t h e  N a t i o n a l  Highway S a f e t y  A c t  
o f  1966 upon t h e  a d o p t i o n  o f  PMVI programs by  t h e  
s t a t e s .  

L i t t l e ,  J.W., "Mo to r  V e h i c l e  I n s p e c t i o n  L e g i s l a t i o n ;  A Survey o f  
P a t t e r n s  o f  O?poss t i o n " ,  HSRI, Ann Arbor ,  1967. (00654) 

Resu l t s  o f  a survey i n tended  t o  determine t h e  l e v e l  
o f  i n r e r e s t  i n  and s i g n i f i c a n t  o p p o s i t i o n  t o  adopt-  
ing  motor  v e h i c l e  i n s p e c t i o n  l e g i s l a t i o n .  

L i t t l e ,  J.W., " P o l i t k c s  and V e h i c l e  I n s p e c t i o n  i n  t h e  U.S.", HSRI, Ann 
Arbor ,  1968,  (07030)  

A b r i e f  d e s c r i p t i o n  o f  p e r i o d i c  motor  v e h i c l e  i n s p e c t i o n ;  
a  p o l i t i c a l  hSs to ry  o f  PMVI. 

Lowry, F.?. , " V c h j c i e  C o n d i t i o n  and P e r i d o i c  S a f e t y  I n s p e c t i o n s " ,  
passenger c a r  Design and Highway S a f e t y ,  ~ o n s u m e r s - u n i o n  o f  t h e  u .A. ,  - 
1962. (01 888) 

Arguments f o r  t h e  i n t r o d u c t i o n  o f  a u t o  s a f e t y  
i n s p e c t i o n s  . 

MacCleary, R e [ , ,  "The Value o f  P e r i o d i c  Mo to r  V e h i c l e  I n s p e c t i o n  t o  
M o t o r i s t s " ,  Automnbi I a 'Manu fac tu re rs  A s s o c i a t i o n ,  D e t r o i t ,  1971 (15556) 

Arguments f o r  P M V I  and suggest ions  as how t o  es tab -  
l i s h  a workab le  program i n  y o u r  s t a t e .  S t a t i s t i c a l  
appendices . 

"Mandatory Vehf c l  e  I n s p e c t i o n :  I s  I t  Worth t h e  Cost?" ,  S t e e l ,  December 
4, 1967, pp. 35-37.  (01 3592) 

A d i s c u s s i o n  o f  some b e n e f i t s  o f  PMVI. 

"Manpower-Saved i n s p e c c ~  an S t a t i o n  f o r  Motor  Veh ic les " ,  M i n i s t r y  o f  
T r a n s p o r t  o f  Japan, - Techn ica l  - Aspects o f  Road Sa fe ty ,  41, March, 1970, 
~ 0 . 3 . 1 - 3 . 7 4 .  

Suggest ions f o r  che i n t e g r a t i o n  o f  au tomat i c  d i a -  
g n o s t i c  equipment i n t o  t h e  motor  v e h i c l e  i n s p e c t i o n  
process i n  Japan. 



"Manual o f  O f f i c i a l  I n s p e c t i o n  S t a t i o n  I n s t r u c t i o n s " ,  Rhode I s l a n d  
R e g i s t r y  o f  Motor  Veh ic les ,  1967. (HSRI-09009) 

E s t a b l  i s h e s  r u l e s ,  r e g u l  a t i o n s ,  and methods f o r  
use i n  an i n s p e c t i o n  program i n  Rhode I s l a n d  t o  
be c a r r i e d  o u t  by s e r v i c e  s t a t i o n  o p e r a t o r s .  

Mayer, A. J., "Motor  V e h i c l e  I n s p e c t i o n :  Report  on C u r r e n t  I n f o r m a t i o n ,  
Measurement, and Research", Wayne S t a t e  U n i v e r s i t y ,  D e t r o i t ,  1963. 
(00650) 

Analyses o f  c u r r e n t  arguments f o r  and a g a i n s t  i n -  
s p e c t i o n ;  measurements o f  t h e  r e l a t i o n s h i p  between 
i n s p e c t i o n  and a u t o  death  r a t e ;  and some research  
p roposa ls .  

A  Mary land P e r i o d i c  Motor  V e h i c l e  I n s p e c t i o n  System (same as # 8 ) ,  
pp. 989-1 135. (HSRI-17682 A02) 

O u t l i n e  o f  a  proposed s t a t e w i d e  system f o r  au to  
s a f e t y  i n s p e c t i o n  i n  Maryland.  

"Methods t o  Achieve S t a n d a r d i z a t i o n  o f  Automot ive  D i a g n o s t i c  T e s t i n g " ,  
S t a n d a r d i z a t i o n  o f  Automot ive  D i a g n o s t i c  T e s t i n g ,  N a t i o n a l  Motor  
V e h i c l e  S a f e t y  Adv iso ry  Counc i l ,  Washington, D. C., 1972, Paper No. 
72018. (HSRI-19300 A18) 

A wide c o l  l e c t i o n  o f  conference papers on d i a g n o s t i c  
t e s t i n g  ar ranged under these  t o p i c s :  ( 1 )  system con- 
cep ts ,  ( 2 )  cand ida te  systems f o r  d iagnos is ,  ( 3 )  d i a g -  
n o s t i  c  t echn iques ,  ( 4 )  s t a n d a r d i z a t i o n  o f  d i a g n o s t i c  
techn iques,  ( 5 )  f u t u r e  d i a g n o s t i c  programs. 

"Mob i l e  I n s p e c t i o n  Equipment and Techniques",  RCA S e r v i c e  Company, 
Camden, N.J., 1970. (HSRI-15192) 

The t e s t i n g  o f  a  mob i l e ,  s e l f - s u f f i c i e n t  f a c i l i t y  
f o r  t h e  s a f e t y  i n s p e c t i o n  o f  au tos .  

"Motor  V e h i c l e  I n s p e c t i o n  and Road Sa fe ty " ,  Medica l  Jou rna l  o f  
A u s t r a l  i a ,  Uo? . 2, September 17,  1966, pp.567-568. (22289) 

A s h o r t  r e v i e w  o f  o t h e r s '  f i n d i n g  i n  t h e  f i e l d  o f  
au to  i n s p e c t i o n  as r e l a t i n g  t o  a c c i d e n t  m o r t a l i t y .  

"The Motor  V e h i c l e  I n s p e c t i o n  Exper iment" ,  C a l i f o r n i a  Highway P a t r o l  , 
Sacramento, 1974. (32789) 

D e s c r i p t i o n  o f  a one-year motor  v e h i c l e  i n s p e c t i o n  
exper iment  i n  Cal i f o r n i a  designed t o  a s c e r t a i n  t h e  
e f f e c t  t h a t  v a r i o u s  l e v e l s  of  i n s p e c t i o n  have on 
t h e  maintenance o f  v e h i c l e s .  



"The Motor Veh ic le  I n s p e c t i o n  Program and I t s  Re1 a t i o n s h i  p  t o  Highway 
Sa fe ty  i n  New Jersey" ,  New Jersey S t a t e  D i v i s i o n  o f  Motor  Vehic les ,  
1963. (01 256) 

The e f f e c t  o f  t h e  motor v e h i c l e  i n s p e c t i o n  program i n  
New Jersey i n  reduc ing  acc iden ts  and f a t a l  i t i e s .  

"Motor Veh ic le  I n s p e c t i o n  P r o j e c t " ,  Nor th  At1 a n t i c  T rea ty  Organ iza t ion ,  
Committee on t h e  Chal l enges o f  Modern Soc ie ty ,  Brusse ls  , 1974. (HSRI - 
30660 1 

A r e p o r t  on t h e  i n s t i t u t i o n s  i n  charge o f  i n s p e c t i o n  
and t h e  q u a l i f i c a t i o n  and t r a i n i n g  o f  i n s p e c t o r s  i n  
f i v e  NATO c o u n t r i e s .  

"Motor Veh ic le  I n s p e c t i o n  S t a t i o n  Manual " , Wisconsin Motor Veh ic le  De- 
par tment ,  Madison, 1960. (08321 ) 

Rules, r e g u l a t i o n s  , and procedures f o r  a  s ta tew ide  
motor v e h i c l e  s a f e t y  i n s p e c t i o n  i n  Wisconsin. 

"Motor i e h i  c i e  Sa fe ty  I n s p e c t i o n  and Reference Manual ", Chek-Chart, 
San Jose, C a l i f o r n i a ,  1975. ( I  HSRI-32039; I 1  32676) 

I1 1 u s t r a t e d  1 i s t  o f  p o i n t s  t o  be inspec ted  f o r  au to  
s a f e t y .  

Motor Veh ic le  Safety I n s p e c t i o n  i n  Perspect ive ,  Ar izona Highway Depart-  
ment, ? 96'5. (03699) 

A rev iew o f  Ar izona ' s i n s p e c t i  on program. 

Nagier ,  i.H., " P e r i o d i c  Motor Veh ic le  I n s p e c t i o n  f o r  Mich igan" ,  Amer- 
i c a n  Motors Corp., D e t r o i t ,  1964. (01515) 

Arguments f o r  t h e  i n s t i t u t i o n  o f  a  motor v e h i c l e  
i n s p e c t i o n  program i n  Michigan. 

" 'Nat ional  Car Check Campaign", Canada Sa fe ty  Counc i l ,  Ottawa, 1967, 
(08897) 

A campaign t o  encourage t h e  s a f e t y  i n s p e c t i o n  o f  
motcr  v e h i c l e s  by t h e i r  opera to rs .  

"Na t iona l  Highway T r a f f i c  Sa fe ty  A d m i n i s t r a t i o n  T r a f f i c  Sa fe ty  Program 
Brake I n s p e c t i o n  Methods Study",  AAMVA 73 Presen ta t ions ,  Washington, 
1973. (HSRI-29664 A04) 

Engineer ing aspects o f  au to  brake i n s p e c t i o n  and t e s t -  
i n g  wS t h  d i s c u s s i o n  o f  t e s t i n g  equipment a v a i l  ab le .  

0' Day, J., "The Breakdown o f  P e r i o d i c  Motor Veh ic le  I n s p e c t i o n " ,  Pro- 
ceedi  ngs, Canadian Highway S a f e t y  Counci l  Conference, 1968. 

Development o f  a model t o  p r e d i c t  t h e  e f f e c t i v e n e s s  
of t h e  va r ious  a l t e r n a t i v e  forms o f  P M V I  a v a i l a b l e .  



0 '  Day, J. ,  "A Mode l ing  Approach t o  Motor  V e h i c l e  I n s p e c t i o n " ,  HSRI, 
Ann Arbor,  1967. (03200) 

A model i s  developed r e l a t i n g  v e h i c l e  i n s p e c t i o n  t o  t h e  
occurence o f  highway a c c i d e n t s .  

" O f f i c i a l  I n s p e c t i o n  S t a t i o n  Rules and Regu la t i ons " ,  Pennsy lvan ia  
Bureau o f  T r a f f i c  Sa fe ty ,  1966. (HSRI-08312) 

Sets f o r t h  r u l e s  and r e g u l a t i o n s  f o r  t h e  o p e r a t i o n  o f  
a  motor  v e h i c l e  i n s p e c t i o n  system i n  Pennsy lvan ia  
and suggests methods o f  i n s p e c t i o n .  

"Oklahoma O f f i c i a l  Motor  V e h i c l e  I n s p e c t i o n  Rules and Regu la t i ons  
Manual",  Oklahoma Department o f  Pub1 i c  Sa fe ty ,  1960. (09387) 

Rules, r e g u l a t i o n s ,  and procedures f o r  a  s t a t e w i d e  
motor  v e h i c l e  s a f e t y  i n s p e c t i o n  i n  Oklahoma. 

Oldham, F.B., " V e h i c l e s  i n  Use, and S t a t e  Compulsion V e h i c l e  I n s p e c t i o n " ,  
Automobi le Ciub o f  S t .  Lou i s ,  1970. (14871) 

Age and c o n d i t i o n  o f  v e h i c l e s  i n  use; d e f e c t  r a t e s  
found by component; r e s u l t s  o f  b r a k i n g  t e s t s .  

Keranen, T.  W . ,  "Passenger V e h i c l e  and L i g h t - T r u c k  B r a k i n g  Systems 
I n s p e c t i o n  Equipment",  Bendix Corp.,  S o u t h f i e l d ,  Mich igan,  1973. 
(HSRI-28764) 

A program t o  de termine t h e  methods and s p e c i f i c a t i o n s  
f o r  a  b rake  i n s p e c t i o n  system and an e v a l u a t i o n  o f  
e x i s t i n g  i n s p e c t i o n  equipment. 

"Passenger V e h i c l e  I n s p e c t i o n " ,  Cal i f o r n i a  Highway P a t r o l ,  Sacramento, 
1967. (08962) 

How t h e  C a l i f o r n i a  PMVI system i s  a d m i n i s t e r e d  and 
opera ted.  

P e r i o d i c  I n s p e c t i o n  Manual, Vermont Department o f  Motor  Veh ic les ,  
1965. (08277) 

Ru?es, r e g u l a t i o n s ,  and procedures f o r  t h e  i n -  
s p e c t i o n  o f  au tos  i n  Vermont. 

P e r i o d i c  Elotor Vehi c i  e  I n s  e c t i o n ,  Automobi 1e P r o p e r t y  Damage and Con- 
sumer I n f o r m a t i o n  Program, G Washington, D. C. ,  1972, pp.931-988. 
(HSRI-17682 A01 ) 

+ 
Suggest ions f o r  t h e  des ign  o f  a  f a c i l i t y  t o  i n s p e c t  
5 C  a u t o  s a f e t y  f a c t o r s  and measure a tmospher ic  
e r n i s s i o ~ s .  



" P r e l i m i n a r y  Es t ima te  o f  T r a f f i c  F a t a l i t i e s ,  1959; S t a t e s  Wi th  and 
Wi thou t  I n s p e c t i o n  Programs", N a t i o n a l  Automobi le  Dea lers  A s s o c i a t i o n ,  
1960. (03337) 

T a b u l a t i o n  showing t h a t  s t a t e s  w i t h  i n s p e c t i o n  p r o -  
grams have a  s l i g h t l y  l o w e r  a c c i d e n t  f a t a l i t y  r a t e .  

"Program P lan  f o r  t h e  M ich igan  T r i a l  S u b s t i t u t e  Mo to r  V e h i c l e  I n -  
s p e c t i o n  System", M ich igan  S t a t e  Pol ice/HSRI, Ann Arbor ,  1971. ( 1  7703) 

Conta ins  genera l  i n s p e c t i o n  procedures,  e v a l u a t i o n  
procedures,  eva l  u a t i  on problems, and s p e c i f i c  mea- 
surement t echn iques .  

" A  Proposal  f o r  a  P e r i o d i c  Mo to r  V e h i c l e  I n s p e c t i o n  f o r  C a l i f o r n i a " ,  
Research I n s t i t u t e  o f  D i a g n o s t i c  Eng ineer ing ,  L i v o n i a ,  Mich igan,  1961. 
(06375) 

A d m i n i s t r a t i o n  and c o s t s  o f  a  s t a t e - w i d e  motor  
v e h i c l e  i n s p e c t i o n  program f o r  C a l i f o r n i a .  

R e i n f u r t ,  D. W . ,  " P e r i o d i c  Mo to r  V e h i c l e  I n s p e c t i o n  i n  N o r t h  C a r o l i n a " ,  
N o r t h  Caro l  i n a  U n i v e r s i t y ,  Chapel H i  11, Highway S a f e t y  Research 
Center ,  1971. (1 7584) 

Presents  s t a t i s t i c s  f o r  f i r s t  y e a r  o f  s t a t e  PMVI r e -  
l a t i n g  t o  f a i l u r e  r a t e s  and r e p a i r  cos ts ,  and r e l a t i o n -  
s h i p  t o  a u t o  age. 

R e i n f u r t ,  D.W., " S t a t i s t i c a l  Techniques f o r  E v a l u a t i n g  t h e  E f f e c t i v e -  
ness o f  S t a t e  Motor  V e h i c l e  I n s p e c t i o n  Programs i n  Reducing Highway 
Acc iden ts " ,  N o r t h  C a r o l i n a  U n i v e r s i t y ,  Chapel H i l l ,  1974. (30130) 

Us ing  a c c i d e n t  and i n s p e c t i o n  data  f r o m  South C a r o l i n a  
and F l o r i d a ,  t h e  e f f e c t  o f  p e r i o d i c  motor  v e h i c l e  i n -  
s p e c t i o n  on highway a c c i d e n t s  i n  i n v e s t i g a t e d .  S ince 
t h e  da ta  a r e  l i m i t e d ,  t h e  s t a t i s t i c a l  methodo log ies  
employed a r e  ma jo r  p o i n t s  o f  i n t e r e s t .  

"Repor t  on Recommendations Regardi ng Motor  V e h i c l e  I n s p e c t i  on" ,  
Coverdale and C o l p i t t s ,  New York, 1967. (03533) 

Eva1 u a t i o n  o f  a u t o  i n s p e c t i o n  accompl ishments ; recom- 
mendat ion o f  what c o u l d  be accompl ished th rough  such 
a program. 

"Repor ts  on Three S t a t e  Mo to r  V e h i c l e  I n s p e c t i o n  Programs", T r a f f i c  
m e s t  - and Review, Vo1. 16, No. 5, May, 1968, p.4-15. ( 0 6 9 5 r -  

D e s c r i p t i o n  and s t a t i s t i c a l  summary o f  PMVI systems i n  
C a l i f o r n i a ,  V i r g i n i a ,  and Mich igan.  
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"Rules and Regu la t i ons  and I n s t r u c t i o n s  f o r  O f f i c i a l  V e h i c l e  I n -  
s p e c t i o n  S t a t i o n s " ,  Utah Department o f  Pub1 i c  Sa fe ty ,  1966. (08270) 

"Rules and Regu la t i ons  on Motor  V e h i c l e  I n s p e c t i o n s " ,  New Jersey 
Bureau o f  V e h i c l e  I n s p e c t i o n ,  Trenton,  1966. (08998) 

As t i t l e  i m p l i e s .  

Rules, Regu la t ions  , and Requirements f o r  Motor  V e h i c l e  I n s p e c t i o n  
S t a t i o n s ,  Colorado Department o f  Revenue, Denver, 1965. (08269) 

" S a f e t y  I n s p e c t i o n  o f  t h e  Highway and t h e  V e h i c l e " ,  Tennessee Uni  ve r -  
s i  t y ,  Highway Research Record, No. 376, 1971, pp. 21-28. (HSRI-50676 
A06) 

A d e s c r i p t i o n  o f  two genera l  approaches t o  t h e  i n -  
s t i  t u t i n g  o f  a  motor  v e h i c l e  i n s p e c t i o n  program; a l so ,  
highway i n s p e c t i o n  techn iques t o  s p o t  t r a c t i o n  
t r o u b l e  areas.  

Sherman, H.W.,  "Sampling o f  D r i v e r  Opin ions Toward P e r i o d i c  Motor  
V e h i c l e  I n s p e c t  i o n " ,  Highway Research Record, No. 420, 1972, p. 36-43. 
(51 061 ) 

Sampl i n g  o f  m o t o r i s t s  o p i n i o n  r e g a r d i n g  P M V I  i n d i c a t e s  
f a v o r a b l e  a t t i t u d e .  

"The S ta tus  o f  Motor  V e h i c l e  I n s p e c t i o n " ,  Parker ,  G.L., I n t e r n a t i o n a l  
Days o f  Road Sa fe ty ,  Brusse ls ,  1973. (HSRI-32140 A06) 

Summary o f  techno logy and s tandards  a p p l i e d  i n  motor  
v e h i c l e  s a f e t y  t e s t i n g  i n  t h e  U.S. 

' 'A  Study o f  Motor  V e h i c l e  I n s p e c t i o n " ,  AAA Foundat ion f o r  T r a f f i c  
Sa fe ty ,  1967. (02243) 

Past, p resen t ,  and f u t u r e  o f  a u t o  i n s p e c t i o n ;  e f f e c t i v e -  
ness of i n s p e c t i o n  i n  a c c i d e n t  p r e v e n t i o n .  

Symons, M.J.,  " A  Model f o r  E v a l u a t i n q  t h e  E f f e c t i v e n e s s  o f  Motor  
v e h i c l e  inspection Programs', d c c i d e n t  A n a l y s i s  and Preven t ion ,  Vol . 7, 
No. 4, December, 1975, pp,281-288. 

A s t a t i s t i c a l  model based on t h e  assumpt ion t h a t  
w a i t i n g  t i m e  between a c c i d e n t s  f o l l o w s  an exponen t ia l  
d i s t r i b u t i o n  i s  presented f o r  t h e  e v a l u a t i o n  o f  PMVI 
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Coucke, E. ,  "Techn ica l  Aspects o f  Road S a f e t y :  V e h i c l e  F i t n e s s " ,  
Fonds d tE tudes  e t  de Recherches aw Probleme de !a S e c u r i t e  R o u t i e r e ,  
Brusse ls ,  1973. (01466) 

Techn ica l  i n s p e c t i o n  o f  motor  v e h i c l e s  as i t  i s  
p r a c t i c a l  i n  d i f f e r e n t  c o u n t r i e s .  

T e r r y ,  R.M. , " P e r i o d i c  Motor  V e h i c l e  I n s p e c t i o n " ,  V i r g i n i a  Department 
o f  S t a t e  P o l i c e ,  Richmond, 1969. (14068) 

The e f f e c t  o f  t h e  Highway S a f e t y  A c t  o f  1966 on t h e  
adop t ion  o f  PMVI by v a r i o u s  s t a t e s ,  and an ove rv iew  
o f  seve ra l  s t a t e ' s  programs. 

T u l l y ,  D.J.,  "The Nova S c o t i a  Compulsory Motor  V e h i c l e  I n s p e c t i o n  Pro-  
gram", Nova S c o t i a  Department o f  Highways, 1968. (06789 A02) 

J u s t i f i c a t i o n  o f  programs, c o s t s ,  summary s t a t i s t i c s .  

L i t t l e ,  J.W., "Two-Month Survey o f  Motor  V e h i c l e  I n s p e c t i o n " ,  HSRI, 
Ann Arbor ,  1966. (HSRI-01507) 

Conta ins  a  survey o f  p a s t  i n s p e c t i o n  a c t i v i t y ,  p o i n t s  
o u t  problems i n  motor  v e h i c l e  i n s p e c t i o n  process,  and 
suggests f u t u r e  research  a c t i v i t i e s .  

USA Standard  S t a t i o n  Requirements f o r  I n s p e c t i o n  o f  Motor  Veh ic les ,  
T r a i l e r s ,  and S e m i t r a i l e r s  i n  S t a t i o n s  Owned and Operated by  
o t i  t u t e ,  
New York, 1968. (HSRI-13561) 

McMinn, R.W., "Us ing Acc iden t  Research t o  Eva1 u a t e  P e r i o d i c  Motor  
V e h i c l e  I n s p e c t i o n " ,  New Je rsey  S t a t e  D i v i s i o n  o f  Motor  Veh ic les ,  
Trenton,  1973. (28244) 

The e v a l u a t i o n  and c o s t s  o f  New J e r s e y ' s  v e h i c l e  i n -  
s p e c t i o n  program a r e  desc r ibed .  

" V e h i c l e  Check Lane A c t i v i t y "  , Mich igan  S t a t e  Pol i c e ,  East  Lans ing,  
1971. ( 1  5244)  

S t a t i s t i c a l  summary o f  i n s p e c t i o n  a c t i v i t y  i n  M ich igan ,  
1957-1970. 

" V e h i c l e  I n s p e c t i o n  Prc;cedureH, West V i r g i n i a  Motor  V e h i c l e  I n s p e c t i o n  
Bureau, Char les ton ,  1960. (08260) 

Pu les ,  r e g u l a t i o n s  , and procedures f o r  a s t a t e w i d e  
motor  v e h i c l e  s a f e t y  i n s p e c t i o n  i r~ West V i r g i n i a .  

" V e h i c l e  S a f e t y  I n s p e c t i o n  S t a t e  Programs B o l s t e r e d  by  Federa l  
L e g i s l a t i o n " ,  Automot ive  I n f o r m a t i o n ,  February,  1967, p.8. (HSRI- 
23924) 

S h o r t  d i s c u s s i o n  o f  need f o r  p e r i o d i c  mo to r  v e h i c l e  
i n s p e c t i o n  and sources o f  i n s p e c t i o n  procedure  t e c h n i -  
ques and s tandards .  



"Weak P o i n t s  o f  Cars; P e r i o d i c  I n s p e c t i o n  o f  P r i v a t e  Cars" ,  AB Svensk 
B i l p r o v n i n g  (Sweden), 1973. ( 1  31 7 6 )  

A t a b u l a r  summary o f  t h e  i n c i d e n c e  o f  f a i l u r e  o f  t h e  com- 
ponents necessary f o r  t h e  s a f e  o p e r a t i o n  o f  24 d i f f e r e n t ,  
au to  models f rom 1966 t o  1970. 
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APPENDIX F 

STATISTICAL METHODS 

For testing whether the samples from the two 

counties had the same distribution on some variable, 

the chi-squared test was used. This was also the tech- 

nique used to test whether a sample was representative 

of that county's registered vehicles. For example, con- 

sider the variable vehicle type. The data are given in 

Table A- . The null hypothesis is that the properties 

of vehicles in ofeach vehicle type is the same in the 

twc counties. The test statistic is: 

2 X = I  C (Xij - E(X. . ) l L  
1 3  

i j 
E ( X .  . )  

1.1 i = vehicle type 
indicator 

j = county indi- 
cator 

( C  x..) ( C  x . , )  
where E(X. , )  = 1 3  1 7  

11 i I 

This statistic was used to compare the distributions 

of vehicles in the two counties. It was also used to 

compare the sample to the population of registered 

vehicles in each county and to compare the combined 

sample to t h e  state. 

A more complex statistical procedure based on 

weighted least squares was used to estimate trend lines 

relating the proportion defective vehicles to the age 

of the vehicle. This approach was also used in the - 



de ta i l ed  analys is  of the  comparison of the  wheel p u l l  

t o  the moving stopping t e s t .  I t  i s  described b r i e f l y  

below. 

For purposes of ana lys i s ,  the  da ta  can be regarded 

a s  independen't binomial response var iables  represent ing 

the  number of f a i l u r e s  w i t h i n  each of the  seventeen 

spec i f ied  vehicle  age ca tegor ies ,  Since ne i the r  the  

f a i l u r e  r a t e s  nor the sample s i z e s  a re  constant  across  the 

vehicle  ages,  the  est imates  of variance associated w i t h  

these f a i l u r e  r a t e s  a re  unequal. A s  a  r e s u l t ,  the regres- 

s ion equation parameters can be estimated by a  weighted 

l e a s t  squares algorithm such as  the  computer program GENCAT 

discussed i n  Landis, e t .  a 1 . l  Within t h i s  framework, the 

probabi l i ty  vec tcr  E i s  the 3 4  x 1 vector  of observed pro- 

port ions associated with the frequencies i n  Table To 

avoid matrix s i n g u l a r i t i e s ,  c e l l s  w i t h  e n t r i e s  of zero 

were changed t o  0 . 5 ,  Then the function vector of i n t e r e s t  

i s  the 1 7  x 1 vector  of f a i l u r e  r a t e s .  

where /Y A = ( 0  1) @>17, O d e n o t e s  Kronecker product 

of matrices andJm is  the m x m i d e n t i t y  matr ix .  

We a r e  now in te res ted  i n  using the  vector  of f a i l u r e  

,p  , . . . , p  ) and i t s  symmetric variance- r a t e s  y '  = (pl  
/Y n 

covariance matrix P V t o  f i t  a regression model v ia  weighted 

l e a s t  squares.  The elements of V a r e  computed as  follows: 
r 

 andis is, J. Richard, W.M. Stanish ,  and Gary G .  Koch: 
A Computer Program f o r  the  Generalized Chi-Square 
Analysis o t  Categorical  Data Using Weighted Least 
Squares t o  Compute Wald S t a t i s t i c s  ( G E N C A T ) ,  Bio- 
s t a t i s t i c s  Technical Report No, 8 ,  Dept. of Bio- 
s t a t i s t i c s ,  Univ. of ~ i c h i ~ a n ,  Ann Arbor, Michigan 
February 1 9 7 6 .  



for i,j = 1, 2, . 1 7  The regression model i s  of the 

form E{~] = XB where J is the t x 1 vector of coefficients 
/vF 

and X is the s x t design matrix. The value of t is the - 
number of coefficients (or effects) to be estimated in 

the model, Accordingly, the vector of estimated coefficients 

can now be calculated by 

Moreover, the estimated variance-covariance matrix of these 

parameter astimates is given by 

A 
We can now generate the vector of fitted failure rates y = X B 

r, p N  

together with their estimated variance-covariance matrix 

A lack of fit statistic associated with this regres- 

sion modei can be obtained by computing 

(i = SSE = SSTO - SSR 

which has a Chi-square distribution with 17-t degrees of 

freedom under the assumption that the model is apt. If 

Q is non-significant (the model fits) then specific model 

effects can be tested. Otherwise, if Q is significant, 

the tests for specific effects are meaningless and another 

model should be tried. 



Tests for the specific effects can be conducted 

using contrast matricies. The hypotheses for these tests 

CB = 0 ,  where C is a c x t contrast take the form: Ho. __ 
e e 

matrix which selects the desired effects to be tested from 

B. The test statistic thus can be derived as 
N 

which tests the amount Q would be increased if the con- 

straints implied by % were not in the model. Finally an 

analogue to the multiple R~ in standard regression 

analysis can be calculated as 

R~ = SSR / SSTO = Qm/ (Q + Q,) 

when the statistic Q, tests for all effects to be simul- 

taneously zero. 

For our example, we wish to examine the fit of three 

different polynomial models to the data: linear, quad- 

ratic, and cubic. The models used and the coefficient 

matrices are as follows: 

with t = 2 , 3 , 4  respectively. The design matrices used for 

the regression are all derived from the matrix used for 

the cubic regression: 



The d e s i g n  m a t r i x  f o r  t h e  l i n e a r  model i s  t h e  1 7  x  2 m a t r i x  

c o n s i s t i n g  of t h e  f i r s t  two columns of  Xc and t h a t  of t h e  

q u a d r a t i c  t h e  17 x  3 m a t r i x  of t h e  f i r s t  t h r e e  columns. 

A test  f o r  t h e  s l o p e  of ze ro  i n  t h e  model w i t h  on ly  

t h e  l i n e a r  term i s  done w i t h  a  c o n t r a s t  m a t r i x  S1 = ( 0  1) .  

The c o n t r a s t  m a t r i x  f o r  t h e  t e s t  t h a t  bo th  t h e  l i n e a r  

and q u a d r a t i c  e f f e c t s  a r e  ze ro  (SSR) i s  

w i t h  s p e c i f i c  e f f e c t s  t e s t e d  by t h e  two 1 x  3 matr ices  

c o n s i s t i n g  of t h e  i n d i v i d u a l  rows of C2. F i n a l l y ,  f o r  

t h e  c u b i c  model t h e  tes t  t h a t  t h e  s imul~taneous  e f f e c t s  

a re  zero (SSR) i s  o b t a i n e d  by u s i n g  t h e  c o n t r a s t  m a t r i x  

w i t h  s p e c i f i c  e f f e c t s  t e s t e d  by t h e  i n d i v i d u a l  rows of 



The results of this analysis (Table F-1) indicate 

that although the cubic equation gives the best fit 

= 0 . 9 9 7 5 ) ,  the individual cubic effect is non-sig- 

nificant so a quadratic model is more appropriate. The 

final model with estimated proportions and standard 

errors, observed proportions, and residuals is given in 

Table F-2. 

It was also hypothesized that there might be a 

linear trend over a reduced range of the data, namely 

the ages 0 to 11 years. In a similar manner as before, 

the design matrix became the first twelve rows of the 

previous design matrix with the appropriate columns 

corresponding to the linear and quadratic effects. The 

results of this regression (Table F-2) again imply that 

the quadratic model is the most appropriate. The ob- 

served proportions, estimated proportions, and standard 

errors, and residuals are given in Table F-4- 

Although point estimates of the 
three conditional probabilities that are of primary interest 
can be easily derived from the data, interval estimates 

were also desired, Thus the eight possible brake in- 

spection autcomes and their frequencies were arranged as 

in Table two, The covariances of the means of the first 

four categories were derived from their multi-nomial 

structure. The means and their covariances were then 

combined to yield the three estimates of the probability 

that a serious brake defect will be discovered by a wheel 

pull inspection for vehicles that had passed the stopping 

test and their variances, The multivariate Hotelling's T 



statistic was then used to yield three simultaneous con- 

fidence intervals of the appropriate width, 
1 

Point estimates of the three conditional probabilities 

that a serious brake defect will be discovered by a stop- 

ping test for vehicles that had passed the wheel pull 

inspection were derived in table three. The Bonferroni 

procedure was used to obtain three simultaneous confidence 

intervals of the appropriate width, 
2 

Richard J, P, primer of Multivar&ate Statistics. - 
New Xork: Academic ~ r ~ s s ,  Inc ,  1975, p ,  7 3 ,  

2 Neter, John and Wasserrnan, William, Applied Linear 
Statistical Models, Honewood, Illinois: Richard D. 
Irwin, Tnc, 1974 p', 147, 



Table F-1 

Fitted Models for the Total Vehicle, Complete Range 

Model: Y = B t BIX t e 0 

Parameters 
Estimated Standard 
Parameters Error 

0.1185 0.006354 
0.07697 0.001053 

d.f. X 
2 

Source P 
 egression 1 5344.66 0.0000 
Error 15 441.56 0.0 R~ = 0.92369 

Model: Y = Bo t B x t B~X' + e 
1 

~stimated Standard 
Parameters Parameters Error 

Bo -0.01765 0.009167 

B1 
0.14853 0.003629 

B2 
-0.00588 0.000285 

Source d.f. x2 P 

Regression 2 5769.18 0.0 
Linear 1 1674.97 0.0 
Quadratic 

Error 

Estimated 
Parameters Parameters 

Bo -0.03117 

B1 
0.16015 

B2 
-0.00798 

B3 
0.00010 

Source 

Regression 
Linear 
Quadratic 
Cubic 

Error 

Standard 
Error 

0.012650 
0.008324 
0.001382 
0.000065 



T a b l e  F-2 

OBS & F i t t e d  V a l u e s  u n d e r  F u l l  Range  Q u a d r a t i c  Model  

O b s e r v e d  P r e d i c t e d  R e s i d u a l  

0 . 0 3 5 8 3 1  

-0 .011067  

0 .000194  

0 . 0 0 3 8 5 8  



Tab le  F-3 

F i t t e d  M o d e l s  f o r  t h e  Reduced  R a n g e ,  T o t a l  V e h i c l e  

Model: Y = B  + B I X  + e Q 
E s t i m a t e d  S t a n d a r d  

P a r a m e t e r s  P a r a m e t e r s  E r r o r  

Bo 0 . 0 8 8 3 1 8  0 . 0 0 6 6 5 3  

B1 0 . 0 8 5 7 0 8  0 . 0 0 1 1 9 9  

S o u r c e  d . f .  x2 P 

R e g r e s s i o n  1 5 1 0 7 . 2 9  0 . 0  
E r r o r  1 0  206 .16  0  . O  R2 = 0 . 9 6 1 2 0  

2  Mode l :  Y = B + BIX + B2X + e 
0  

E s t i m a t e d  
P a r a m e t e r s  P a r a m e t e r s  

Bo - 0 . 0 2 1 8 3  

Bl 0-15099 

B2 -0 .00609  

S o u r c e  d . f .  - x2 
R e g r e s s i o n  2 5 3 0 4 . 3 6  

L i n e a r  1 9 8 8 . 5 1  
Quadratic 1 1 9 7 . 0 6  

E r r o r  9 9 . 1 0  

S t a n d a r d  
E r r o r  



Table 8'-4 

Observed  a n d  F i t t e d  V a l u e s  Under t h e  Q u a d r a t i c  
Model,  Reduced Range 

Observed  

0 ,01818  

0  . I 1 3 9 3  

0 .25608 

0 .37888 

0.49650 

P r e d i c t e d  Residual 



Table F-5 

Brake Inspection Analysis 

* 
t denotes pass 

* 
Analysis Categories 

- denotes fail 

Police 

H S R I  1 

H S R I  2 

H S R I  3 

Total 

Let x = j  1 if x falls in the ith classification 
i 

( 0 otherwise 

Y 
1887 578 

From Table C-5, 

t + + t 

t - t t 

t - - + 
t - - - 

1749 62 52 2 4) 

- p(Xi=O) p(X,=l) then var (Ti) - A cov (xi,x,) = -p(Xi=l) p(x.=l) n 1 I 
I 

SO n 

- - - - 
- - 

t - + + 
t - - + 
t - - - 

891 44 31 12) = 2465 

3.592 -1.614 -1.354 

s- = ( -1.614 1.684 -0.048 

X -1.354 -0.048 1.420 -0.018 
x 

-0.625 -0.022 -0.018 0.665 
Now, - 

P = A X r  
y. - 

where A = 

and p = vector of proportions of interest - 



The results are 

-3 2 
P1 = 0.033 I var (PI) = (4.104 x 10 ) I 

- 3  L P3 = 0.073 I var (P3) = (5.993 x 10 ) I 

where var (P. ) = a ,  S- a . 
1 -1 x -i 

The joint 
/- 

95% confidence interval width = Tcritical x - 
Using this one 

0.054 L_ P3 c - 0.091 

for the joint 95% confidence intervals. 

Here, 

Tcritical 
= F(.95;PlN-P) P(N-1) \i N-P 

P = 4  
Tcritical = 3.088 

N = 1887 



Table F-6 

-3 2  H~ = 0 . 2 2 6  var  (H1) = ( 8 . 6 1  x 1 0  ) 

-3 2  H~ = 0 . 2 2 1  var ( H 2 )  = ( 8 . 6 9  x 1 0  ) 

-3 2 H~ = 0 . 2 1 9  var  ( H ~ )  = ( 8 . 7 4  x 1 0  ) 

where var  ( H ,  ) = p ( H , = O )  p ( H , = l )  

9 5 %  c o n f i d e n c e  i n t e r v a l  width = Z c r i t i c a l  J- 



A1 t e r n a t i v e  Methods f o r  Pe r fo rm ing  Weighted Leas t  Squares A n a l y s i s  . 
The program used and d e s c r i b e d  i n  t h e  p reced ing  s e c t i o n s ,  GENCAT, i s  n o t  

a lways a v a i l a b l e  o r  fami 1  i a r  t o  researchers .  T h i s  s e c t i o n  desc r ibes  how 

an o r d i n a r y  1  e a s t  squares r e g r e s s i o n  program--exempl i f  i e d  by t h e  REGRESS 

command i n  t h e  U n i v e r s i t y  o f  M i c h i g a n ' s  MIDAS package o f  s t a t i s t i c a l  programs-- 

can be used t o  p e r f o r m  weighted l e a s t  squares model f i t t i n g .  

Many model f i t t i n g  techn iques r e l y  on t h e  p r i n c i p l e  o f  l e a s t  square(LS) . 
The usua l  r e g r e s s i o n  models and a n a l y s i s  o f  v a r i a n c e  models a r e  o f  t h i s  t y p e .  

The p r i n c i p l e  o f  l e a s t  squares i s  t o  e s t i m a t e  parameters i n  such a  way t h a t  

t h e  square o f  t h e  v e r t i c a l  d i s t a n c e  between t h e  observed va lues and t h e  va lues 

p r e d i c t e d  by t h e  model i s  a  minimum. 

For  example, such a  model i s  

Y = B O + B 1 x 1 + 6 2 ~ 2 + ~  , 

where t h e  ~ ' s  a r e  parameters,  xland x2are observed va lues o f  t h e  independent 

v a r i a b l e s ,  Y i s  t h e  dependent v a r i a b l e s ,  and E r e p r e s e n t s  a  random e r r o r .  

The p r e d i c t e d  v a l u e  o f  Y i s  

where t h e  b ' s  a r e  es t ima tes  o f  t h e  6 ' s .  I f  t h e  method o f  l e a s t  squares i s  

" 2 
used, t h e  b ' s  a r e  chosen so t h a t  c(Y-Y) i s  a  minimum. 

The usua l  assumptions about  t h e  e r r o r  terms a r e  t h a t  they  ( 1 )  have mean 

zero ,  ( 2 )  have c o n s t a n t  v a r i a n c e , ( 3 )  a r e  independent,  and ( 4 )  a r e  n o r m a l l y  

d i s t r i b u t e d .  The f i r s t  o f  these assumptions i m p l i e s  t h a t  t h e  model i s  un- 

b i a s e d - - t h a t  i s ,  t h a t  t h e  " c o r r e c t "  model i s  be ing  used. The second and 

t h i r d  assumptions a r e  necessary  t o  t h e  approp r ia teness  o f  t h e  LS techn ique .  

The f o u r t h  assumpt ion i s  necessary i n  o r d e r  t o  i n f e r  sampl ing d i s t r i b u t i o n s  

of t h e  e s t i m a t e s ,  t e s t  s t a t i s t i c a l  hypotheses, and fo rm con f idence  i n t e r v a l s .  



I f  t h e  second o r  t h i r d  assumpt ion i s  v i o l a t e d ,  then t h e  LS method o f  

parameter e s t i m a t i o n  may n o t  be a p p r o p r i a t e .  The LS techn ique  t r e a t s  a l l  

d a t a  as e q u a l l y  r e 1  i a b l e .  I f  t h e  va r iances  a r e  n o t  cons tan t ,  t h i s  i s  n o t  

t h e  case.0ne o r  few o b s e r v a t i o n s  wh ich  a r e  " o u t l i e r s "  w i l l  charge t h e  e s t i -  

mated model c o n s i d e r a b l y .  I f  t h e  va r iances  a r e  n o t  c o n s t a n t ,  t h e  da ta  p o i n t s  

wh ich  a r e  l e a s t  r e l i a b l e  (have t h e  l a r g e s t  va r iances )  a r e  most l i k e l y  t o  

g i v e  va lues wh ich  a r e  " o u t l i e r s " .  Thus i f  va r iances  a r e  n o t  cons tan t ,  

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

A s i m i l a r  s i t u a t i o n  occurs  when t h e  e r r o r s  a r e  n o t  independent.  I n  

t h i s  case, t h e  e r r o r  a t  one p o i n t  i n f l u e n c e s  t h e  e r r o r  a t  ano the r  and t h e  

e f f e c t  may cumulate.  Here aga in  LS may be m i s l e a d i n g .  

One a1 t e r n a t i v e  when assumpt ion ( 2 )  o r  ( 3 )  i s  n o t  met i s  t o  use 

weighted l e a s t  squares (WLS). Assume f i r s t  t h a t  t h e  cova r iance  m a t r i x  o f  t h e  

e ' s  i s  a  genera l  cova r iance  m a t r i x  - V .  L e t  - V - '  denote i t s  i n v e r s e  (V - i s  

assumed t o  be symmetric and o f  f u l l  r a n k ) .  L e t  - P be an o r thogona l  m a t r i x  

such t h a t  - - -  P V P I=  - I ,  so t h a t  - -  PIP = - V - ' .  L e t  - Z = - -  P Y ,  - ~ = P E  and - W = - -  P X .  

Then t h e  t rans fo rmed  problem - Z = - -  W 6 + - 6 may be modeled by LS, s i n c e  t h e  

cova r iance  m a t r i x  o f  - 6 becomes - - -  P ' V  P = - I. For a  genera l  cova r iance  m a t r i x  

V ,  d e t e r m i n a t i o n  o f  P may be q u i t e  t e d i o u s .  However, i f  t h e  e r r o r s  a r e  i n -  - - 

dependent, b u t  have d i f f e r e n t  va r iances ,  - V i s  d iagona l  w i t h  t h e  va r iances  

as t h e  d iagona l  e n t r i e s .  I n  t h i s  case, -- P i s  t h e  d iagona l  m a t r i x  w i t h  t h e  

i n v e r s e  o f  the squarc roots o f  t h e  va r iances  3 s  i t s  d i ? " r n a l  e n t r i e s .  

The t ransformed problem r e s u l t s  i n  choosing t h e  parameters t o  mimimize 



where wi a r e  t h e  elements i n  - V-I. If - V i s  d i a g o n a l ,  i .e., if t h e  e r r o r s  

a r e  independent , t h i s  reduces t o  

2 1  
where wi = - 2 a r e  t h e  i n v e r s e s .  o f  t h c  va r iances .  u i 

There a r e  a  number o f  a p p l i c a t i o n s  where t h e  WLS techn iques may be 

a p p r o p r i a t e .  The most f r e q u e n t  may be t h e  case o f  p r o p o r t i o n s .  The v a r -  

i a n c e  o f  a  sample p r o p o r t i o n  i s  Var(p)=: , which may v a r y  c o n s i d e r a b l y ,  

p a r t i c u l a r l y  i f  t h e  sample s i z e  a l s o  v a r i e s .  A second case o f  a p p l i c a t i o n  

i s  da ta  which a r e  means based on d i f f e r e n t  sample s i z e s ,  i n  wh ich  case ~ a r ( X )  = 

0 ,  A  f i n a l  example i s  counts  or f r e q u e n c i e s ,  where t h e  v a r i a n c e  may be - 
n  

p r o p o r t i o n a l  t o  t h e  mean ( o r  observed response) .  

I n  p r i n c i p l e ,  b o t h  t h e  GENCAT and M I D A S  r o u t i n e s  may be u t i l i z e d  t o  

p e r f o r m  WLS . However, these a r e  d i f f e r e n t  approaches and d i  f , f e ren  t r e s t r i c t i o n s  

a p p l y .  GENCAT i s  1  i m i t e d  t o  t h e  case o f  p r o p o r t i o n s  o r  some f u n c t i o n s  

o f  p r o p o r t i o n s ,  b u t  t h e  b a s i c  cova r iance  s t r u c t u r e  must be t h a t  o f  p r o -  

p o r t i o n .  As ide f rom t h a t ,  t h e  method i s  genera l  and may be u t i l i z e d  by 

e n t e r i n g  e i t h e r  t h e  v e c t o r  o f  p r o p o r t i o w  and i t s  cova r iance  m a t r i x  o r  t h e  

v e c t o r  o f  parameters and i t s  cova r iance  m a t r i x  i n t o  t h e  program. Thus 

V may be q u i t e  g e n e r a l .  - 

I n  MIUAS, WLS i s  accompl ished by a  s e r i e s  o f  t r a n s f o r m a t i o n s  f o l l o w e d  

by LS on t h e  t rans fo rmed  da ta .  Thus i t  i s  necessary t o  know v- '  i n  t h e  -- 

fo rm - P ' P .  - Even then,  f o r  a  genera l  V , i t  may be v e r y  d i f f i c u l t  t o  accom- - 

p l  i s h  t h e  t r a n s f o r m a t i o n s  - -  P  Y ,  - P  , f o r  t h e  dependent v a r i a b l e  Y and a l l  - 

t h e  independent v a r i a b l e s  Xi ( i n c l u d i n g  dummy v a r i a b l e s )  . I f  t h e  e r r o r s  

a r e  independent , however, t h i  s  can be accompl i shed r e a d i  l y  . 



The MIDAS Method. Assume t h a t  t h e  e r r o r s  have va r iances  o f  t h e  f o r m  

Z 
Var(c i )= o vi , where t h e  vi a r e  d i f f e r e n t .  

I 
Then l e t  wi= ; . Transform t h e  dependent v a r i a b l e  Y by Y = Ti. 

1 

L i  kewise, t rans form each independent v a r i a b l e  Xi = %xi. A l so  c r e a t e  a  

new v a r i a b l e  5. T h i s  w i l l  be used t o  o b t a i n  t h e  e s t i m a t e  of 13,.  A f t e r  

t hese  t r a n s f o r m a t i o n s ,  use t h e  REGRESS command w i t h  OP=MEANZERO. The r e -  

s u l t i n g  c o e f f i c i e n t s  a r e  t h e  WLS es t ima tes  o f  t h e  c o e f f i c i e n t s  i n  t h e  

o r i g i n a l  model. 

Exarnpl e  

Suppose we w i s h  t o  f i t  a  q u a d r a t i c  r e g r e s s i o n  t o  p r o p o r t i o n a l  da ta .  

The dependent v a r i a b l e  i s  t h e  p r o p o r t i o n  o f  v e h i c l e s  f a i l i n g  an i n s p e c t i o n  

and t h e  independent v a r i a b l e  i s  t h e  age o f  t h e  v e h i c l e .  The model i s  

where t h e  v a r i a n c e  o f  E -  i s .  n o t  cons tan t ,  b u t  has t h e  fo rm 
P. ( l -P i )  I 

V a r ( ~ ~  )=k  1 . ( I f  t h e  va r iances  a r e  known, k  can be made equal  t o  1  . ) ,  
n: Y- 

I 

M u l t i p l y  b o t h  s i d e s  o f  t h e  e q u a t i o n  ( 1 )  by Gi 

where 



W i t h  Data i n  t h e  fo rm:  

V1 Age 

V2 Number F a i  1 i n g  

V3 T o t a l  Veh ic les  i n  Age Class  

The f o l l o w i n g  MIDAS procedure  w i l l  per form Weighted Leas t  Squares Regress ion 

on t h e  Data,  

Command 

Trans V4=V2/V3 

Trans V5=V1**2 

Trans V6=1 -V4 

(Comments ) 

( p i  = p e r c e n t  f a i l i n g )  

(square  o f  age) 

( i  - pi) 

Trans V7=V4*V6 

Trans V7=1/V7 

Trans V7=V3*V7 i = wi) 

Trans V8=SQRT(V7) ail 
Trans V9=VO*V4 (5 p i = Y 1 )  

Trans V10=V8*V1 (mi age = X i )  

Trans V l  1 =V8*V5 
2 (a. 1 age2 = X I  ) 

Regress V=9, 8,  10, 11 OP=MEANZERO 

Save V12=Predict  ( ? I = ~  ? )  
1 

Save V13=Residual ( e 1 = m  A ? . l  e)  

Trans V14=V12/V8) (Y = P) 
A A 

S c a t t e r  V=13; 1, 12, 14 Res id  vs .  Age, Y ,  Y 
* 

S c a t t e r  V-4, 14; 1 p & p vs .  Age 

W r i t e  V=1-4, 7, 13, 14 FO=3F6, F16.1, 3F13.6 

Age, F a i l ,  T o t a l ,  Weight, Res idua l  (Weighted) P r e d i c t e d  



1975 Total Sample Regression Data 

Total 

27 (27.5) 

1299 

1890 

1998 

1712 

1169 

981 

1023 

748 

552 

385 

270 

144 

53 

42 

12 (12.5) 

10 ( 1 0 3 )  

Values in parentheses are the values used in the program. 



Note t h a t :  
, - n  

i V a r ( ~ ~  ) = Var (  Jw. E . )  = WiVar (~ i )  = .- P . ( l -P i )  1 ,( = k,  
1 1  

1 1 n  i 
.. 

so t h a t  ci has c o n s t a n t  v a r i a n c e  as d e s i r e d .  Then w i t h  a  new v a r i a b l e  w i t h  

va lues 5, and o p t i o n s  = mean zero ,  FlIdAS po lynomia l  r e g r e s s i o n  w i l l  g i v e  t h e  I L S  

e s t i m a t e  a t  B ~ ,  B 1 ,  and B 2  . 
The r e s u l t s  f rom MIDAS a r e :  

C o e f f i c i e n t s  Standard e r r o r s  

bo = -0.017649 0.010113 

bl = 0.14853 0.0040036 

b2 = -0.00588 0.00031 48 

MIDAS a l s o  c a l c u l a t e s  an e s t i m a t e  o f  k  which i s  t h e  e r r o r  mean square 

(he re  k=1.21696). A1 so, a  mu1 t i p l e  c o r r e l a t i o n  c o e f f i c i e n t  o r  c o e f f i c i e n t  

of d e t e r m i n a t i o n  i s  presented.  

2  
R~ = 0.99653, where R = E o r r e l a t i o n (  fi iPi, 4.i. 1 1  )I ". 

The r e s u l t s  from an o r d i n a r y  (LS) r e g r e s s i o n  on these da ta  h e r e :  

C o e f f i c i e n t  Standard e r r o r  

b0 = 0.02477 0.035373 

bl = 0.13004 0.009577 

b2 = -0.004545 0.0005477 , 

r a t h e r  d i f f e r e n t .  

GENCAT was r u n  on t h e  same da ta  and model, g i v i n g  t h e  f o l l o w i n g  r e s u l t .  

C o e f f i c i e n t  Standard e r r o r  

bo = -0.017649 0.0091 67 

bl = 0.14853 0.003629 

b2 = -0.00588 0.000285, 



2  *2 Chi-squared ( f o r  B~ W i th  an analogue o f  R g i v e n  by R = and B ~ )  

t h i  -squared ( f o r  8 ,  and 8 , ) +  Chi -squared f o r -  
I L e r r o r  

R * ~  = 0.99706. The ch i - squared  f o r  e r r o r  i s  t h e  same as t h e  sum o f  squares 

f o r  e r r o r  o b t a i n e d  f rom MIDAS. 

N o t i c e  t h a t  t h e  c o e f f i c i e n t s  a r e  i d e n t i . c a 1  b u t  t h a t  t h e  s tandard  

1  -1 x ) - l  e r r o r s  a r e  d i f f e r e n t .  T h i s  i s  because t h e  GENCAT program uses ( X  - -  V - 

as t h e  es t ima ted  cova r iance  m a t r i x  o f  t h e  parameter es t ima tes  - assuming 

t h a t  K has been made equal t o  one. MIDAS, on t h e  o t h e r  hand uses 

- 2  1 - 1  
a ( X  - -  V x ) - '  as t h e  es t ima ted  cova r iance  m a t r i x  o f  t h e  parameters .  

The mean square f o r  e r r o r  ( ch i - squared  f o r  e r r o r  d i v i d e d  by  i t s  degrees 

2 
o f  freedom) i s  used as t h e  e s t i m a t e  o f  u . Thus, if t h e  ch i - squared  f o r  

e r r o r  i s  l e s s  than  i t s  degrees o f  freedom, MIDAS w i l l  r e p o r t  s m a l l e r  s tandard  

e r r o r s .  I n  t h e  more f r e q u e n t  case, as here ,  t h e  ch i - squared  f o r  e r r o r  w i l l  

be g r e a t e r  t han  i t s  degrees o f  freedom and MIDAS w i l l  r e p o r t  l a r g e r  s tandard  

e r r o r s .  

I t shou ld  be no ted  t h a t  i n  o r d e r  f o r  t e s t s  of c o n t r a s t s  among t h e  

parameters ( i n  GENCAT) t o  be v a l i d ,  t h e  model must f i t .  O p e r a t i o n a l l y ,  

t h i s  i s  judged by t h e  ch i - squared  f o r  e r r o r  be ing  n o n - s i g n i f i c a n t .  Thus 

t h e  ch i - squared  f o r  e r r o r  shou ld  n o t  be s i g n i f i c a n t l y  g r e a t e r  than i t s  

degrees o f  freedom o r  t n e  model would be i n v a l  i d ,  However, t h i s  can 

s t i l l  r e s u l t  i n  d i f f e r e n c e s  i n  s tandard  e r r o r  es t ima tes  o f  20% o r  more. 

Which method shou ld  be used i s  an open q u e s t i o n .  I f  t h e  va lues o f  

Pi were known, t h e  GENCAT v e r s i o n  would be a p p r o p r i a t e .  However, i t  i s  n o t  

known what v a l u e  o f  t h e  ch i - squared  f o r  e r r o r  would i n v a l i d a t e  t h e  e s t i -  

mates. S ince t h e  cova r iance  m a t r i x  i s  es t ima ted  f r o m  t h e  da ta ,  t h e  



(genera l  1 y I a r g e r )  s tandard  e r r o r s  e s t i m a t e d  t h r o u g h  t h e  M I  DAS method 

may be b e t t e r .  A c o n s e r v a t i v e  v iew  would be t o  t a k e  wh ichever  s tandard  

e r r o r  was t h e  l a r g e r  as t h e  e s t i m a t e  f o r  t h e  s tandard  e r r o r ,  so l o n g  as 

t h e  ch i - squared  f o r  e r r o r  i s  n o n - s t g n i f i c a n t ,  

I f  t h e  ch i - squared  f o r  e r r o r  i s  s i g n i f i c a n t ,  t h i s  i n d i c a t e s  t h a t  

t h e r e  i s  some l a c k  o f  f i t  i n  t h e  model. The model may s t i l l  e x p l a i n  a  

l a r g e  p r o p o r t i o n  o f  t h e  v a r i a b i l i t y  i n  t h e  da ta ,  b u t  because perhaps o f  

v e r y  l a r g e  sample s i zed ,  t h e  l a c k  of  f i t  i s  s t i l l  r e a l .  I n  one sense, t h e r e  

i s  a lways l a c k  o f  f i t  s i n c e  no s i m p l i f t e d  mathemat ica l  model can be ex-  

pec ted  t o  f i t a  complex phenomenon p e r f e c t l y .  I n  t h i s  sense, t h e  l a c k - o f -  

f i t  s t a t i s t i c  o n l y  measures whether t h e  sample s i z e  was l a r g e  enough t o  

d e t e c t  t h e  inadequacy o f  t h e  model, However, if t h e  model e x p l a i n s  a  l a r g e  

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

o f  f i t ,  one i s  faced w i t h  t h e  dilemma t h a t  t h e  model may be q u i t e  u s e f u l  

even though i t  i s  a  s i m p l i f i c a t i o n ,  

One approach which  may be cons ide red  if t h e  model appears t o  be u s e f u l  

i n  s p i t e  o f  some l a c k  o f  f i t  i s  one suggested by F inney f o r  b i o l o g i c a l  assay 

problems. T h i s  c o n s i s t s  o f  m u l t i p l y i n g  a11 o f  t h e  e s t i m a t e d  v a r i a n c e s  by a  

" h e t e r o g e n e i t y  f a c t o r " .  T h i s  i s  e q u i v a l e n t  t o  u s i n g  t h e  va r iances  and/or  

s tandard  e r r o r s  as r e p o r t e d  by M I D A S  o r  t h e  usua l  r e g r e s s i o n  program. I n  

a d d i t i o n ,  i n s t e a d  o f  u s i n g  t h e  ch i - squared  s t a t i s t i c s  t o  assess whether g i v e n  

parameters o r  s e t s  o f  parameters 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 ze ro  o r  

f rom each o t h e r ,  an " F "  s t a t i s t i c  i s  used, T h i s  i s  c o n s t r u c t e d  by d i v i d i n g  

t h e  ch i - squared  s t a t i s t i c  by i t s  degree o f  freedom, and then  by  t h e  e r r o r  

mean square.  The r e s u l t  i s  t hen  compared t o  a t a b l e  o f  t h e  "F"  d i s t r i b u t i o n  

r a t h e r  than  t h e  ch i - squared  d i s t r i b u t i o n ,  As an example, t h e  ch i - squared  



s t a t i s t i c  f o r  t e s t i n g  whether bo i s  s i g n i f i c a n t l y  d i f f e r e n t  from ze ro  i s  

x2 = 3.71 w i t h  1 degree o f  freedom. The upper 5% p o i n t  o f  a ch i - squared  

t a b l e  w i t h  1 degree o f  freedom i s  3.84, so t h e r e  i s  some ev idence t h a t  bo 

i s  d i f f e r e n t  from zero ,  b u t  n o t  very. s t r o n g  evidence.  On t h e  o t h e r  hand, 

t h e  cor respond ing F s t a t i  s t i c - - w h i c h  would be more a p p r o p r i a t e  were t h e  1 ack 

o f  f i t  s i g n i f i c a n t - - i s  f = 3.05, w i t h  1 and 13 degrees of  freedom. The 5% 

c r i t i c a l  v a l u e  from an F t a b l e  i s  4,67, i n d i c a t i n g  t h a t  t h e r e  i s  no ev idence 

t h a t  bo i s  d i f f e r e n t  f rom ze ro .  






