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EVALUATION OF THE MICHIGAN TRIAL SUBSTITUTE 
VEHICLE IiiSPECTION PROGRAM: FIRST YEAR ACTIVITIES 

1  SUMMARY 

How e f f e c t i v e  i s  t h e  checkl  ane 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  Michigan? How e f f e c t i v e  would a  checklane i n -  

spec t i on  system be t h a t  inspec ted  on t h e  average 15% of t h e  s t a t e ' s  

veh i c l es  , coup1 ed w i t h  an increased 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 nspec t i on?  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  eva lua t i ng  t he  b rak i ng  system? These a re  some o f  t h e  

quest ions addressed by a  c u r r e n t  s tudy conducted by HSRI j o i n t l y  

w i t h  t h e  MSP and OHSP. 

To q u a l i f y  f o r  f ede ra l  highway funds under e x i s t i n g  f ede ra 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 tes  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  (PMUI), 

under which a l l  veh ic les  a re  inspec ted  and c e r t i f i e d ,  u s u a l l y  

annua l l y  . Michigan conducts a  year-round randomi zed roads ide 

i n s p e c t i o n  program. S ta te  Pol i c e  teams s e t  up temporary checkl  ane 

s i t e s  a t  random times and l o c a t i o n s ,  o rder  approaching 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 he  v e h i c l e ,  and i s sue  a  c i t a t i o n  t o  

m o t o r i s t s  whose veh i c l es  a r e  found w i t h  de fec ts .  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 veh i c l es  each year ,  o r  about 

6% of t he  passenger ca rs  r e g i s t e r e d  i n  Michigan. 

The c u r r e n t  s tudy at tempts  t o  answer severa l  quest ions 

r e l a t i v e  t o  the  Michigan checklane i n s p e c t i o n  program: 

What i s  t he  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  
veh i c l es  i n  t h e  d r i v i n g  popu la t i on?  



Among the defective vehicles , what defects 
are most frequent? 

How do two different methods for testing the 
braking abi l i ty  of vehicles compare? 

If the percent of inspected vehicles were 
raised to 15 percent and coupled w i t h  a pub1 i c  
information campaign, how would the defect 
rate change? 

How would the defect rates under a 15% inspection 
program compare w i t h  those for  a s e t  of vehicles 
which had passed an inspection the previous year? 

The project i s  currently beginning i t s  second year. The l a s t  
two questions posed can only be answered a f t e r  the data from both 
years have been col lected and analyzed, b u t  information pertinent 
t o  the f i r s t  three questions i s  available from the data collected 
during the f i r s t  year 's  e f for t .  

The general frame of the study i s  diagrammed in Figure 1 - 1 .  

Two counties were selected for the t r i a l  program, Monroe and Jackson. 
The two counties have a similar number of registered vehicles, 
and each experienced approximately a 15 percent inspection ra te  
during 1975. Two sl ight ly different  inspection methods were employed. 

The inspections denoted by " R "  denote random inspections in which 
the s i t e s  were randomly visited and, on each s i t e ,  a systematic 
sample of vehicles with a random s t a r t  was inspected. The oper- 

ational inspections, denoted by "0" in Figure 1-1, had a less  
rigid schedule for visit ing the s i t e s ,  and followed a somewhat 
judgmental system for selecting vehicles from the t r a f f i c  flow 
for inspection. That i s ,  a State Police off icer  would view each 
vehicle entering the inspection area and then order i t  into the 
inspection queue or allow i t  t o  proceed, depending on his i n i t i a l  
impression. This resul t s  generally in a somewhat higher proportion 
of older vehicles actually being inspected, as well as vehicles 
w i t h  obvious defects, or defects suspected because of the vehicles 
exterior appearance. Only the resul t s  of the random inspections 
were recorded for analysis . 





FIGURE 1-2  

PERCENT OF VEHICLES FAILING 
INSPECTION, BY MODEL YEARS 

MODEL YEAR 

The numbers of inspected cars by model year were: 



During the second year of the program, further random in- 

spections will be conducted t o  investigate any changes in pro- 

portions of  defective vehicles or patterns of defects. I n  

addition, in Jackson County all--up t o  a maximum of 2,400 vehicles-- 

of the vehicles which encounter the check1 ane s i t e s  and  which 

were inspected in 1975 will be re-inspected. This group simulates 

a population of vehicles subjected to a PMVI, in that  they will 

have been inspected (and presumably had defects corrected) the 

previous year. A1 1 drivers whose vehicles were inspected in the 

random checklane program in 1975 were given a windshield st icker 

and told that  thei r  vehicles were no t  subject t o  re-inspection 

for a year, b u t  would be subject t o  re-inspection beginning in the 

summer (s tar t ing in May) of 1976. Although th i s  group does n o t  
completely represent a population of vehicles subject t o  PMVI, i t  

provides some comparisons of in teres t .  If th is  group were found 

to have a substantially better  defect ra te  than the general popu-  
lat ion (which was subject only t o  the operational checklane 

inspection), that  might be taken as evidence that  gains in reduced 

vehicle defect rates might be obtainable from PMVI in Michigan. 

The overall rate of passing the inspection was 52.4% for 

b o t h  counties combined. Table 1-1 summarizes the overall passing 

experience for the two counties. This passing ra te  of 52 .3% 
may be compared t o  passing rates reported from areas with annual 

PMVI which range from 45% to  75%.ly2 

The overall passing rate was found t o  very considerably with 

the age of the vehicle; older vehicles fai led much more frequently. 

Figure 1-2 plots the proportion of vehicles fa i l ing the inspection-- 

a t  leas t  one mechanical defect found--as a function of year of 

manufacture of the vehicle. The r i s e  in the proportion fa i l ing i s  
--------------- 

I " ~ e ~ o r t  of an Eva1 uation of Motor Vehicle Inspection ," Coverdane 
and Col p i t t s ,  Consul ting Engineers, 100 Wall St reet ,  N . Y . ,  
April 1967, p .  5-6. 

 he Influence of Periodic Motor Vehicle Inspection on 
Mechanical Condition," R . W .  McCutcheon & H . W .  Sherman, HSRI , 
The University of Michigan, July, 1968, p .  9 .  



evident. The data f i t  a quadratic curve or parabola quite well, 

particularly for the l a tes t  13 model years. The years ea r l i e r  

than t h a t  are based on very few cases. One interesting obser- 

vation from the figure i s  that the fa i lure  rate i s  consistently 

over 80% for cars a t  leas t  six years old, and  appears to s tabi l ize  

a t  about 90% or so for cars ten years old or older. The relation- 
ship between fai lure rate and age of vehicle may indicate t h a t  
inspections may more profitably be concentrated in the population 

of older vehicles. 

TABLE 1-1 

N U M B E R  OF DEFECTS F O U N D  

Number 
Defects 

Monroe Co. Jackson Co. Total 
3 o/ C o u n t  0 

o C o u n t  o Count  lo 

0 (Pass) 904 50.6 5206 52.8 6110 52.4 
1 389 21.8 2000 20.3 2389 20.5 
2 226 12.7 1211 12.3 1437 12.3 
3 or more 266 14.9 1448 14.6 1714 14.8 

Total 1786 100.0 9865 100.0 11651 100.0 

When one looks a t  the fai lure ra te  on specific vehicle com- 

ponents, the resul t s  are somewhat mi xed. A1 though most components 

show an increasing trend in the fa i lure  rate with the age of the 

vehicle, some components have quite low fa i lure  rates and show 

1 i t t l  e i f  any increase with age. These include horn, s teering,  

mirrors, and vision-impaired windshields. On the other hand, 
several components--brakes , windshield washers and wipers, t i r e s ,  

1 ights , and exhaust--show marked increasing trends with age. The 

implications of these differences are n o t  clear .  They may indicate 
that most owners maintain those components that  they perceive as 
essential to safe operation of the vehicle, while being more lax 

about maintaining the others. If this  i s  the case, additional 
education about the danger of defects of particular components might 
be useful. 



Table 1 - 2  gives the percent of vehicles fa i l ing on each of 

several vehicle systems. Note that  since some vehicles fai led on 

several components, the individual fa i lure  rates do n o t  add t o  the 

overall fai  1 ure rates.  

TABLE 1 -2  

VEHICLE FAILURE RATES B Y  VEHICLE SYSTEM 

Vehicle 
Sys tem 

Monroe Co. Jackson Co. Total 
Coun t  :i Count % Count % 

Vision 
Defects 

Pass 1361 7 6 . 2  
Fai 1 425 23.8 

Total 
Lights 

Pass 1230 68.9 
Fai 1 556 31 .1 

Pass 1566 87.7 
Fai 1 220 12.3 

Tires 

Exhaust Pass 1605 89.9 
Fai 1 181 10.1 

Brakes Pass 1340 75.0 
Fai 1 446 25.0 

Total 

One of the questions investigated by the random checklanes 

during 1975 was the relat ive performance of a moving-stopping t e s t  

compared t o  an inspection of the brakes, including removal of a 

wheel for  a mechanical inspection of the braking system. The moving- 

stopping t e s t  was conducted as follows. The vehicle was turned 

over to a regular s t a te  pol ice trooper. The trooper accelerated 

the vehicle t o  twenty miles per hour, and attempted t o  stop in a 

lane twenty-five fee t  long and ten fee t  wide. A vehicle was judged 

t o  f a i l  i f  i t  fai led t o  stop, pulled to e i ther  side,  i f  there was 

an unusual sound from the brakes, or i f  the pedal pressure required 

t o  stop was not  within safe bounds. 

A random subset of  the vehicles in the random checklane were 
also given the "wheel -pull " brake inspection. I n  th i s  inspection 
the r ight  front  wheel of the vehicle was removed t o  permit inspection 



of t h e  c o n d i t i o n  o f  t he  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 he  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 the  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 master  

c y l  i n d e r  f l u i d  1  eve1 . Th is  i n s p e c t i o n  was conducted independent ly  

and w i t h o u t  know1 edge o f  t he  r e s u l  t s  o f  t h e  s topp ing  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  bo th  types o f  b rake 

i nspec t i ons /s topp ing  t e s t s  i n  t he  two coun t i es  combined. The 

r e s u l t s  a r e  shown i n  Table 1-3. The two t e s t i n g  procedures 

agreed on 75.0% o f  t h e  veh i c les .  There were 617 cases o f  d i a -  

agreement as t o  pass o r  f a i l  between t h e  two methods. I f  t h e  

disagreements were symmetr ic - - 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 topp ing  t e s t  as i t  

was t o  pass t h e  s topp ing  t e s t  and f a i l  t he  wheel p u l l - - t h e n  

approx imate ly  equal numbers o f  each t ype  o f  disagreement 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 the  .001 l e v e l  

by McNemar's t e s t .  

TABLE 1-3 

COMPARISON OF BRAKING TEST RESULTS 

Wheel P u l l  I n s p e c t i o n  
Pass F a i l  T o t a l  

Moving Pass 
Stopp ing 
Test  Fai  1  

To ta 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  po l  i c y  ques t i on  of which 

method should be p r e f e r r e d .  The moving-s topp ing  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 o f  

one o r  more mechanics. On t h e  o t h e r  hand, t h e  whee l -pu l l  i n -  

spec t i on  prov ides  a  more d e f i n i  t i ve statement o f  t h e  mechani ca1 



c o n d i t i o n  o f  t h e  b r a k i n g  system--at  l e a s t  of 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 igh 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 e s t i m a t e  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 1-3 t h e  es t ima te  o f  t h e  p r o p o r t i o n  o f  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  

l4 - 0.060. A 95% conf idence i n t e r v a l  f o r  brakes i s  found t o  be 1887 - 
t h i s  p r o p o r t i o n  i s  f rom 0.043 t o  0.077. 

On t h e  o t h e r  hand, t h e  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 v e n  t h a t  t hey  passed t h e  

wheel p u l l  i n s p e c t i o n ,  i s  2g = 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 t o  0.242. 

The comparison o f  t h e  two p r o p o r t i o n s  i n  t h e  preced ing 

paragraphs may be viewed as comparing t h e  expected p r o p o r t i o n s  

of v e h i c l e s  w i t h  d e f e c t i v e  s topp ing  capab 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, if 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% o f  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  capab i l  i t y .  Th i s  comparison, coupled w i t h  t h e  ease and 

economy o f  per fo rming t h e  moving-stopping 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 inspected 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 de tec ted  i f  two o r  more wheels were t o  be i n -  

spected. However, t h i s  would markedly i nc rease  t h e  d i f f i c u l t y  

and c o s t  o f  per fo rming t h e  whee l -pu l l  i n s p e c t i o n .  A lso ,  t h e  

usual p r a c t i c e  i s  t o  re1 i n e  brakes on a1 1  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 the rs ,  though 

brakes a r e  sometimes r e p a i r e d  i n  p a i r s  ( i  .e.,  bo th  f r o n t  o r  bo th  

back wheels) .  Thus i t  seems u n l i k e l y  t h a t  even i f  t h e  wheel - 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  capab i l  i ty  

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  subsample o f  v e h i c l e s  

s e l e c t e d  f o r  t h e  wheel - p u l l  i n s p e c t i o n .  Th i s  p o p u l a t i o n  o f  d r i v e r s  

were se lec ted  t o  rep resen 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  rep resen t  t h e  popu- 

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  Michigan 

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  quest ions  d e a l i n g  w i t h  knowledge 

o f  t h e  checklane.  Th 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% o f  t h e  d r i v e r s  t h e r e  

l ea rned  o f  t h e  program through t h e  media as compared w i t h  o n l y  

52% i n  Monroe County. 

I n  bo th  coun t i es  over  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 ves . " However, o f f i c e r s  observed o n l y  e l  even 

pe rcen t  o f  t h e  d r i v e r s  a c t u a l l y  wear ing them. 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 pe rcen 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 pe rcen t  t h a t  t hey  " o f t e n "  

wore s e a t  be1 t s .  The corresponding f i g u r e s  f o r  Monroe County were 

17 pe rcen t  and 22 percent .  Jackson County d r i v e r s  r e p o r t e d  l e s s  



inconvenienced from seat  be1 t s  (43% n o t  inconvenienced) than did 

Monroe County drivers (34% not inconvenienced) . 
A large proportion of drivers (84;; in Monroe, 91 '; in Jackson) 

agreed that  the 55 mph speed 1 imit reduced t r a f f i c  f a t a l i t i e s .  

Slightly fewer (76% in Monroe; 74% in Jackson) agreed that  higher 

l imits  should not be reinstated on a l l  s t a t e  highways. Over half 

of the drivers (58% and 60% in Monroe and Jackson) were also opposed 

to reinstating a higher speed l imit  only on in ters ta tes .  A 

majority (56% in Monroe, 53% in Jackson) of the drivers interviewed 

f e l t  that  points should be given on a drivers 1 icense for speeding 

violations between 55 and 70 mph.  

A t  the end of th is  year the data should provide a good estimate 

of the percent of vehicles in acceptable condition t o  be obtained 

by a 15% operational checklane inspection rate coupled with a 
pub1 i c  information campaign. Also, the comparison between the 
operational check1 ane inspecti on popul ations and the simulated 

PMVI population wi 11 provide additional evidence about the possible 

benefits of a PMVI in Michigan. This evidence can be coupled with 

estimates of the relat ive costs of the two inspection systems t o  aid 

administrators and the legislature in selecting the most cost- 

benefi cia1 system for Mi chi gan . 



PROJECT DESIGN 

This project has a twofold purpose: ( 1 )  t o  measure the e f fec t  
on vehicle defect rates of a 15% operational checklane inspection 

program and ( 2 )  t o  compare th is  e f fec t  with tha t  which can be 

achieved by a (simulated) periodic motor vehicle inspection program. 

A valuable side resul t  i s  the description--from a random sample of 
vehicles--of the type, condition, and age of the vehicles, together 

with a description of the population of drivers .  Some information 

on the knowledge and opinions of the drivers was also collected. 

At leas t  two years are needed for  the project:  the f i r s t  year 

t o  implement the programs and the second year to  measure the 

ef fec ts .  I t  must be emphasized that  th is  report discusses only the 

resul t s  of the f i r s t  year ' s  a c t i v i t i e s .  Tha t  i s ,  only baseline 

descriptions of the vehicle populations are presented. Comparisons 

of the programs and conclusions about the effects  must wait until  

the second yea r ' s  data have been collected and analyzed. 

Two similar counties in Michigan, Monroe County and Jackson 

County, were selected as the study areas. Monroe County was sub- 

jected to the operational check1 ane vehicle inspection program 

conducted by the Michigan State Police d u r i n g  1975. This program 

operated a t  an intensi ty designed to inspect 15% of the registered 

vehicles in the county. In addition to the operational checklanes 

a special checklane was operated to obtain a random sample of a t  
l e a s t  2000 vehicles. (The differences between the random and oper- 
ational checklanes are described l a t e r  in th i s  sec t ion) .  



The random sample taken from Vonroe County during the f i r s t  

year had two purposes: ( 1  ) t o  determine the base1 ine s t a t e  of 

vehicles in Monroe County so that  any e f fec t  could be measured and 

( 2 )  to provide a prof i le  of the vehicle population in Monroe 
County for  comparisons with Jackson County. Thus, a t  the end of 

the second year, a measure of the e f fec t  of the 15% checklane 

inspection program can be obtained by comparing the random sample 

taken during the f i r s t  year (1975) with tha t  taken in 1976 a f t e r  

the checklane had been in operation for  one year. 
Due t o  l eg i s l a t ive  requirements, i t  was not possible to  

have an actual periodic motor vehicle inspection program operate. 

Consequently, an attempt was made to  simulate such a PMVI as 

closely as possible within the framework of the enabling legis-  

la t ion .  I n  Jackson County, a random sample of 10,408 vehicles was 

inspected by the random checklane inspection teams. This corn- 

prised approximately 15% of the registered vehicles in the County. 

These vehicles had a s t icker  placed on the i r  windshields so tha t  

they could be identif ied in the subsequent year. The owners were 

requested t o  correct any defects found and were told tha t  they 

were not subject t o  the operational checklane inspections the re- 

mainder of the year, b u t  tha t  the i r  vehicles could be re-inspected 

the following year. The group which i s  re-inspected would thus 

simulate a population of PMVI vehicles with one yea r ' s  experience 

in 1976. 

During 1976, a second random sample of a t  l eas t  2000 vehicles 

will be taken from Monroe County t o  measure the ef fec t  of the 15% 

check1 ane inspection program. In Jackson County, a random sample 

of a t  l eas t  2000 vehicles will be taken from the previously in- 

spected vehicles to measure the ef fec t  of the simulated PMVI pro- 

gram. I n  addition, a random sample of a t  l eas t  2000 will be ob- 

tained from the population of uninspected vehicles in Jackscn 
County . 



The random sample f rom t h e  p r e v i o u s l y  i nspec ted  v e h i c l e s  i n  

Jackson County w i l l  be used t o  measure t h e  e f f e c t  o f  t h e  ( s imu la ted )  

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

f rom Jackson County. I f  the  v e h i c l e  popu la t i ons  o f  t h e  two coun t i es  

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 he  checklane 

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

p a r i s o n  o f  two random samples: t h a t  f rom t h e  general  v e h i c l e  

p o p u l a t i o n  o f  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  

inspected v e h i c l e s  i n  Jackson County. 

I f  impor tan t  d i f f e r e n c e s  i n  t h e  two coun t i es  are  found which 

a f f e c t  d e f e c t  r a t e s ,  and i f  these cannot be ad jus ted  f o r ,  then an 

a1 t e r n a t i v e  comparison o f  t h e  PlilVI program w i t h  t h e  checklane 

program i s  p o s s i b l e  us ing  o n l y  t he  1976 samples f rom Jackson 

County. The sample f rom t h e  p r e v i o u s l y  i nspec ted  ca rs  would rep re -  

s e n t  a  sample f rom a  P M V I  popu la t i on ,  w h i l e  t h e  sample fo rm pre-  

v i o u s l y  uninspected p o p u l a t i o n  would rep resen t  a  sample f rom a  

p o p u l a t i o n  which 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 inspected.  Th i s  comparison i s  

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

t he  checklane i s  presumeably t o  e f f e c t  r e p a i r  of 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 would pro-  

v ide  an upper bound on t h e  b e n e f i t s  o f  t h e  PMVI over  t h e  checklane.  

The b i a s  c o u l d  be removed by 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  uninspected 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 sub jec ted  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% of t h e  

v e h i c l e s  which were p r e v i o u s l y  inspected a r t i f i c i a l l y  removed. 

F igu re  2.1 s u m a r i z e s  the  design 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 nspec ted  by t h e  

random checklane, w h i l e  "0" denotes v e h i c l e s  i nspec ted  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 operational check1 anes were not res t r ic ted  

t o  a se t  pattern of s i t e s .  I n  addition, the officers could use 

thei r  judgment in selecting vehicles for inspection from the t r a f f i c  

stream. Thus, they could tend t o  select  older vehicles, vehicles 

with obvious defects, or vehicles suspected of defects because of 

the vehicle 's  exterior  appearance, e tc .  The random checklane team 

adhered s t r i c t l y  t o  a random sampling protocol for  visi t ing the 

inspection s i t e s  and for selecting the vehicles from the t r a f f i c  

stream for inspection. A vehicle with a flagrant defect would be 

stopped, however, b u t  n o t  included in the sample data unless i t  met 

the sampling protocol. Also, the random checklane inspection team 

conducted a moving stopping t e s t  a n d  various interviews which were 

n o t  part of the operational checklane procedure. 

2 .1  Field Operations 

2.1  . 1  The Sample Checklane Procedures. The sample checklane 

inspections were conducted in cooperation between the Michigan State 

Police and the HSRI researchers. The Michigan State Police performed 

most of the inspection, while the HSRI researchers were involved only 

in the driver interviews and the wheel pull inspections. 

The checklane inspection takes place adjacent t o  a roadway. 

A diagram of a typical inspection lane i s  given in Figure 2 . 2 .  

Vehicles are directed out of the t r a f f i c  stream, are inspected for 

defects in major systems, are given a moving stopping t e s t ,  and then 

released, given a postcard t o  return ( for  minor defects) ,  or issued 

a summons ( for  major defects) .  A subsample i s  selected for driver 

interviews and for a brake inspection involving removal of one wheel 

t o  permit inspection of brake components. 
The point man i s  responsible fo r  selecting the vehicles from 

the t r a f f i c  stream for  the inspection. In the random checklane, he 
began each period with a random s t a r t ,  a f t e r  which he selected every 

n - t h  e l ig ible  vehicle into the inspection lane. (Eligible vehicles 

were passenger cars and l ight  trucks w i t h  Michigan license pla tes . )  





Thus, t h e  random checklane us?d a  sys temat ic  sample o f  v e h i c l e s  w i t h  

3 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 .  Since h i g h e r  sampl ing r a t e s  

cou ld  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  den's i ty  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  balance t h e  d e n s i t y .  Hence, over  

t he  course o f  t h e  sample, approx imate ly  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 -  

spec t i on  were recorded on a  computer mark-sense form, sample o f  

which i s  g i ven  i n  Appendix A. 1. The s e r v i c e  t roope rs  a l s o  checked 

t h e  d r i v e r ' s  l i c e n s e ,  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  insurance,  

and issued a  pos tca rd  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  veh i c le .  I n  Jackson County, a  prenumbered s t i c k e r  

was p laced on t h e  lower  l e f t  c o r n e r  o f  t h e  w indsh ie ld .  Th 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  

yea r  and p rov ides  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  

sample. 

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 tu rned  over  t o  a  r e g u l a r  t r o o p e r  who conducted t h e  moving 

s topp ing  t e s t .  The t r o o p e r  en te red  t h e  v e h i c l e ,  acce le ra ted  t o  

twenty  m i l e s  p e r  hour, and then a t tempted t o  s top  i n  a  l ane  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 

recorded on unused l i n e s  a t  t h e  end o f  t he  mark-sense fo rm and were 

t a b u l a t e d  a long  w i t h  t h e  o t h e r  r e s u l t s .  

A f t e r  t h e  moving s topp ing  t e s t  was completed, t he  v e h i c l e  was 

d i r e c t e d  t o  t h e  whee l -pu l l  area f o r  a  d r i v e r  i n t e r v i e w  and a  mech- 

n i c a l  i n s p e c t i o n  o f  brake components by HSRI techn ic ians  i f  t h a t  

area was f r e e .  I f  t h e  wheel p u l l  area was occupied, t h e  v e h i c l e  

was re leased i f  i t  had passed. I f  major  s e f e t y  de fec ts  had been 

found, t he  v e h i c l e  was de ta ined  and a  summons w r i t t e n .  I f  minor  

defects 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  these and 



return the postcard certifying t h a t  the defects had been repaired, 

a f t e r  which the vehicle was released. A sample of the postcard form 

i s  given in Appendix A . 2 .  

2 . 1  . 2  The Operational Checklane Procedures. The operational 
checkl ane procedure differed s l  i ghtly from the random checkl ane. In 

the operational checklanes, no moving stopping t e s t s  or  wheel -pull 

brake inspections were conducted, nor were any driver interviews 

taken. Also, no postcards were issued. Drivers were e i the r  issued 

a summons for  major defects,  or were verbally instructed t o  repair 

any minor defects found. The other major difference i s  in the 

selection of vehicles for  inspection. 

In the operational checklanes, s i t e s  were visi ted on a j u d g -  

mental basis rather than according t o  a prescribed sampling schedule. 

Further, the selection of vehicles from the t r a f f i c  stream for  in- 
spection i s  l e f t  to the judgment of the point man. He may se lec t  a 

higher proportion of older vehicles or  those which appear to  be 

l ike ly  to  have defects from the general appearance. I n  consequence, 

operational checkl anes may be more e f f i c i en t  a t  finding defective 

vehicles than random checklanes. However, the random selection pro- 

cess i s  necessary t o  accurately r e f l ec t  the s ta tus  of the vehicle 

population. 

Because no moving stopping t e s t s  or wheel-pull inspections of 

brakes were conducted in the operational checklanes, the s i t e  re- 

quirements for  an operational checklane are n o t  as s tr ingent  as those 
for  a sample checklane. Consequently a wider variety of roadways 

may be used with a correspondingly bet ter  coverage of the vehicle 

population. 

2 . 1  . 3  S i te  Requirements . The procedure for  conducting 

checklane inspections dictated certain requirements for  the in- 

spections s i t e s .  A prospective s i t e  had t o  have ample room for  
vehicles t o  wait without blocking t r a f f i c  while undergoing the in- 
spection and space for  the police van t o  b? parked o u t  of the way. 



The s topp ing  t e s t  added t h e  requirements o f  a  l a rge ,  d r y ,  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 i m p l i e d  a  t c t a l  o f  about two hundred f e e t  f o r  t he  

s topp ing  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-over  

area p a s t  t he  s topp ing  l ane  i n  t he  event  o f  a  brake f a i l u r e  d u r i n g  

t h e  s topp ing  t e s t .  The f i n a l  space requirement was d i c t a t e d  by t h e  

presence of t h e  H S R I  whee l -pu l l  area.  Room was needed f o r  t h e  

v e h i c l e  t o  be parked a longs ide  t h e  H S R I  van f o r  t h e  brake i n -  

spec t i on .  Th 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  f rom t h e  stopp- 

i n g  l ane  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 o f  

a  run-over fo rm the  s topp ing  lane.  These space requirements 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 of roadsides 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  areas.  

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  county )  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 inspected d a i l y .  The 

above requirements 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 he  c i t i e s  and the re fo re  e l i m i n a t e d  some r u r a l  areas f rom t h e  i n -  

spec t i on  procedures.  The a c t u a l  s i t e s  used were assigned randomly 

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

consecut ive  days. Table 1  i n  Appendix A g i ves  t h e  s i t e s  used and 

Table 2 g i ves  t h e  i n s p e c t i o n  schedule f o r  1975. 

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 ane  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  whee l -pu 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 H S R I  t echn i c ians  r e q u i r e d  a  j ack ,  an a i r  

wrench, and asso r t2d  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 he  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 ack ,  and a  van needed 



t o  s t o r e  the  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 he  H S R I  equipment was leased over t h e  course o f  t h e  summer. 

2.1.4 Pub1 i c i  t y .  An a c t i v e  p u b l i c i t y  campaign was c o n d u c ~ e d  

i n  bo th  coun t i es  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  uninspected p o p u l a t i o n  and encourage good maintenance o f  t h e  

uninspected 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 opera ted 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 i es  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 .2 Data C o l l e c t i o n  and Management 

The bas i c  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 fo rm (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  magnetic tape o f  t h e  data  was prepared by t h e  MSP. 

The data f rom 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  

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

i nspec t i ons .  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 requ i red .  

Appendix B g i ves  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 .  Also i n c l u d e d  a r e  t h e  d e t a i l s  o f  t he  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 check1 ane conducted 2,019 

i nspec t i ons  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  

da ta  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 ,  app rox ima te l y  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, app rox ima te l y  976 (about  7.8%) o f  t h e  da ta  t h a t  

were c o l l e c t e d  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 i ons  were conducted i n  1975. O f  those 2,536 es t ima ted  i n -  

spec t i ons ,  t h e  f o rm  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  f o rm  numbers on t h e  tape  t h a t  we r e c e i v e d  f r om t h e  

Mich igan  S t a t e  Pol  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 reco rds ,  and 21 appear 

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



3 .  ANALYSIS A N D  RESULTS O F  FIRST YEAR'S DATA 

This section summarizes the s t a t e  of repair of the vehicle 

populations in Monroe and Jackson Counties in 1975. Thus, these 

data represent the base1 ine against which the ef fec t  of the check- 

lane inspection program will be measured. Comparisons of the 

vehicle populations sampled in the two counties are presented as 

we1 1 as defect ra tes .  

3.1 Representativeness of the Samples . The sampl ing plan presented 

in Section 2 has certain l imitat ions.  I t  represents an attempt t o  
obtain a random sample of vehicles operated local ly.  This population 

of vehicles i s  n o t  necessarily the same as the population of 
registered vehicles. In par t icular ,  a comparison of the model years 
between the registered vehicles and the sampled vehicles reveals 

large differences. The distr ibution of model year for  sampled and 

registered vehicles i s  given in Tables B-1 through 8-3 in Appendix 

B .  In general, fewer older vehicles were found in the sample than 

expected from the distr ibution of registered vehicles, and cor- 

respondi ngl y , more newer vehi cl es than  expected were observed. 

There are a number of possible interpretat ions of th i s  obser- 

vation. One i s  t h a t  the sampling procedure se lec ts  vehicles with 

probability proportional t o  the i r  current usage and hence i s  a 

sample of the population of vehicles actually being used. As such, 
the sample would accurately represent the appropriate target  group, 

since the more a vehicle i s  used, the more important i t  i s  that  i t  

be in safe mechanical condition. 

An a l te rnat ive  interpretat ion i s  t h a t  the population of 
vehicles which uses the roads sui table for checklane s i t e s  a t  the 
hours when the checklane operates i s  d i f ferent  from the general 

population of vehicles in use. This could be the case i f  part icular  



ages o f  v e h i c l e s  a re  used predominant ly  f o r  l o n g  d i s tance  and 

freeway d r i v i n g  on predominant ly  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  the  case, t h i s  represents  a  l i m i t a t i o n  o f  t h e  

checklane i n s p e c t i o n  program's a b i l  i t y  t o  reach t h e  i n tended  popu- 

l a t i o n .  I t  i s  conce ivab le ,  though un 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  avo id  the  checklane.  I t  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  from t h e  r e g i s t e r e d  v e h i c l e s .  The assumption i s  made t h a t  

i t  represents  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 the  r e i g s t r a t i o n  l 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 the  sample chec k lanes 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  veh i c les ,  t h i s  w i l l  n o t  o f f s e t  t h e  p r imary  comparisons 

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

l ane  w i l l  be observed i n  t he  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  PMVI 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 l l  be based on s i m i l a r  popu la t i ons .  Thus, 

t h e  es t imates  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 

popu la t i ons  . 
3.1.1 D i f f e rences  i n  t h e  Sampled Count ies.  Since i t  i s  hoped t o  

make cross-county comparisons, i t  i s  impor tan 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 o f  t h e  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 B-4 th rough B-7  o f  Appendix 8. 

No s i g n i f i c a n ~  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  types.  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  mi 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  view 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  mileage, t h i s  i s  p robab ly  n o t  o f  p r a c t i c a l  importance.  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 

years  was found (p=.013). Th is  d i f f e r e n c e  i s  r a t h e r  smal l  , b u t  

may be impor tan t  s i n c e  d e f e c t  r a t e s  have been found t o  vary  con- 

s i d e r a b l y  by model yea r .  A very  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  



of vehicle makes was found. The relevance of th is  to the defect 

rates i s  uncertain a t  this  point b u t  will be considered in making 

the comparisons. 

The overall defect rate in the two counties are given in 

Table 3.1. 

TABLE 3.1 

Total Vehicle Defect Rates 

County 
Monroe Jackson Total 

Percent Passing 48.1 50.5 50.1 

Total 1786 9865 11 651 

The difference was n o t  s ignificant  a t  the 5% level (p=.062), however 

Jackson County did exhibit a s l ight ly  better  passing ra te .  Since 

Jackson County also had s l ight ly  higher mileage and older vehicles, 

i t  appears t h a t  the effects  of age were not very pronounced. T h a t  

i s ,  i t  may not be necessary to adjust for  age between the two counties. 
Overall, the two counties seem t o  be quite similar in the popu-  

lat ion of vehicles sampled by the checklanes. The largest  difference 

l i e s  in the make of the vehicles. This probably ref lec ts  differences 

in avai 1 abi l i ty and dealer agressiveness in the two areas. I t  does 

not appear t o  be closely connected with condition of vehicles. 

3.2 Defect Rates. The selective random checklane used by the 

Michigan State Pol ice inspects about 300,000 vehicles annually for  

an overall intensity of about 5 t o  10 percent. The population from 

which our sample was drawn thus represents an inspection system 

with no mandatory inspections and a low proportion of actually in- 

spected vehicles . The data col 1 ected represents the pool ed data 

over the course of the summer of 1975 for Jackson and Monroe 
Counties . 

Vehicles were inspected on twenty three i tems (Tab1 e 3.2) .  

The total sample s ize  for  this  pol ice inspection from June to October 



was 12,315 v e h i c l e s  f rom v e h i c l e  model years  1960 t o  1976. Rates 

o f  pass and f a i l  were tabu la ted  on these v a r i a b l e s ,  as we1 1  as on 

seven de r i ved  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 

general  d e f e c t  ca tegory  which had more than one sub-category (1 i g h t s  , 
exhaust, brakes, t i r e s ,  g lass ,  wipers and washers) such t h a t  a  

f a i l u r e  i n  any one o f  t he  sub-categor 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 he  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 he  t o t a l  v e h i c l e .  

An a n a l y s i s  by 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  inspected v e h i c l e s  passed 

on t h e  s a f e t y  g lass  and beam i n d i c a t o r  so these v a r i a b l e s  as we1 1  

as t o t a l  g lass  were de le ted .  The t e s t  f o r  f o o t  brake was rep laced  

by another  p a r t  o f  t h e  exper iment  and so was n o t  i nc luded  i n  t h e  

a n a l y s i s .  For  t h i s  reason, t he  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 nc luded  i n  t h i s  a n a l y s i s .  

TABLE 3 ,2  

Pol i c e  Inspected I tems 

I n s p e c t i o n  Va r iab les  

G l  ass L i g h t s  

Sa fe ty  F r o n t  D i r e c t i o n a l  
V i s i o n  Impaired High Beam 

Low Beam 
Wipers and Washers 

W i  pers  Aim o f  H e a d l i g h t  

Washers Output  
Ta i  1  

Horn 

S t e e r i n g  

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

Brakes Beam I n d i c a t o r  
Foot  
Park ing  

T i  r e s  
Bulges o r  Break 
Tread 

Exhaust 
Noisy 
Smoke 

M i r r o r  

3.2.1 To ta l  Veh ic le  Defec ts .  We developed a  d e s c r i p t i v e  

model 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 yea 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 j e c t i o n  o f  v e h i c l e s  

f a i  1 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 yea r  ( o r  e q u i v a l e n t l y ,  t h e  age) o f  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  of 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  yea rs .  

Tab le  3.3 g i v e s  t h e  data .  The p r o p o r t i o n  f a i 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  o f  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 .  S ince 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 l y ,  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  a p p r o p r i a t e .  I ns tead ,  w e i g h t e d 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 C .  

TABLE 3.3 

Observed Resul t s  on T o t a l  Vehi c l  e 
Model Years 1960-1 976 

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 
44 
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 
I0 

T o t a l  -. 

27 
1299 
1890 
1998 
1712 
1169 

98 1 
1023 

748 
552 
38 5 
270 
144 

53 
42 
12 
10 



Proportion 
Fail 

TOTAL VEHICLE 

VEHICLE AGE 

FIGURE 3-1 

Observed Fa i lu re  Rates f o r  Total  Vehicle, 

Model Years 1 9 6 0  - 1 9 7 6  



The r e s u l t s  i n d i c a t e  t h a t  t he  r e l a t i o n s h i p  o f  p r o p o r t i o n  

d e f e c t i v e  t o  age i s  b e s t  descr ibed by t h e  model : 

where X i s  t he  age i n  years  and Y i s  t he  p r o p o r t i o n  de fec t i ve .  

The 1  i near model : 

has n e a r l y  t h e  same p r e d i c t e d  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 h e  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 f rom t h i s  reg ress ion  model 

seems t o  be t h a t  t h e r e  i s  a  s t rong  increase o f  d e f e c t i v e  v e h i c l e s  

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

i n t e r e s t .  However t h e  model p rov ides  a  conc ise  summary o f  what 

p r o p o r t i o n  o f  d e f e c t i v e  veh i c les  one should expect  f o r  a  g i ven  age 

o f  veh i c les .  

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

p o l  i c y  dec i s ions  rega rd ing  vehi  c l  e  i nspec t i ons  . For exampl e  , 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 n s p e c t i o n  should n o t  

be a p p l i e d  t o  a  popu la t i on  o f  veh i c les  unless the  d e f e c t  r a t e  were 

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

years  o l d  would be inspected.  

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

s p e c i f i c  component o r  some o t h e r  combinat ion o f  components would be 

considered an app rop r ia te  c r i t e r i o n  f o r  de termin ing  what s e t  o f  

veh i c les  should be the  t a r g e t  o f  an i n s p e c t i o n  program. The percent  

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

defects i n  Figures B-1 through B-24 o f  Appendix 9. Also i n  Table 

B-9 of Appendix B a re  d e t a i l e d  tab les  o f  t h e  number and percent  o f  

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



Most d e f e c t  r a t e s  show an i nc rease  w i t h  t h e  age o f  t h e  v e h i c l e .  

However a  few, such as h e a d l i g h t  ou tpu t ,  s t e e r i n g ,  t i r e  bulges o r  

breaks,  and exhaust smoke, a re  so r a r e  t h a t  t h e  tendency o f  t h e  pro-  

p o r t i o n  t o  increase w i t h  age i s  hard  t o  v e r i f y .  

I n  Monroe County 10.2 percent  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  they had been p r e v i o u s l y  inspected i n  a  check- 

l ane .  I n  Jackson County o n l y  4.6 pe rcen t  had had prev 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 percent  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  ope ra t i ona l  i n s p e c t i o n  r a t e  o f  5-6 percent .  

3.2.2.1 Defects R e l a t i n g  t o  V i s ion .  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. I n  bo th  coun t i es  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 veh i c les  had a  2  pe rcen t  r a t e  w h i l e  Jackson County 

veh i c les  had a  3.9 percent  r a t e  o f  de fec ts .  The i nc idence  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 he  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  years  o l d  o r  so. I n  t h e  

o l d e r  veh i c les  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 .  

Windshie ld wipers were d e f e c t i v e  on 3.4 percent  o f  t h e  v e h i c l e s  

i n  Monroe County, and 3.6 percent  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  of 3.6 percent .  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 percent  i n  Jackson 

f o r  a  combined r a t e  o f  16.0 percent .  O v e r a l l ,  18.1 pe rcen t  of 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 of 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 percent  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 near,  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  percent  f o r  veh i c les  t e n  years  o l d .  



Combining t h e  v i s i o n  d e f e c t s ,  78 .5  pe rcen 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  d e f e c t s .  E ighteen pe rcen t  had one v i s i o n  

de fec 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 .  

3.2.2.2 L i g h t i n g  Defec 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 i 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 1  i ttl e  re1 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  7.0 pe rcen t  

f o r  10 yea 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  

o f  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  

1  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  low 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 lope  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. T h i s  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.  Overa 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  percent  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  

l 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  d e f e c t  r a t e s  w i t h  age. F r o n t  

outages reach a  h igh  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 yea rs .  

T a i l  l 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  1  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  



these de fec ts  showed 1  i n e a r  t rends,  r i s i n g  t o  about 72 percent  d e f e c t i v e  

i n  10 yea r  o l d  veh i c les .  I n  v e h i c l e s  o l d e r  than 10 years ,  t h e  r a t e s  

were q u i t e  v a r i  abl  e.  

The 1  icense p l a t e  1  i g h t  had the  h i g h e s t  r a t e  o f  de fec ts ,  16.8 

percent .  This 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 rgen t .  

Only 67.7 percent  o f  t h e  veh i c les  had a l l  l i g h t s  f u n c t i o n i n g .  

However 79.8 percent  had no major  1  i g h t  de fec ts .  (Major  1  i g h t  

de fec ts  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 igh  and 

low beam h e a d l i g h t s ,  o r  i n s u f f i c i e n t  h e a d l i g h t  o u t p u t . )  

3.2.2.3 Exhaust Defec ts .  O f  t h e  v e h i c l e s  inspected,  8.8 

percent  had excessive no i se  and 1.2 percent  had excess ive  smoke. 

The no i se  r a t e  e x h i b i t e d  a g e n e r a l l y  l i n e a r  i nc rease  w i t h  age, r i s i n g  

t o  a  r a t e  o f  about twenty pe rcen 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  years  

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. I t  ranged f rom 

zero t o  about 7 percent ,  averaging about 4 pe rcen t  i n  cars  over  6 

years  o l d .  

3.2.2.4 Cont ro l  Defec ts .  S t e e r i n g  de fec ts  were recorded 

i n  0.3 pe rcen 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  de fec ts  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  ra ted ,  a l 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 percent  o f  t h e  

veh i c les .  A comparison o f  t h e  moving s topp ing  t e s t  w i t h  t he  wheel 

p u l l  method o f  t e s t i n g  t h e  b rak ing  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  Sec t i on  3.3. The determinat ions  t h e r e  a re  thought  

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 percent  o f  

t he  veh i c les  were found t o  be d e f e c t i v e ,  however, t h i s  was n o t  

determined sepa ra te l y  f o r  d i f f e r e n t  model yea rs .  Ten percent  of 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.  Th is  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 percent  o f  t he  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 read.  Only 0.3 pe rcen t  o f  t he  v e h i c l e s  had t i r e  bulges 



or cord breaks. The percentage of cars with insufficient  tread 

(bald t i r e s )  showed an increasing trend with age, however the 

percent w i t h  t i r e  bulges or breaks was too  small t o  determine any 

tread with vehicle age. Tire pressures were also measured o n  the 

subsample of vehicles which had a wheel pull inspection. Distributions 

of the t i r e  pressures are reported in Table B-10 of Appendix B .  

No sat isfactory definition of what constituted incorrect t i  re pres- 

sures has been determined, so t i r e  pressure was n o t  recorded as a 

vehicle defect. 

Overall, 87.2 percent of the vehicles had no control defects. 

3.2.2.5 Mi scel 1 aneous Defects. Three percent of the 

vehicles were found t o  have defective horns. This variable a1 so 

showed a l inear increase w i t h  age, ranging from zero for new cars 

t o  about 9 percent for ten year old cars ,  

All b u t  1.5 percent of the drivers had valid operating licenses, 

and only 0.2 percent did n o t  have proper vehicle registrat ion.  A 

total of six improper registrations were detected. A total of 

three fa i lures  t o  comply with insurance were found .  However these 

results  are not t h o u g h t  t o  be representative of the s t a t e ,  since 

the vehicles sampled do n o t  come from any central c i ty  areas nor 

generally from completely rural areas. A ci tat ion was issued in 

1.3 percent of the cases. Seat belts  were observed in use by 11.4 

percent of the occupants. However th is  i s  t h o u g h t  t o  be somewhat 
unrel iable. I t  i s  probably an underestimate, since some drivers 

may have unbuckled them t o  get drivers 1 icenses or registrat ion 

papers before the officer  reached the car. 

3.2.3 Post Card Return Rates by Defect. Operators of vehicles 
with a t  leas t  one defect were given a postcard t o  return certifying 
that the defect had been repaired. A total of 6,200 postcards were 
issued, of which 3,700 were returned. Thus 59.7% of the operators 

returned a postcard certifying that  a l l  defects noted had been 
repaired within 21 days. 



The ra te  of return of post cards i s  not a to ta l ly  sat isfactory 

measure of the repair ra te .  A measure which was independent of the 

driver (owner) would be preferable, b u t  was n o t  available. (The 
sample results  in 1976 from previously inspected cars will provide 
an independent estimate of the repair rate--which lasted a year ) .  

I t  may be that  n o t  a l l  of the postcards returned actually had the 

repairs made. What seems more 1 iekly,  however, i s  that  many repairs 
were made b u t  the cards were not returned--perhaps because they were 
mislaid or forgotten until a f t e r  the 21 day period. 

An attempt was made t o  estimate the actual repair rates through 

a subsample. A random sample of 400 vehicles for  which postcards 
were issued was drawn. Of these, 204 or 51% returned the postcards. 
There was no way to  trace the other 196 for  an interview. Of the 

204 returns, 62 could not be matched w i t h  a name and address, 47 
had no 1 isted telephone, and 95 had telephone numbers. Of the 95, 
we were able to contact 30 (during regular working hours), Of the 

30, the interviewer concluded that  a l l  had actually repaired the 
defects. However, the large non-response ra te  precludes much con- 

fidence in th i s  resul t .  
Table 3.4 tabulates the return rates by types of defect .  

These rates were estimated from the sample of 400 post card vehicles. 

Lights had the highest return r a t e ,  closely followed by mechanical. 
Vision and control variables had somewhat lower return ra tes .  
Looking a t  the return rates by number of defects found in the total  
inspection, one notes a decreasing rate of return w i t h  increasing 
numbers of defects. Thus there may be some indication that  the 
cars w i t h  several defects are not required as well as a resu l t  of 
the inspection as are those with fewer defects. 

I t  should be noted that  vehicles which were issued c i ta t ions  
were not issued postcards. Thus the 1 . 3  percent of the vehicles with 
the most serious defects--from the safety standpoint--were repaired 
or the owner faced a court appearance and f ine .  



D e f e c t  Type 

V i s i o n  

C o n t r o l  

L i g h t  

Mechanical 

Number o f  

TABLE 3.4 

Rate o f  Pos t  Card Return  by D e f e c t  

Mechanical  De fec t s  

Number o f  
L i g h t  De fec t s  

1  

T o t a l  I n s p e c t i o n  
De fec t s  

1 

% Re turn  

44.9 

44.6 

56.2  

55.4 

76 Return  

55.3  

% Re tu rn  

60.4 

76 Retu rn  



3 . 3  D r i v e r  I n t e r v i e w  Resul t s  

Dru i  ng o p e r a t i o n  o f  t h e  sample check1 ane, a  d r i v e r  i n t e r v i e w  

was conducted. The subsampl e  of 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  brake i nspec t i ons  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  

the  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  Sec re ta ry  of 

S t a t e  and was n o t  processed by H S R I .  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 (ques t i on  1-5) due 

t o  t he  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  the  l a r g e  numbers o f  m iss ing  values f o r  quest ions  

6  through 12. The quest ions  deal w i t h  two t o p i c s  : t h e  sample 

checklane and op in ions .  D e t a i l e d  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 he  samples f rom each county,  Both o f  t h e  coun t i es  have t h e  

bu l  k o f  t h e  d r i v e r s  under 35 years  01 d and ma1 e. The percentage 

male was more pronounced i n  Monroe County (60.2%) than i n  Jackson 

(56.3%),  however. 

Quest ions  one and two d e a l t  w i t h  d r i v e r  knowledge o f  t h e  

Michigan Veh ic le  I n s p e c t i o n  Program. The f i r s t  ques t i on  r e l a t e d  

t o  how t h e  v e h i c l e  was t o  be inspected,  w i t h  a  c o r r e c t  response 

o f  " t o  a1 low t h e  po l  i c e  t o  check i t  a t  any t ime . "  There was a  marked 

i nc 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  pub1 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 nc rease  i n  t h e  c o r r e c t  

responses f o r  t h e  second ques t i on  on how o f t e n  t h e  v e h i c l e  must be 

inspected.  The i nc rease  from 35.02 t o  48.8% i n  Monroe and Jackson 

Counties, 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. 

Quest 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  Michigan i n s p e c t i o n  program. The press 



campaign was again evident in the proportions of the drivers who 

had not heard of the MVIP, as 7.5% in Monroe County had not compared 

to 1.9:; in Jackson County. Other evidence i s  the proportion of the 

drivers w h o  had heard about the checklane from the press (52.12 in 
Monroe County, 74.6% in Jackson County. Both counties had over 90% 

of the population who had heard of the checklane sometime before the 

day of the interview . Some i nconsi s tenci es occurred between the 

questions, because some drivers t h a t  heard of the inspection t h a t  

day as they went through the inspection marked t h a t  they had heard 

of the checklane from the police in question 3 and "today" on 

question 4 .  

Question f ive  was a check ins ta l led  to  ensure that  the bulk of 
the t r a f f i c  was of mostly local origin for  the design purposes. 

The responses indicated tha t  there was less  than 20% non-county 

t r a f f i c  for  each county. This indicates tha t  a sizeable number of 

inspected vehicles may be recovered in Jackson County. 

Questions s ix  through eight related to  sea t  be1 t usage. 
There seemed t o  be a trend of less  usage in Monroe County t h a n  in 

Jackson County. Fewer drivers in Monroe County reported they 

"always" or "often" wore sea t  be1 t s  (16.8% and 2 2 . 3 % )  than did 

drivers in Jackson County (21 . I %  and 26.7%). I t  i s  interest ing to 

note tha t  the troopers conducting the inspection observed only 

about 11 percent of the drivers t o  be wearing sea t  be l t s .  Part of 

th is  difference may be due to the driver having removed the be1 t 
by the time the trooper reached the ca r ,  b u t  i t  seems 1 ikely tha t  

there w?.s a bias toward over-reporting of usage. A t  l eas t  the 

reported usage seems higher than the actual usage in the part icular  

driving si tuat ion a t  the checklane s i t e .  

More drivers in Monroe County f e l t  inconvenienced by sea t  

be1 t s  (65.7% vs. 56.8%) than in Monroe County. Over two-thirds 

(67.3% and 69.3%) of the drivers in both counties agreed tha t  

sea t  be1 t s  save 1 ives. 
Questions nine through twelve referred to the 55 mph speed 

l imi t .  Drivers in both counties strongly f e l t  tha t  the lower speed 

1 imit (55 m p h )  reduces highway f a t a l i t i e s  (87.7%). There was a 



strong opinion that  there should n o t  be a higher speed limit on 

a1 1 s ta te  highways (75.0%) and a somewhat weaker feeling for the 

55 rnph speed limit on the in ters ta te  highways (59.0% i n  favor of 

maintaining the 55 mph 1 imi t )  . There was somewhat less support 
for inst i tut ing points on dr iver ' s  license for speeding violations 

between 55 and 70 mph, with an average of only 54.6% of the drivers 

agreeing . 
I t  should be recalled that the sampling techniques intended 

to concentrate on local t r a f f i c .  Drivers who do most of thei r  

driving on interstates were excl uded. Simi 1 ar ly most drivers on 
1 ong t r ips  were excluded. Consequently, these resul t s  cannot be 

generalized to the population of a l l  drivers, b u t  re la te  t o  the 
population of a l l  drivers, b u t  relate to those--in Monroe and 

Jackson Counties--who do mostly local ,  short t r i p  driving. A 

survey taken on interstates might produce quite different  resul ts .  

There may also be a bias of drivers t o  report the "off ic ia l ly  

acceptable" opinion. Although the interviews were no t  conducted 

by the MSP, the troopers were much in evidence and this  may have 

influenced the results .  The discrepancy between the percent of 

drivers observed t o  wear seat  be1 t s  ( 1  1 % )  and the percent who 

reported that  the "always" (1  9% or "often" (24%) wore seat  be1 t s  

may reflect  th is .  In the future, randomized response techniques 
might be utilized t o  avoid th i s .  

3.4 Brake Inspection Results 

3.4.1 The Moving-Stopping Test. A1 1 vehicles (except for 

1 .9% who  refused) were given a low speed moving-stopping t es t .  A 

s t a te  trooper accelerated the vehicle t o  twenty miles per hour, 
and then attempted t o  stop i t  i n  a lane twenty-five feet  long and 
ten feet  wide. The results were recorded in three variables: 
pedal pressure, abi l i ty  t o  s top,  and stopping audible. The 

detailed resul t s  of this  t e s t  are presented in Table 8-1 2 of 

Appendix 6. 



I t  was be1 ieved that  a f a i l  on any of the three variables in- 

dicated a serious brake defect .  consequently a vehicle was judged 

to pass only i f  i t  passed a l l  three.  The percent of vehicles passing 

the moving stopping t e s t  was 75% in Monroe County and 83.1% in Jackson 

County. The most frequent causes of f a i lu re  were stopping audible 

and pull ing to  one side in the moving t e s t .  

Table 3.5 gives the percent of vehicles in each county which 

fa i led  the moving stopping t e s t  on each of the three variables. 

Also included are the overall passing rates and the percentage of 

vehicles f a i l ing  on more than one defect .  

TABLE 3.5 

Moving Stopping Test Resul t s  

Monroe County Jackson County Total 
C o u n t  % Fail Coun t  Z Fail C o u n t  % Fail 

Pedal 
Pressure 122 6.9 371 3.7 499 4.1 

Stopping 
Test 21 2 11.9 738 7.5 950 8.1 

Stopping 
Audible 208 11.6 678 6.9 886 7.6 

One Defect 358 20.0 1173 11.9 1531 13.1 

Two Defects 6 8 3.8 21 7 2.2 285 2.4 

Three Defects 16 0.9 6 0 0.6 7 6 0.7 

Pass 1340 75.0 81 95 83.1 9535 81.8 

3.4.2 Wheel Pull Inspections. A random subsample of 2,465 vehicles 

were given a brake inspection by an automotive technician. This in- 

spection was conducted separately and independently of the moving 

stopping t e s t .  I t  consisted of removing one wheel ( the  r ight  f ront  
wheel ) and inspecting the braking system's mechanical components. 

The detailed resul t s  are tabu1 ated in Tab1 e B-13 of Appendix B .  One 
interest ing observation i s  tha t  cars i n  Monroe County had a d i f ferent  
distr ibution of brake types than did those in Jackson County. This 

may correspond to the differences i n  makes noted between the two 
counties. 



Table 3.6 g i ves  t he  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  Fa i  1  ures 

Monroe Co. Jackson Co. T o t a l  
Count % F a i l  Count Z 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 

Shoe/Pad 3  1 .3  8 3 4.4 8 6 4.1 

Rotor  o r  Drum 10 4.2 158 8.5 168 8.0 

Wheel C y l i n d e r s  8 3,4 7 0.4 15  0.7 

3.4.3 Comparison o f  t h e  Wheel P u l l  and Moving S topp ing  Tes t .  

The main aim 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 t o p p i n g  t e s t  as 

methods f o r  de te rm in ing  t h e  b r a k i n g  capab i l  i ty  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 l 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  c racked r o t o r /  

HSRI 1  = 
drum, o r  wheel c y l i n d e r s  f a i l  

Pass o the rw i se  

F a i l  i f  HSRI 1  f a i l ,  o r  low master  c y l i n d e r  

HSRI 2  = f l u i d  

Pass o the rw i se  

F a i l  if HSRI 2 f a i l  , o r  worn ro to r / d rum 
HSRI 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  HSRI 1  must a l s o  

f a i l  HSRI 2, and a  v e h i c l e  t h a t  f a i l s  HSRI 2  must a l s o  f a i l  HSRI 3. 

Conversely ,  a  v e h i c l e  t h a t  passes HSRI 3  must a l s o  pass HSRI 2, and a  

v e h i c l e  t h a t  passes HSRI 2  must a l s o  pass HSRI 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  p resented  i n  Table 3.7. 



TABLE 3.7 

Brake Inspection Results 

HSRI 1 

Pass 
Police Fail 

Total 

Pass 
Police Fail 

Total 

Pass Fai 1 Total 

HSRI 2 

Pass Fai 1 Total 

1773 114 1887 
503 7 5 578 

2276 189 2465 

HSRI 3 

Pass Fai 1 Total 

Pass 1749 138 1887 
Pol ice Fail 49 1 57 578 

Total 2240 225 2465 

The policy issue t h a t  the analysis i s  meant t o  examine i s  whether 

the stopping t e s t  i s  a n  adequate brake inspection, or whether i t  i s  

necessary t o  remove a wheel in order t o  perform an adequate brake 

inspection. Therefore, the objective i s  t o  provide estimates of 

the probability that a serious brake defect will be discovered by a 

wheel pull inspection for vehicles that  had passed the stopping t e s t .  

An additional objective of the analysis i s  t o  examine whether a 

wheel pull inspection i s  adequate, or whether i t  i s  necessary t o  

conduct a stopping t e s t .  Therefore, we also wish t o  estimate the 

probability t h a t  a serious brake defect will be discovered by a 
stopping t e s t  for vehicles that  had passed the wheel pull inspection. 

Note that  the wheel pull i s  not a complete inspection of the 

brakes. Only one wheel i s  inspected. Inspection of a1 1 4 wheels 
would give a complete description of the mechancial condition of the 
brakes, b u t  might n o t  detect a tendency of the car t o  pull t o  one 

side while stopping. However inspection of a l l  four wheels would 

add a great deal of time and e f fo r t  t o  the inspection. 



From Table 3.7 i t  i s  s imp le  t o  c a l c u l a t e  t h e  percent  o f  v e h i c l e s  

which passed t h e  moving s topp ing  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  HSRI 1 ,  2 ,  o r  3  c r i t e r i a ) .  Th is  pe rcen t  i s  an 

es t ima te  o f  t h e  unsafe v e h i c l e s  which pass t h e  moving s topp ing  t e s t .  

Table 3.8 g i ves  these percents ,  t oge the r  w i t h  t h e i r  j o i n t  95% con- 

f i dence  i n t e r v a l  s .  ( D e r i v a t i o n  o f  t h e  conf idence i n t e r v a l  s  i s  com- 

p lex .  T t  i s  presented i n  Appendix C . )  Even us ing  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 topp ing  t e s t  would be 

unsafe.  And t h e  b e s t  es t ima te  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 reasonable p a s s / f a i l  c r i t e r i o n  i s  HSRI-2. 

Th is  es t imates  t h a t  62 o f  unsafe v e h i c l e s  would f a i l  t h e  moving 

s topp ing  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  

veh i c les  passing would have unsafe brakes.  

TABLE 3.8 

Est imated Percent  Veh ic les  Passing Voving Stopp ing 
Test  which have Unsafe Brakes 

Percent  95% Confidence I n t e r v a l s  

Unsafe by HSRI-1 3.3 (2.0 t o  4.6)  

Unsafe by HSRI-2 6 .0  (4 .3  t o  7.7) 

Unsafe by HSRI-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  passing t h e  wheel p u l l  i n s p e c t i o n  

would have s topp ing  de fec ts? "  That  i s ,  o f  those 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 topp ing  t e s t .  Table 

3.9 g i ves  es t imates  o f  these percents  f o r  each o f  t h e  3  c r i t e r i a  

t oge the r  w i t h  t h e  j o i n t  95% conf idence i n t e r v a l  s  . 
Inspec t i on  o f  Table 3.9 revea ls  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 percent  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 topp ing  de fec ts  as judged by t h e  moving s topp ing  t e s t .  



I f  t h e  HSRI-2 c r i t e r i o n  f o r  pass ing  i s  used, an es t ima ted  22.1% 

of t h e  v e h i c l e s  which passed c o u l d  have s topp ing  d e f e c t s .  

TABLE 3.9 

Est imated Percent  o f  Veh ic les  Passing t h e  
Wheel P u l l  which have Stopp ing Defec ts  

Percent  95% Conf idence I n t e r v a l  

HSRI-1 22.6 20.5 t o  24.7 

HSRI-2 22.1 20.0 t o  24.2 

HSRI-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 if 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 ropo r t - i on  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  wheel p u l l  i s  more than  19.8 pe rcen 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 .  



4 .  CONCLUSIONS AND RECOMMENDATIONS 

The primary purposes of the study were t o  estimate the effect  

on the proportion of defective vehicles of a 15% checklane inspection 

program and t o  compare this  with the estimated effect  of a simulated 

PMVI inspection. Both of these require two years. Consequently no 
conclusions relat ive t o  the principle questions are possible a t  this  
time. 

The average passing rates for  the two study counties were 48.1% 

and 50.5% for Monroe and Jackson Counties, respectively. In th is  
respect the vehicle populations of the two counties were quite 

simi 1 ar .  Large differences in the manufacturers of vehicles were 

found in the two counties, b u t  this  i s  no t  t h o u g h t  to be crucial 

to  comparisons. Small differences in the age, mileage, and types of 

vehicles were observed. I t  appears currently t h a t  i t  will be possible 
t o  compare the results in the two counties directly--without adjustment. 

I t  i s  recommended that  a sensit ivi ty analysis of the possible effects  

of adjustments be tr ied t o  ensure that  direct  comparisons are val id.  

Large differences between the population of vehicles sampled and 

the population of registered vehicles were observed in both counties. 

This was expected since sampling was done with probabil i ty  pro- 

portional t o  usage on local feeder roads. As a resul t ,  the baseline 

fa i lure  rates are applicable only t o  the population sampled, n o t  to 

the populations of registered vehicles as a whole. This res t r ic t ion 

does n o t  hinder the study's conclusions , since the same population 
will be sampled b o t h  years. I t  does indicate that  checklane in- 

spections do n o t  reach a l l  vehicles with equal probability. One 

interpretation of the differences between the population of registered 
vehicles and the population sampled i s  that the sampled population 
accurately represents those currently in use. If th i s  i s  correct then 



t h e  checklane method would be more c l o s e l y  connected w i t h  a c c i d e n t  

p r e v e n t i o n  than PMVI , because t h e  check1 ane would concen t ra te  on those 

v e h i c l e s  most used. 

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 nc rease  w i t h  t h e  

age o f  t h e  v e h i c l e .  Th 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  checklane 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 low 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 l ower  f o r  v e h i c l e s  w i t h  seve ra l  defects o r  

w i t h  t h e  more se r i ous  de fec ts .  A1 though t h e  r a t e  of r e t u r n  of t h e  

p o s t  cards may n o t  comple te ly  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  of 

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 reng then  t h e  

r e p a i r  i nc idence  be considered.  

The comparison o f  t h e  moving s topp ing  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 t o p p i n g  t e s t  more a c c u r a t e l y  

determines 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  per form. For these 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  procedure f o r  b r a k i n g  capabi 1  i t y  . 
In fe rences  f rom t h e  d r i v e r  i n t e r v i e w s  a re  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 excluded.  Thus t h e  r e s u l  t s  

a re  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  thought  t h a t  t h e  55 rnph 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  1  irni  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 l 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  70 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 is  co inc ides  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 the re .  

It i s  recommended t h a t  pub1 i c  i n f o r m a t i o n  campaigns be cont inued.  



Two t h i r d s  o f  t he  d r i v e r s  b e l i e v e  t h a t  seat  b e l t s  save l i v e s .  

However o n l y  43 percent  r e p o r t e d  t h a t  they o f t e n  o r  a1wa.y~ wore 

sea t  be1 t s  . On1 y  e l  even percent  o f  t he  d r i v e r s  were observed t o  be 

wear ing b e l t s  by t h e  i n s p e c t i n g  o f f i c e r s .  Th is  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 he  i n t e r v i e w  r e s u l t s .  I n  t he  f u t u r e ,  i t  i s  recommended 

t h a t  randomi zed response techniques be cons idered t o  reduce t h i s  

p o t e n t i a l  b i a s .  

A t  t h e  end o f  t he  s tudy  the  data  should p rov ide  re1  i a b l e  e s t i  - 
mates o f  t h e  e f f e c t s  o f  a  15% checklane i n s p e c t i o n  system. Com- 

par isons  between the  ope ra t i ona l  check1 ane and t h e  s imula ted  P M V I  

should p rov ide  r e l i a b l e  es t imates  o f  t h e  d i f f e r e n c e  i n  e f f e c t  on 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  ob ta ined  by the  two methods. Th is ,  

i n  t u r n ,  w i l l  g i v e  a  so l  i d  bas i s  f o r  a  recommendation o f  t h e  p r e f e r r e d  

i n s p e c t i o n  system. 
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Permit No. 160 
East Lansing, 

Michigan 

I PREPAID BUSINESS REPLY CARD - 
N o  Postage Stamp Necessary I f  Malled tn the Unlted States 

- - - 
Postage Will Be Paid By: 

DEPARTMENT OF STATE POLICE 
VEHICLE INSPECTION UNIT 
714 S. HARRISON ROAD 
EAST LANSING, MICHIGAN 48823 

DEFECTS 

re - 1 MICHIGAN VEHICLE INSPECTlON 

C! Safety glass 
Vis~on ,mpatred 

;1 W~oers  
C! Washers 
C F dlrect Ihghts 
C! H ~ g h  beams 
C! Low beams 
a Atm 

Dept 

- 
+tput 

3 Tall 
C-. , Stop 
2 R dlrecr lights 
r- , Plate Itght - 
L Horn 

'1 Beam tnd~cator 

3 Steerlng 

/ Veh Make ' 1 ~ o c ~ ? l ~ ( e a r  lReg N r  
1 I 

-0 T ~ r e  bulge/break,tread C OTHER 
Exhaust no~se/smoke 
Mirrors 

0 Foot brake 
0 Parklng brake 

MICHIGAN STATE POLICE 
Cvrec t  the above listed defect(s: w i l h ~ n  21 days and mall t h ~ s  card as lndlcated on the reverse stda The results 
of your veh~c le  inspection have been entered Into the Law Enforcement Information Network Computers and 11 
you fall to make the neeaed repairs you are subject to detection and prosecut~on anytlme this vehtcle IS stooped 
by a pol lce-off~cer 

I hereby cer t~ fy  that the above IlSted 
defecr~s i  hare been correctea 

Signature , r  i r ,  i r r  or Owner 

F i g u r e  A-2 

Reply Postcard 



Figure 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. 

1. Brake t ype  

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

( ) Disc ( ) Power 
( ) Drum ( ) Non-power 

2 .  Master  c y l i n d e r  f l u i d  ( fill 
( ) 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  Contaminat 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 Bear 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 (omit  

q u e s t i o n s  7  th rough  10)  

7 .  Drum Shoe Cond i t i on  ( ) 750100% 
o r  ( ) 50-75% 

Disc  Pad Cond i t i on  ( ) 1/32!' - 50% 
( ) F a i l  ( l e s s  t h a n  1/32") 

8 .  Rotor  o r  Drum 

9 ,  Brake Hardware 

10.  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. Ac tua l  T i r e  P r e s s u r e  LF RF 

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 ewar t  Road Church of God 

S t ewar 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 
Corner  of Lewis Rd. and E r i e  Rd. 
North 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  

Jackson County 
4910 Spr ingpor  t Road 

West of Campbell,  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. 

492 0 Ann Arbor Road (BR 94)  
Eas t  of S u t t o n ,  Leoni Twp. 

492 1 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  of Jackson 

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 
Lansing Ave. a t  t h e  Moose Lodge, c i t y  of Jackson 

4940 Route M-60 
Between 1-94 and McCain Rd., eas tbound ,  Surnmitt twp. 

4945 Route M-50 
Southbound, c i t y  of Jackson 

4950 Route M-106 
A t  Bunke rh i l l  Rd.,  H e n r i e t t a  twp. 

4955 US-127 
Eas t  s e r v i c e  d r i v e  of US-127 a t  Weatherby Rd, , Columbia 
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P a r n a l l  School 
Lans ing  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 School 
Sp r ing  Arbor Rd. a t  L.C,H,S,, Summitt twp. 

McDevitt Road 
West of US-127, Summitt twp. 

Parma B a p t i s t  Church 
Michigan Ave. e a s t  of Parma a t  chu rch ,  Sandstone twp. 

Route M-50 
North of McDevitt Rd., Summitt twp. 

Ferguson Road 
A t  t h e  i n t e r s e c t i o n  of Ferguson,  Horton,  and Jackson  Rds. 
Summitt twp. 

E l m  Road 
North of 1-94, Blackman twp. 

Jackson S t a t e  P r i s o n  
North of c i t y  of Jackson 



Table A-2 

Checklane Inspection Schedule 1975 

!,Ionroe County 

DATE LOC . INSP. TOTAL Iri P TOTAL 

7-1-75 4810 177 177 0 0 
7-2-75 482 0 2 08 385 50 5 0 
7-03-75 483 0 18 5 57 0 0 50 

7-07-75 4820 197 7 67 5 1 1 0 1  
7-08-75 4830 177 9 44 4 1  142 
7-09-75 000 944 00 142 
7-10-75 4810 186 1130 49 191  
7-11-75 4840 187 13 17 19 210 

7-14-75 4810 194 1511 4 1  2 5 1  
7 -1 5-7 5 482 0 107 1618 23 274 
7-16-75 4840 175 1793 29 3 03 
7-17-75 48 10 12 0 1913 3 0  333 

7-18-75 4820 106 2019 0 333 



Table A-2 Continued 

Jackson County - 1975 

DATE LOC . INSP. TOTAL TOTAL 
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Jackson County - 1 9 7 5  

DATE LOC . INSP. TOTAL !V P TOTAL 



Table A - 3  

Checklane Variable List 

Variable 
Number 

Or ig ina l  
Variable Xame Locat ion 

Location Code 1- 5 

Nonth of Checklane 

Day of Checklane 

Year of Checklane 

J u l i a n  Date 

Vehicle Year 

Vehicle Type 

Vehicle Make 

Vehicle Mileage 

Number of T r ip s  

Safety Glass 

Vision Impaired 

Tota l  Glass 

Wipers 

Washers 

T o t a l  Wipers and Washers 

RIirroll 

Vision Defects 

Front Di rec t iona l  Lights 43-44 

High Beams 45-46 

Lon1 Reams 47-48 

Headlight A i m  49- 50 

Headlight Output 5 1- 52 

Headlights Operation ----- 
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 

P l a t e  l i g h t  59-60 

Beam i n d i c a t o r  l i g h t  61-62 

New 
Locat i o n  

Re code 
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 

note 3 

note  3 

note 3 

note 3 

note 3 
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To ta l  l i g h t s  

Major l i g h t  d e f e c t s  

To ta l  Light Defects  

Horn 

S tee r ing  

Foot Brake 

Parking Brake 

To ta l  Bralre 

T i r e  Bulges o r  Break 

T i r e  Tread 

To ta l  T i r e s  

Control Defects 

Exhaust Noise 

Exhaust Smoke 

To ta l  Exhaust 

Operators License 

Vehicle R e g i s t r a t  ion 

Vehicle Insurance 

Operator Defective 

Major bIechanica1 Defect 

To ta l  hIechanical Defect 

To ta l  Vehicle 

Summons Issued 

Seat B e l t s  

Brake Light 

Wheel P u l l  

Pedal Pressure  Test  

Stopping Test  

Stopping Audible 

T o t a l  Stopping Defects  

To ta l  Inspect ion  Defects  

note 3 

note G 

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 9 

note 10 

note 11 

note 12 

note 13 

note 14 

note 3 

note 15 

note 3 

note 1 G  

no te  17 

note I S  

note 19 

note 2 0  

note 2 1  

note 22  
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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 

h las t e r  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 Hose 

Wheel B e a r i n g  G r e a s e  

Wheel P u l l  

Shoe-Pad C o n d i t i o n  

R o t o r  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 c l i 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 ~ l  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  2 5  

n o t e  2 6  

n o t e  2 7  

n o t e  2 7  

n o t e  ' 2 8  

n o t e  2 9  

n o t e  30 

n o t e  3 1  

n o t e  32  

n o t e  27  

n o t e  3 3  

n o t e  34 

n o t e  3 5  

n o t e  35 

n o t e  3 5  

n o t e  3 5  
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Question 5 1 5  

Questiorl 6 16 

Question 7 17 

Question 8 18 

Question 9  19 

Question 10 2 0  

Question 11 2 1 

Question 12 22 

Completion Problems 23 

Interviewer I n i t i a l s  24-25 

hlatch Key 

S t i cke r  Number 

Location Code 

Xonth of Checklane 

Day of Checklane 

Year of Checklane 

J u l i a n  Date 

Vehicle Year 

Vehicle Type 

Vehicle llake 

Vehicle Mileage 

Number of Tr ips  

Safety Glass 

Vision Impaired 

Total  Glass 

Wipers 

Washers 

Tota l  Wipers and \$'ashers 

Mirror 

Vision Defects 

Front Di rec t iona l  Lights  

High  Beams 

Low Beams 

note 3 5  

note 3 5  

note 3 5  

note 3 5  

note 3 5  

note 3 5  

note 35 

note 3 5  

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 
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Headlight A i m  

Headlight O u t p u t  

Headlight Operation 

T a i l  Lights 

Stop Lights  

Rear Di rec t iona l  

P l a t e  Light 

Beam Ind ica tor  Light 

Tota l  Lights  

Major Light Defects 

Tota l  Light Defects 

Horn 

S teer ing  

Foot Brake 

Parking Brake 

Total  Brake 

T i r e  Bulges or  Break 

Ti re  Tread 

Total  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 hlechallical Defects  

Total  Mechanical Defects 

Total  Vehicle 

Summons Issued 

Seat Be l t s  

Brake Light 

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  3 

note  8 

note  3 

note  3 

note 3 

note  9 

note 10 

note 11 

note  12 

note 13 

note 14 

note 3 

note  15 

note  3 

note  16 
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159 Recheck 

16 0  P e d z l  P r e s s u r e  T e s t  

1 6 1  S t o p p i n g  T e s t  

162 S t o p p i n g  A u d i k l e '  

163  T o t a l  S t o p p i n g  D e f e c t s  

164  T o t a l  I n s p e c t i o n  D e f e c t s  

239 n o t e  35 

240  n o t e  1 8  

2 4 1  n o t e  19 

2  42 n o t e  20  

2 43 n o t e  2 1  

244-245 n o t e  22 
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Check lane  Recode Notes  

1. V8 - V e h i c l e  t y p e  

O r i g .  V a l u e  

0 
1 
2 
3  
4 
5 
6 
7 
8 
o t h e r  

Type - 
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  Bus,  C a r r y a l l  
J e e p  
P i c k u p  o r  p a n e l  
U n i t  oil s t r a i g h t  t r a c t o r  
T r u c k  t r a c t o r  ( semi )  
Unknown/rnissing 

2 .  V9 = V e h i c l e  Make 

O r i g .  Value  New Value  

01-- 1 4  01--14 
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  Fa i 1 
1 0  P a s s  

O t h e r  M i s s i n g  

New Va 1 ue 

4. V19- # v i s o r  d e f e c t s  p l u s  1 

se t  t o  z e r o  
s c a n  (V12, V13, V 1 5 ,  V16, V18) 
Count number of  "2" and 2dd 1 

5. V25 = h e a d l i g h t  o p e r a t i o n  

New Va lue  

set t o  z e r o  
s c a n  (V21, V22, V24) 
i f  a l l  = "1" V3Y5 = 1 
if ally = "2"  V25 - 2 
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6 .  132 = 7" m a j o r  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  ( ~ 2 0 ,  t '21, ~ 2 2 ,  ~ 2 4 ,  v ~ G ,  V27, v2S)  
c o u n t  number of  "2" and add 1 

7 .  V33 = 7" 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  (V23, 2 9 ,  3 0 )  
c o u n t  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 

se t  t o  z e r o  
s c a n  (V35, V36, V39, V40) 
c o u n t  number o f  "2" and add 1 

9 ,  V46 = o p e r a t o r s  l i c e n s e  

se t  V46 a n d  K l  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 )  
If 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  

a n d  K l = K l  t 1 
i f  p o s i t i o n s  89-90 e q u a l  "01" t h e n  V4G = 3  

( suspended  o r  revolted) and  Kl=Vl+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 Kl=Kl+l  
i f  K1 is  g r e a t e r  t h a n  1 V4G = 5 

1 0 ,  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  p o s i t i o n s  95-96 e q u a l  "01" V47 = 2 ( i m p r o p e r )  
i f  p o s i t i o n s  97-98 e q u a l  "01" V47 = 3 (none on p e r s o n )  

11. V48 = v e h i c l e  -i.:ls.uran.ce 

se t  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  If01" V4S = 2  ( n o  c o m p l i a n c e )  
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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1 2 ,  V49 = O p e r a t o r  d e f e c t i v e  

s e t  t o  two 
i f  V46, V47, V48 a r e  a l l  e q u a l  "1" t h e n  V49 = 1 

13 .  V50 = major  mechan ica 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 = V50 -t 1 
i f  V44 e q u a l s  "2" t h e n  V50 = V50 -t I 

1 4 ,  V51 = t o t a l  m e c h a n i c a l  d e f e c t s  p l u s  1 

add V19, V33: V42 
s u b t r a c t  two 
i f  V43 = "2" t h e n  V51 = V51 .+ 1 
i f  V44 = "2" the11 V51 = 5'51 .t 1 
i f  V34 = "2" t h e n  V51 = V51 + 1 

15 .  V53 = $ summons i s s u e d  p l u s  1 

add 1 t o  p o s i t i o n s  111-112 
i f  '1'53 i s  g r e a t e r  t h a n  90 o r  less  t h a n  9, s e t  V53 t o  0 

1 6 .  V55 = Brake l i g h t  

set  t o  z e r o  

Old Value Code - 
0 Pass  

New Value 
3 

1 Fa i 1 1 
2  Not checked 2  

17.  V56 = Wheel p u l l  

set  t o  z e r o  

Old Value Code 
0 Yes 
1 No 

New Value 
2 
1' 
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1 8 .  V57 = P e d a l  P r e s s u r e  T e s t  

set  t o  z e r o  

Old Value 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 .  V5S = 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 

New Va l u e  

New Value  

2 0 ,  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 - New Value 

P a s s  
F a i l  

21 .  VGO = 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. 
if 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  V60 
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  V58=0 o r  V59-0 set  V60 t o  0  

2 2 ,  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 s e t  V61 = V51 
i f  V G O  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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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  

Code v a l u e s :  

0 1  = R ,  Alexa  
02 = R. Copp 
03 = R .  Corn 
04  = R .  Crombez 
0 5  = D.  H i n d a l  

Code V a l u e s :  

00 = m i s s i n g  
11 = power d i s c  
12 = non-power d i s c  

Code v a l u e s :  

0  = m i s s i n g  
1 = f u l l  

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  

Code v a l u e s :  

0  = m i s s i n g  
1 = p a s s  

Code v a l u e s :  

0 = m i s s i n g  
1 = w h e e l  p u l l e d  
2 = u n a b l e  t o  p u l l  

Code v a l u e s :  

OG = 11. Huber 
07 = J . P .  Monson 
08 = M. S a c k e t t  
09 = 11. Todd 
00 = O t h e r  o r  m i s s i n g  

2 1  = power drum 
22 = non-power drum 

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  

Code V a l u e s :  

0 = m i s s i n g  3 = worn  
I = p a s s  4 = g r o o v e s  
2 = c,P?c~~L 
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32.  Code v a l u e s :  

0 = missing 
1 = p a s s  
2 = s p r i n g s  

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 

34 .  Code va lues :  

0 = missing 
1 = male 
2 = female 

35. Refer t o  q u e s t i o n n a i r e  f o r  code va lues  

0 = missing 

36. Code v a l u e s :  

1 = none 
2 = r e fused  
3  = i l l i t e r a t e  

4 = no reading  g l a s s e s  
5 = menta l ly-phys ica l ly  incapab le  
6  = o t h e r  

37. Code Values: 

0 - 1975 d a t a  only 

1 = 1976 d a t a  only 

2 = Both 1975 and 1976 d a t a  

38. Code Values: 

2 0  = No 

1 = Yes (stickered vehicle) 

0 = Missing 





APPENDIX B 

DETAILED DATA TABULATIONS 





Table B-1 

Vehicle Year 

Monroe Monroe 
Year County Sample Expected 

pre-1960 
1960 
1961 
1962 
1963 
1964 
19 6 5 
1966 
19 6 7 
1968 
1969 
1970 
19 7 1 
19 7 2 
19 7 3 
1974 
1975 
Total 

Chi-squared goodness of fit 

s2=151. 1 significance level = 0.0 



Table B-2 

Vehicle Year 

Year 
Jackson 

County 
Jackson 
Sample 

Chi-squared goodness of fit 

Expected 

2 -*C ~ 6 2 5 . 7  significance level = 0.0 
/ 





Table B-4 

Vehicle Type 

Full Size 

Intermediate 

Compact 

Sports Car 

Station bus, 
carryall 

Jeep 

Pickup or Panel 

Total 

Missing 

Monroe 
Count 9 

Chi-square test of homogeneity 

Jackson 
Count 0, 

Total 
Count 9 

* = 7.034 significance level = 0.3177 



Table B-5 

Vehicle Mileage 
(thousands of miles) 

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 
150-160 
7160 
Total 

Nonroe Jackson 
Count ?, Count 0, 

Me an 45.82 
Std. Deviation 29.83 

* 
Chi-square test of homogeneity 

2 =21.456 significance level = 0.044 

Total 
Count % 

it 

Due to small numbers vehicles with over 120,000 
miles were collapsed into one category. 



T a b l e  B-6 

V e h i c l e  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 9 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  

TOTAL 

Monroe 
C o u n t  

5 0 . 3  
1 0 . 1  
2  0 . 1  
8  0 . 4  

1 4  0 . 8  
20 1.1 
3  7  2 . 1  
50 2 . 8  
78 4 . 4  

1 0 1  5 . 7  
1 5 4  8 . 6  
1 5  9  8 . 9  
1 6 8  9 . 4  
232 1 3 . 0  
292 1 6 . 3  
3  1 5  1 7 . 6  
1 5 0  8 . 4  

0  0 . 0  
1 7 8 6  

J a c k s o n  
C o u n t  9 

1 3  0 . 2  
8  0 . 1  

1 0  0 . 1  
32 0 . 3  
37 0 . 4  

1 1 7  1 . 2  
215  2 . 2  
320 3 . 2  
457 4 . 6  
6 1 1  6 . 2  
815  8 . 3  
772 7 . 8  
930  9 . 4  

1 3 8 8  1 4 . 1  
1 5 9 8  1 6 . 2  
1 4  5  0  1 4 . 7  
1 0 6 0  1 0 . 7  

27 0 . 3  
9865  

* 
C h i - s q u a r e  t e s t  f o r  h o m o g e n e i t y  

nXf=31.036 s i g n i f i c a n c e  l eve l  = 0 . 0 1 3 3  

T o t a l  
C o u n t  % 

* c a t e g o r y  1 9 7 6  d e l e t e d  d u e  t o  i n s p e c t i o n s  i n  
Monroe c o u n t y  b e f o r e  m o d e l  y e a r  1 9 7 6 .  



Table B-7 
* 

Vehicle Make 

Monroe Jackson Total 
Count Count % Count % B 

Passenger Cars 

Buick 
Cadillac 
Chevrolet 
Chrysler 
Dodge 
Ford 
Imperial 
Jeep 
Lincoln 
Mercury 
Oldsmobile 
Plymouth 
Pontiac 
Volkswagen 
Other 

Trucks 

Chevrolet 
Dodge 
Ford 
GMC 
International 
Willys 

Total 

* *  
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  T o t a l  

% Count "5 Count % Count 

P a s s  48 .1  859 50.5  4981 5 0 . 1  5840 

F a i  1 51.9  9 2 7  49.5  4884 49.9 5811 

T o t a l  1786 9865 11651 

Chi - square  t e s t  o f  homogeneity 



Table B-9 

Tabulat ions of Variables Recorded by Service  Troopers 

Monroe Jackson Tota l  
Count % Count Count % 

NUMBER OF T R I P S  

Number 
1 
2 
3 
4 
5 
To ta l  

SAFETY GLASS 

Category 
Pass 
F a i l  
Tota l  

VISION IMPAIRED 

Pass 
F a i l  
To ta l  

GLASS DEFECTS 

Pass 
F a i l  
To ta l  

WIPERS 

Pass 
F a i l  
Tota l  

WASHERS 

Pass 
F a i l  
Tota l  

WIPERS OR WASHERS 

Pass 
F a i l  
Tota l  



Table B-9 Continued 

NIRROR 

Pass 
Fail 
Total 

Monroe 
Count 

TOTAL VISION DEFECTS 

Number 
0 
1 
2 
3 
4 
Total 

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 B 



T a b l e  B-9 C o n t i n u e d  

M o n r o e  J a c k s o n  T o t a l  
C o u n t  0, C o u n t  % C o u n t  % 

TOTAL HEADLIGHT 

Pass 
Fail 
T o t a l  

TAIL LIGHTS 

P a s s  
F a i l  
T o t a l  

STOP LIGHTS 

P a s s  
F a i l  
T o t a l  

REAR DIRECTIONAL 

P a s s  
F a i l  
T o t a l  

PLATE LIGHT 

P a s s  
F a i l  
T o t a l  

BEAM INDICATOR 

P a s s  
F a i l  
T o t a l  

TOTAL LIGHTS 

P a s s  
F a i  1 
T o t a l  

MAJOR LIGHT DEFECTS 

0 1 4 6 1  8 1 . 8  7 8 3 9  7 9 . 5  9 3 0 0  7 9 . 8  
1 1 6 2  9 . 1  1 0 9 5  11.1 1 2 5 7  1 0 . 8  
2 8 4  4 . 7  4 4 4  4 . 5  5 2 8  4 . 5  
3 5 2  2 . 9  3 4 4  3 . 5  3 9 6  3 . 4  
4 2 0  1.1 1 0 7  1.1 1 2  7 1.1 
> 4  7 0 . 4  36 0 . 3  4 3  0 . 4  

T o t a l  1 7 8 6  9 8 6 5  1 1 6 5 1  



T a b l e  B-9 C o n t i n u e d  

C o u n t  

TOTAL LIGHT DEFECTS 

Number 
0 
1 
2 
3  
4  
5 
'5 
T o t a l  
M i s s i n g  

HORN 

P a s s  
F a i  1 
T o t a l  

Monroe J a c k s o n  T o t a l  

C o u n t  C o u n t  

STEERING 

P a s s  1 7 8 5  9 9 . 9  9 8 2 6  9 9 . 6  1 1 6 1 3  9 9 . 7  
F a i  1 1 0 . 1  3 7  0 . 4  38  0 . 3  
T o t a l  1 7 8 6  9 8 6 5  1 1 6 5 1  

FOOT BRAKE 

P a s s  
F a i l  
T o t a l  

PARKING BRAKE 

P a s s  
F a i  1 
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  



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  % 

TIRE TREAD 

P a s s  
Fail 
T o t a l  

TIRES,  OVERALL 

P a s s  
F a i l  
T o t a l  

CONTROL DEFECTS 

number 
0 1 5 5 3  
1 2 2 7  
2  6  
3  0 
T o t a l  1 7 8 6  

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 

P a s s  
F a i l  
T o t a l  

OPERATOR'S LICENSE 

P a s s  1 7 6 5  
N o  l i c e n s e  1 4  
S u s p e n d e d  o r  

R e v o k e d  0 
O t h e r  7  
More t h a n  1 n o  p a s s  0 
T o t a l  1 7 8 6  



Table B-9 Continued 

Monroe 
Count O, 

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 
Fail 
Total 

MAJOR MECHANICAL 

number 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Total 

TOTAL MECHANICAL 

number 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Total 

Jackson Total 
Count Count % 



Table  B-9 Continued 

Monroe Jackson T o t a l  
Count 0. 

O Count 9 Count 3- 

TOTAL VEHICLE 

Pass 
F a i l  
T o t a l  

SUMMONS ISSUED 

number 
0 
1 
2 
Miscode 
T o t a l  

SEAT BELTS 

Yes 
No 
T o t a l  



Notes on TAble B-9 

EXPLANATION OF CHECKLANE VARIABLES 

Number of T r i p s  - Thi s  i s  t h e  number of t imes  
d r i v e r s  s a i d  t hey  had been i n s p e c t e d  by a  
check lane ,  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 .  

V i s 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 c racked  o r  i f  t h e  w indsh ie 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  Defec ts  - 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  impa i r ed ,  
w i p e r s ,  washers ,  and m i r r o r ) .  

Head l igh t  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  Defec t s  - The number of major 
l i g h t  items 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 i g h t  Defec t s  - 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  
items 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  item i f  
i t  was c l e a r  t h a t  t h e  d r i v e r  p r e s s e d  t h e  
b rake  p e d a l  t o  t h e  f l o o r .  

Park ing  Brake - The d r i v e r  was asked t o  se t  
t h e  pa rk ing  brake  and then  s lowly  a c c e l e r a t e .  
I f  t h e  pa rk ing  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  item. 

Con t ro l  Defec t s  - The number of c o n t r o l -  
r e l a t e d  i t ems  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 r a k e ,  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  ( e x h a u s t  n o i s e  
and exhaus t  smoke) . 



Notes on Table B-9 Continued 

Tota l  Mechanical - The number of v i s ion  
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 con t ro l  
d e t e c t s ,  p lus  the  number of exhaust de fec t s  
and horn. 

Summons Issued - The number of summonses 
issued by t he  enforcement o f f i c e r .  

Sea t  Be l t s  - The se rv i ce  o f f i c e r s  observed 
whether t h e  passengers i n  t he  veh 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 
Count  g 

LEFT-FRONT TIRE PRESSURE 

T o t a l  
M i s s i n g  

LEFT-REAR TIRE PRESSURE 

(1 0 
10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
5 0 - 5 5 
>55 
T o t a l  
M i s s i n g  

RIGHT-FRONT TIRE PRESSURE 

c 1 0  
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  

( P S I )  

( P S I )  

J a c k s o n  
Count  % 

T o t a l  
Count  % 



T a b l e  B-10 C o n t i n u e d  

Monroe J a c k s o n  
C o u n t  C o u n t  % 

RIGFIT-REAR TIRE PRESSURE 

c 1 0  
1 0 - 1 5  
1 5 - 2 0  
2 0 - 2 5  
2 5 - 3 0  
3 0 - 3 5  
3 5 - 4 0  
4 0 - 4 5  
4 5 - 5 0  
5 0 - 5 5  
.55 
T o t a l  
M i s s i n g  

( P S I )  

FRONT LOADED RECOMMENDED T I R E  PRESSURE ( P S I )  

1 5 - 2 0  
2 0 - 2 5  
2 5 - 3 0  
3 0 - 3 5  
3 5 - 4 0  
T o t a l  
M i s s i n g  

REAR LOADED RECOMMENDED T I R E  PRESSURE ( P S I )  

2 0 - 2 5  
2 5 - 3 0  
3 0 - 3 5  
3 5 - 4 0  
T o t a l  
M i s s i n g  

T o t a l  
C o u n t  % 

FRONT UNLOADED RECOKYENDED T I R E  PRESSURE ( P S I )  

1 5 - 2 0  
2 0 - 2 5  
2 5 - 3 0  
3 0 - 3 5  
T o t a l  
X i s s i n g  



Table B-10 Continued 

Monroe Jackson 
Count 8 Count % 

REAR UNLOADED RECOMMENDED TIRE PRESSURE (PSI) 

2 0 - 2 5  
25 -30  
30-35 
Total 
Missing 

Tota l  
Count % 



Vis ion  Impaired 

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
1975 
1976 

60 65 70 75 
Model Year 

T o t a l  

10 
12 
4 2 
5 3 

144 
270 
38 5 
5 52 
748 

1023 
98 1 

1169 
17 12 
1998 
1890 
1299 

27 

F a i l e d  

0 
1 
3 
4 

19 
25 
44 
45 
44 
4 3 
33 
36 
49 
5 4 
3 1  
8 
0 

% F a i l i n g  

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  



Wipers % f a i l e d  

30 - 

- 

60 65 70 75 
Model Year 

x 

f 

Year - 
1960 
196 1 
1962 
1963 
1964 
196 5 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

1 
1 

T o t a l  

T o t a l  F a i l e d  

10 3 
12 0 
4 2 7 
53 14 

144 13 
270 3 5  
385 40 
5 52 35  
748 4 8 

102 3 75 
98 1 47 

1169 52 
1712 39 
1998 19 
1890 10 
1299 0 

27 0 

% F a i l i n g  

3 . 0  
0 . 0  

16.7 
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  

3 .5  

F i g u r e  B-2 



% f a i l e d  I 
Washers 

Year - 
1960 
196 1 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
197 5 
1976 

T o t a l  

60 6 5  70 75  
Model Year 

T o t a l  

10  
12 
4 2 
5 3 

144 
270 
385 
552 
748 

102 3 
98 1 

1169 
1712 
1998 
1890 
1299 

27 

F a i l e d  % Failing 

60.0 
75.0 
47.6 
41.5 
44.4 
39.3 
37.1 
34.6 
29.7 
2 4 . 1  
15.9 
14.3 
1 3 . 5  
10.3 
7.8 
4.0 
0.0 

Figure B-3 



T o t a l  Wipers and Washers 

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

T o t a l  

60 65  70 7 5  
Model y e a r  

T o t a l  

10  
12 
4 2 
53 

144 
270 
385 
5 52 
7 48 

102 3 
98 1 

1169 
1712 
1998 
1890 
1299 

27 

12315 

F a i l e d  

7 
9 

22 
28 
70 

126 
163 
206 
245 
287 
193  
205 
2 62 
220 
154 

52 
0 

% F a i l i n g  
---,- -. 

7 0 . 0  
7 5 . 0  
5 2 . 4  
5 2 . 8  
4 8 . 6  
4 6 . 7  
4 2 . 3  
3 7 . 3  
3 2 . 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 
196 1 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
1975 
1976 

M i r r o r s  

F. 

60 65  70 7 5  
Model Year 

T o t a l  

10  
12 
4 2 
5 3 

144 
270 
385 
5 52 
748 

102 3 
98 1 

1169 
1712 
1998 
1890 
1299 

27 

F a i l e d  

0 
0 
4 

10 
14  
20 
26 
27 
44 
28 
30 
20 
3 5  
20 
14 

4 
0 

% 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  

T o t a l  12315 296 2 . 4  

F i g u r e  B-5 



Fron t  D i r e c t i o n a l  
k A 

% f a i l e d  2o 1 
j 
I 

1 5  -i 

Year 

60 65  70 7 5  
Model Year 

T o t a l  

1 0  
12 
4 2  
5  3 
144 
270 
385 
552 
748 

102 3 
98 1 

1169 
17 12 
1998 
1890 
1299 

27 

F a i l e d  % F a i l i n g  

1 0 . 0  
8 . 3  

1 9 . 0  
2 0 . 8  
1 8 . 1  
2 0 . 7  
1 1 . 4  
1 1 . 2  

9 . 9  
7 . 0  
5 . 5  
3 .8  
4 . 6  
2 . 2  
1 . 6  
0 . 2  
0 . 0  

T o t a l  

Figure B-6 



Rear Directional 

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
197 5 
1976 

1 - I I I 

60 65 70 75 
Model Year 

Total 

10 
12 
4 2 
5 3 
144 
270 
385 
5 52 
748 
1023 
98 1 
1169 
17 12 
1998 
1890 
1299 
27 

Failed 

2 
3 
9 
12 
31 
54 
81 
81 
106 
115 
75 
73 
87 
6 2 
47 
6 
0 

% Failing 

20.0 
25.0 
21.4 
22.6 
21.5 
20.0 
21.0 
14.7 
14.2 
11.2 
7.6 
6.2 
5.1 
3.1 
2.5 
0.5 
0.0 

Total 12315 844 7.2 

F i g u r e  B-7 



High Beams 

Year - 
1960 
1961 
1962 
1963 
1964 
196 5 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

60 65 70 75  
Model y e a r  

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 

F a i l e d  % F a i l i n g  

40.0 
0 . 0  

21.4 
1 7 . 0  
16.0  
13.7  
18 .2  
1 8 . 3  
12 .4  
12.9 

7 . 8  
6 .5  
6.2 
4 . 1  
2 . 4  
1 . 5  
0 . 0  

T o t a l  

F i g u r e  B-8 



Low Beams 

Year - 
1960 
1961 
1962 
1963 
1964 
196 5 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Total 

60 65 70 75 
Model Year 

Total 

10 
12 
4 2 
53 
144 
270 
385 
5 52 
748 
102 3 
98 1 
1169 
1712 
1998 
1890 
1299 
27 

Failed 

0 
1 
6 
3 
4 
15 
22 
16 
34 
33 
28 
24 
37 
34 
28 

8 
0 

2 93 

% Failing 

0.0 
8.3  
14.3 
5.7 
2 . 8  
5.6 

Figure B-9 



Aim of Headlight 

% failed 

2o 1 ! 

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
197 6 

Total 

10 
12 
42 
5 3 
144 
270 
385 
5 52 
748 
102 3 
98 1 
1169 
17 12 
1998 
1890 
1299 
27 

60 65 70 75 
Model Year 

Failed 

0 
0 
6 
8 
13 
22 
26 
23 
39 
35 
41 
39 
34 
22 
12 
2 
0 

% F a i l i n g  

0.0 
0.0 

1 4 . 3  
1 5 . 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 



$6 f a i l e d  

lo 1 
Outpu t  of Head l igh t s  

A 

Year - 
1960 
196 1 
1962 
19 63 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
197 5 
1976 

Tot a 1 

6 - 

4 - 

2 -  

0 

T o t a l  

10 
12 
4 2 
53 

144 
270 
38 5 
5 52 
748 

1023 
98 1 

1169 
1712 
1998 
1890 
1299 

27 

12315 

x 

X 

x 
< 

X 

K 
A 

X 

< t i  

Y 

-i X X 

I 1 I 

F a i l e d  

0 
1 
4 
2 
3 

12 
11 
9 

19 
19  
13  
13 
14 
16 
13 
2 
0 

151 

60 65 70 75  
Model Year 

% F a i l i n g  

0 . 0  
8 . 3  
9 .5  
3 . 8  
2 . 1  
4 . 4  
2.9 
1 . 6  
2.5 
1 . 9  
1 . 3  
1.1 
0.8 
0 . 8  
0 . 7  
0.2 
0 . 0  

1 . 2  

Figure B - 1 1  



% failed 

Tail Lights 

Year - 
1960 
196 1 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
197 5 
1976 

60 65 70 75 
Model Year 

Total 

10 
12 
4 2 
53 
144 
270 
385 
5 52 
7 48 
1023 
98 1 
1169 
17 12 
1998 
1890 
1299 
27 

Failed 

2 
2 
9 
8 
30 
4 2 
87 
77 
83 
115 
74 
65 
67 
52 
37 
12 
0 

% Failing 

20.0 
16.7 
21.4 
15.1 
20.8 
15.6 
22.6 
1 3 . 9  
11.1 
1 1 . 2  

7 . 5  
5 .6  
3.9 
2.6 
2.0  
0.9 
0.0 

Total 

Figure B-12  



S t o p  L i g h t s  

X 

% f a i l e d  

24 4 n 

Year 

1960 
196 1 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

T o t a l  

10  
12 
42 
5 3 

144 
270 
385 
5 52 
748 

1023 
981  

1169 
17 12 
1998 
1890 
1299 

27 

60 65 70 7 5  
Model Year 

F a i l e d  

3 
3 

13  
9 

28 
49 
9 1  
84  

105 
109 
8 0  
86  
8 0  

% F a i l i n g  

30.0 
25.0 
31.0 
17 .0  
19 .4  
1 8 . 1  
23.6 
15 .2  
14 . O  
10 .7  

8 .2  
7 . 4  
4.7 

T o t a l  

F i g u r e  B-13 



P l a t e  L i g h t  

Year 

1960 
1961 
1962 
1963 
1964 
196 5 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
1975 
1976 

T o t a l  

T o t a l  

10  
12 
4 2 
5 3 

144 
270 
385  
5 52 
748 

102 3 
98 1 

1169 
17 12 
1998 
1890 
1299 

27 

60 6 5  70 75  
Model Year 

F a i l e d  % Failing 

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  
21.4 
1 9 . 1  
15.4 
13.1 

5 . 1  
2 . 7  
0 . 0  

Figure B-14 



T o t a l  L i g h t s  

Year - 
1960 
1961 
1962 
1963 
196 4 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

I 1 I 

60 65 70 75 
Model Year 

T o t a l  

10 
12 
42 
53 

144 
270 
385 
5 52 
748 

1023 
98 1 

1169 
17 12 
1998 
1890 
12 99 

27 

F a i l e d  

6 
9 

3 1  
33 
93 

176 
2 56 
337 
4 18 
490 
3 98 
42 9 
513 
454 
2 48 

74 
0 

% Failing 

60.0 
75.0 
73.8 
62.3 
64.6 
65.2 
66.5 
61.1 
55.9 
47.9 
40.6 
36.7 
30.0 
22.7 
13.1 
5.7 
0.0 

T o t a l  12315 3965 32.2 

Figure B-15 



Horn 

% f a i l e d  

j0 I X 

X 

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
197 2 
1973 
1974 
1975 
197 6 

6 0  65  7 0  7 5  
Model Year 

T o t a l  F a i l e d  

0 
2 
8 
9 

16 
22 
4 1  
38 
34  
4 5  
2 9  
39 
36 
26  
19 

2 
0 

% Failing 

0.0 
16.7 
19.0 
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-15  



Steering 

Year 

1960 
196 1 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
197 5 
1976 

I r I 

60 65 70 75 
Model Year 

Total Failed 

10 0 
12 0 
42 1 
5 3 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  

Total 

F i g u r e  3-17  



P a r k i n g  Brake 

% f a i l e d  
T 

< 
40 i 

i 

Year 

T o t a l  

60 6 5  70 75  
hlodel Year 

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 

F a i l e d  

3 
1 

18 
1 5  
55 
84  

114 
160 
17 1 
193 
147 
12 5 

90 
65  
24  
13  

0 

1278 

% F a i l i n g  

30 .0  
8 . 3  

4 2 . 9  
2 8 . 3  
38 .2  
31 .1  
2 9 . 6  
2 9 . 0  
2 2 . 9  
18 .9  
1 5 . 0  
10 .7  

5 . 3  
3 . 3  
1 . 3  
1 . 0  
0 . 0  

F i g u r e  B-18 



T i r e  Tread  

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
197 5 
1976 

T o t a l  

10 
12 
4 2 
5 3 

144 
270 
385  
5 52 
748 

1023 
98 1 

1169 
1712 
1998 
1890 
12 99 

27 

60 65  70 7 5  
Model Year 

F a i l e d  % F a i l i n g  

40.0 
25.0 
23.8 
34.0 
27.8 
29 .3  
24.9 
22.8 
23.7 
1 9 . 1  
1 4 . 3  
1 3 . 3  
1 1 . 5  

8 . 7  
4 .3  
0 . 3  
0 . 0  

T o t a l  

F i g u r e  B-19 



70 f a i l e d  1 ! 

Year 

T i r e  Bulges o r  Break 

t 

60 65 70 75 
Model Year 

T o t a l  

10 
12 
42 
5 3 

144 
270 
385 
5 52 
748 

1023 
98 1 

11 69 
17 12 
1998 
1890 
1299 

27 

F a i l e d  % F a i l i n g  

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  

To ta l  12315 31 0 . 3  

F igu re  B-20 



T o t a l  T i r e s  

50 

SI, f a i l e d  

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  

10 
12 
4 2 
53 

144 
270 
385 
5 52 
748 

102 3 
98 1 

1169 
17 12 
1998 
1890 
1299 

27 

60 65 70 75 
hlodel Year 

F a i l e d  

4 
3 

10 
18 
40 
79 
96 

12 6 
179 
195 
141 
157 
200 
17 5 
8 1  

4 
0 

8 Failing 

40 .0  
2 5 . 0  
2 3 . 8  
34 .0  
27 .8  
2 9 . 3  
2 4 . 9  
22 .8  
2 3 . 9  
1 9 . 1  
1 4 . 4  
1 3 . 4  
11 .7  

8 . 8  
4 . 3  
0 . 3  
0 . 0  

1 2 . 2  

F i g u r e  B-21 



Exhaust  Noise  

50 

% 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 

I I \ 

60 65 70 7 5  
Model Year 

T o t a l  

10 
12 
4 2 
53 

144 
270 
38 5 
5 52 
748 

102 3 
98 1 

1169 
1712 
1998 
1890 
1299 

27 

F a i l e d  

3 
2 

11 
14 
3 1  
60 
88  
94 

156 
179 
115  
112 
114 

65  
22 

8 
0 

% Failing 

3 0 . 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 

T o t a l  

Figure B-22 



Exhaust  Smoke 

% f a i l e d  

8 

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
197 5 
1976 

T o t a l  

1 0  
12 
42 
5 3 

144 
270 
385 
5 52 
748 

1023 
98 1 

1169 
1712 
1998 
1890 
1299 

27 

- 1 I I I 

60 6 5  70 75  
Model Year 

F a i l e d  

0 
0 
3 
3 
4 

20 
7 

30 
20 
2 3  
16  
16 

% 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  

T o t a l  12315 156 1 . 3  

F i g u r e  B-23 



Total Exhaust 

70 failed i 

Year - 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
197 4 
197 5 
1976 

Total 

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 

3 
2 
13 
15 
32 
73 
92 
110 
164 
193 
12 7 
124 
118 
67 
24 
8 
0 

% Failing 

3 0 . 0  
1 6 . 7  
3 1 . 6  
2 8 . 3  
2 2 . 2  
2 7 . 0  
2 3 . 9  
1 9 . 9  
2 1 . 9  
1 8 . 9  
1 2 . 9  
1 0 . 6  

6 . 9  
3 . 4  
1 . 3  
0 .6  
0 .0  

Figure B - 2 4  



T a b l e  B - 1 1  

DRIVER INTERVIEW DATA 

Monroe J a c k s o n  T o t a l  
Count % Count 9 Count 9 

AGE OF D R I V E R  

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  
M i s s i n g  

SEX OF DRIVER 

Male 
Feinale 
T o t a l  
M i s s i n g  

QUESTION #1 

Response 
1 
2 
3" 
4  
T o t a l  
M i s s i n g  

QUESTION # 2  

Response 
1 

T o t a l  
N i s s i n g  

QUESTION # 3  

Response  
1 4 1  13 .4  148 
2  160 5 2 . 1  1383 
3  1 0 . 3  23 
4 59 1 9 . 2  1 9 1  
5  23 7 . 5  74 
6 23 7 . 5  35 
T o t a l  3 0 7  1854 
M i s s i n g  9 6 1  * 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 

Monroe Jackson Total 
Count % Count 9 Count B 

QUESTION #4 

Response 
1 
L 

2 
Total 
Missing 

QUESTION # 5  

Response 
1 
2 
3 
4 
5 
6 
Total 
Missing 

QUESTION # 6  

Response 
1 
L 

2 
3 
4 
Total 
Missing 

QUESTION # 7  

Response 
1 
2 
3 
Total 
Missing 

QUESTION # 8  

Response 
Agree 
Disagree 
No Opinion 
Total 
Missing 



Table B-11 Continued 

QUESTION 49 

Response 
Agree 
Disagree 
No Opinion 
Total 
Missing 

QUESTION #I0 

Response 
Agree 
Disagree 
No Opinion 
Total 
Missing 

QUESTION #11 

Response 
Agree 
Disagree 
No Opinion 
Total 
Missing 

QUESTION #12 

Agree 
Disagree 
No Opinicn 
Total 
Missing 

Monroe 
Count 0, 

Jackson 
Count % 

Total 
Count % 

COMPLETION PROBLEMS 

None 306 96.8 1858 97.0 2164 97.0 
Refused 1 0.3 1 0.1 2 0.1 
Illiterate 5 1.6 10 0.5 15 0.7 
No Reading Glasses 0 0.0 4 0.2 4 0.2 
Mentally/Physically 

Incapable 1 0.3 9 0.5 10 0.4 
Other 3 0.9 33 1.7 36 1.6 
Total 316 1915 2231 



INTERVIEWER 

R .  Copp 
R .  Corn 
J . P .  Monson 
M. S a c k e t t  
M .  Todd 
T o t a l  
Miss ing 

Table  B - 1 1  Continued 

Monroe Jackson 
Count 0, Count % 

T o t a l  
Count % 



Table  B-12 

MOVING-STOPPING TEST VARIABLES 

Nonroe Jackson T o t a l  
Count 0, Count 9 Count % 

LJHEEL PULL 

Yes 
No 
T o t a l  

PEDAL PRESSURE 

Pass 
S o f t  Peda l  
Low peda l  
P r e s s u r e  l o s s  
Complete l o s s  
Hard Pedal  
P u l s a t i n g  peda l  
Ref used 
T o t a l  



T a b l e  B-12 C o n t i n u e d  

T o t a l  M o n r o e  J a c k s o n  
C o u n t  0, C o u n t  C o u n t  % 

STOPPING TEST 

P a s s  1 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  u s e d  
T o t a l  

TOTAL STOPPING DEFECTS 

n u m b e r  

3 
Ref used 
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  



Table B-13 

WHEEL PULL VARIABLES 

BRAKE INSPECTION 

No 
Yes 
Total 

INTERVIEW 

Yes 
No 
Total 

BRAKE INSPECTOR 

Monroe 
Count 0. 

0 

M. Huber 17 5.7 
J.P. Monson 173 57.9 
M. Sackett 40 13.4 
M. Todd 69 23.1 
Total 299 
Missing 1487 

BRAKE TYPE 

Power-disc 
Non-power disc 
Power-drum 
Non-power drum 
Incomplete code 
Total 
Missing 
* 
MASTER CYLINDER 

Full 
Half 
Low 
Total 
Missing 

FLUID 

BRAKE FLUID QUALITY 

Pass 290 99.7 
Fail 1 0.3 
Total 291 
Missing 8 

VACUUM HOSE 

Pass 
Fail 
Total 
Missing 

Jackson Total 
Count % Count % 



T a b l e  B-13 C o n t i n u e d  

Monroe J a c k s o n  
C o u n t  0, C o u n t  

WHEEL BEARING GREASE 

P a s s  266 8 9 . 9  1 9  1 8  9 5 . 5  
F a i l  3  1 . 0  2 0 . 1  
U n a b l e  t o  i n s p e c t  27 9 . 1  8  8 4 . 4  
T o t a l  296 2 0 0 8  
M i s s i n g  3 1 0  

WHEEL PULL 

Yes 238  8 0 . 1  1 8 6 5  9 3 . 3  
U n a b l e  t o  p u l l  59 1 9 . 9  1 3  4 6 . 7  
T o t a l  297  1 9 9 9  
M i s s i n g  2  1 9  

SHOE-PAD CONDITION 

75-100% 1 9 5  8 2 . 3  
50-75% 2  9  1 2 . 2  
1 / 3 2 " - 5 0 %  1 0  4 . 2  
F a i l  3  1 . 3  
T o t a l  237 
M i s s i n g  6 2  

ROTOR OR DRUM 

P a s s  
C r a c k e d  
Worn 
G r o o v e s  
T o t a l  
M i s s i n g  

BRAKE HARDWARE 

P a s s  237 1 0 0 . 0  
S p r i n g s  0 0 . 0  
R e t a i n e r  0  0 . 0  
S e l f - a d j u s t e r  0  0 . 0  
T o t a l  237  
M i s s i n g  6 2  

WHEEL CYLINDERS 

P a s s  
F a i l  
T o t a l  
~i 6's i n g  

T o t a l  
C o u n t  % 



APPENDIX C 
STATISTICAL METHODS 





APPENDIX C 

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 

two counties. The test statistic is: 

i j 
E ( X .  . )  

1 1 i = vehicle type 
indicator 

j = county indi- 
cator 

( C  x ) ( C  x. . )  
where E ( X .  . )  = 1 3  1 3  

7 7 - 

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 the 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 - 



detailed analysis of the comparison of the wheel pull 

to the moving stopping test. It is described briefly 

below. 

For purposes of analysis, the data can be regarded 

as independent binomial response variables representing 

the number of failures within each of the seventeen 

specified vehicle age categories. Since neither the 

failure rates nor the sample sizes are constant across the 

vehicle ages, the estimates of variance associated with 

these failure rates are unequal. As a result, the regres- 

sion equation parameters can be estimated by a weighted 

least squares algorithm such as the computer program GENCAT 

discussed in Landis, et. a1.l Within this framework, the 

probability vector p - is the 34 x 1 vector of observed pro- 
portions associated with the frequencies in Table To 

avoid matrix singularities, cells with entries of zero 

were changed to 0.5. Then the function vector of interest 

is the 17 x 1 vector of failure rates. 

where A = ( 0  1) , @ denotes Kronecker product - 
of matrices and .+ Im is the m x m identity matrix. 

We are now interested in using the vector of failure 

rates y' = (p1,p,..,pn and its symmetric variance- 
/Y 

covariance matrix e V to fit a regression model via weighted 

least squares, The elements of V are computed as follows: 
P 

 andis is, J. Richard, W.M. Stanish, and Gary G. Koch: 
A Computer Program for the Generalized Chi-Square 
Analysis of Categorical Data Using Weighted Least 
Squares to Compute Wald Statistics (GENCAT) , Bio- 
statistics Technical Report No. 8, Dept. of Bio- 
statistics, Univ, of ~ i c h i ~ a n ,  Ann Arbor, Michigan 
February 1976. 



for i,j = 1, 2, . . . ,  17. The regression model is of the 

form ~iyi = XB where B is the t x 1 vector of coefficients 
N/U 

- 
and X is the s x t design matrix. The value of t is the 

h 

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 estimates is given by 

-1 -1 -1 
VA = AV A' = (X'V X) . *B - t4 . r s l F W  ,- 

A 
We can now generate the vector of fitted failure rates y = X B 

N U  

r ' 

together with their estimated variance-covariance matrix 

A lack of fit statistic associated with this regres- 

sion model can be obtained by computing 

Q = SSE = SSTO - SSR 
-1 B'X'V-~ y 

= Y'V, Y - f l , + , +  
f' I- f-' 

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  f o r  the  s p e c i f i c  e f f e c t s  can be conducted 

using c o n t r a s t  ma t r i c i e s .  The hypotheses f o r  these  t e s t s  

. CB = 0, where C i s  a  c  x t c o n t r a s t  take  the  form: Ho. _ _  
+ ,Y 

matrix which s e l e c t s  the  des i red e f f e c t s  t o  be t e s t e d  from 

B .  The t e s t  s t a t i s t i c  thus can be derived as  
M 

which t e s t s  the  amount Q would be increased i f  t he  con- 

s t r a i n t s  implied by C were not  i n  t he  model. F ina l l y  an ,- 
analogue t o  t he  mul t ip le  R~ i n  standard regress ion  

ana lys i s  can be ca l cu l a t ed  a s  

R~ = SSR / SSTO = Qm/ ( Q  + Q,) 

when the  s t a t i s t i c  Qm t e s t s  f o r  a l l  e f f e c t s  t o  be simul- 

taneously zero. 

For our example, we wish t o  examine t h e  f i t  of t h r e e  

d i f f e r e n t  polynomial models t o  t he  da t a :  l i n e a r ,  quad- 

r a t i c ,  and cubic.  The models used and the  c o e f f i c i e n t  

matr ices  a r e  a s  fol lows:  

with t = 2,3,4 r e spec t ive ly .  The design matr ices  used f o r  

t he  regress ion  a r e  a l l  derived from the  matrix used f o r  

t h e  cubic regress ion :  



The des ign  mat r ix  f o r  t h e  l i n e a r  model i s  t h e  1 7  x  2 matr ix  

c o n s i s t i n g  of t h e  f i r s t  two columns of X and t h a t  of t h e  
C 

q u a d r a t i c  t h e  1 7  x 3 ma t r ix  of t h e  f i r s t  t h r e e  columns. 

A t e s t  f o r  t h e  s l o p e  of zero i n  t h e  model wi th  only  

t h e  l i n e a r  term i s  done wi th  a c o n t r a s t  ma t r ix  Sl = ( 0  1) .  

The c o n t r a s t  matr ix  f o r  t h e  t e s t  t h a t  both  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  zero (SSR) i s  

wi th  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 ma t r i ces  

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  cub ic  model t h e  t e s t  t h a t  t h e  s imultaneous e f f e c t s  

a r e  zero  (SSR) i s  obta ined by us ing  t h e  c o n t r a s t  ma t r ix  

wi th  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 C-1) indicate 

that although the cubic equation gives the best fit 
2 (R = 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 C-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 C - 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 C-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 outcomes 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 

'~arris, Richard J .  A Primer of Multivariate Statistics. 
New York: Academic Press, Xnc, 1975, p, 73, 

'~eter, John and Wa 
Statistical Models, 
Irwin, Inc, 1974 $, 

sserman, Wi 
Yomewsod, 
147, 

lliam, 
Illino 
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Table C-1 

Fitted Models for the Total Vehicle, Complete Range 

Model: Y = BO t B X + e 
1 

Parameters 

Bo 
B1 

Source 

Regression 
Error 

Estimated 
Parameters 

0 . 1 1 8 5  
0 . 0 7 6 9 7  

Standard 
Error 

0 . 0 0 6 3 5 4  
0 . 0 0 1 0 5 3  

Parameters 

Bo 
B1 
B2 

Source 

Regression 
Linear 
Quadratic 

Error 

Estimated 
Parameters 

Standard 
Error 

2 
Model: Y = B + B  X + B2X + B ~ X ~  + e 

0 1 

Parameters 

Source 

Regression 
Linear 
Quadratic 
Cubic 

Error 

Estimated 
Parameters 

- 0 . 0 3 1 1 7  
0 . 1 6 0 1 5  

- 0 . 0 0 7 9 8  
0 . 0 0 0 1 0  

Standard 
Error 

0 . 0 1 2 6 5 0  
0 . 0 0 8 3 2 4  
0 . 0 0 1 3 8 2  
0 . 0 0 0 0 6 5  



Table C-2 

OBS & Fitted Values under Full Range Quadratic Model 

Observed 

0.18182 

0.113930 

0.25608 

0.37888 

0.49650 

0.59025 

0.63507 

0.73607 

0.88080 

0.84420 

0.88571 

0.89630 

0.87500 

0.86792 

0.90476 

0.96000 

0.95238 

Predicted 

-0.017649 

0.12500 

0.25589 

0.37502 

0.48239 

0.57800 

0.66185 

0.73394 

0.79427 

0.84244 

0.87965 

0.90470 

0.91799 

0.91952 

0.90929 

0.88730 

0.85355 

Residual 

0.035831 

-0.011067 

0.000194 

0.003858 

0.014104 

0.012247 

-0.026784 

0.002130 

0.006532 

0.001363 

0.006065 

-0.008402 

-0.042988 

-0.051593 

-0.004525 

0.072704 

0.098835 



T a b l e  C-3  

F i t t e d  Models  f o r  t h e  Reduced Range ,  T o t a l  V e h i c l e  

Model:  Y = B  + B X + e  Q 1 

P a r a m e t e r s  

Bo 
B1 

S o u r c e  

 egression 1 
E r r o r  1 0  

E s t i m a t e d  
P a r a m e t e r s  

0 .088318 
0 .085708 

S t a n d a r d  
E r r o r  

0 .006653  
0 .001199  

2 
Model:  Y = Bo + BIX + B2X + e 

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 .02183 

B1 
0-15099 

B2 -0 .00609 

S o u r c e  - d . f .  x 
R e g r e s s i o n  2 5304 .36  

L i n e a r  1 9 8 8 . 5 1  
Q u a d r a t i c  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  C - 4  

Observed and F i t t e d  Values Under the  Quadra t i c  
Model, Reduced Range 

Observed Predic ted  Residual 

0 . 0 4 0 0 1 0  

- 0 . 0 0 9 1 3 2  

0 . 0 0 0 3 0 7  

0 . 0 0 2 5 7 1  

0 . 0 1 1 8 4 0  

0 . 0 0 9 4 2 7  

- 0 . 0 2 9 7 3 8  

- 0 . 0 0 0 5 3 5  

0 . 0 0 4 5 7 7  

0 . 0 0 0 5 4 1  

0 . 0 0 6 7 9 8  



Table (2-5 

Brake Inspection Analysis 

* 
Analysis Categories 

* + denotes pass 

Police 1 + + + + i - - - 

- denotes fail 

HSRI 1 

HSRI 2 

HSRI 3 

Total 

Let x (1 if x falls in the ith classification 
i = <  

( 0 otherwise 

24, ' < 491 44 31 1 3  = 2465 
'f- 

1887 578 

From Table C-5,  

I - - I 

p (Xi=O) p ( X , = l )  
A , cov (j7ilr) = 

-p (xi=l) p ( X  . =l) 
then var (Ti) = n I I 

SO 
n 

i- - + + 
+ - - + 
t - - - 

1 NOW, - 
P = A z r  - 

where A = 

+ - + t 

+ - - + 
+ - - - 

and p = vector of proportions of interest 



The results are 

where var (Pi) = a. S- a . 
-1 x -i 

The joint 

/ 
95% confidence interval width = Tcritical a S- a - X - 
Using this one 

for the joint 95% confidence intervals. 

Here, 

Tcritical =:F(.~~;P,N-P) P(N-1) \' N-P 



Table C-6  

-3 2 H~ = 0 . 2 2 6  v a r  (HI) = ( 8 . 6 1  r 1 0  

-3  2  
H~ = 0 . 2 2 1  var  ( H 2 i  = ( 8 . 6 9  x 1 0  1 

-3 2  H~ = 0 . 2 1 9  var  ( H 3 )  = ( 8 . 7 4  x 1 0  1 

w h e r e  var ( H .  ) = p ( H i = O )  p ( H i = l )  
1 

"i 

9 5 %  c o n f i d e n c e  i n t e r v a l  w i d t h  = Z c r i t i c a l  1- 






