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This  two-year study evaluated the Michigan checklane impution system 
as a trial substitute for a periodic motor vehicle insoection prcgram. Two 
counties served as the test areas. One county had a simulated PMVI, while 
the other had a chec~lane inspection of 15: of the cars. Ranlorn checklanes 
were used i n  1975 ana '1976 t o  estimate the condition of the cars i n  each 
county, nith minimum sample sizes of 2000 cars for each study group. 

The rate of equipment outages was found t o  depend strongly on the age 
of the car. Charts of this relationship are presented for several safety 
components. After adjusting for the age of the car, no significant differences 
were found in comparing the previous 51 checklane program t o  tk more intensive 
152 checklane program. Cars i n  the simulated PMVI program proved t o  be a 
sel f-selecting sample of newer cars in better mechanical condition t h a n  average, 

- making direct comparisons t o  the checklane populati'on difficult. The 1975 
sample of cars i n  the PMVI group estimated the effects of the 52 checklane 
inspection program; the 1976 sample of these cars gstimated the effects of the 
simulated PMVI group, and these two sam~les did not  differ significantly. 
Thus there was no evidence of differences among the PMVI , 152 checklane, or 
5% checklane. 

A special study in 1975 compared a moving stopping test to a wheel-pull 
brake inspection. The conclusion was that the MST was more stringent and 
easier t o  perform. In 1576 the repair rates for vehicles i n  the PMVI group 
were also determined for several safety components and were rrported. 
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EVALUATION OF THE MICHIGAN TRIAL SUBSTITUTE 
VEHICLE INSPECTION PROGRAM 

SUMMARY 

How effective i s  the check1 ane vehicle inspection conducted by 
the State of Michigan? How effective would a checklane inspection 
system be that inspected on the average 15% of the s t a t e ' s  vehicles, 
coup1 ed with an increased pub1 i c awareness campaign? How would such 
a system compare with a periodic inspection? Which procedure--a moving 
stopping t e s t  or a wheel pull inspection-is better for  evaluating the 
braking system? These are  some of the questions addressed by the study 
conducted by HSRI jointly with the MSP and OHSP during 1975 and 1976. 

To qualify for federal highway funds under existing federal law, 
the 50 s ta tes  must conduct vehicle inspection programs. Thirty-six 
s ta tes  employ periodic motor vehicle inspection (PMVI) , under which 
a1 1 vehicles are inspected and cer t i f ied ,  usually annual ly .  Michigan 

conducts a year-round randomized roadside inspection program. State 

Police teams se t  up temporary checklane s i t e s  a t  random times and lo- 
cations, order approaching motorists into them, inspect and t e s t  the 
vehicle, and issue ci ta t ions to motorists whose vehicles are found w i t h  

defects. The State Police have been inspecting about 300,000 vehicles 
each year, or about 6% of the passenger cars registered in Michigan. 

The current study attempts to answer several questions relat ive to 
the Michigan checklane inspection program: 

What i s  the current proportion of defective 
vehicles in the driving population? 

Among the defective vehicles, what defects 
are most frequent? 
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How do two different  methods for  tes t ing the 
braking abi 1 i ty of vehicles compare? 

If the percent of inspected vehicles were raised 
to 15 percent and coupled with a public information 
campaign, how would the defect ra te  change? 

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

The general plan 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 w i t h  a random 
s t a r t  was inspected. The operational inpsections, denoted by "0" in Figure 
1-1, had a less  rigid schedule for  vis i t ing the s i t e s ,  and followed a some- 
what 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 enter- 
ing the inspection area and then order i t  into the inspection queue or 
allow i t  to proceed, depending on his i n i t i a l  impression. This resul ts  i n  

generally a somewhat higher proportion of older vehicles actually being 
inspected, as we1 1 as vehicles w i t h  obvious defects,  or defects suspected 
because of the vehicles' exterior appearance. Only the resu l t s  of the 
random inspections were recorded for analysis. 

Figure 1.1 also presents the proportion of defective vehicles in each 
group, adjusted for  the age of the vehicle. That i s ,  since the proportion 
of vehicles fa i l ing  the inspection was found to increase with the age of 
the vehicle, and since the ages of vehicles in the different  counties and 
dffferent study groups were found t o  d i f f e r ,  i t  was necessary to remove 
the e f fec t  of age before comparing the proportions of defective vehicles. 
This was done using a direct  adjust r a t e ,  and the adjusted proportions 
are reported in Figure 1 . I .  The number of vehicles actually inspected i n  

each group i s  also noted on the figure.  



The study plan was that  Monroe County would serve as a t e s t  county 
for the higher level (15% o f  registered vehicles) of the checklane in- 
spection, while Jackson County would serve as a t e s t  county for a simulated 
or pseudo-periodic inspection system. Thus, an additional sampl e of 
about 2000 vehicles during 1976 was sought from Monroe County to  estimate 
any changes in the proportions of vehicles fa i l ing  the inspection for 
various reasons in Monroe County. Such changes would presumably be asso- 
ciated with the insreased level of checklane inspections (from 5% to  15%). 

In Jackson County d u r i n g  1976 the following sampling scheme was used. 
A systematic sample with a random s t a r t  was applied to  a l l  vehicles. In 
addition, a l l  vehicles w i t h  a s t icker  on the windshield indicating that  
they had been inspected in 1975 were selected for  inspection. Again the 
s i t e s  were randomly rotated as to days and hours. Thus, i n  Jackson County 
a sample of the previously ( in  1975) inspected cars was obtained. In 
addition, a sample of the previously uninspected cars was obtained, The 
reinspected cars formed the pseudo-periodic inspection group, while the 
previously uninspected cars formed a control group. The previously in- 
spected cars were those which had e i ther  passed the inspection i n  1975 
or failed i t  and had the i r  defects corrected. In th i s  sense they form a 
pseudo-periodi c inspection group. There are. some differences : the owners 
of the cars inspected in 1975 d i d  not know for  sure whether the i r  cars 
would be inspected in 1976 or when. 

The previously uninspected cars sampled i n  1916 provide a control 
group. These are  vehicles which would only be influenced by the inspection 
program by pub1 i c  information campaigns and/or word-of-mouth. As such, 
they do not completely represent a checklane population, since they do 
not include the 5% or 15% of vehicles actually inspected (and repaired i f  
fa i led)  that a checklane inspection program af fec ts .  In addition, since 
the operational checklane selects  those vehicles which are  most l ikely to 
f a i l  the inspection (based on age, apparent condition ,etc.  ) , the non- 
inspected group may not be as good as from a checklane inspection system. 

The proportion of vehicles passing the inspection i n  the various groups 
can be seen on Figure 1 . I  t o  range from about 46% to about 56%. The 

. ~ 
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proportion passing among a l l  the randomly inspected cars in 1975 was 50.1% 
and in 1976 i t  was 44.01. This compares w i t h  the proportion passing the 
operational checklanes in Michigan during the same two years: 38.0% in 
1975 and 37.0% in 1976. The passing rates  are  similar to those reported 
from areas w i t h  annual PMVI, which range from 45% t o  75%. 192 

The proportion of cars passing the overall inspection was found to  
vary considerably with the age of the vehicle; older vehicles railed much 
more frequently. Indeed, an increasing fa i lure  ra te  with age of vehicle 
was noted for  most specific components as well as  for  fa i lure  for  any 
reason. The increase in proportion i s  approximated by a quadratic curve 
or parabola quite we1 1 ,  particularly for  the 1 a t e s t  13 model years. The 
years ear l ie r  than that  are  based on very few cases. One interesting 
observation i s  that  the fa i lure  ra te  i s  consistently over 80% for  cars a t  
leas t  s ix  years old, and appears to  s t ab i l i ze  a t  about 90% or so for  cars 
ten years old or older. The relationship between fa i lure  ra te  and age of 
vehicle may indicate that  inspections may more profitably be concentrated 
in the population of older vehicles. 

When one looks a t  the fa i lure  ra te  on specific vehicle components, 
the resul ts  are somewhat mixed. A1 though most components show an increasing 
trend in the fa i lure  ra te  w i t h  the age of the vehicle, some components 
have quite low fa i lure  rates and show l i t t l e  i f  any increase with age. 
These include horn, steering, 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 w i t h  age. 
The imp1 ications of these idfferences are  not c lear .  They may indicate 
that  most owners maintain those components tha t  they perceive as essential 
to safe operation of the vehicle, while being more lax about maintaining 
the others. If  t h i s  i s  the case, additional education about the danger 
of defects of particular components might be useful. 

" ~ e ~ o r t  o f  an  Evaluation of Yotor Vehicle Inspection ," Coverdale and 
Colpitts ,  Consulting Engineers, 100 Wall S t ree t ,  N . Y . ,  April 1967, p. 5-6. 

2 " ~ h e  Infl uence of Periodic Motor Vehicle Inspection on Mechanical 
Condition ," R.W.  McCutcheon and H.N. Sherman, HSRI , The University o f  Mich- 
fgan, July,  1968, p.9. 



Figure 1 . 2  i l l u s t r a t e s  the inspection resul ts  for  cars in Monroe 

County. This provides a comparison of the 5% and 15% checklane inspection 
rates.  The figure relates  the proportion of c a k  which had one or more 

defects to the age of the vehicle. As can be observed in the figure the 
fai lure  rates are quite similar. A t e s t  of significance t o  t e s t  whether 
the two curves are  different  failed to  reject  even a t  the 20% level.  A 
similar comparison i s  provided by the fa i lure  rates adjusted for  the age 

of the vehicle. For the 1975 data the adjusted fa i lure  ra te  was 55,6%, 
while in 1976 the r a t e  was 56%. Clearly 1 i t t l e  change has occurred. As 
a r e su l t ,  there i s  no evidence t o  indicate that  the 15% checklane inspection 
ra te  i s  any better than the 5% inspection ra te  a t  lowering the number of 
cars which fa i  1 the inspection. 

Similar comparisons for  each safety component showed the same general 

finding. That i s ,  no differences were observed in the fa i lure  rates .  One 
exception to  th i s  was the t i r e s .  In 1976 significantly more vehicles 

failed because of insufficient t i r e  tread than fai led in 1975. This dif-  
ference persisted even a f t e r  adjustments for  age and mileage of vehicles 
were made. In 1975, 12% of the cars in Monroe County had insufficient 
tread; in 1976, 22% d i d .  Adjusting these numbers to  make the ages of the 
cars comparable resul ts  in the adjusted rates  of 14% for  1975 and 21% for  

1976--still a large difference. The reason for the difference i s  not known. 
I t  i s  possible tha t  a more stringent inspection of the t i r e s  in 1976 was 

responsible for  the difference. 
Figure 1.3 i l l u s t r a t e s  the resul ts  for  the vehicles which were in- 

spected b o t h  in 1975 and 7976 in Jackson County. 
This group was subject to the 5% checklane inspection prior to  1975, 

so the 1975 inspections represent the checklane population. In 1976, a t  
the time of the reinspection, the group represents a simulated PMVI. Again, 
only s l igh t  differences are noted i n  the two curves. The differences are 
not s t a t i s t i c a l l y  significant.  As a summary comparison, the age-adjusted 
rates for  the groups are 46.92 fai lures  i n  1975 and 45.6% fai lures  in 1976. 
There i s  a s l ight  reduction, b u t  i t  i s  not s t a t i s t i c a l l y  significant even 
a t  the 20% level.  Thus, there i s  no evidence that  the PMVI--as simulated 
by th is  experiment--is better than the 5% checklane inspection system. 
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F i g u r e  1 -2  FITTED XGRESSIONS FOR FAILYRE RATES B Y  VEHICLE ,AGE 
FOR THE 1975 AND 1975 MONROE COUNT'! iNSPECTiONS 



FIGURE 1 - 2 .  FITTED REGRESSIONS FOR FAILURE RATES BY VEHICLE AGE 
FOR THE 1975 AND 1976 JACKSON COUNTY INSPECTIONS. 
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F igure  1  ,I gives t he  f a i l u r e  . r a t es ,  ad jus ted  f o r  age o f  ca r ,  f o r  

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

t he  two count ies  i n  1976 a re  n o t  appropr ia te .  The reason f o r  t h i s  i s  t h a t  

the  re inspec ted  cars  turned o u t  t o  be a s e l f - s e l e c t i n g  sample. That i s ,  

t he  veh ic les  which were inspected bo th  years  were a spec ia l  subgroups of 

the veh ic les .  Th is  subgroup proved t o  be veh ic les  i n  b e t t e r  c o n d i t i o n  i n  

1975. Th is  was no t  a n t i c i p a t e d  i n  t h e  s tudy design and cou ld  n o t  be 

detected u n t i l  t he  ana l ys i s  o f  t h e  second yea rs '  data  was begun. 

An a d d i t i o n a l  comparison can be made among t he  veh ic les  i n  Jackson 

County which were newly inspected each year .  Th is  group represents  the  

s e t  o f  ca rs  which would o n l y  be i n f l uenced  by t h e  i n f o rma t i on  campaign 

and t he  knowledge t h a t  some cars  were be ing inspected i n  t he  checklanes. 

That i s ,  t h i s  group represents  t h e  " s p i l l o v e r "  e f f e c t  o f  a  checklane. 

None of these cars  was p rev i ous l y  inspected and requ i r ed  t o  c o r r e c t  any 

defects, The age-adjusted r a t e s  of i n spec t i on  f a i  1 u re  f o r  newly inspected 

veh ic les  i n  Jackson County i n  1975 was 54.7%. I n  1976 i t  was 55.22. 

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

importance. 

Table 1-1 presents f a i l u r e  r a t e s  by s a f e t y  component f o r  t he  va r ious  

s tudy groups and f o r  bo th  years  of t h e  inspec t ion .  One should r e c a l l  

t h a t  t he  re inspected cars  a re  one year  o l d e r  i n  1976, so t h a t  somewhat 

h igher  f a i l u r e  r a t e s  a re  t o  be expected. Also,  t he  newly inspected cars  

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

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

ponent which showed a marked inc rease  i n  f a i l u r e s  i n  1976 was the  t i r e s .  

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

Cars repor ted  i n  t h i s  t a b l e  a r e  grouped by t he  two count ies  r a t h e r  than 

by study groups. Th is  t a b l e  presents  t he  components which caused a c a r  

t o  f a i l  the i nspec t i on  so t h a t  one can determine which components a re  the  

most f requent cause o f  f a i l u r e .  These data represen t  samples f rom the  

two coun t ies .  The most f requen t  cause o f  f a i l u r e  i s  some l i g h t  outage-- 

l i c e n s e  p l a t e  l i g h t ,  head1 i g h t ,  d t r e c t i o n a l  s i gna l s ,  t a i l  1 i g h t s ,  s top 

l i g h t s ,  i n  order .  The nex t  most common problem was a v i s i o n  de fec t ,  u s u a l l y  



Table 1-1 

GROUP FAILURE RATES BY COMPONENT (%)  

Re-S nspected Newly inspected Newly Inspected 
Cars-Jackson Co. Cars-Jackson Co. Cars-Monroe Co. 

Component 1975 1976 1975 1976 1975 1976 

Wipers & Washers 12.4 11 ,a 17.6 20.1 21.4 24.2 

Head1 i ghts 6.8 8.4 9.2 11.8 7.3 

A l l  L i g h t s  25.3 28.3 32.6 40.0 31 . I  

Brakes 5.2 6.0 10.2 12.9 12.7 15.4 

T i r e s  8.0 14.4 12.0 18.8 12.3 22.2 



Table 1-2 

FAILURE RATES BY COMPONENT (%)  

Monroe Jackson To ta l  
Component 1975 1976 1975 1976 1975 1976 

V i s i on  23.8 

F ron t  Dir. 5.4 

Rear D i r .  7.2 

Head1 i g h t s  7 . 3  
Stop l i g h t s  6 . 4  
Tota l  l i g h t s  31 . I  
S t e e r i  ng . I  
Horn 3 . 4  
T i  r es  1 2 . 3  
Exhaust 10.1 

Brakes ( s t a t i c )  12.7 

MST ( f a i l  t o  s top )  



Table 1-3  

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

# def. i n  75 Post card Ret. Rate % Passing i n  76 

0 N A 6 7 . 6  
1 57 .7% 43 .6  

2 54.1 30,2 

3 49.2 20.3 

4+ 41 ,4  17.2 



inadequate wipers o r  washers. Often t h e  problem was caused by l a c k  o f  

f l u i d  i n  t he  washer, Fol lowing these come t i res - -usua l  1y inadequate t read--  

and exhaust--usual ly excessive noise. A f a i r l y  l a r g e  number o f  cars 

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

could n o t  stop i n  t he  requ i red  d is tance.  

Cars which f a i l e d  the  i nspec t i on  i n  1975 were g iven a pos t  card t o  

s i gn  and r e t u r n  c e r t i f y i n g  t h a t  they had repa i red  the  outage. The se t  o f  

cars which were re inspected i n  1976 prov ides a check on the  ef fect iveness 

o f  t h i s  e f f o r t .  Table 1-3 g ives  t h e  percents o f  d r i v e r s  r e t u r n i n g  the  pos t  

cards by the  number o f  de fec ts  found i n  t h e i r  cars as we1 1 as t h e  percent 

o f  t he  cars which passed the  i nspec t i on  i n  1976. I n  general ,  bo th  t h e  

pos t  card  r e t u r n  r a t e  and the  percent  passing the  i nspec t i on  i n  1976 show 

a decreasing t rend  as the  number o f  de fec ts  increases. The r a t e  o f  passing 

f n 1976 i s  considerably  below the  r a t e  o f  r e t u r n  o f  t he  pos t  cards. However, 

s ince  nea r l y  one- th i rd  o f  t he  cars which passed i n  1975 d i d  no t  pass i n  

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

than i n  1975. Table 1-4 g ives  the  percent  o f  cars passing bo th  years, t h e  

percent  o f  new f a i l u r e s  i n  1976, t h e  percent  o f  cars which passed i n  1976, 

having f a i l e d  i n  1975, and the  est imated r e p a i r  ra tes .  Most o f  t he  est imated 

r e p a i r  r a t e s  a re  above 80% f o r  s i n g l e  components. Two no tab le  except ions 

are the  1 icense p l a t e  l i g h t  (64.8%), and the  exhaust (56.2%). Poss ib ly  the  

l i c e n s e  p l a t e  1 i g h t  i s  viewed as too  minor t o  bo ther  w i t h  by most people. 

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

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

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

lane i nspec t i on  system was f a i r l y  successful  i n  ob ta in ing  r e p a i r  of d e f e c t i v e  

equipment. A t  l e a s t  t h i s  i s  t r u e  among those veh ic les  which were captured 

f o r  re inspec t i on  the  second year .  The est imated r e p a i r  r a t e s  are h igher  

than the  pos t  card r e t u r n  ra tes ,  i n d i c a t i n g  t h a t  some o f  t he  d r i v e r s  f i x e d  

the  car ,  bu t  neglected t o  r e t u r n  t h e  post  card. 

One specia l  quest ion i nves t i ga ted  by the  random check1 anes dur ing  1975 

was the  r e l a t i v e  performance o f  a  moving-stc~pping t e s t  compared t o  an 

inspec t ion  of  t he  brakes, i n c l u d i n g  removal o f  a  wheel f o r  a  mechanical 





i nspec t ion  o f  the  brak ing system, The movi ng-stoppi ng t e s t  was conducted 

as fo l l ows ,  The veh ic le  was turned over t o  a  regu la r  s t a t e  pol  i c e  t rooper.  

The t rooper accelerated the veh ic le  t o  twenty mi les  per  hour, and attempted 

t o  stop i n  a  lane twenty - f i ve  f e e t  long and ten  f e e t  wide. A veh i c le  was 

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

an unusual sound from the brakes, o r  i f  the pedal pressure requ i red  t o  

stop was no t  w i t h i n  safe bounds. 

A random subset of the veh ic les  i n  t he  random checklane were a l so  

given the  "wheel-pul l"  brake inspect ion.  In t h i s  inspect ion  the  r i g h t  f r o n t  

wheel o f  the  veh ic le  was removed t o  permi t  i nspec t i on  o f  the  cond i t i on  of 

the brakes. A veh i c le  was judged t o  f a i l  t h i s  inspect ion  i f  any o f  the  

fo l low ing cond i t ions  were found: l i n i n g  on the  brake shoe o r  pad l ess  than 

1/32 inch, cracked r o t o r  o r  drum, de fec t i ve  o r  leak ing  wheel cy l i nde r ,  low 

master c y l  i nde r  fl u i d  l e v e l .  This  i nspec t i on  was conducted independently 

and w i thout  knowledge o f  the  r e s u l t s  o f  the  stopping t e s t .  

A t o t a l  o f  2465 vehic les were g iven both types o f  brake inspect ions/  

stopping t e s t s  i n  the two count ies combined. The r e s u l t s  are shown i n  

Table 1-5. The two t e s t i n g  procedures agreed on 75.0% o f  the veh ic les .  

There were 617 cases o f  disagreement as t o  pass o r  f a i l  between the  two 

methods. I f  the  disagreements were symmetr ic-- that i s ,  i f  a  veh ic le  was 

equa l l y  l i k e l y  t o  pass the  wheel p u l l  and f a i l  the  stopping t e s t  as i t  

was t o  pass the  stopping t e s t  and f a i l  the  wheel pu l l - - t hen  approximately 

equal numbers o f  each type o f  disagreement would be expected. I n  f a c t ,  

the  numbers are q u i t e  unequal and the  d i f f e rence  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 1  eve1 by McNemar's t e s t .  

Table 1-5 

Compari son o f  Bra k i  ng Test Resul t s  

Wheel P u l l  Inspect ion  
Pass Fdi 1 Total  - - 

Moving 
Stopping 
Test 

Pass 1773 114 1887 
Fai 1  503 7 5 578 
Tota 1 2276 189 2465 



The disagreements i n  the  two methods o f  eva lua t i ng  t he  b rak ing  

system o f  t he  veh i c l e  r a i s e  the p o l i c y  quest ion o f  which method should 

be p re fe r red .  The moving-stoppi ng t e s t  r equ i res  1 ess equipment and i s 

cheaper and f a s t e r  t o  conduct than t he  wheel -pu l l  i nspec t ion .  I t  a l s o  

does n o t  r e q u i r e  the  presence o f  one o r  more mechanics. On the  o the r  

hand, the  wheel -pu l l  i n spec t i on  prov ides a  more d e f i n i t i v e  statement o f  

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

f r on t  wheel. Th is  might  i n d i c a t e  veh ic les  which c u r r e n t l y  cou ld  stop, 

b u t  which might  need r e p a i r s  t o  t he  brakes i n  t he  near f u tu re .  

One use fu l  comparison o f  t he  r e s u l t s  o f  t he  two t e s t s  i s  t o  assume 

t h a t  veh ic les  which f a i l e d  e i t h e r  t e s t  a re  d e f i c i e n t  i n  b rak ing  c a p a b i l i t y .  

One can then est imate what p r o p o r t i o n  of the  veh ic les  passed by e i t h e r  

c r i t e r i o n  would actua1Jy be de fec t i ve .  Formal ly  t h i s  i s  the  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  veh i c l e  whi-ch passes the  moving-stopping t e s t  a c t u a l l y  

has de fec t i ve  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 he  cond i t i ona 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 he  wheel-pul l  

i n spec t i on  a c t u a l l y  i s  d e f i c i e n t  i n  s topping c a p a b i l i t y  (as judged by t he  

moving s topping t e s t ) .  

From Table 1-5 t he  es t imate  o f  t he  p ropo r t i on  o f  veh ic les  which would 

pass the  moving s topping t e s t  b u t  y e t  have d e f e c t i v e  brakes i s  found t o  be 

- -  - 0.060. A 95% conf idence i n t e r v a l  f o r  t h i s  p ropo r t i on  i s  from 0.043 1887 
t o  0.077. 

On the  o the r  hand, the  es t imate  o f  t he  veh ic les  which would be d e f i c i e n t  

i n  s topping c a p a b i l i t y ,  g iven t h a t  they  passed the  wheel p u l l  i nspec t ion ,  

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

The comparison o f  t he  two p ropor t ions  i n  the  preceding paragraphs may 

be viewed as comparing t he  expected p ropor t ions  of veh ic les  w i t h  de fec t i ve  

s topping c a p a b i l i t i e s  which would n o t  be detected i f  on l y  one o f  the  two 

brake inspec t ion  techniques were used. Thus, if on ly  the  wheel -pu l l  i n -  

spect ion were used, one might  expect over  20% o f  t he  vehic les which passed 

the i nspec t i on  t o  be d e f i c i e n t  i n  s topping c a p a b i l i t y .  On the o ther  hand, 

i f  o n l y  the moving s topping t e s t  were used, one would expect on l y  about 6% 

o f  t he  veh ic les  which passed t o  a c t u a l l y  have d e f i c i e n t  b rak ing  c a p a b i l i t y .  



Thls comparison, coupled w i t h  the  ease and economy of performing the  

moving-stopping t e s t ,  would seem t o  argue t h a t  i t  i s  the  super io r  t e s t  

procedure. 

Note t h a t  on l y  one wheel was inspected i n  the  wheel p u l l  inspec t ion .  

Presumably more veh ic les  w i t h  d e f i c i e n t  b rak ing  systems would be detected 

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

increase the  d i f f i c u l t y  and cos t  o f  per forming the  wheel-pul l  inspec t ion .  

Also, the usual p r a c t i c e  i s  t o  r e l i n e  brakes on a l l  f o u r  wheels a t  the  

same time, so the  c o n d i t i o n  o f  one brake i s  genera l l y  regarded as a  good 

i n d i c a t o r  o f  t he  others.  I t  seems doubt fu l  t h a t  one wheel would be i n  much 

b e t t e r  cond i t i on  than the  others,  though brakes a re  sometimes repa i red  i n  

p a i r s  ( i ,e . ,  bo th  f r o n t  o r  both back wheels).  Thus i t  seems u n l i k e l y  t h a t  

even Tf the  wheel-pul l  i nspec t i on  were t o  be extended t o  more wheels, a  

much b e t t e r  r a t e  of de tec t i on  o f  veh i c les  w i t h  d e f i c i e n t  b rak ing  c a p a b i l i t y  

would be obtained. 

D r i v e r  i n te rv iews  were conducted f o r  t he  subsampl e  o f  vehic les se1 ected 

f o r  the  wheel-pul l  inspec t ion .  This  popu la t ion  o f  d r i v e r s  was selected t o  

: represent  l o c a l  t r a f f i c  r a t h e r  than l ong  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  represent  the  popu la t ion  o f  d r i v e r s ,  D r i ve rs  i n  Jackson 

County demonstrated a  greater  know1 edge o f  t h e  veh ic le  i nspec t i on  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 dea l i ng  w i t h  knowledge o f  the  check- 

lane. This seems t o  have been due t o  the  more i n t e n s i v e  media campaign 

i n  Jackson County, s ince 75% o f  the  d r i v e r s  the re  learned o f  the  program 

through the media as compared w i t h  o n l y  52% i n  Monroe County. 

I n  both count ies,  over two- th i rds  o f  t he  d r i v e r s  agreed t h a t  "seat  

be1 t s  save l i v e s . "  However, o f f i ce rs  observed on l y  eleven percent  o f  the  

d r i v e r s  a c t u a l l y  wearing them ( i n  1975). Reported use o f  seat b e l t s  was 

h igher  i n  Jackson County than i n  Monroe County. Twenty-one percent  of 

the d r i v e r s  i n  Jackson County repor ted  they "aiways" wore seat b e l t s  and 

twenty-seven percent  t h a t  they "o f ten "  wore seat be1 t s .  The corresponding 

f i g u r e s  f o r  Monroe County were 1 7  percent  and 22 percent. Jackson County 

d r i v e r s  repor ted 1 ess inconvenience f r o m  seat be1 t s  (43% no t  inconvenienced) 

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



The proportion of drivers observed to  be wearing safety belts i n -  

creased in the 1976 inspections, I n  Monroe County 21,6% of drivers were 
wearing their  safety belts a t  the time of the inspection. In Jackson 
County 34% wore safety bel t s .  Combined, 31.7% of the drivers wore safety 
be1 t s  in 1976 compared with only 11% in 1975, The reasons for this in- 
crease are unknown.  The most 1 i kely explanation i s  that ,  while some i n -  
crease occurred, be1 t wearing was underreported in 1975. This may have 
occurred because drivers removed belts i n  order to reach their  operators 
licenses before the trooper observed the belt wearing. 

A large proportion of drivers (84% in Monroe, 91% in Jackson) agreed 
that the 55 mph speed limit  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 1 imits should not be 
reinstated on a l l  s ta te  highways, Over half o f  the drivers (58% and 60% 
in Monroe and Jackson) were also opposed to reinstating a higher speed 
limit only on interstates.  A majority (56% in Monroe, 53% in Jackson) of 
the drivers interviewed f e l t  that points should be given on a drivers 
license for speeding violations between 55 and 70 mph. 

A t  the end of this year the data should provide a good estimate of 
the percent of vehicles i n  acceptable condition to be obtained by a 152 
operational checklane inspection rate coupled with a public information 
campaign. A1 so, the comparison between the operational check1 ane inspection 
populations and the simulated P M V I  population will provide additional 
evidence about the possible benefits of a PMVI i n  Michigan. This evidence 
can be coupled with estimates of the relative costs of the two inspection 
systems to aid administrators and the legislature in selecting the most 
cost-beneficial system for Michigan. 



CONCLUS PONS A,ND RECOMMENDATI ONS 

The primary purposes of th ls  study were t o  estimate the effect  on the 

proportion of vehicles w i t h  outages in safety equipment of a 152 checklane 
inspection program and t o  compare th is  w i t h  the estimated effect  of a simulated 
periodic (annual) motor vehicle inspection program. From the data collected 
the f i r s t  year i t  became apparent tha t  the safety component outage rates  
were strongly influenced by the age of the vehicle. As a resu l t ,  comparisons 
among the groups of interest  were adjusted for  the ages of the vehicles in- 
volved. In addition t o  the conclusions relating t o  the two principal purposes 

of the study, some ancillary conclusions about the type of stopping t e s t  to 
be used, the relat ive outage rates of various components, and the repair 
rates are reported. 

Effect of the 15% Checklane Inspection Program 

The 15% random checklane operated in Monroe County. The crude pro- 
portion of cars fai l ing the inspection in 1975 in Monroe County was 51.91 
while in 1976 this  rate climbed t o  62%. However, the sample of cars obtained 
in 1976 was generally older than the sample obtained in 1975. The average 
difference in ages o f  cars was 0.9 years, or nearly one year, Comparing 
the individual outage rates for each age of car revealed that  l i t t1e  dif-  
ference in outage rates remained a f t e r  age of car had been taken into 
account. The age distribution of cars in the State of Michigan (truncated 
a t  twelve years) was used as a standard population and the standardized 
rates o f  cars fa i l  ing the inspection were calculated, The age-adjusted 
rate  of fa i lure  of cars in 1975 in Monroe County was 55,6%, Zn 1976 the 

age-adjusted fai lure  rate was 56.0%. Thus the rates of failures in Monroe 



County remained e s s e n t i a l l y  the  sawe, This  leads t o  t he  conclusion t h a t  

the  increase i n  the  r a t e  of i nspec t i on  from a  l e y e l  o f  about 5% (statewide)  

t o  a  l e v e l  of 15% d i d  no t  change the  o v e r a l l  r a t e  of f a i l u r e  of the  i n -  

spect ion, 

A s i m i l a r  experience was obtained i n  Jackson County, I n  Jackson County, 

the  newly inspected veh ic les  I n  1975 represent  a sample from the  approximately 

5% random checklane inspec t ion  program. The newly inspected veh ic les  i n  

1976 represent  a  sample from a  popu la t ion  sub jec t  t o  a  15% checklane i n -  

spect ion program, bu t  w i t h  the  re- inspected veh ic les  removed from the  popu- 

l a t i o n .  That i s ,  the  newly inspected veh ic les  i n  Jackson County i n  1976 

represent  a  sample from the  veh ic les  which were n o t  inspected the  previous 

year.  Thus, presumably they might be somewhat biased toward h igher  f a i l u r e  

ra tes .  The crude r a i l u r e  r a t e s  fo r  Jackson County were 49.6% i n  1975 and 

57.9% i n  1976 ( f o r  newly inspected veh i c les ) .  Again, most o f  t he  d i f f e r e n c e  

appears t o  be i n  t he  age o f  the  vehic les.  A f t e r  ad jus t i ng  f o r  the  d i f f e r e n t  

age d i s t r i b u t i o n s  i n  the  samples, t he  age-adjusted ra tes  a re  54.7% i n  1975 

and 55.2% i n  1976, again i n d i c a t i n g  t h a t  no s i g n i f i c a n t  change has occurred. 

If one pools a l l  the cars inspected i n  Jackson County, one should have a  

sample which i s  s l  i g h t l y  biased toward fewer inspec t ion  f a i l u r e s ,  s ince  i t  

would i nc lude  a  h igher  percentage o f  t he  cars which were inspected i n  1975 

t h a t  would be due t o  chance. I f  t h i s  i s  done, t he  age-adjusted ra tes  a re  

52.8% i n  1975 and 52.5% i n  1976. Again, no s i g n i f i c a n t  change i s  observed. 

The conclusion seems t o  be t h a t  the  increase from a  5% t o  a  15% inspec t i on  

r a t e  has no t  in f luenced the  o v e r a l l  f a i l u r e  ra tes .  

The same p a t t e r n  pe rs i s ted  when i n d i v i d u a l  components were considered 
ins tead of the o v e r a l l  passing of f a i l u r e  of t he  e n t i r e  veh ic le .  With 

few exceptions, the change from a  5% t o  15% inspec t ion  r a t e  f a i l e d  t o  pro-  
duce any changes i n  the outage r a t e s  o f  the veh i c le  populat ion.  Thus, no 

p a r t i c u l a r  advantage can be claimed fo r  the  h igher  e f f o r t ,  

E f fec t  of the  Simulated PMVI 

I n  Jackson County, a subsample of p rev ious l y  (in 1975) inspected 
vehic les was obtained dur ing  1976, This subsample represents a s imulated 



PMVI  group. The v v e r a l l  outage r a t e  among these veh ic les  i n  1976 was 

on l y  45.2%, apparent ly  b e t t e r  than the  o ther  groups. However, t h i s  group 

turned o u t  t o  be a  se l  f - s e l e c t i n g  sample o f  the  b e t t e r  and newer veh ic les .  

The same cars were a l s o  b e t t e r  on the  average than the  o ther  cars inspected 

i n  1975. The o v e r a l l  f a i l u r e  r a t e  i n  1975 f o r  t h i s  group of cars was on ly  

38.5%. As a  r e s u l t ,  comparisons across groups appear t o  be i n v a l  i d  because 

of the s e l f - s e l e c t i n g  na ture  o f  the re inspected vehic les.  

Comparisons w i t h i n  the re inspected veh ic les  can g i ve  i n s i g h t  i n t o  the  

e f f e c t  o f  the  P M V I  as compared t o  t h e  prev ious 5% checklane inspect ion  pro- 

gram. O f  course the  re inspected cars  a re  a i l  (approximately) one year  

o l d e r  than they were i n  1975, so the  age must be adjusted fo r .  When the 

age-adjustment ra tes  were ca lcu la ted ,  the  r a t e  among t h i s  group i n  1975 

was found t o  be 46.9% and i n  1976 i t  decreased s l i g h t l y  t o  45.6%. Thus 

there  was s l i g h t  improvement i n  the  o v e r a l l  f a i l u r e  ra te .  The d i f fe rence 

was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  however, g i v i n g  a  p-value o f  on l y  0.2, 

, one-sided. 

Comparisons by the  s p e c i f i c  components revealed essen t i a l  l y  the  same 

i r e s u l t s :  l i t t l e  change i n  the  outage ra tes .  There was one except ion t o  

the  general pa t te rn .  Fai 1  ure o f  the  i nspec t i on  because o f  i n s u f f i c i e n t  

t i r e  t read  was s i g n i f i c a n t l y  h igher  i n  1976 than i n  1975. This  pe rs i s ted  

a f t e r  the  age o f  the veh ic le  was ad jus ted  f o r .  A s i m i l a r  adjustment, 

ad jus t i ng  f o r  the mileage of the v e h i c l e  a l so  f a i l e d  t o  remove the d i f f e rences  

i n  the  f a i l u r e  ra tes  caused by i n s u f f i c i e n t  t i r e  t read.  So the re  appeared 

t o  be a  h igher  f a i l u r e  r a t e  f o r  i n s u f f i c i e n t  i n  1976 than i n  1975. The 

o ther  sa fe ty  components showed s l  i gh t - -bu t  non-s ign i f icant - - improvements.  

However, the worsening o f  the component t i r e s  balanced out  t h e  accumulated 

s l i g h t  improvements i n  the  o ther  components t o  r e s u l t  i n  an o v e r a l l  i n s i g -  

n i f i c a n t  change. 

In conclusion, the  simulated PMVI group d i d  no t  experience a  s i g n i f i c a n t  

improvement r a t e  i n  passing the inspect ion ,  Because of a  p rev ious l y  

unknown se l  f -se l  e c t i o n  of the P M V l  group, d i r e c t  compari sons o f  outsge ra tes  

w i t h  the checklane populat ions are  n o t  appropr ia te .  Ne i ther  the simulated 



P M V I  group nor  the  checklane groups a t  the h igher  inspect ion  r a t e  showed 

an improvement over the operat ional  checklane inspect ion  program operat ing 

a t  approximately 5% o f  the vehic les.  A l l  o f  the random groups, however, 

exh ib i t ed  a  lower f a i l u r e  r a t e  fo r  the inspect ion  than i s  repor ted from 

the operat ional  checklanes. This may be i n te rp re ted  t o  mean t h a t  the 

operat ional  lanes the operat ional  lanes are  r e l a t i v e l y  successful i n  

se lec t i ng  vehic les from the t r a f f i c  stream which are  de fec t ive .  I n  t h i s  

sense, the operat ional  checklanes seem t o  be ra the r  e f f e c t i v e  a t  i d e n t i f y i n g  

the vehic les w i t h  mechanical defects,  

Other Conclusions from the Study 

A1 though i n  general no s i g n i f i c a n t  changes i n  the  outage ra tes  were 

found, one consis tent  except ion was the cond i t i on  o f  the  t i r e s .  The l e v e l  

of t read on the t i r e s  was i n s u f f i c i e n t  i n  a  l a r g e r  p ropor t ion  of the cars 

inspected i n  1976 than i n  1975, even a f t e r  adjustments f o r  age and mileage 

were made. This was cons is ten t  i n  a71 groups. The adjusted ra tes  were 

as fol lows. I n  the reinspected cars (simulated PMVI), the  f a i l u r e  r a t e  

increased from 9.97% t o  14.86%. I n  the  newly inspected cars i n  Jackson 

County, the adjusted r a t e  increased from 13.52% t o  17.51%, and among the 

newly inspected cars i n  Monroe County the  adjusted r a t e  increased from 14.15% 

t o  21.05%. Thus the  data r e f l e c t  a  cons is ten t  worsening o f  the  cond i t i on  

o f  the t i r e s  i n  the veh ic le  populat ion.  The reasons f o r  a re  n o t  known. 

I n  general the adjusted ra tes  f o r  o ther  components showed minor i m -  

provements, none o f  which were s t a t i s t i c a l l y  s i g n i f i c a n t  o r  1  arge enough 

t o  be o f  p r a c t i c a l  importance. The increased f a i l u r e  r a t e  f o r  t i r e s  more 

than balanced the minor gains i n  o ther  components, r e s u l t i n g  i n  no s i g -  

n i f i c a n t  change i n  the o v e r a l l  ra tes ,  Had t i r e s  remained the same o r  shown 

a minor improvement, the ove ra l l  r a tes  o f  f a i l u r e  would have shown a  s l i g h t  

improvement i n  a l l  study groups--on the order  of 4 o r  5 percentage po in ts .  

While t h i s  would probably have been s t a t i s t i c a l l y  s i g n i f i c a n t - - t h a t  i s ,  no t  

due t o  chance-- i ts p r a c t i c a l  s i gn i f i cance  i s  open t o  quest ion, 

A comparison of two types o f  brak ing tes ts - -a  moving stopping t e s t  (MST) 
and a wheel p u l l  inspec t ion  (WP1)--was performed as p a r t  o f  the study, The 



general conclusion was that the moving stopping t e s t  appeared to  have 
advantages in terms of detecting vehicles which were deficient I n  current 
stopping capabili t ies,  while the wheel pull inspection might Be more 

diagnostic of future stopping d i f f icu l t ies ,  Although definite associations 
among components inspected in tRe WPE and performance measured in the MST 

were f o u n d ,  these were too weak t o  be used i n  a predictive sense. For 
example, a1 t h o u g h  poor pedal pressure and low brake fluid levels were 
associated, the association was too weak to suggest that poor pedal pressure 
was due t o  low brake fluid levels, 

The repair rates for components found inoperative among the reinspected 
vehicles were estimated. Tn most cases these were rather high--between 
elghty and ninety percent. One notable exception was the exhaust (noise) 
which had an estimated repair rate of only 56%. Another was the 1 icense 
plate l ight with a repair rate estimated a t  only 65%. Ability t o  stop (MST) 

was repaired a t  an estimated 95%. In general, the items which had low 
estimated repair rates tended t o  be the items perceived as minor by the 
motorists--or possibly in the case of exhaust noise as an item they d i d  not 

; wish t o  repair, 
Neither the simulated PMVI nor the more intensive checklane inspection 

programs produced a significant reduction in the proportion of vehicles 
fail ing the inspection. As a result ,  continuation of the checklane inspection 
program a t  the current level of about 5% seems recommended. 

Not surprisingly, defect rates were found t o  increase with the 
age of the vehicle, This adds credence t o  the contention that the 
operational checklane i s  highly efficient a t  detecting vehicles with 
safety defects. 

Drivers w i t h  defective vehicles were issued a post card t o  return 
certifying that the repairs had been made within 21 days. A low rate 
of return--sixty percent--was observed. There was some indication 
that the return rate was lower for vehicles with several defects or 
with the more serious defects. A1 though the rate of return o f  the 
post cards may no t  completely reflect the rate of repair, i t  causes 
concern for the efficacy of this system for effecting repair o f  



defect ive vehic les,  We would recommend t h a t  e f fo r t s  t o  strengthen the  

repai  r incidence be considered. 

The comparison o f  the  moving stopping t e s t  w i t h  the  wheel p u l l  brake 

inspect ion  i nd i ca ted  t h a t  the  moving stopping t e s t  more accura te ly  de ter -  

mines the c a r ' s  brak ing c a p a b i l i t y .  I t  i s  a l so  qu icker  and eas ie r  t o  perform. 

For these reasons we recommend t h a t  i t  be adopted as the  inspect ion  pro- 

cedure f o r  b rak ing  capabi l  i ty. 

Inferences from the  d r i v e r  i n te rv iews  which were conducted on l y  i n  

1975 are  necessar 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 long t r i p s  were excluded. 

Thus the r e s u l t s  a re  n o t  genera l i zab le  t o  t h e  popu la t ion  of Michigan d r i v e r s .  

Dr ivers  genera l l y  thought t h a t  t he  55 rnph speed l i m i t  had reduced 

t r a f f i c  f a ta l  i t i e s  and were opposed t o  r a i s i n g  the  l i m i t  f o r  a11 

s t a t e  highways. They were l ess  opposed t o  increas ing  the speed 1  i m i t  

on i n t e r s t a t e s  and t o  i n s t i t u t i n g  po in t s  f o r  speeding v i o l a t i o n s  i n  

the 55 t o  70 mph range, 

Dr ivers  i n  Jackson County showed a  greater  knowledge and aware- 

ness o f  the checklane i nspec t i on  program than d i d  those i n  Monroe 

County. This co inc ides w i t h  a  more i n t e n s i v e  i n fo rma t ion  campaign there.  

It i s  recommended t h a t  p u b l i c  i n fo rma t ion  campaigns be continued. 

Two t h i r d s  of the d r i v e r s  be1 i eve  t h a t  seat  be1 t s  save 1 ives ,  

However on1.y 43 percent  repor ted  t h a t  they o f t e n  o r  always wore 

seat b e l t s .  Only eleven percent o f  the d r i v e r s  were observed t o  be 

wearing be1 t s  by the  inspect ing  o f f i c e r s ,  This i nd i ca tes  t h a t  there 

may be a  b ias  i n  the i n te rv iew  r e s u l t s .  I n  the fu tu re ,  i t  i s  recommended 

t h a t  randomized response techniques be considered t o  reduce t h i s  

po ten t i a l  b ias .  






