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EXECUTIVE SUMMARY 

Objectives of t h i s  study were t o  ident i fy  recent t rends i n  r e s t r a i n t  use i n  

Michigan and assess  the  effect iveness  of mandatory r e s t r a i n t  laws i n  increasing 

the  use of occupant r e s t r a i n t  systems and decreasing t r a f f i c  casua l t ies .  A 

review of s tud ies  of mandatory adul t  r e s t r a i n t  laws i n  other countr ies  revealed 

t h a t  the  laws have generally been successful ,  A review of recent s tud ies  of 

mandatory chi ld r e s t r a i n t  laws revealed t h a t  such laws have frequently increased 

use t o  some extent ,  but a c l e a r l y  demonstrable e f f ec t  on chi ld i n j u r i e s  has not 

yet been documented. Many past s tud ies  have major methodological l imi ta t ions  and 

should therefore be interpreted w i t h  caution. 

The present study examined a l l  reported crash-involved motor vehicle 

occupants i n  Michigan from January, 1978, through December, 1982. Time-series 

analyses were used t o  measure t rends  in  r e s t r a i n t  use and i n j u r i e s  in  recent 

years,  and t o  measure the  e f f e c t s  of Michigan's mandatory chi ld r e s t r a i n t  law, 

implemented i n  A p r i l ,  1982. 

Major f indings are  summarized here. The r a t e  of r e s t r a i n t  use i n  Michigan: 

( 1 )  i s  higher among young chi ldren and lower among teenagers and young adul t s ,  

(2)  is  lower among dr ivers  using alcohol or drugs a t  the  time of a crash and 

higher among dr ivers  not using alcohol or drugs, (3) var ies  according t o  seat ing 

pos i t ion ,  ( 4 )  i s  higher among dr ivers  alone in  a vehicle and lower among people 

i n  vehicles  w i t h  multiple occupants, (5) is higher among occupants experiencing 

no in jury  and lower among those severely injured or k i l l e d ,  ( 6 )  is  higher among 

occupants of vehicles with minor damage and lower among occupants of vehicles 

experiencing extensive damage, (7 )  is  higher among occupants of small cars  and 

lower among occupants of la rge  ca r s  and pickup t rucks,  (8)  is  higher during 

weekday daytime hours and lower d u r i n g  weekend nighttime hours, (9)  is  higher on 

limited-access highways and lower on nonlimited-access highways, and ( 1 0 )  var ies  



considerably across counties i n  Michigan, Restraint  use decreased from 1978 t o  

1980 and increased from 1980 t o  1982. Use is  s l i g h t l y  higher during the winter 

months than during the  summer, but t h i s  seasonal cycle was of marginal 

s ignif icance,  The number of Michigan res idents  involved in  t r a f f i c  crashes 

trended downward from 1978 through 1982. These pa t te rns  were controlled when 

evaluating the  e f f e c t s  of Michigan's chi ld  r e s t r a i n t  law through the use of 

Box-Jenkins intervent ion analysis  methods. 

The main e f f e c t s  of the  ch i ld  r e s t r a i n t  law were as  follows: ( 1 )  a 208% 

increase in  r e s t r a i n t  use among 1-3-year-olds, t h a t  i s ,  use increased from about 

12% t o  36%; (2 )  a 50% reduction i n  i n j u r i e s  (including a l l  types of reported 

f a t a l  and nonfatal i n j u r i e s )  t o  i n fan t s  under age 1; t h a t  is, an estimated 156 

infan t  i n j u r i e s  are  prevented per year; and (3)  a 17% reduction i n  i n j u r i e s  t o  

children age 1-3, t h a t  is ,  an estimated 302 toddler i n j u r i e s  a r e  prevented per 

year. The e f f e c t s  of the law were due primarily t o  reductions in  l e s s  severe 

i n j u r i e s ,  and occurred primarily among occupants of crash-involved vehicles 

experiencing low or moderate damage. The number of children r id ing  i n  the  

more-dangerous front-seat and cargo-area posi t ions decreased as  a r e s u l t  of the  

law, w i t h  children increasingly r id ing  i n  the safer  rear-seat position. Final ly ,  

t he  law may have had a s l i g h t  sp i l lover  e f f ec t  i n  reducing i n j u r i e s  among 

25-54-year-olds by about 6%, although t h i s  finding must be ver i f ied  i n  followup 

research, 

In conclusion, Michigan's mandatory chi ld r e s t r a i n t  law has had a 

s ign i f i can t  e f f e c t  i n  increasing the  proportion of young children who are  

res t ra ined ,  and has prevented a subs t an t i a l  number of i n j u r i e s  t o  young children. 

Continued public information and enforcement e f f o r t s  might make the  law more 

e f f ec t ive ,  Long-term e f f e c t s  of the  law should be evaluated in  followup studies .  

Given the  demonstrated effect iveness  of the chi ld r e s t r a i n t  law in  Michigan, it 

is recommended t h a t  the  mandatory r e s t r a i n t  law be expanded t o  motor vehicle 

occupants of a l l  ages. 







1 : INTRODUCTION 

I n j u r i e s  and deaths  due t o  motor veh ic le  c rashes  a r e  a major publ ic  

hea l th  problem i n  t h e  S t a t e  of Michigan. Accidents,  most a s soc ia ted  w i t h  

motor v e h i c l e s ,  a r e  t h e  l ead ing  cause of  death f o r  r e s i d e n t s  aged 1-44 

(Verway, 1982),  and a r e  a f requent  cause of d i s a b l i n g  i n j u r y  a s  wel l .  In 

1982 a lone,  1,417 people died and 130,061 were in ju red  i n  motor veh ic le  

c rashes ,  Costs a s soc ia ted  w i t h  h e a l t h  ca re  and l o s t  p roduc t iv i ty  a r e  a 

s i g n i f i c a n t  burden t o  t h e  S t a t e  of Michigan, both i n  terms of d i r e c t  c o s t s  

paid by t h e  s t a t e  and c o s t s  paid by Michigan r e s i d e n t s  through numerous o the r  

mechanisms (Andary and o t h e r s ,  1981). The pain and s u f f e r i n g  caused by 

t r a f f i c  acc iden t s  i s  inca lcu lab le .  Not included i n  many assessments of c o s t s  

of automobile c rashes  a r e  such secondary e f f e c t s  a s  m a r i t a l  and family 

i n s t a b i l i t y ,  psychological  s t r e s s ,  and a lcohol  and drug abuse f requen t ly  seen 

i n  f a m i l i e s  where a member has been k i l l e d  o r  s e r i o u s l y  in ju red  i n  a c rash  

(Rubin, 1982; Kaufman and B i l g e ' ,  1982). 

Current ly  a v a i l a b l e  technology, i n  t h e  form of occupant r e s t r a i n t  

systems, can s u b s t a n t i a l l y  reduce t h e  r i s k  of i n j u r y  and death associa ted  

with motor v e h i c l e  t r a v e l .  Ef fec t iveness  of proper ly  used r e s t r a i n t  systems 

i n  reducing i n j u r y  among crash-involved automobile occupants i s  beyond 

d i spu te .  Current e s t ima tes  i n d i c a t e  t h a t  t h e  use of  l a p  and shoulder b e l t s  

a t  t h e  t ime of a c rash  reduces t h e  p r o b a b i l i t y  of f a t a l i t y  or  s e r i o u s  i n j u r y  

by about 30 t o  50%. This does not n e c e s s a r i l y  mean t h a t  an inc rease  i n  

r e s t r a i n t  use among t h e  motor veh ic le  occupant population w i l l  au tomat ica l ly  

r e s u l t  i n  a p ropor t iona te  reduct ion i n  i n j u r y  and death .  The 30 t o  50% 



estimate represents  the effect iveness  of r e s t r a i n t  technology i n  a given 

crash, \hen the  r a t e  of use increases  i n  a spec i f i c  population of motor 

vehicle occupants, there  a re  numerous differences between long-term users ,  

new users ,  and continuing nonusers. The most important difference is  the  

r i sk  of crash involvement. Long-term users  are  l e a s t  l i k e l y  t o  be 

crash-involved, new converts a re  more l i k e l y  t o  be crash-involved, and 

continuing nonusers are  those a t  highest r i sk  for  crash involvement. In 

shor t ,  b e l t  users tend t o  be r e l a t i v e l y  safe  dr ivers ,  while those refusing t o  

use b e l t s  a re  those t h a t  most need the protection provided by be l t s .  Further 

discussion of the cha rac t e r i s t i c s  d i f f e r en t i a t i ng  be l t  users  from nonusers 

and high-risk dr ivers  from low-risk dr ivers  follows i n  Section 4. For now, 

it i s  simply noted t h a t  the huge reductions i n  in jury  and death possible  w i t h  

widespread be l t  use are  l i k e l y  t o  be somewhat smaller when ac tua l ly  

implemented, due t o  such confounding fac tors .  Nevertheless, subs tan t ia l  

reductions in  motor vehicle ca sua l t i e s  a re  l i k e l y  i f  the r a t e  of occupant 

r e s t r a i n t  use were s ign i f i can t ly  increased. 

Of major concern t o  s t a t e  heal th  and safe ty  o f f i c i a l s  i s  the la rge  

proportion of the motoring public i n  Michigan t h a t  does not regular ly  use 

occupant r e s t r a i n t s .  Analyses of self-reported b e l t  use i n  a recent survey 

of Michigan res idents  indicated an average b e l t  use r a t e  of approximately 28% 

(McGinley Marketing Research, 1982; OtDay and Fi lk ins ,  1983). Self-reported 

be l t  use t yp ica l ly  overestimates ac tua l  use. Estimates of observed ( r a the r  

than self-reported) b e l t  use i n  Michigan vary from study t o  study, depending 

primarily on the  sample design. Most s tud ie s  ind ica te ,  however, a r a t e  

ranging between 10 and 20% (Grimm, 1980). The most recent observational 

s t u d y  of occupant r e s t r a i n t  use in  Michigan indica tes  an overa l l  r a t e  of 



13.8% (OtDay and Wolfe, 1984). 

I t  is  a  major p r i o r i t y  among s t a t e  s a f e t y  o f f i c i a l s ,  pub l i c  hea l th  

p r o f e s s i o n a l s ,  and o t h e r s  t o  i n c r e a s e  t h e  propor t ion of t h e  motoring pub l i c  

t h a t  is  p ro tec ted  by occupant r e s t r a i n t  devices .  There a r e  t h r e e  main 

approaches designed t o  i n c r e a s e  t h e  use of occupant r e s t r a i n t s .  One 

t r a d i t i o n a l  approach r e l i e s  on p u b l i c  information and education campaigns --- 
t o  persuade i n d i v i d u a l s  t o  use t h e  s e a t  b e l t  r e s t r a i n t  systems a l ready 

a v a i l a b l e .  The b e s t  programs have been ab le  t o  i n c r e a s e  knowledge concerning 

r e s t r a i n t s ,  and have occas iona l ly  changed r e s t r a i n t  a t t i t u d e s .  However, few 

programs have achieved s i g n i f i c a n t  i n c r e a s e s  i n  r e s t r a i n t - u s e  behavior,  

p a r t i c u l a r l y  when evaluated f o r  long-term e f f e c t s .  

A second major approach t o  inc rease  t h e  propor t ion of r e s t r a i n t - u s i n g  

motor i s t s  i s  through t h e  i n s t a l l a t i o n  of ~ s s i v e  o r  automatic r e s t r a i n t  - -- 
systems i n  new veh ic les .  Universal  i n s t a l l a t i o n  of pass ive  r e s t r a i n t  

systems is  l i k e l y  t o  s i g n i f i c a n t l y  reduce i n j u r y  and death  due t o  motor 

veh ic le  c rashes  (Warner, 1983). A d e t a i l e d  d i scuss ion  of t h e  debate  

surrounding mandating pass ive  r e s t r a i n t s  i s  beyond t h e  scope of t h i s  r e p o r t .  

Never theless ,  a  few i s s u e s  should be noted. F i r s t ,  a f t e r  i n s t a l l a t i o n  of 

pass ive  r e s t r a i n t s  i n  new v e h i c l e s  i s  mandated, it would t ake  t en  o r  more 

years  before  t h e  v e h i c l e  population completely turned over and pass ive  

r e s t r a i n t s  were a v a i l a b l e  i n  most v e h i c l e s  i n  use. Second, a i rbag  pass ive  

r e s t r a i n t s  a r e  most e f f e c t i v e  i n  reducing i n j u r y  caused by frontal- impact 

c rashes ;  they a r e  l e s s  e f f e c t i v e  i n  o t h e r  c rash  conf igura t ions ,  Therefore ,  

a i r  bags should be viewed a s  an important  supplement t o  e x i s t i n g  s e a t  b e l t  

systems, but not a s  a  replacement f o r  s e a t  b e l t s .  Third ,  it is d i f f i c u l t  f o r  

t h e  S t a t e  of  Michigan t o  r e q u i r e  i n s t a l l a t i o n  of pass ive  r e s t r a i n t  systems on 



a l l  vehicles driven i n  Michigan. Passive r e s t r a i n t  i n s t a l l a t ion  is  best 

required on a l l  new automobiles by the federal  government, resul t ing i n  a 

substant ial  reduction i n  per-vehicle cost due t o  economies of scale. I n  

shor t ,  while compulsory ins t a l l a t ion  of passive r e s t r a in t  systems i s  a 

potent ia l ly  f r u i t f u l  means of reducing crash-related deaths and in ju r i e s ,  it  

w i l l  not eliminate the need t o  increase use of exist ing ac t ive  r e s t r a in t  

systems, and i s  a l e s s  convenient focus for policy at tent ion a t  the s t a t e  

level .  

The t h i r d  major approach t o  increasing the proportion of motor vehicle 

occupants tha t  are adequately restrained,  compulsory use of exis t ing  seat  -- - 
b e l t s ,  i s  the focus of t h i s  volume. Numerous countries have implemented - 
mandatory adult seat  be l t  use laws. The laws have frequently been associated 

w i t h  increased seat  be l t  use and decreased accident casualty ra tes .  While no 

s t a t e  has yet passed a general adult mandatory be l t  use law, most s t a t e s ,  

including Michigan, have implemented compulsory r e s t r a in t  use for young 

children (Table 1.1). Making be l t  use compulsory for  motor vehicle occupants 

of a l l  ages is  current ly under debate i n  Michigan (Michigan Sta te  

Legislature, 1983). 

The pattern of policy changes i n  most western countries has been the  

opposite of the United States.  Many countries in  the 1970s implemented 

mandatory adult r e s t r a i n t  use laws tha t  exp l i c i t ly  excluded young children 

from the provisions of the laws. After benefi ts  of adult use laws were 

observed, several jur isdict ions then revised t h e i r  occupant r e s t r a in t  policy 

by extending mandatory use t o  young children as well. In cont ras t ,  most 

s t a t e s  have implemented mandatory r e s t r a i n t  laws limited t o  young children i n  

recent years, but none has passed similar  leg is la t ion  applying t o  adult 



veh ic le  occupants. It is  apparent ly  p o l i t i c a l l y  more acceptable  t o  r e q u i r e  

young c h i l d r e n  t o  be r e s t r a i n e d  than a d u l t s ,  because they a r e  unable t o  

decide f o r  themselves t o  use r e s t r a i n t s  and t a k e  t h e  r e q u i s i t e  ac t ion ,  

Moreover, some advocate c h i l d  r e s t r a i n t  laws a s  a  f i r s t  s t e p  i n  bui ld ing 

publ ic  support  f o r  mandatory r e s t r a i n t  use f o r  occupants of a l l  ages,  Ear ly  

s igns  t h a t  mandatory r e s t r a i n t  po l i cy  focused on young ch i ld ren  is  gradual ly  

being expanded t o  o the r  popula t ions  is  a l ready emerging. New York, f o r  

example, began mandating r e s t r a i n t  use f o r  young c h i l d r e n  i n  Apr i l ,  1982; t h e  

law i s  g radua l ly  being extended t o  cover ch i ld ren  through age 10. In March, 

1983, a  r egu la to ry  change ( i . e . ,  without new l e g i s l a t i o n )  made r e s t r a i n t  use 

compulsory f o r  those  d r iv ing  under a l e a r n e r ' s  permit (New York S t a t e  

Department of Motor Vehicles,  1983). 

The main goal  of t h i s  p r o j e c t  i s  t o  pr~ovide d e t a i l e d  information on t h e  

p a t t e r n  of r e s t r a i n t  use over t ime among crash-involved motor veh ic le  

occupants i n  Michigan. E f f e c t s  of t h e  r e c e n t l y  enacted c h i l d  r e s t r a i n t  law 

a r e  assessed,  and important  background info.rmation on a d u l t  r e s t r a i n t  use is  

obta ined,  The f i n d i n g s  concerning a d u l t  r e s t r a i n t  use w i l l  funct ion a s  

base l ine  information needed f o r  adequate evaluat ion of a  mandatory a d u l t  

r e s t r a i n t  use po l i cy ,  should it become law. S p e c i f i c  ques t ions  addressed 

include:  ( 1 )  has  r e s t r a i n t  use increased or  decreased over t h e  pas t  severa l  

years?  ( 2 )  do t h e  changes i n  r e s t r a i n t  use over t ime vary by c h a r a c t e r i s t i c s  

of t h e  motor i s t  such a s  age? ( 3 )  how have clhanges i n  p a t t e r n s  of r e s t r a i n t  

use a f f e c t e d  i n j u r y  r a t e s ?  ( 4 )  has t h e  r e c e n t l y  enacted mandatory c h i l d  

r e s t r a i n t  law s i g n i f i c a n t l y  increased c h i l d  r e s t r a i n t  use? (5) has t h e  c h i l d  

r e s t r a i n t  law s i g n i f i c a n t l y  reduced c h i l d  t r a f f i c  c rash  i n j u r i e s ?  and ( 6 )  how 

might an extension of t h e  c h i l d  r e s t r a i n t  law t o  motor veh ic le  occupants of 



a l l  ages be best evaluated for  i t s  e f f e c t  i n  casualty reduction? While 

cross-sectional differences i n  r e s t r a i n t  use and in jury  pa t te rns  between 

occupants w i t h  various cha rac t e r i s t i c s  a re  also examined, the  dominant focus 

of t h i s  study i s  on ( 1 )  longi tudinal  changes in  r e s t r a i n t  use and in jury  

r a t e s ,  and ( 2 )  the  eff icacy of compulsory r e s t r a i n t  use laws in  increasing 

use and reducing casua l t ies .  Therefore, we begin w i t h  an extensive review of 

the extant  l i t e r a t u r e  on e f f e c t s  of mandatory r e s t r a i n t  use laws (sect ion 2). 

The research design and analysis  methods used i n  t h i s  study are  discussed in  

section 3. Results concerning pa t te rns  of r e s t r a i n t  use in  Michigan are  

found i n  sect ion 4. Findings concerning the  e f f e c t s  of the  ch i ld  r e s t r a i n t  

law are presented i n  sect ion 5. F ina l ly ,  sect ion 6 includes a discussion of 

the implications of the  r e s u l t s  for  in jury  prevention e f f o r t s  and 

recommendations for  fur ther  research. 



Table 1.1 
States Implementing Mandatory Child Restraint Laws 

State I Effective Date I Highest Age Covered 1 

A 1 abama 
Ar i zona 
Arkansas 
California 
Colorado 
Connect i cut 
De 1 aware 
District of Columbia 
Florida 
Georgia 
Hawa i i 
I 1  1 inois 
l nd i ana 
Kansas 
Kentucky 
Maine 
Maryland 
Massachusetts 
Mi ch i gan 
Minnesota 
Mississippi 
Mi ssour i 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carol i na 
North Dakota 
Ohio 
Ok 1 ahoma 
0 r egon 
Rhode Island 
South Carol i na 
Tennessee 
V i  rgi na 
West Virginia 
Wisconsin 

5 
2 

40 Pounds 
4 

* 
Age group covered is gradual 1 y being expanded up to the age 

indicated. 

Information current as of June 1983. Based on data pub1 ished in 
Phvsi ci ans for Automotive Safety News, Spring, 1983. 





2: C U R R E N T  LITERATURE ON MANDATORY OCCUPANT RESTRAINT LAWS 

Numerous s t u d i e s  over t h e  pas t  decade have repor ted  on t h e  e f f e c t s  of 

mandatory r e s t r a i n t  use laws. Most of t h e  s t u d i e s  have been conducted 

o u t s i d e  t h e  United S t a t e s ,  s i n c e  no s t a t e  has ye t  implemented an a d u l t  

r e s t r a i n t  use law. Most of t h e  e x i s t i n g  s t u d i e s  focus on t h e  e f f e c t s  of 

a d u l t  r e s t r a i n t  laws, which have been implemented i n  a l a r g e r  v a r i e t y  of 

j u r i s d i c t i o n s  than laws l imi ted  t o  very young motor veh ic le  occupants. 

F i n a l l y ,  t h e  key v a r i a b l e  examined most f r equen t ly  is  observed use of 

r e s t r a i n t  systems, although s e v e r a l  s t u d i e s  a l s o  examined t h e  impact of 

r e s t r a i n t  laws on t r a f f i c  i n j u r i e s  and deaths.  Keep i n  mind t h a t  many of 

these  s t u d i e s  used nonrandom samples, inadequate c o n t r o l  groups, and da ta  

a n a l y s i s  methods t h a t  a r e  f a r  from s ta te-of- the-ar t .  Therefore ,  r e s u l t s  from 

any p a r t i c u l a r  s tudy  should not  be t h e  b a s i s  f o r  a determination of t h e  

impact of r e s t r a i n t  laws. However, t h e  p a t t e r n  of  f i n d i n g s  ac ross  many 

s t u d i e s ,  i n  d i v e r s e  j u r i s d i c t i o n s ,  using d i f f e r e n t  methods, and during 

d i f f e r e n t  t ime pe r iods ,  l ends  s t rong  support  t o  t h e  proposi t ion t h a t  

mandatory r e s t r a i n t  use laws can s i g n i f i c a n t l y  inc rease  t h e  propor t ion of 

motor veh ic le  occupants t h a t  r e g u l a r l y  use r e s t r a i n t s ,  and consequently 

reduce i n j u r y  and death  caused by motor veh ic le  crashes .  Available f i n d i n g s  

on e f f e c t s  of compulsory r e s t r a i n t  use from ind iv idua l  j u r i s d i c t i o n s  follow. 



E f f e c t s  of  Adult R e s t r a i n t  Use Laws -- -- 
A u s t r a l i a ,  The province of  V i c t o r i a  i n  A u s t r a l i a  was t h e  f i r s t  t o  

implement an a d u l t  mandatory r e s t r a i n t  use  law. In December, 1970, b e l t  use 

became compulsory f o r  motor v e h i c l e  occupants over t h e  age of seven years .  

Jouber t  (1979) r e p o r t s  t h a t  b e l t  use  was about 18% before  t h e  law, and 

increased a f t e r  t h e  law t o  75% i n  urban a r e a s  and 64% i n  r u r a l  areas .  Use 

continued t o  i n c r e a s e ,  reaching over 90% i n  urban a r e a s  and 80% i n  r u r a l  

a reas  by 1978. Jouber t  a l s o  examined occupant f a t a l i t i e s  and i n j u r i e s  f o r  

1971, t h e  f i r s t  year w i t h  t h e  new law. F a t a l i t i e s  were down 15% among 

d r i v e r s  and 19% among passengers;  t h e  reduc t ions  f o r  nonfa ta l  i n j u r i e s  were 

1 4 %  fo r  d r i v e r s  and 10% fo r  passengers.  Neither f a t a l i t i e s  nor i n j u r i e s  

decreased f o r  t h e  r e s t  of A u s t r a l i a ,  i n d i c a t i n g  t h a t  t h e  reduc t ions  i n  

V i c t o r i a  may have been due t o  t h e  s e a t  b e l t  law. 

Vulcan (1978) summarized surveys conducted by Andreassand which 

ind ica ted  t h a t  b e l t  use among Vic to r i an  d r i v e r s  and f r o n t  passengers 

increased s t e a d i l y  from 1971 through 1976, Overal l  use increased from 32-481 

i n  1971 t o  73-88% i n  1976, Consis tent  with t h e  increased use ,  occupant 

f a t a l i t i e s  were 32% lower and occupant i n j u r i e s  were 44% lower i n  1976 than 

expected given t h e  1960-1970 t r e n d s .  In comparison, t h e r e  were no 

apprec iab le  changes i n  nonoccupant ( i , e . ,  p e d e s t r i a n ,  motorcyc l i s t )  t r a f f i c  

f a t a l i t i e s  and i n j u r i e s  dur ing t h e  same per iod.  Vulcan no tes  t h a t  o t h e r  

f a c t o r s ,  such a s  t h e  December, 1972, and December, 1973, r educ t ions  i n  speed 

l i m i t ,  probably con t r ibu ted  t o  t h e  c a s u a l t y  reduc t ions ,  

Tr inca  and Dooley (1977) a l s o  examined t r a f f i c  dea ths  and i n j u r i e s  i n  

Vic to r i a .  An upward t r end  throughout t h e  1960s reversed i n  1970, when t h e  

b e l t  law was passed. According t o  t h e s e  r e s e a r c h e r s ,  by 1974 deaths  were 37% 



lower than i n  1970, and i n j u r i e s  were 41% lower. These c a s u a l t y  reduct ions  

were not  accompanied by s i m i l a r  r educ t ions  i n  t h e  frequency of c rashes ,  

i n d i c a t i n g  t h a t  t h e  d e c l i n e s  i n  i n j u r y  and death  were not due t o  f a c t o r s  

a s soc ia ted  with reduced c rash  involvement, 

McDermott and Hough (1979) examined annual numbers of t r a f f i c  f a t a l i t i e s  

and i n j u r i e s  i n  t h e  whole of A u s t r a l i a  from 1955 through 1977. Beginning 

w i t h  V i c t o r i a ,  a l l  Aus t ra l i an  provinces  implemented mandatory r e s t r a i n t  use 

laws i n  t h e  e a r l y  1970s. During t h i s  pe r iod ,  t h e r e  was a  s i g n i f i c a n t  d e c l i n e  

i n  t h e  r a t e  of  motor v e h i c l e  occupant i n j u r i e s  and deaths  per r e g i s t e r e d  

veh ic le .  [Note t h a t  determinat ion of t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  d e c l i n e  

i s  based on d e v i a t i o n s  from l i n e a r  t r e n d s  based on o rd ina ry  l e a s t  squares  

r egress ion .  Because t h e  b a s i c  assumption of uncorre la ted  r e s i d u a l  e r r o r s  was 

v i o l a t e d ,  the 'measure  of  s t a t i s t i c a l  s i g n i f i c a n c e  i s  suspec t ,  and r e s u l t s  

should be i n t e r p r e t e d  caut ious1y. l  Although t h e  speed l i m i t  reduct ion and 

f u e l  shor tages  of t h e  e a r l y  1970s were a  confound, t h e r e  were no comparable 

r educ t ions  i n  death  and i n j u r y  among motorcyc l i s t s  and pedes t r i ans ,  providing 

support  t h a t  t h e  observed reduc t ions  may be due t o  t h e  r e s t r a i n t  laws, 

Bhattacharyya and Layton ( 1  979 conducted perhaps t h e  most s o p h i s t i c a t e d  

analyses  of Aus t ra l i an  s e a t  b e l t  laws, focusing on Queensland, which mandated 

b e l t  use beginning January,  1972. Using an e x p l i c i t  Box-Jenkins t ime-ser ies  

modeling s t r a t e g y ,  they found t h a t  motor ve 'hicle occupant deaths  i n  t h e  

mid-1970s were an es t imated 46% l e s s  than expected without t h e  b e l t  law. [By 

us ing t h e  Box-Jenkins approach, which e x p l i ' c i t l y  t a k e s  i n t o  account s e r i a l  

c o r r e l a t i o n  i n  t ime s e r i e s ,  Bhattacharyya and Layton avoided t h e  e r r o r  made 

by McDermott and Hough.] Exposure, a s  measured by gaso l ine  s a l e s ,  was 

c o n t r o l l e d  i n  t h e  ana lyses ,  i n c r e a s i n g  conf:idence t h a t  t h e  observed e f f e c t  



was due t o  t h e  s e a t  b e l t  law. Two remaining confounding f a c t o r s  a r e  t h e  

reduct ion i n  speed l i m i t  and s i g n i f i c a n t  improvements i n  t r a f f i c  c o n t r o l  

during t h e  1970s (e.g.,  i n s t a l l a t i o n  of t r a f f i c  l i g h t s  and s t o p  s i g n s ) .  

Seeney ( 1977 no tes  t h a t  Queensland " t r a f f i c  surveys i n  1972 ind ica ted  

t h a t  t h e  [ s e a t  b e l t 1  wear r a t e  r o s e  immediately t o  about 60% with r e s p e c t  t o  

d r i v e r s  (90% compliance i n  t h e  65% of  v e h i c l e s  then f i t t e d  with b e l t s ) "  a f t e r  

t h e  compulsory b e l t  use law was implemented. Fur ther  d e t a i l s  were not  

provided. 

According t o  d a t a  repor ted  by Johinke (1977) ,  b e l t  use i n  Queensland 

( p r i o r  t o  t h e  law) increased from 8% i n  1964 t o  23% i n  1971. With minimal 

enforcement of t h e  new law, use increased t o  49% a f t e r  t h e  law took e f f e c t  

(78% of occupants w i t h  b e l t s  a v a i l a b l e ) .  Some d e c l i n e  i n  use occurred i n  

subsequent yea r s ,  but  increased enforcement i n  1976 brought use  up t o  90% for  

d r i v e r s  w i t h  b e l t s  a v a i l a b l e ,  according t o  Johinke. The enhanced enforcement 

e f f o r t s  were a l s o  assoc ia ted  with a reduct ion i n  occupant f a t a l i t i e s  of 14%. 

F i she r  (1980) reviewed t h e  e f f e c t s  of  Aus t ra l i an  b e l t  laws and concluded 

t h a t  use r a t e s  increased from about 25% t o  35% before  t h e  laws were 

implemented, t o  74% t o  95% immediately a f t e r ,  wi th  a p a r t i a l  decay of t h e  

laws' e f f e c t s  over t ime.  Noting t h a t  methodological d e t a i l s  f o r  many s t u d i e s  

were not  a v a i l a b l e ,  F i she r  concluded t h a t  t h e r e  was a r educ t ion  of  about 20% 

i n  occupant f a t a l i t i e s  a f t e r  compulsory b e l t  laws were implemented i n  

A u s t r a l i a .  

Aust r ia .  Aus t r i a  implemented a mandatory b e l t  use law applying t o  

f r o n t  s e a t  occupants i n  Ju ly ,  1976. Although t h e  law does not have any 

pena l ty  f o r  noncompliance, b e l t  use  increased immediately a f t e r  passage of 

t h e  law, according t o  F i she r  (1980). However, no before  and a f t e r  f i g u r e s  



were provided. 

Belgium. Belgium enacted a compulsory s e a t  b e l t  law f o r  f r o n t  s e a t  

occupants i n  June, 1975 ( F i s h e r ,  1980). No formal s t u d i e s  of b e l t  use were 

found, but  one document obtained by Fisher  ind ica ted  use of about 17% before 

t h e  law, inc reas ing  t o  about 87% a f t e r .  However, b e l t  use decreased 

gradual ly  a f t e r  t h e  i n i t i a l  i n c r e a s e ,  Consistent  w i t h  t h e  increased b e l t  use 

a f t e r  t h e  law was enacted,  occupant f a t a l i t i e s  decreased 25%. 

Canada: B r i t i s h  Columbia. In a s tudy of  over seven thousand 

B r i t i s h  Columbia d r i v e r s ,  Rockerbie (1983) found an inc rease  i n  b e l t  use from 

20 t o  24% before  t h e  1977 mandatory use law, t o  j u s t  over 50% a f t e r ,  

Box-Jenkins i n t e r v e n t i o n  analyses  of occupant f a t a l i t i e s  ind ica ted  a 

s i g n i f i c a n t  decrease  i n  f a t a l i t i e s  beginning nine months a f t e r  t h e  law was 

implemented, provided t h e  p a t t e r n  of f a t a l i t i e s  i n  t h e  mid-1970s was assumed 

t o  represen t  a long-term upward t r end .  Under a model assuming no long-term 

t r e n d ,  no s i g n i f i c a n t  impact of t h e  law on f a t a l i t i e s  was found. Because a 

s i g n i f i c a n t  f a t a l i t y  reduct ion was found only w i t h  a model including a t rend 

component and a nine-month l a g ,  and not with s e v e r a l  o the r  models t e s t e d ,  t h e  

study only provided t e n t a t i v e  evidence t h a t  t h e  r e s t r a i n t  law may have 

reduced t r a f f i c  f a t a l i t i e s .  

Canada: Ontario.  Snow (1979) reviewed b e l t  use i n  Ontario i n  t h e  

1970s, po in t ing  out  t h a t  use was about 10 t o  15% i n  t h e  e a r l y  1970s, r i s i n g  

t o  17% by 1975, These s l i g h t  i n c r e a s e s  occurred during a period 

charac te r i zed  by mass media campaigns t o  encourage b e l t  use. In December, 

1975, immediately p r i o r  t o  t h e  January 1 implementation of  a mandatory b e l t  

law, use r o s e  t o  21%. After  t h e  law took e f f e c t  use jumped t o  77% i n  

February, 1976, dec l in ing  t o  j u s t  over 50% by June of t h a t  year.  Simpson and 



Warren (1981) argue t h a t  the decl ine i n  use i n  mid-1976 was a r e s u l t  of the 

driving public gradually becoming aware of the  low r i sk  of detect ion for  

v io la t ing  the  b e l t  law, and decreasing t h e i r  compliance a s  a r e su l t .  Pierce 

(1979) reported f igures  s imilar  t o  Snow, w i t h  the addition of a survey of 

dr ivers  i n  May, 1978, which revealed t h a t  use was up t o  65%. The increased 

use seen i n  1978 may have resul ted from the  strengthened enforcement t h a t  

began i n  mid-1977. 

Matthews (1982) observed b e l t  use among Ontario dr ivers  from September 

t o  December, 1980. Average use was 49% during t h i s  period. Matthews points 

out t h a t  t h i s  f igure  is  close t o  the  50% estimate found a f t e r  the  law had 

been i n  e f f e c t  for  a year,  indicat ing t h a t  b e l t  use may be s t a b i l i z i n g  a f t e r  

the  temporary jump in  use i n  ea r ly  1976 and subsequent p a r t i a l  decay of the 

lega l  impact during the  following several  months. 

Consistent w i t h  the  increase i n  r e s t r a i n t  use in  Ontario, f a t a l i t i e s  

were down 13% and i n j u r i e s  down 18% over the  f i r s t  s ix  months w i t h  the new 

law (Snow, 1979). However, a simultaneous reduction in  the  province-wide 

speed limit makes it d i f f i c u l t  t o  a t t r i b u t e  observed in jury  decl ines  t o  the  

r e s t r a i n t  law. 

The Ontario Ministry of Health (nod , )  obtained hospi ta l  records of a l l  

crash-involved injured motor vehicle  occupants i n  1975 and 1976. They found 

a 13% decl ine i n  number of victims hospi tal ized between 1975 and 1976, but 

t he  average treatment cost per victim increased from Cn$339.01 t o  Cn$361.00 

in  constant do l la rs .  Combining these two e f f e c t s ,  there  was a net reduction 

of 7.5% in medical care cos t s  due t o  t r a f f i c  i n j u r i e s  a f t e r  the  b e l t  law took 

e f f e c t .  These authors a l so  noted the  February 1976 reduction i n  speed l i m i t  

as  a fac tor  confounding in t e rp re t a t ion  of the r e s u l t s ,  



Roberts and o t h e r s  (1979) s p e c i f i c a l l y  t r i e d  t o  i s o l a t e  t h e  e f f e c t s  of 

t h e  r e s t r a i n t  law from t h e  speed l i m i t  change by analyzing c rashes  on roads 

with speed limits of  35 M.P.H. or  l e s s  i n  an Ontar io  c i t y .  They found t h a t  

11.3% of crash-involved d r i v e r s  i n  1975 were i n j u r e d ,  while only  9.9% were 

in ju red  i n  1976, a f t e r  t h e  b e l t  law was implemented. Figures  f o r  passengers 

were 8.9 i n j u r e d  per 100 crashed v e h i c l e s  i n  1975, and 6.8 per 100 crashed 

veh ic les  i n  1976. \ b i l e  t h e  s tudy d i d  not include c o n t r o l  groups, and was 

l imi ted  t o  one c i t y ,  t h e  r e s u l t s  do i n d i c a t e  t h a t  t h e  b e l t  law apparent ly  had 

an e f f e c t  i n  reducing i n j u r i e s  t h a t  was independent of t h e  e f f e c t  of lowering 

t h e  speed l i m i t .  

Canada: Saskatchewan. Saskatchewan's Ju ly ,  1977, implementation of 

a s e a t  b e l t  law r e s u l t e d  i n  an i n c r e a s e  i n  use from 26% t o  78% among d r i v e r s ,  

and from 24% t o  80% among f r o n t  s e a t  passengers,  according t o  Simpson and 

Warren (1981). More d e t a i l e d  d a t a  on use among f r o n t  s e a t  occupants (both 

d r i v e r s  and passengers)  provided by S h e i l s  (1978) a r e  a s  follows: 24% i n  

May, 1977; 73% i n  October, 1977; and 60% i n  May, 1978. Bergen and o t h e r s  

(1979) observed d r i v e r  b e l t  use  and repor ted  t h e  following f igures :  52% i n  

Ju ly ,  1977; 70% i n  October, 1977; 55% i n  May, 1978; and 70% i n  May, 1979. 

While some of t h e  i n c r e a s e  i n  use immediately following passage of  t h e  law 

decayed a year l a t e r ,  most of t h e  l o s s  was regained by 1979. 

S h e i l s  (1978) a l s o  analyzed i n j u r y  and f a t a l i t y  d a t a  f o r  one year before  

and one year a f t e r  t h e  new law. An i n c o n s i s t e n t  p a t t e r n  of changes i n  

i n j u r i e s  and f a t a l i t i e s  was found. Nonfatal i n j u r i e s  were down i n  

Saskatchewan a f t e r  t h e  b e l t  law took e f f e c t ,  and were up i n  one comparison 

province,  Manitoba. The o t h e r  comparison province ,  Alber ta ,  experienced an 

i n j u r y  reduct ion s i m i l a r  t o  Saskatchewan. F a t a l i t i e s  i n  Saskatchewan 



increased s l i g h t l y  a f t e r  t h e  b e l t  law was implemented, but  t h e  inc rease  was 

l e s s  than expected given previous t r e n d s  and was l e s s  than t h e  inc rease  i n  

Alberta.  On t h e  o t h e r  hand, f a t a l i t i e s  a c t u a l l y  decl ined i n  Manitoba, t h e  

second comparison province. Given t h e s e  r e s u l t s ,  it appears t h a t  

Saskatchewan's b e l t  law had no c l e a r  e f f e c t  on t r a f f i c  c a s u a l t i e s .  

Denmark. Denmark required f r o n t  s e a t  occupants over t h e  age of 14 

t o  use r e s t r a i n t s  beginning January,  1976. Nordentoft and o t h e r s  (1978) 

summarized s e v e r a l  s t u d i e s  of t h e  Demark experience.  A s tudy of  d a t a  from 15 

h o s p i t a l s  f o r  t h e  four th  q u a r t e r s  of 1975 and 1976 revealed a 16% d e c l i n e  i n  

in ju red  d r i v e r s  admitted,  but a 10% inc rease  i n  in ju red  passenger admissions; 

t o t a l  i n j u r i e s  were down 14%. Data from t h e  Aarhus County h o s p i t a l s  revealed 

a 15% decrease  i n  i n j u r i e s  and a 25 t o  32% decrease  i n  s e r i o u s  l e s i o n s  a f t e r  

t h e  b e l t  law was implemented. A u n i v e r s i t y  h o s p i t a l  t r e a t e d  s i g n i f i c a n t l y  

fewer t r a f f i c  i n j u r i e s  immediately a f t e r  t h e  law was implemented, but  

i n j u r i e s  i n  1977 re turned t o  t h e i r  1975 prelaw l e v e l .  In c o n t r a s t  t o  t h i s  

f ind ing  of  an apparent  temporary e f f e c t  of  t h e  law based on one h o s p i t a l ' s  

d a t a ,  b e l t  use da ta  ind ica ted  an i n c r e a s e  from 20% before  t o  50% immediately 

a f t e r  t h e  law, with use cont inuing t o  r i s e  t o  75% a f t e r  two years .  

Finland.  In J u l y ,  1975, Finland mandated b e l t  use f o r  f ron t - sea t  

occupants over t h e  age of 15. Oranen (1977) repor ted  b e l t  use t r e n d s  before  

t h e  b e l t  law. In  1966 use was about 15%, i n  1967 16%, inc reas ing  t o  20% by 

1968, t h e  r a t e  observed i n  1972 a s  well .  Res t ra in t  use was observed 

immediately before  (May-June, 1975) and immediately a f t e r  (August, 1975 t h e  

e f f e c t i v e  d a t e  of t h e  new law, a s  we l l  a s  one year l a t e r .  Weekday b e l t  use 

among highway motor i s t s  was 30% before  t h e  law, 68% a f t e r ,  and 64% one year 

l a t e r .  Sunday use among highway motor i s t s  went from 40% before  t o  71% a f t e r  



and 67% one year l a t e r .  R e s t r a i n t  use among urban motor i s t s  increased from 

9% before  t o  53% immediately a f t e r  t h e  law, but decayed t o  37% one year 

l a t e r .  Oranen noted t h e  p a r t i a l  decay i n  t h e  laws e f f e c t  on use ,  and a l s o  

ind ica ted  s u b s t a n t i a l  v a r i a t i o n  i n  observed use  ac ross  regions  of t h e  country 

and ac ross  observat ion s i t e s .  

F i she r  ( 1  980) ,  c i t i n g  Berard-Andersen, repor ted  t h a t  b e l t  use  before  t h e  

Finland law was 8% i n  urban a r e a s  and 31% i n  r u r a l  a reas .  The corresponding 

f i g u r e s  a f t e r  use was compulsory were 38% and 66%. 

France. France has required b e l t  use s i n c e  J u l y ,  1973 f o r  motor i s t s  

t r a v e l i n g  on highways; t h e  law was extended t o  c i t y  d r i v i n g  i n  1979. F i she r  

(1980) repor ted  b e l t  use  of 20-253 before  t h e  1973 law and 80% a f t e r .  

Chodkiewicz and Dubarry (1977) provided t h e  fo l lowing b e l t  use d a t a  based on 

"po l i ce  con t ro l s : "  20% i n  1972, 26% i n  1973, 67% i n  1974, and 80% i n  1975. 

They a l s o  r e p o r t  a 23% d e c l i n e  i n  t h e  number of  t r a f f i c  f a t a l i t i e s  between 

1972 and 1975. 

Gerondeau (1979) has provided t h e  most complete d a t a  on b e l t  use on 

French highways a f t e r  t h e  law took e f f e c t ,  One week a f t e r  t h e  July 1 

implementation of t h e  law 80% of r u r a l  m o t o r i s t s  wore b e l t s .  By November, 

1973, however, use dropped t o  50%. Strengt'hened enforcement brought use  back 

up t o  80% in  e a r l y  1974, but  use subsequently decl ined s l i g h t l y  t o  70-752 by 

1979. In a l a t e r  r e p o r t ,  Gerondeau (1981 provided use  f i g u r e s  f o r  1975-1979 

a s  follows: b e l t  use was 54% i n  1974, 76% i n  1975, 79% i n  1976, 72% i n  1977, 

67% i n  1978, 69% i n  1979, and 79% i n  1980, Most of t h e  v a r i a t i o n  i n  use 

e s t i m a t e s  dur ing t h i s  period may be due t o  t h e  sampling design ( d e t a i l s  of  

which were not  provided).  However, it does appear t h a t  t h e  expansion of  

mandatory b e l t  use t o  c i t y  d r i v i n g  r e s u l t e d  i n  more d r i v e r s  b e l t i n g  up 



whenever on the road, s ince use on highways increased 10% a t  the  time of t h a t  

legal  change. 

Ireland. Ireland mandated r e s t r a i n t  use for  f ront  sea t  occupants 

e f f ec t ive  February, 1979. Hearne (1981 ) conducted small-scale surveys in  the 

f a l l  of 1978 and the summer of 1979, i n  an attempt t o  ident i fy  e f f e c t s  of the 

law, Use among dr ivers  on nat ional  roads increased from 19% in 1978 t o  46% 

in  1979, while passenger use increased from 17% t o  52%. Similar data for  

other roads were 9% to  38% for  d r ive r s ,  and 12% t o  48% for passengers. Crash 

data for  February-December, 1979 were compared w i t h  s imi la r  data  for  1977 and 

1978. Based on these short-term followup da ta ,  the  r e s t r a i n t  law had no 

e f f ec t  on the  proportion of a l l  crashed dr ivers  t h a t  were injured.  

I s r a e l .  In July, 1975, I s r a e l  mandated r e s t r a i n t  use for  f ront  sea t  

occupants 14 years of age and older t rave l ing  on nonurban roads. Hakkert and 

o thers  (1981) observed b e l t  use on three  main roads and a t  th ree  gasoline 

s t a t i ons .  Belt use on nonurban roads increased from 6% before t o  77% 

immediately a f t e r  the  law was passed. Use was up t o  83% i n  1976, but 

declined somewhat t o  70% in 1977. The authors a l so  examined f a t a l i t y  and 

in jury  data  for  urban and nonurban roads for  a five-year period a f t e r  

implementation of the b e l t  law, Using urban roads as  a control  group, net 

casualty reductions associated w i t h  the  b e l t  law were 42% for  dr iver  

f a t a l i t i e s ,  44% for passenger f a t a l i t i e s ,  18% for dr iver  i n j u r i e s ,  and 8% for 

passenger i n ju r i e s .  In te rpre ta t ion  of the  casual ty reductions is  complicated 

by fue l  shortages and reduced speed limits occurring during the same period, 

Luxembourg. Luxembourg made b e l t  use compulsory among dr ivers  and 

f ront  s e a t  passengers beginning June, 1975. Fisher (1980) noted t h a t  some 

o f f i c i a l s  indicated t h a t  t he  frequency of f a t a l i t i e s  and the sever i ty  of 



i n j u r i e s  decl ined a f t e r  t h e  b e l t  law, r e p o r t s  of the  research t o  s u b s t a n t i a t e  

such claims a r e  not ava i l ab le .  

Netherlands. The Netherlands implemented a mandatory b e l t  law f o r  

d r i v e r s  and f r o n t  passengers i n  June, 1975, F i she r  (1980) r e p o r t s  t h a t  use 

went from 1 1  t o  58% i n  urban a r e a s  and 24 t o  75% i n  r u r a l  a reas  a t  t h e  time 

t h e  law took e f f e c t .  

New Zealand. New Zealand implemented compulsory b e l t  use i n  June, - 

1972. Bel t  use i n  May, 1972, immediately before  t h e  new law took e f f e c t ,  was 

40% (Toomath, 1977 1. In June, 1972 use jumped t o  875, dec l in ing  s l i g h t l y  t o  

83% i n  1974, but  inc reas ing  t o  89% i n  1975. Assuming t h e  small  changes i n  

est imated use between 1972 and 1975 were due t o  sampling e r r o r ,  it appears 

t h a t  New Zealand1s b e l t  law r e s u l t e d  i n  an immediate and sus ta ined inc rease  

i n  r e s t r a i n t  use,  A decay i n  t h e  l a w l s  e f f e c t s  a f t e r  a year o r  more, a s  seen 

i n  s e v e r a l  o t h e r  j u r i s d i c t i o n s ,  apparent ly  d id  not occur i n  New Zealand. 

Toomath a l s o  examined occupant f a t a l i t i e s  and found a 3% inc rease  from t h e  

two-year period immediately preceding t h e  b e l t  law t o  t h e  two-year period 

immediately following.  This 3% inc rease  i n  occupant f a t a l i t i e s  was i n  

c o n t r a s t  t o  t h e  inc rease  i n  o t h e r  types  of t r a f f i c  f a t a l i t i e s  ( i . e . ,  

motorcyc l i s t s ,  pedes t r i ans )  of almost 401, and t h e  inc rease  i n  gaso l ine  s a l e s  

of over 12%. The very smal l  inc rease  i n  f a t a l i t i e s  among motor veh ic le  

occupants covered by t h e  b e l t  law, during a period i n  which exposure t o  crash 

risk increased ( ind ica ted  by increased s a l e s  of motor f u e l )  and o v e r a l l  

f a t a l i t i e s  increased s u b s t a n t i a l l y ,  provides evidence t h a t  t h e  b e l t  law 

con t r ibu ted  t o  t h e  prevention of f a t a l i t i e s , ,  

Norway. Norway implemented a mandatory b e l t  law f o r  d r i v e r s  and 

f r o n t  s e a t  passengers i n  September, 1975; however, no p e n a l t i e s  were assessed 



f o r  noncompliance, Use i n  urban a r e a s  increased from about 15% before  t h e  

law t o  30% immediately a f t e r .  The corresponding f i g u r e s  f o r  r u r a l  a reas  were 

from 37% t o  60% ( F i s h e r ,  1980). Use decl ined somewhat i n  e a r l y  1976, but  i n  

1977 re turned t o  t h e  l e v e l  observed immediately a f t e r  t h e  law took e f f e c t .  

Puerto Rico. Occupant r e s t r a i n t  use has been mandatory f o r  motor -- 
v e h i c l e  d r i v e r s  and passengers i n  Puerto Rico s i n c e  January,  1974. F i she r  

(1980) repor ted  an inc rease  i n  b e l t  use from 5% i n  Ju ly ,  1973 t o  24% i n  May, 

1974. Bel t  use decl ined t o  a low of 7% i n  September, 1974, then increased 

g radua l ly  t o  a high of 34% i n  January,  1976. Use exh ib i t ed  a downward t r end  

throughout 1976 and t h e  f i r s t  h a l f  of 1977, t o  14% by May, 1977. While t h e r e  

was some evidence t h a t  t r a f f i c  f a t a l i t i e s  were nega t ive ly  assoc ia ted  with 

b e l t  use  r a t e s ,  d e t a i l s  were not provided. 

South Afr ica .  South Afr ica  began mandating t h e  use of s e a t  b e l t s  by -- 
f r o n t  s e a t  occupants i n  December, 1977. Fe rn ie  (1980) repor ted  b e l t  use  

f i g u r e s  be fo re  and a f t e r  passage of t h e  new l e g i s l a t i o n .  Average use was 6% 

i n  1974, i n c r e a s i n g  t o  1 1  % i n  1977, fo l lowing major p u b l i c i t y  campaigns. Use 

was 18% a month before  t h e  law took e f f e c t ,  and jumped t o  62% by March, 1978. 

By September, 1979, use stood a t  70%. 

Fern ie  a l s o  conducted a pre l iminary  a n a l y s i s  of  t h e  e f f e c t s  of  t h e  law 

on t r a f f i c  i n j u r i e s  and f a t a l i t i e s .  Passenger c a r s  ( s u b j e c t  t o  t h e  new law) 

were compared t o  l i g h t  commercial v e h i c l e s  (no t  s u b j e c t  t o  t h e  new law) both 

before  and a f t e r  December, 1977. No s i g n i f i c a n t  change i n  f a t a l i t y  r a t e s  was 

found t o  be assoc ia ted  with t h e  b e l t  law, but  i n j u r i e s  were down an est imated 

20%. The author cau t ions  t h e  reader  t h a t  major confounding f a c t o r s ,  such a s  

a motor f u e l  shor tage  and s u b s t a n t i a l l y  increased f u e l  p r i c e s  i n  1979, 

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



Spain,  Compulsory s e a t  b e l t  use on highways i n  Spain began A p r i l ,  

1974. F i s h e r ' s  (1980) survey of c o u n t r i e s  with b e l t  laws revealed no 

information on e f f e c t i v e n e s s  of  Spain ' s  law. 

Sweden. Sweden began mandating r e s t r a i n t  use i n  January, 1975, f o r  

f r o n t  s e a t  occupants over 14 yea r s  old.  Bohlin (1979) repor ted  an inc rease  

i n  b e l t  use among f r o n t  s e a t  occupants from about 40% i n  1974 t o  80% i n  1975. 

Bel t  use among r e a r  s e a t  occupants remained much lower, and stood a t  about 6% 

i n  1978. F a t a l i t i e s  among motor veh ic le  occupants decreased 125, and s e r i o u s  

i n j u r i e s  decreased 20% t h e  f i r s t  year with t h e  new law. Bohlin es t ima tes  a 

c o s t  savings  due t o  t h e  l e g i s l a t i o n  of  about US$33 mi l l ion  i n  1975 alone.  

Fisher  ( 1980),  c i t i n g  Edvardsson and Degermark, provided b e l t  use 

information f o r  s e v e r a l  yea r s  p r i o r  t o  and immediately a f t e r  passage of t h e  

b e l t  law. Use r a t e s  increased from about 15% i n  1971 t o  36% i n  1974, a 

period during which severa l  pub l i c  information and education campaigns were 

implemented. One month a f t e r  t h e  law took e f f e c t  use remained about t h e  same 

a s  immediately before.  

Addit ional  followup d a t a  a r e  a l s o  repor ted  by F i s h e r ,  based on a r e p o r t  

by Tingval l .  The more recen t  d a t a  r evea l  a s u b s t a n t i a l  inc rease  i n  b e l t  use 

a f t e r  t h e  law was implemented, beginning i n  1976. By 1978 t h e  f i g u r e s  were 

76% i n  urban a r e a s  and 90% i n  r u r a l  a reas .  

Andreasson and Roos ( 1  977) s tud ied  i n  ju:red motor veh ic le  occupants 

t r e a t e d  i n  16 h o s p i t a l s ,  comparing t h e s e  d a t a  f o r  t h e  f a l l  of 1974, before  

t h e  law was implemented, t o  t h e  f a l l  of 19715, a f t e r  implementation of t h e  

law. The number of  in ju red  motor veh ic le  occupants decreased 19%. The 

reduct ion i s  c o n s i s t e n t  with t h e  inc rease  i n  b e l t  use from 36% i n  1974 t o  81% 

i n  1975 repor ted  by Andreasson and Roos. However, c a s u a l t i e s  i n  o the r  types  



of t r a f f i c  u n i t s  not affected by the  b e l t  law (pedestr ians,  motorcyclists,  

e t c . )  a lso decreased 6-27%, ind ica t ing  t h a t  observed reductions i n  injured 

occupants may be due t o  f ac to r s  other than the  b e l t  law. 

Switzerland. A mandatory sea t  b e l t  law was implemented in  

Switzerland i n  January, 1976. Public opposition t o  the law was evident soon 

a f t e r  it  took e f f e c t ,  and the law was challenged i n  court .  I n  the f a l l  of 

1977, the Supreme Court ruled in  two separate  cases t h a t  the mandatory be l t  

law was inva l id ,  having the e f f e c t  of repealing the  law. Swiss government 

repor t s  summarized by Fisher (1980) ind ica te  t h a t  be l t  use increased from 

about 35% before t o  over 90% immediately a f t e r  implementation of the law, but 

began t o  decl ine a f t e r  several  months. The downward trend continued through 

1978; use f igures  for  September, 1978, (almost a year a f t e r  the  law was 

repealed) were 64% on expressways, 46% on ru ra l  roads, and 33% on urban 

s t r e e t s .  Andreasson (1983) has reported more recent use f igures ,  a f t e r  the  

b e l t  law was re ins ta ted  in  July 1981. Belt use i n  1982 was up t o  77% on 

expressways, 76% on ru ra l  roads, and 62% on urban s t r e e t s .  

Fisher a l so  described a study i n  which occupant i n j u r i e s  and f a t a l i t i e s  

among crash victims were compared for  the  years 1972, 1973, 1975, and 1976. 

A 12% decrease i n  f a t a l i t i e s  occurred from 1975 t o  1976. The Swiss Bureau of 

Accident Prevention has said ( i n  an interview reported by Fisher ,  1980) t h a t  

in jury  sever i ty  decreased 9-14s while t he  sea t  b e l t  law was i n  e f f e c t ,  and 

increased 22% a f t e r  repeal.  No d e t a i l s  on the  bas is  fo r  the  estimates were 

ava i lab le ,  and o thers  have questioned the  accuracy of those estimates.  

United Kingdom. The United Kingdom implemented a mandatory be l t  use 

law i n  February, 1983. Andreasson (1983) indicated t h a t  be l t  use i n  Great 

Br i ta in  i n  May, 1983, was up t o  95%, and mentions t h a t  hospi ta l s  report  fewer 



and l e s s  severe i n j u r i e s  due t o  the higher be l t  use r a t e .  No fur ther  d e t a i l s  

were provided. 

West Germany. Occupant r e s t r a i n t  use was made mandatory for  dr ivers  - 
and front  sea t  passengers i n  West Germany beginning January, 1976, Although 

no f ines  for noncompliance were establ ished,  some courts  have viewed lack of 

b e l t  use as  contributory f a u l t  in  motor vehicle crash cases. Data collected 

by the Federal I n s t i t u t e  for  S t r ee t s  (reported by Fisher ,  1980) indicated 

tha t  be l t  use increased subs tan t ia l ly  a f t e r  the  law was implemented, despi te  

the lack of pena l t ies  for noncompliance ( a  finding also reported by 

Seidenstecher , 1979 1. Overall use (i  .e., urban, r u r a l ,  and expressways) 

averaged 28% in August, 1975, 321 i n  November, 1975, jumping t o  50% i n  

January, 1976, declining s l i g h t l y  t o  about 46% throughout 1977, and gradually 

increasing t o  58% by September, 1978. 

Other s tud ies ,  In addition t o  the spe 'c if ic  s tud ies  reviewed above, - 
the American Seat Belt Council, which has taken a posi t ion in  support of be l t  

use laws, has surveyed o f f i c i a l s  in  countrimes t h a t  have implemented mandatory 

use laws (American Seat Belt Council, 1981). While the basis  for the 

estimated lega l  impacts were not provided, estimates of the effect iveness  of 

mandatory b e l t  use laws i n  increasing use and reducing occupant f a t a l i t i e s  

and i n j u r i e s  were provided for  many of the countr ies  surveyed. According t o  

these data ,  sea t  be l t  use increased from about 10-30% before the  laws t o  

70-90% a f t e r  in  many jur i sd ic t ions .  

Effects  of C h i l d  Restraint Use Laws -- -- 
Australia.  Compulsory use of chi ld  reistraint devices emerged 

several  years a f t e r  mandatory adul t  sea t  be l t  laws were implemented. As w i t h  



adult  b e l t  use laws, the f i r s t  ju r i sd ic t ion  t o  mandate r e s t r a i n t  use for  

children was Victor ia ,  Austral ia .  In January, 1976 the Victoria adul t  sea t  

be l t  law was expanded t o  include children. Klug (1978) compared children 

admitted t o  one hospi ta l  because of crash-induced in jury  i n  1972 and 1973 

with those admitted in  1976 and 1977. The t o t a l  number of children admitted 

for  in jury  was down s l i g h t l y  a f t e r  the  chi ld r e s t r a i n t  law, but there was no 

s ign i f i can t  change in  in jury  pa t te rns .  There was an increased tendency for 

injured chi ldren t o  be r iding i n  t he  rear  s ea t  a t  the  time of the  crash,  but 

the change i n  posi t ion d i d  not apparently r e s u l t  i n  s ign i f i can t ly  fewer or 

l e s s  ser ious in  j u r i e s .  Vulcan ( 1977, 1978) surveyed vehicle occupants a t  s ix  

shopping centers  and several  i n t e r sec t ions  i n  the Melbourne area in  

September, 1975, December, 1976, February, 1977, December, 1977, and 

February, 1978. Child r e s t r a i n t  use increased very s l i g h t l y  a f t e r  the  law 

was implemented, and the e f f e c t  of the  law on s h i f t i n g  c h i l d  passengers from 

the f ront  t o  rear  s e a t s  was again noted. Vulcan a l so  compared casua l t i e s  for  

1975 and 1976, finding a  11 $ decrease for  young chi ldren,  compared t o  a  4% 

decrease for older children. Boughton (1978) reported the  decrease i n  youth 

casua l t i e s  a s  an 8% decl ine for  0-6-year-olds, arguing t h a t  it is  not 

s ign i f i can t  given the  1971-75 l i nea r  trend. 

Boughton (1978, 1979) a l so  reported on the experience of New South Wales 

w i t h  mandating ch i ld  r e s t r a i n t  use. A s h i f t  i n  seat ing posi t ion t o  the rear  

s ea t s  was observed, a s  well a s  a  6% increase i n  r e s t r a i n t  use among f ront  

sea t  chi ld  passengers. Children under the  age of seven a l so  showed 3% fewer 

ca sua l t i e s  the  f i r s t  six months w i t h  t he  law than the  corresponding period 

one year e a r l i e r .  Reviewing several  s tud ies  of Australian chi ld r e s t r a i n t  

laws, Boughton concludes t h a t  observed chi ld r e s t r a i n t  use was not much 



d i f f e r e n t  i n  provinces with mandatory use laws than those  without.  

Therefore ,  Boughton argues ,  none of t h e  Aus t ra l i an  c h i l d  r e s t r a i n t  laws can 

be considered e f f e c t i v e .  

Saunders (1982) s tud ied  t h e  May, 1981, reduct ion i n  age f o r  compulsory 

b e l t  use from 5 yea rs  o ld  t o  1 year old i n  Western Aus t ra l i a .  Observing 

r e s t r a i n t  use a t  four shopping c e n t e r s  i n  Pe r th ,  Saunders found an inc rease  

i n  r e s t r a i n t  use among 1-4-year-olds from 55% t h e  day before  t h e  law took 

e f f e c t  t o  60% t h e  following day. The l e g a l  impact decayed s l i g h t l y  n ine  

months l a t e r ,  when use was 57%. These f i g u r e s  were based on small  samples 

and should be i n t e r p r e t e d  w i t h  caut ion.  Saunders a l s o  noted t h a t  t h e  law had 

no apparent  e f f e c t  on c h i l d  f a t a l i t i e s  and i n j u r i e s .  

Implementation of  mandatory occupant r e s t r a i n t  use laws i n  t h e  United 

S t a t e s  has diverged from t h e  p a t t e r n  seen elsewhere. Whereas most c o u n t r i e s  

f i r s t  mandated r e s t r a i n t  use among a d u l t s ,  and only l a t e r  expanded t h e  laws 

t o  include young c h i l d r e n ,  no s t a t e  has ye t  made r e s t r a i n t  use compulsory f o r  

a d u l t s  ( t h e  t e r r i t o r y  of  Puerto Rico might be considered t h e  only excep t ion) ,  

but most s t a t e s  i n  t h e  pas t  few years  have implemented mandatory c h i l d  

r e s t r a i n t  use laws. 

Tennessee. Tennessee was t h e  f i r s t  s t m a t e  t o  mandate r e s t r a i n t  use 

fo r  young ch i ld ren .  The law applied t o  ch i ld ren  up t o  t h e  age of f o u r ,  and 

took e f f e c t  i n  January of 1978. Perry and o t h e r s  (1980) have conducted t h e  

most comprehensive evaluat ion of c h i l d  r e s t r a i n t  laws published t o  da te .  

Using convenience samples of  young motor veh ic le  occupants,  they found t h a t  

r e s t r a i n t  use among 0-3-year-olds before  t h e  law was implemented was 11.8% i n  

urban a reas  and 6.5% i n  r u r a l  a reas .  These f i g u r e s  apply only t o  t h e  b e s t  

r e s t r a i n e d  c h i l d  i n  each veh ic le .  In v e h i c l e s  with mul t ip le  c h i l d r e n ,  



r e s t r a i n t  use among secondary children was typ ica l ly  much lower. Followup 

data were as  follows: 17.4% urban and 12.2% ru ra l  6 months a f t e r  

implementation, 13.1% urban and 7.0% r u r a l  a t  12 months, 16.8% urban and 

10.4% ru ra l  a t  18 months, and 18.8% urban and 15.8% ru ra l  a t  24 months 

followup. Thus implementation of the law was associated with a short-term 

increase i n  use of about 6 percentage-points, with the  s i ze  of the increase 

decaying t o  only about one percentage-point 12 months a f t e r  the  law took 

e f f ec t .  Restraint  use subsequently increased; 24 months a f t e r  the law took 

e f f e c t  use was about 8 percentage-points higher than pr ior  t o  t he  compulsory 

use s t a t u t e .  

Perry and o thers  a l so  examined Tennessee accident data for  the 1976-79 

period, using six-month t o t a l s .  No s ign i f i can t  e f f e c t  of the  chi ld r e s t r a i n t  

law on the  frequency of minor, se r ious ,  or f a t a l  in jury  crashes was found. 

Williams and Wells (1981a) conducted an observational survey of chi ld  

r e s t r a i n t  use i n  four Tennessee c i t i e s .  Restraint  use was 8% f ive  months 

before implementation of the law, 16% four months a f t e r  implementation, and 

29% 29 months a f t e r .  Use was a l so  observed i n  two Kentucky c i t i e s  f i ve  

months before and 29 months a f t e r  the  Tennessee law took e f f e c t ,  for  

comparison w i t h  use i n  Tennessee. Child r e s t r a i n t  use increased i n  Kentucky 

from 1 1 %  t o  14% during t h i s  period. The much smaller increase in  use in  

Kentucky than in  Tennessee ind ica tes  t h a t  t he  compulsory chi ld r e s t r a i n t  use 

law i n  Tennessee resul ted i n  a s ign i f i can t  increase i n  the  proportion of 

young vehicle occupants res t ra ined .  

Rhode Island. Williams and Wells (1981b) a l so  studied chi ld -- 
r e s t r a i n t  use i n  Rhode Is land ,  where a mandatory chi ld r e s t r a i n t  use law was 

implemented i n  July, 1980. Use of ch i ld  r e s t r a i n t s  increased from 22% t o  35% 



a f t e r  the law took e f f ec t .  While the  increased use of chi ld  r e s t r a i n t s  i n  

Rhode Island may be due t o  the  new law, use also increased (from 18% t o  26%) 

in  Massachusetts, which had not yet passed chi ld r e s t r a i n t  l eg i s l a t i on .  The 

increased use i n  Massachusetts may indicate  a sp i l lover  e f f ec t  of the law i n  

Rhode Is land,  or may be caused by the increased nationwide i n t e r e s t  i n  chi ld  

safety in  recent years. However, the increase in  use was larger  i n  Rhode 

Island w i t h  compulsory use than i n  Massachusetts without compulsory use. 

This pat tern of la rger  changes in  Rhode Island than Massachusetts a f t e r  the 

new law was also observed for  the increased proportion of children t ravel ing 

in  rear  s ea t s ,  and the reduced proportion of children t ravel ing i n  someone's 

arms. 

Ain and others  (1981) report  on a survey of 130 Rhode Island vehicles 

and 34 Massachusetts vehicles i n  July,  1980, the  month the r e s t r a i n t  law took 

ef fec t .  Restraint use among those under 3 years old was about the  same in  

the two samples, 24% in Rhode Island and 21% in Massachusetts. Rhode Island 

dr ivers  were questioned concerning t h e i r  knowledge and use of chi ld  r e s t r a i n t  

devices. Ninety-four percent had heard of the new law, but 85% reported no 

change in  t h e i r  use of chi ld  r e s t r a i n t s .  

Hollingshead and Simon (1982) observed r e s t r a i n t  use for  newborns 

discharged from a Rhode Island hospi tal .  Use increased from 25% in 1980 t o  

51% in 1981 t o  70% in October, 1982. The parents were also questioned 

concerning ownership of a chi ld  safe ty  sea t .  Seventy percent reported 

ownership i n  1981 and 87% in 1982. While based on very limited samples, 

these f indings ind ica te  use of child r e s t r a i n t  devices apparently increased 

a f t e r  Rhode Island implemented the compulsory use law. 

New York. Compulsory r e s t r a i n t  use for  children up t o  age 5 began -- 



i n  New York in  A p r i l ,  1982. Friedman (1983) points  out the  chi ld r e s t r a i n t  

law caused a s ign i f i can t  increase i n  r e s t r a i n t  use ("more than doubledu). No 

d e t a i l s  concerning the  basis  for  t h i s  conclusion were provided. 

North Carolina. North Carolina made use of a r e s t r a i n t  system - 
mandatory for  children up t o  the  age of two, beginning July, 1982. Hall and 

others  (1982) conducted a preliminary evaluation of the  law, examining pol ice 

accident repor t s  for  15 weeks pr ior  t o  and 13 weeks a f t e r  the  law took 

e f f ec t .  The percent of 0-1-year-old crashed occupants t h a t  were restrained 

went from 29.7% immediately before t he  law t o  44.1% immediately a f t e r .  

Restraint use among 2-3-year-olds s imi la r ly  increased from 11.8% t o  19.8%, 

indicat ing a possible sp i l lover  e f f ec t  of the  law. The number of i n j u r i e s  t o  

0-1-year-old occupants decreased when the  law was implemented, but no e f f e c t  

on r a t e  of f a t a l i t i e s  was discernable.  The very small number of f a t a l i t i e s  

made iden t i f i ca t ion  of any s t a t i s t i c a l l y  s ign i f i can t  e f f e c t  impossible. 

Hall and o thers  (1983) followed up these i n i t i a l  analyses with 

observation surveys i n  1982 and 1983. Restraint  use among in fan t s  (0-1) 

increased 'from 55% before the law t o  75% a f t e r ;  f igures  fo r  2-3-year-olds 

were 25% in 1982 and 43% i n  1983. The researchers  a l so  examined data on 

crash-involved children through June, 1983. Restraint  use among 0-1-year-old 

crash-involved children leveled off  i n  mid-1983 a t  about 48%, ju s t  s l i g h t l y  

higher than the  44% l eve l  immediately a f t e r  the  law took e f f ec t .  Injury data 

revealed a drop in  the  percent of a l l  crash-involved children t h a t  were 

ser ious ly  injured from 1.7% before t he  law t o  1.0% a f t e r .  

Kentucky. Kentucky's chi ld  r e s t r a i n t  law, which took e f f ec t  i n  

July, 1982, appl ies  t o  children 40 inches or  l e s s  i n  height.  Agent (1983) 

conducted statewide observational surveys before and a f t e r  the  law was 



implemented. Use of chi ld  r e s t r a i n t s  among children under the age of 4 

increased from 14 .4% before t o  22.7% one year a f t e r  the law. I n  addi t ion,  

the proportion of children restrained i n  sea t  be l t s  increased from 1.0 t o  

1.5%. Unfortunately, of the 22.7% using chi ld s ea t s ,  50% were used 

incorrect ly .  Effects  of the law on child i n j u r i e s  were not examined. 

Discussion - of Restraint - Law Evaluation Li te ra ture  -- 
Precise estimation of the e f f ec t s  of mandatory r e s t r a i n t  laws on the 

basis  of the extant l i t e r a t u r e  is  d i f f i c u l t .  Many s tudies  have not used 

carefu l ly  planned s c i e n t i f i c  evaluation designs, and some have used outdated 

and incorrect  data analysis  methods. Methodological d e t a i l s  are  frequently 

not discussed, making it d i f f i c u l t  t o  evaluate the qua l i ty  of the information 

provided. As a r e s u l t  of these fac tors ,  findings t o  date  vary s igni f icant ly  

from study t o  s t u d y ,  and the  reported data must be interpreted cautiously. 

Despite these problems, some general statements concerning the e f f ec t s  of 

compulsory r e s t r a i n t  laws seem warrented. 

Wi th  only one exception, a l l  s tud ies  reviewed so f a r  report increased 

occupant r e s t r a i n t  use associated w i t h  the implementation of compulsory adul t  

r e s t r a i n t  use laws. The one exception i s  the study by Edvardsson and 

Degermark (discussed i n  Fisher,  19801, t h a t  found no change in  be l t  use i n  

Sweden in  the  f i r s t  month a f t e r  the law took e f f ec t .  Other Swedish data ,  

however, indicated subs tan t ia l  increases  in  use during the  three years 

following passage of the law. Several s tud ies  found t h a t  increases i n  use 

immediately following implementation of an adul t  r e s t r a i n t  law p a r t i a l l y  

decayed i n  subsequent years i f  enforcement and/or publ ici ty  was minimal. On 

the other hand, two countr ies ,  West Germany and Norway, exhibited increased 



b e l t  use a f t e r  passage of compulsory use laws w i t h  no penalty for  violat ion.  

Thus, while public information and enforcement e f f o r t s  help increase be l t  

use, there  a l so  appears t o  be some e f f e c t  due simply t o  the  passage of a 

mandating law, without enforcement or other anc i l l a ry  e f f o r t s .  

Most s tud ies  of e f f ec t s  of mandatory adul t  be l t  laws on r e s t r a i n t  use 

have been limited t o  dr ivers  and f ront  sea t  passengers, because most laws 

apply only t o  vehicle occupants i n  these seat ing posi t ions.  Where b e l t  use 

i n  rear  s e a t s  has been surveyed, use was found t o  be s ign i f i can t ly  lower. 

Effects  of compulsory adul t  b e l t  use laws on t r a f f i c  ca sua l t i e s  are  l e s s  

c lear .  While most s tud ies  t h a t  examined i n j u r i e s  or deaths found s ign i f i can t  

decl ines  associated w i t h  b e l t  use laws, some s tud ie s  found no c lear  e f f ec t .  

Changes i n  maximum speed limits, and motor fue l  shortages and price increases  

a l so  confound in t e rp re t a t ion  of observed changes in  t r a f f i c  ca sua l t i e s  during 

the  1970s. However, the  better-designed s tudies ,  including analyses of 

extended time s e r i e s  for  multiple comparison groups, have found s igni f icant  

casual ty reductions a t t r i b u t a b l e  t o  compulsory adul t  r e s t r a i n t  use laws. 

Warren and Simpson (1980) reviewed s tudies  on Canada's experience w i t h  

r e s t r a i n t  laws, and noted t h a t  numerous s tudies  have found reductions in  

crash-related i n j u r i e s  following passage of the  laws. They argue, however, 

t h a t  observed in jury  reductions cannot be a t t r ibu ted  t o  the  be l t  laws without 

the use of comparison groups and complex time-series models t o  control  for  

confounding fac tors .  To avoid these problems typica l  of past  s tud ies ,  the 

current  invest igat ion was ca re fu l ly  designed t o  include both extensive 

time-series models and multiple comparison groups. 

A few researchers argue t h a t  mandatory b e l t  laws are  not an e f f ec t ive  

means of reducing t r a f f i c  ca sua l t i e s  because of r i s k  homeostasis. According 



t o  t h i s  theory ,  d r i v e r s  may have a  p a r t i c u l a r  l e v e l  of risk t h a t  i s  

acceptable  t o  them. I f  required t o  wear b e l t s ,  which a r e  viewed a s  reducing 

risk of i n j u r y ,  d r i v e r s  may compensate by inc reas ing  t h e i r  r i s k  i n  o the r  

ways, say ,  by d r i v i n g  f a s t e r .  In s h o r t ,  "p ro tec t ing  d r i v e r s  from t h e  

consequences of bad d r iv ing  encourages bad d r iv ingv  (Wilde, 1981). Adams 

(1982) used t h e  risk homeostasis theory t o  expla in  t h e  r e s u l t s  of a  study of 

t h e  e f f e c t s  of  s e a t  b e l t  laws. Adam's s tudy ind ica ted  t h a t  coun t r i e s  without 

b e l t  laws ( B r i t a i n ,  I t a l y ,  United S t a t e s ,  and Japan) experienced l a r g e r  

f a t a l i t y  reduct ions  i n  t h e  mid-1970s than c o u n t r i e s  with b e l t  laws (Denmark, 

Finland,  France,  Germany, Netherlands,  Norwiny, Spain,  Switzer land,  Sweden, 

I s r a e l ,  A u s t r a l i a ,  and New Zealand).  Conybeare (1980) analyzed t r a f f i c  

i n j u r i e s  i n  Aus t ra l i a  i n  t h e  1970s and found t h a t  occupant i n j u r i e s  were 

reduced by mandatory b e l t  laws but t h a t  non-occupant ( c y c l i s t ,  pedes t r i an )  

i n j u r i e s  increased.  To expla in  t h e s e  resul ' i s ,  Conybeare suggests  t h a t  

d r i v e r s  responded t o  t h e  reduct ion i n  risk caused by the  b e l t  law by 

inc reas ing  t h e i r  "dr iv ing i n t e n s i t y . "  

Findings concerning t h e  e f f e c t s  of mandatory c h i l d  r e s t r a i n t  use laws 

a r e  mixed. Most s t u d i e s  t o  d a t e  have repor ted  moderate i n c r e a s e s  i n  use 

a f t e r  passage of  c h i l d  r e s t r a i n t  laws, while a  few s t u d i e s  found no changes 

i n  use. S i m i l a r l y ,  r e s u l t s  concerning t h e  e f f e c t  of c h i l d  r e s t r a i n t  laws on 

c a s u a l t i e s  p resen t  no c l e a r  p a t t e r n .  Some dec l ines  i n  c a s u a l t i e s  have been 

seen following implementation of c h i l d  r e s t r a i n t  laws, but  t h e  s t a t i s t i c a l  

and s u b s t a n t i v e  s i g n i f i c a n c e  of t h e  observed changes a r e  not c l e a r .  Given 

t h a t  most s t a t e s  have j u s t  r e c e n t l y  made c h i l d  r e s t r a i n t  use compulsory, t h e  

need f o r  a d d i t i o n a l  information derived from con t ro l l ed  s t u d i e s  using 

s ta te-of- the-ar t  methods is  c l e a r .  The s tudy  repor ted  i n  t h e  following 
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sections was designed t o  meet that  need. 



3: METHODS 

The methods used i n  t h i s  study are  b r i e f l y  reviewed here. F i r s t ,  the 

design of the evaluation of Michigan's chi ld  r e s t r a i n t  law is  discussed. 

Second, data co l lec t ion  and computer fi le-building a c t i v i t i e s  are  summarized. 

Final ly ,  a  br ief  introduction t o  time-series s t a t i s t i c a l  analysis methods i s  

presented. This Section i s  included t o  provide adequate documentation on the 

conduct of the s t u d y .  Awareness of research design, data co l lec t ion ,  and 

s t a t i s t i c a l  analysis  issues i s  important when assessing the  leve l  of 

confidence t h a t  can be placed in  the  r e su l t s .  As noted in  Section 2 ,  many 

s tudies  of mandatory r e s t r a i n t  laws conducted t o  date were poorly designed 

and implemented. In te rpre ta t ion  of many s tudies  i s  complicated by omission 

of information on methods used. This study was designed t o  avoid common 

problems in  past s tudies .  Therefore, the material  covered here w i l l  

f a c i l i t a t e  understanding of the r e s u l t s  presented i n  Sections 4 and 5. 

Nevertheless, some readers,  in te res ted  primarily i n  the main findings of the 

study, might proceed d i r e c t l y  t o  Section 4. 

Research Design 

The design of an evaluation research project  such as t h i s  is  primarily 

concerned with providing an answer t o  the following question: Did the 

intervention (here the mandatory r e s t r a i n t  law) - cause a  reduction in  the  

number of motor vehicle occupants injured im crashes? Finding a  reduction in  

i n j u r i e s  associated w i t h  implementation of the law i s  not adequate. The 

research should be 'designed so tha t  the observed decrease i n  i n ju r i e s  is  best 



explained by the  r e s t r a i n t  law. Other poten t ia l  explanations for  the 

observed decrease i n  i n j u r i e s  should be control led t o  the best extent 

possible.  

Two important dimensions of t he  design of t h i s  evaluation a re  b r i e f l y  

discussed here. F i r s t ,  the  study i s  a  monthly time-series design, This 

ru l e s  out possible  explanations of observed changes i n  in jury  r a t e s  based on 

multi-year t rends or  cycles due t o  other fac tors .  The use of monthly data 

allows iden t i f i ca t ion  of changes in  r e s t r a i n t  use or in jury  r a t e s  the  f i r s t  

month the law took e f f ec t .  Careful measurement of a  s ign i f i can t  change i n  

r e s t r a i n t  use or  in jury  r a t e s  beginning the  exact month the  mandatory 

r e s t r a i n t  law took e f f ec t  makes it more d i f f i c u l t  t o  argue t h a t  the change i s  

due t o  other influences t h a t  d i d  not f i r s t  appear t h a t  pa r t i cu l a r  month. 

The second dimension of the  design of t h i s  study i s  inclusion of 

multiple comparison groups. The comparison groups function as  cont ro ls  not 

d i r e c t l y  affected by the  vexperimentu of mandating r e s t r a i n t  use. The main 

comparison groups cons is t  of motor vehicle occupants other than those under 

the  age of four. I f  observed changes i n  r e s t r a i n t  use and i n j u r i e s  a re  due 

t o  the  chi ld r e s t r a i n t  law, the  main e f f e c t s  of the  law should be limited t o  

the  focal  age group, children under four. An addi t ional  leve l  of control  

groups, consis t ing of s t a t e s  t h a t  d i d  not implement chi ld r e s t r a i n t  laws a t  

the  time Michigan d i d ,  would fur ther  increase confidence t h a t  in jury  

reductions i n  Michigan following implementation of the  chi ld r e s t r a i n t  law 

are  i n  f a c t  due t o  t ha t  law. Such multi-state comparisons were not par t  of 

the  current  pro jec t ,  but might  be considered in  fur ther  research on mandatory 

r e s t r a i n t  use laws. 



Data Collection - 
Information on occupants imvolved in  motor vehicle crashes required for  

t h i s  project  were obtained from the Michigan S ta t e  Police,  Records were 

avai lable  for  a l l  t r a f f i c  accidents t h a t  occurred i n  the  S ta te  of Michigan 

and were reported t o  loca l  or s t a t e  police agencies. Data obtained were 

reformatted in to  individual records representing accidents,  vehicles,  and 

occupants (or  pedestr ians) .  Detailed information was avai lable  for  a l l  

accidents,  vehicles ,  and injured occupants. However, the only 

information avai lable  for  uninjured occupants was whether or not they were 

using a r e s t r a i n t  a t  the time of the crash. Information on age, sex, and 

other cha rac t e r i s t i c s  for  uninjured occupants other than dr ivers  is  not 

recorded by police o f f i ce r s  invest igat ing t r a f f i c  crashes i n  Michigan. 

The complete data f i l e s  contained records on three-quarters of a million 

crash-involved occupants per year. F i l e s  for  the years 1978 through 1982 

were used t o  ca lcu la te  the number of crash-involved occupants per month for  

numerous subgroups of i n t e r e s t ,  Monthly tilme-series var iables  were 

constructed one year a t  a time by generating hundreds of b ivar ia te  t ab l e s  

containing the  number of occupants s t r a t i f i ' ed  by ( 1 )  month, and (2 )  a 

var iable  or combination of var iables  of i n t e r e s t  (e.g., young injured 

children in  f ront  sea t  posi t ions i n  a vehicle experiencing extensive damage). 

The frequency counts i n  such tab les  were extracted t o  form many individual 

12-month time-series. The separate monthly time-series for  each year were 

combined t o  produce the 60-month-long time-series required for  a careful  

assessment of recent r e s t r a i n t  use and in jury  t rends,  and evaluation of the 

e f f ec t s  of Michigan's chi ld  r e s t r a i n t  law. 

Specif ic  var iables  and code values used t o  construct the time-series 



are summarized here. For a complete descr ipt ion of each variable ,  see the  

codebooks for  these data  (prepared and published by The University of 

Michigan Transportation Research I n s t i t u t e ,  1982). Variable numbers and code 

values corresponding t o  the 1982 codebook are  enclosed i n  parentheses for  

easy reference. For example, "V1:1-2" r e f e r s  t o  var iable  number one, code 

values one and two a s  documented i n  the  1982 Michigan codebook. 

Cases included i n  a l l  the time-series were f i r s t  f i l t e r e d  t o  include 

only passenger ca r s  and l i g h t  t rucks (V104: 1-7). These global f i l t e r s  were 

employed t o  l i m i t  the  data  analyzed t o  the  t a rge t  population of recent 

r e s t r a i n t  use e f f o r t s .  Restraint  use by occupants of buses and motor homes, 

for  example, i s  a separate  i ssue  not the  focus of t h i s  study. Passengers on 

farm equipment, construction equipment, or motorcycles a l so  are  not S U ~ J ~ C ~  

t o  the provisions of mandatory r e s t r a i n t  use laws. Likewise, Michigan's 

chi ld  r e s t r a i n t  law appl ies  only t o  Michigan res idents ;  therefore the  

time-series were f i l t e r e d  t o  include only occupants of vehicles w i t h  a dr iver  

possessing a Michigan driver  l i cense  (V151: 1-2). Nonresidents were not 

exposed t o  t he  major public information and education e f f o r t s  t h a t  

accompanied implementation of the law. T h i s  focus on the  relevant t a r g e t  

group increased the  accuracy of the assessment of the  e f f e c t s  of recent 

r e s t r a i n t  use e f f o r t s .  

The following monthly (V2) t ime-series var iables  were constructed for  

the period January, 1978, through December, 1982: 

A. Total number of crashed vehicles per month for  each of nine 
l eve l s  of vehicle damage as  measured by the  Tra f f i c  Accident 
Damage ( T A D )  sca le  (V118). 

B. Total number of injured occupants per month by: 

( 1 )  age l e s s  than one year (V206:O) 
( 2 )  ages 1 through 3 (V206:l-3) 



( 3 )  ages 4 through 15 (V206:4-15) 
(4) ages 16 through 17 (V206:16-17) 
( 5 )  ages 18 through 24 (V206: 18-24) 
( 6 )  ages 25 through 34 (V206:25-34) 
( 7 )  ages 35 through 54 (V206:35-54) 
( 8 )  ages 55 and over (V206:55-98) 

C. Tota l  number of  in ju red  occupants per month by age groups above 
and by: 

(1 ) occupant p o s i t i o n  f r o n t  s e a t  (V203: 0-2) 
( 2 )  occupant p o s i t i o n  r e a r  s e a t  (V203: 3-51 
( 3 )  occupant p o s i t i o n  o t h e r  (V203: 6-91 

D. Tota l  number of  i n j u r e d  occupants per month by age groups above 
and by: 

( 1  ) r e s t r a i n t s  used (V204:2,4) 
( 2 )  r e s t r a i n t s  not  used (V204: 1 ,3 ,5 )  

E. Tota l  number of i n j u r e d  occupants per month by age groups above 
and by: 

f a t a l  i n j u r y  s e v e r i t y  (V210: 1)  and minor veh ic le  damage 
(V118: 1-2) 
i n c a p a c i t a t i n g  i n j u r y  s e v e r i t y  (V210:2) and minor v e h i c l e  
damage (V118: 1-2) 
non incapac i t a t ing  i n j u r y  s e v e r i t y  (V210:3) and minor 
v e h i c l e  damage (V118: 1-21 
p o s s i b l e  i n j u r y  s e v e r i t y  (V210:4) and minor veh ic le  damage 
(V118: 1-2) 
f a t a l  i n j u r y  s e v e r i t y  (V210:I) and moderate veh ic le  damage 
(V118:3-4) 
i n c a p a c i t a t i n g  i n j u r y  s e v e r i t y  (V210:2) and moderate 
v e h i c l e  damage (V118: 3-41 
non incapac i t a t ing  i n j u r y  s e v e r i t y  (V210:3) and moderate 
v e h i c l e  damage (V118: 3-4) 
p o s s i b l e  i n j u r y  s e v e r i t y  (V210:4) and moderate veh ic le  
damage (V118: 3-4 
f a t a l  i n j u r y  s e v e r i t y  (V210: 1 ) and severe  v e h i c l e  damage 
(V118:5-8) 
i n c a p a c i t a t i n g  i n j u r y  s e v e r i t y  (V210:2) and severe  v e h i c l e  
damage (V118:5-8) 
non incapac i t a t ing  i n  jury  s e v e r i t y  (V210: 3)  and severe  
v e h i c l e  damage (V118: 5-81 
p o s s i b l e  i n j u r y  s e v e r i t y  (V210:4) and severe  veh ic le  damage 
(V118: 5-8 

F. T o t a l  number of v e h i c l e  occupants (V127), number of r e s t r a i n e d  
v e h i c l e  occupants (V135), and v e h i c l e  occupants with unknown 
r e s t r a i n t  use  (V136). From t h e s e  d a t a  t h e  number of  
unres t ra ined  occupants was c a l c u l a t e d .  



Construction of the  time-series l i s t e d  under F above required an 

addi t ional  s tep ,  These s e r i e s  included both injured and uninjured occupants. 

Prior t o  1980, separate  records were not included i n  the  o r ig ina l  data f i l e s  

for uninjured occupants. New occupant-level f i l e s  were created for  1979 and 

1978 using information i n  vehicle records concerning the  number of occupants 

i n  each vehicle and r e s t r a i n t  use a t  various seat ing posi t ions.  These f i l e s ,  

along w i t h  occupant-level f i l e s  already avai lable  for  1980 through 1982, 

permitted analyses of r e s t r a i n t  use among uninjured a s  well as injured motor 

vehicle occupants. 

Data Analysis Methods - 
The number of crash-involved occupants per month was examined for  an 

extended time period for  each of the categories  included in  the  research 

design. Long s e r i e s  of observations were required t o  assess  the  degree t o  

which r e s t r a i n t  usage and in jury  frequencies i n  1982 ( a f t e r  chi ld  r e s t r a i n t s  

became mandatory) were d i f f e r en t  from the  l eve l  expected, given regular 

pa t te rns  over t he  previous four-year period, Examination of both the raw 

p lo t s  of i n j u r i e s  and the s e r i e s  smoothed with simple 12-month moving 

averages provided preliminary evidence concerning e f f e c t s  of the  l ega l  

change. The moving average a l so  revealed whether long-term basel ine t rends 

were present i n  each se r i e s .  The f igures  shown i n  Chapters 4 and 5 include 

such a moving average trend l i n e .  The l i n e  fo r  the  f i r s t  12 months of each 

s e r i e s  is simply the mean of those 12 months; beginning the  13th month the 

l i n e  represents  a moving average, which for  any time point i s  the  average of 

the ac tua l  values for  t h a t  month and the  preceding 11 months. 

The main object ive of the  analyses was t o  estimate s h i f t s  i n  each in jury  



and r e s t r a i n t - u s e  t ime s e r i e s  a s soc ia ted  with t h e  l e g a l  i n t e r v e n t i o n  i n  

A p r i l ,  1982. To es t ima te  such s h i f t s  beginning t h e  f i r s t  month a f t e r  t h e  law 

took e f f e c t ,  long-term t r e n d s  and seasonal  cyc les  must f i r s t  be con t ro l l ed .  

The Box-Jenkins and Box-Tiao (Box and Tiao,  1975; Box and Jenkins ,  1976) 

i n t e r v e n t i o n  a n a l y s i s  methods were used t o  accomplish t h i s .  The methods 

combine base l ine  modeling techniques  w i t h  i n t e r v e n t i o n  impact models. The 

t ime-ser ies  (Auto-Regressive In tegra ted  Moving Average) models a r e  developed 

i t e r a t i v e l y ,  r epea ted ly  going through cyc les  of  spec i fy ing  a  model, 

e s t ima t ing  i t ,  and eva lua t ing  i t s  adequacy. The Box-Jenkins approach is a  

v e r s a t i l e  t ime-ser ies  modeling s t r a t e g y  t h a t  can model a  wide v a r i e t y  of  

t r e n d ,  seasona l ,  and o the r  r e c u r r i n g  p a t t e r n s ,  

On a  conceptual  l e v e l ,  t h e  a n a l y t i c  s t r a t e g y  involves  expla ining a s  much 

of t h e  var iance  i n  r e s t r a i n t  use o r  occupant i n j u r i e s  a s  poss ib le  on t h e  

b a s i s  of t h e  pas t  h i s t o r y  of r e s t r a i n t  usage o r  i n j u r i e s ,  before  a t t r i b u t i n g  

any of t h e  var iance  t o  another v a r i a b l e  such a s  passage of  a  law making 

r e s t r a i n t  usage compulsory. Comparative s t u d i e s  have found t h a t ,  i n  most 

cases ,  t h e  Box-Jenkins methods more a c c u r a t e l y  account f o r  r e g u l a r i t i e s  i n  

t ime s e r i e s  ( a s  r e f l e c t e d  i n  lower r e s i d u a l  e r r o r  va r i ances )  than a l t e r n a t i v e  

a n a l y s i s  s t r a t e g i e s  (Reid, c i t e d  i n  Kendall,  1976; Newbold and Granger, 1974; 

Vigderhous, 1977). This  approach of in te rven t ion  a n a l y s i s  was p a r t i c u l a r l y  

appropr ia te  f o r  t h e  p resen t  s tudy ,  s i n c e  t h e  o b j e c t i v e  was t o  i d e n t i f y  

s i g n i f i c a n t  s h i f t s  i n  r e s t r a i n t  usage and i n j u r y  r a t e s  a s soc ia ted  with t h e  

c h i l d  r e s t r a i n t  law, independent of observeid r e g u l a r i t i e s  i n  t h e  h i s t o r y  of 

each v a r i a b l e .  The most important  point  i s  t h a t  without t h e s e  methods, 

i n c o r r e c t  conclus ions  might be made. For example, a  decrease  i n  i n j u r i e s  

might be f u l l y  a t t r i b u t e d  t o  a  s p e c i f i c  i n t ~ e r v e n t i o n ,  when i n  f a c t  it i s  



e n t i r e l y  c o n s i s t e n t  with a pre-exis t ing multi-year downward t r end  i n  

i n j u r i e s .  In s h o r t ,  c o n t r o l l i n g  f o r  base l ine  t r e n d s  and cyc les  w i t h  

t ime-ser ies  models produces more accura te  e s t ima tes  of t h e  e f f e c t s  of 

r e s t r a i n t - u s e  l e g i s l a t i o n .  



4: PATTERNS OF RESTRAINT USE IN MICHIGAN 

Before examining i n  d e t a i l  the e f f ec t  of the recent ly enacted mandatory 

chi ld r e s t r a i n t  use law, trends in  crash involvement and r e s t r a i n t  use are  

reported. Two questions are  answered i n  t h i s  section. First, in  what ways 

does r e s t r a i n t  use vary by cha rac t e r i s t i c s  of the occupant, motor vehicle,  or 

t r ave l  environment? T h i s  information w i l l  help OHSP ident i fy  subpopulations 

tha t  may have benefited from previous e f f o r t s  t o  increase be l t  use and 

decrease casua l t ies ,  and, more importantly, ident i fy  appropriate ta rge t  

populations for  fur ther  programmatic and policy e f fo r t s .  Comparisons between 

reported r e s t r a i n t  use among spec i f ic  subpopulations i n  the crash-involved 

population w i t h  r e s t r a i n t  use measured i n  on-the-road observational surveys 

w i l l  help ident i fy  possible biases  i n  each dataset .  This information w i l l  be 

important because measures t o  decrease casua l t ies  through increasing 

r e s t r a i n t  use w i l l  continue t o  be evaluated using these two basic sources of 

information ( i . e . ,  observation surveys and crash repor t s ) .  

The second major question answered i n  t h i s  sect ion i s  how has r e s t r a i n t  

use and crash involvement changed i n  recent years? Year-to-year changes over 

the past several  years and month-to-month changes w i t h i n  each year were 

examined. T h i s  'information is  important as broader measures t o  increase 

r e s t r a i n t  use, such as mandatory be l t  use for  motor vehicle occupants of a l l  

ages, a re  considered. Overall t rends in  r e s t r a i n t  use and crash involvement 

are examined here; age-specific r e s t r a i n t  use and in jury  r a t e s  a r e  discussed 

i n  sect ion 5, where the  e f f e c t s  of the chilld r e s t a i n t  law are  presented. 



Restraint  Use Across Subpopulations 

Restraint  use was examined among a l l  Michigan res idents  involved i n  a 

a passenger car or l i g h t  truck crash in  1982. The r e l a t i v e l y  small number of 

non-Michigan res idents  involved i n  crashes i n  the s t a t e  were purposely 

f i l t e r e d  out t o  increase the  s e n s i t i v i t y  of the  analyses. Ef for t s  t o  

increase r e s t r a i n t  use are  l a rge ly  focused on the res ident  population. 

Public information and education programs are  l imited t o  res idents  of 

Michigan. Even the  ch i ld  r e s t r a i n t  law does not apply t o  nonresident dr ivers  

(Public Law 117 of 1981). Analyses were a l so  limited t o  t he  great  majority 

of a l l  vehicles  t h a t  a re  passenger cars  or l i g h t  t rucks,  Passengers of these 

vehicles  a re  t he  t a rge t  population of almost a l l  e f f o r t s  t o  increase 

r e s t r a i n t  use. Restraint  use among passengers of buses, motor homes, farm 

equipment, and other miscellaneous vehicles i s  a separate  i ssue  not the  focus 

of t h i s  study. 

The population under study is  crash-involved automobile/light truck 

occupants. Ind ica tors  of the  variables  under study a re  based on data  

recorded by pol ice o f f i c e r s  inves t iga t ing  crashes.  While Michigan has a 

well-developed accident data  recording system compared t o  many s t a t e s ,  the  

r e l i a b i l i t y  of each item on the  crash report  has not been thoroughly 

invest igated.  The core dependent var iable  of t h i s  study, r e s t r a i n t  use, may 

have d i f f e r ing  degrees of r e l i a b i l i t y  depending on circumstances surrounding 

the crash. For example, i n  l e s s  se r ious  crashes,  pol ice o f f i c e r s  may have t o  

r e l y  on the  repor t s  of crash-involved individuals  fo r  determination of 

r e s t r a i n t  use. In cont ras t ,  r e s t r a i n t  use might be more obvious t o  the 

inves t iga t ing  o f f i c e r  i n  ser ious  crashes,  An addi t ional  l imi ta t ion  of the 

da tase t  i s  t h a t  measures of individual  cha rac t e r i s t i c s  such as  age and sex 



a r e  r eco rded  o n l y  f o r  i n j u r e d  occupants .  L i m i t a t i o n s  o f  t h e  d a t a  should  

be kep t  i n  mind when c o n s i d e r i n g  t h e  r e s u l t s  t h a t  fo l low.  

Does r e s t r a i n t  u s e  i n  Michigan va ry  s i g n i f i c a n t l y  by age? R e s u l t s  shown 

i n  Tab l e  4.1 i n d i c a t e  t h a t  it does.  Among i n j u r e d  i n f a n t s  under age one ,  

17.5% a r e  r e s t r a i n e d  w i t h  a b e l t  and 23.8% by a c h i l d  s e a t  ( t o t a l  r e s t r a i n t  

use  41.3%).  B e l t s  a r e  used by 24.6%, and c h i l d  s e a t s  by 11.6% of c h i l d r e n  

age  1-3 ( t o t a l  r e s t r a i n t  u s e  36.2%).  I n  c o n t r a s t  t o  t h e s e  r e l a t i v e l y  h igh  

r a t e s  o f  u s e  among young c h i l d r e n  ( l a r g e l y  due t o  t h e  c h i l d  r e s t r a i n t  law a s  

d i s c u s s e d  i n  s e c t i o n  51,  u s e  among 4-15-year-olds i s  o n l y  10%. S e a t  b e l t  use  

remains a t  11% o r  below through t h e  18-24 age  group,  b u t  i n c r e a s e s  t o  16.9% 

among 25-34-year-olds and 17.7% among 35-54-year-olds. Among i n j u r e d  

occupan t s  age  55 and ove r  17.4% use  b e l t s ,  A p a r t i c u l a r l y  low r a t e  o f  

r e s t r a i n t  u s e  among young peop le  h a s  a l s o  been observed  by Glauz and o t h e r s  

(1982) and P i e r c e  (1979).  

Three  broad age groups  might be d i s t i n g u i s h e d  on t h e  b a s i s  o f  t h e i r  r a t e  

of  r e s t r a i n t  use .  F i r s t ,  one- th i rd  t o  one-half  o f  young c h i l d r e n  ( age  0 t o  

3 )  use  r e s t r a i n t s ,  T h i s  i s  an age group whose u s e  of  r e s t r a i n t s  is  c u r r e n t l y  

t h e  f o c u s  o f  t remendous p u b l i c  a t t e n t i o n ,  e d u c a t i o n a l  programs, and l e g a l  

r equ i r emen t s  f o r  r e s t r a i n t  use.  I n  c o n t r a s t  t o  young c h i l d r e n ,  o n l y  about  

10% o f  o l d e r  c h i l d r e n  and young a d u l t s  ( age  4 t o  24)  u s e  r e s t r a i n t s .  T h i s  

group i s  an impor t an t  t a r g e t  group f o r  fu r t !ne r  l e g a l  o r  programmatic e f f o r t s  

t o  i n c r e a s e  r e s t r a i n t  u s e .  Measures t h a t  h'ave s u c c e s s f u l l y  i n c r e a s e d  u s e  

among young c h i l d r e n  might be expanded t o  o: lder  c h i l d r e n .  Eighteen-to- 

twenty-four-year-olds  a r e  a p a r t i c u l a r l y  imlportant t a r g e t  group g iven  t h e i r  

h igh  r a t e s  o f  c r a s h  involvement  compared t o  peop le  o f  o t h e r  ages.  F i n a l l y ,  

a l t hough  a u s e  r a t e  o f  about  17% among t h o s e  age  25 and ove r  might be 
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considered high compared t o  4-24-year-olds, it is only a small  f r a c t i o n  of 

t h a t  achieved i n  o t h e r  c o u n t r i e s  t h a t  have mandated r e s t r a i n t  use by 

automobile occupants of a l l  ages. 

Other information of i n t e r e s t  i n  Table 4.1 can be found i n  t h e  bottom 

row labeled nTotal .n Average b e l t  use ac ross  a l l  ages including both in ju red  

and uninjured occupants was 14.7%; adding t h e  0.5% t h a t  were r e s t r a i n e d  w i t h  

a c h i l d  s e a t  produces an o v e r a l l  est imated r e s t r a i n t  use of 15.2% among 

crash-involved automobile occupants. One percent  of  t h e  occupants d i d  not 

have a b e l t  a v a i l a b l e .  Only 44 out of 649,784 crash-involved occupants 

experienced a f a i l u r e  i n  t h e  r e s t r a i n t  system. Thirty-one out of 649,784 

occupants had t h e  p r o t e c t i o n  of an a i rbag r e s t r a i n t  system. Res t ra in t  use 

was coded uunknownv f o r  only  4.9% of a l l  occupants;  r e s t r a i n t  information was 

missing f o r  an a d d i t i o n a l  0.3% of occupants. 

D i f f e r e n t i a l  b e l t  use f o r  males and females was a l s o  of i n t e r e s t .  Use 

r a t e s  could not be ca lcu la ted  f o r  males alone because of coding conventions 

i n  t h e  a v a i l a b l e  da ta .  As with age, t h e  sex of t h e  person i s  not recorded 

f o r  uninjured occupants o the r  than d r i v e r s .  When keypunching t h e  paper 

copies  of acc iden t  r e p o r t s ,  t h e  Department of S t a t e  Pol ice  a r b i t r a r i l y  

a ss igns  a l l  uninjured occupants t h e  code f o r  "male." A more appropr ia te  

p r a c t i c e  would be t o  include a code of "sex u n k n ~ w n , ~ ~  and p lace  a l l  occupants 

fo r  which sex i s  not recorded on t h e  accident  r e p o r t  form i n t o  t h a t  category 

i n  t h e  c rash  f i l e s .  Given t h e  c u r r e n t  p r a c t i c e ,  however, many uninjured 

females a r e  included i n  t h e  "malen category,  and analyses  of these  da ta  i s  

t h e r e f o r e  not he lp fu l .  Res t ra in t  use among in ju red  females i s  proper ly  

recorded,  however, and i s  15.0%. Noting t h a t  r e s t r a i n t  use i s  14.9% among 

a l l  in ju red  occupants (der ived from Table 4 .1) ,  one can i n f e r  t h a t  use among 



males i s  s l i g h t l y  lower than among females. 

Data on alcohol or drug use a t  the  time of the crash was avai lable  for  

dr ivers  only (Table 4.2). Belt use was considerably lower among dr ivers  t h a t  

had used alcohol or drugs (7.8%) than among those who had not (16.3%). Since 

dr ivers  using alcohol or drugs a re  a t  s ign i f i can t ly  higher risk for  crash 

involvement than those t h a t  do not,  the  b e l t  use d i f f e r e n t i a l  ind ica tes  t h a t  

those most i n  need of the protect ion of r e s t r a i n t s  a re  l e a s t  l i k e l y  t o  use 

them. 

Restraint  use a l so  var ies  considerably by seat ing position (Table 4.3). 

Rear l e f t  passengers exhibi t  the  highest r a t e  of b e l t  use (excluding chi ld 

r e s t r a i n t s ) ,  18.02. Rear r i g h t  passengers exhibi t  the  second highest b e l t  

use r a t e ,  16.5%. Drivers, who make up 67% of a l l  vehicle occupants, wear a  

sa fe ty  be l t  15.2% of the time. Nine and nine-tenths percent of f ront  center  

passengers and 14.6% of rear  center  passengers use be l t s .  The lowest b e l t  

use r a t e ,  6.6%, i s  for  occupants c l a s s i f i ed  as  occupying an "other or 

unknown" seat ing posi t ion.  These r e s u l t s  may seem counter t o  the  usual 

finding of lower b e l t  use i n  rear  than f ront  seat ing posi t ions.  The 

r e l a t i v e l y  high r a t e s  of rear-seat r e s t r a i n t  usage found here a re  easy t o  

explain. They are  due t o  high r a t e s  of r e s t r a i n t  use by young children a f t e r  

the  mandatory-use law took e f f ec t  ( see  sect ion 5 ) .  

The most popular seat ing posi t ion for  children t h a t  a re  i n  a  chi ld  

r e s t r a i n t  device i s  rear  r i g h t ,  where 26.1% of such children a re  located. 

The r e s t  of the children using a  ch i ld  r e s t r a i n t  device a r e  d is t r ibu ted  as 

follows: 23.1% rear  l e f t ,  19.6% f ront  r i g h t ,  16.1% front  center ,  and 15.1% 

rear  center .  

Some recent campaigns t o  increase b e l t  use have focused on the  dr iver  



0, 

> 
CI 
C  - 
m 
L 
4J 
(0 
8 
K 

CI 
r 
X 
J 
u 
U 
o 

J L  3 L  3 L  
2 :  C Z 8  t a r  

3 C, 0 
0 i 
K a 
L' I- r 0 

0 I- 
f 
0 
u 

A 
a 
I- 
0 
t 

0 
K a 
r u  
(0 a 
(0 3 - 
I 

4J 
C  f - 3 
a 0, o 
L lo C 
4'33 
(0 K 

( 0 0 3  
K 

Y 
C 0 ,  - L 

!? +'- 
(00 
0,u. 
K 

0) 
m n - 
C 

u 
ar 

+ (O - > 
0, 
m +. 
0 z 

4' u - o) 
a r ( 0  
m 3 

I - 
+ - a  - m -  
0 , > n  
m m a 

C  
3 

0, 

8 9  $,O '09 G O  
" O  2 88 ?8 6-D m -  2- r o -  
P (D N 

m  F 

m@l W F  r o m  t P  
m .  m .  E; r - .  

0 v. 0 r- 0 
.- ' 

r N 
F ( .  2: 2 9  ;C. 
r o w  m r o  r - m  q u  . m  
N ro b 2 N 

N O  F;o N O  Z O  
0 0 0 0 

'4  29.. '9 2 9  
0 0 0 0 

m m  a a  
0 .  ( D .  E m  g ?  
w a  or- r o o  ~ r -  

m  t- .In - r- 
P Lo b m  
0 m  N 

N m  

m m  ~1 n v  O N  
a .  a .  a 
.- t- - 2  N m  vie 
m  .- P s (D 

Z O  m m  m m  r o w  
N W . 

9 -  8 6  - 6  r o o  
m  0 



i 
< 
I- 
0 
C 

m c a 
r Y  
V) (G 
ln 0 - 
L 

u 
c c - 3 
o m 0  
L V i t  

+=I$ t s 
c 

4- 

8 0 
'- L  

2 2 
Y  .r 

m l n a  
ln m k  
2 0 :  

+ u c  
s cm - 0 - 0  
m - a 3  
L - L  
Y  S Y +  
ln o m 0  
0 0 2  
c C: 

Y +  
8 8 

U 14'3 
U  U l n  
0 0, 

CL 

: 
.- 
a 
0 m 

4- ln - 3 
0 
P3 Y  

0 z 

Y  u - 0, 
01 10 
rn 3 

I - 
r '- 0, 
- a -  
G > D  
urim 

C  
3 

I g 
I ,  - 

ln 
0 
a 
m 
C  
.? 
4- 

ffi 
a: 
10 

N ' m N - m 9  - v a  

- 9  0 9  g ?  9 0  NO 2 0  ,0(1 g ?  m  . 
t- 0 0  0  0  0  0  N a. 0 - C 

- 9  at- ma $ 0  ; y  01 K ?  
6 9.x N m  a  g 9  U P  .- 
P- N .- 
N m 

K O  - 0  '-0 0 0  0 0  ' 0  0 0  z 0  

0  0 0  0  0 0  0 0  

0 0  corn m w  . . . rs ~9 0 0  g -  
o  N -  N O  - 0  - -  - 0  0  a 0  

0 0  O N  0 sq ct- ;0 0 0  g y  
, P - ,  n .  m .  

o m  a o  am m a  m m  o q o  
m 

N O  - 0  00 . - .  - 0  m -  0 0  0 0  r;o 
0 0 0  0  0  0  0  0  

N N 9  -Ti a ?  P a  zq UlP 9P 
+ .  a .  . - .  N m .  L ? .  9 .  
N P  P O  ( ~ m  (D* m e  ~m 0.~4 am - r- - a , m - P- . * .P- - P 
m Z : t- 

,- 
a m m  

N .- 
N 

m 
0 
ul 

O N  nN  g o  z y  & ?  g ?  g: m .  t - .  ( 9 .  
m " 0  9 "  " a  0.2 9: 

* .- . .- (D a 0  
- 3 -  

9  - a  9 rO Ln .- w Q, 

? ? ;N Z ?  m ?  
0 0  t w  No m -  N N  m -  o 8 -  
m .- w 

t 

c 
L U  L L W  L +  L r  L +  L L +  L +  
c 1 + 0 s  i a l c  me r m c  me nm ~ n m  rom n a  & n u  + n u  s o u  nm 
E l i  L E U  m E U  Y E U  4 - E U  L E U  E U  
; L  3 . - 3 L  " - 3 '  t 3 L  m , i  5 3 L  
z u  U Z :  L Z U  mzm a i r 0  . - t m  o z e .  zm 

L a n - G U P L P  n. n. 
Y 01 Y  L i 

?- ? - L  L  - .- ? a 
0 

L  i E ffi ffi - I- : m m Y  0 
C U. LL CL K K 0 t 



persuading/requir ing passengers i n  t h e  veh ic le  t o  wear b e l t s .  The goal i s  t o  

t ake  advantage of t h e  p o s i t i o n  of t h e  d r i v e r  i n  t h e  s o c i a l  network among 

occupants of  an automobile t o  inc rease  b e l t  use. A broader question i s  

whether t h e  s i z e  of t h e  s o c i a l  network i n  an automobile, t h a t  i s ,  t h e  number 

of persons p resen t ,  in f luences  b e l t  use behavior. Do people f e e l  pressure  t o  

wear b e l t s  i f  t h e r e  a r e  o the r  people present?  Or a r e  people more r e l u c t a n t  

t o  wear b e l t s  i n  presence of o the r s?  Analyses of t h e  Michigan data  revealed 

t h a t  t h e  number of occupants p resen t  i n  a  veh ic le  does appear t o  in f luence  

b e l t  wearing behavior (Table 4 .4 ) .  Belt use is highest  among d r i v e r s  alone 

i n  a veh ic le ,  16.1%. Other i n v e s t i g a t o r s  have a l s o  noted t h a t  use i s  highest  

among s i n g l e  occupants (Pe r ry  and o t h e r ,  1980; Boughton and o t h e r s ,  1981). 

Use drops t o  about 13% for  people i n  vehic les  w i t h  two or t h r e e  occupants. 

About 15% use b e l t s  i f  i n  a veh ic le  w i t h  four or  f i v e  occupants. Use then 

decreases  a s  t h e  number of occupants i n c r e a s e s ,  such t h a t  veh ic les  w i t h  e igh t  

or  more occupants show a b e l t  use r a t e  of only  11 %. Par t  of t h e  decrease i n  

use i n  veh ic les  with many occupants i s  due t o  t h e  inc reas ing  proportion of 

occupants t h a t  do not have a b e l t  a v a i l a b l e ,  

The most i n t e r e s t i n g  f ind ing  i s  t h e  lower r a t e  of b e l t  use among people 

i n  an automobile with two o r  t h r e e  occupants than among d r i v e r s  r i d i n g  alone.  

There a r e  mul t ip le  poss ib le  explanat ions  f o r  t h i s  d i f fe rence .  Passengers a r e  

more l i k e l y  t o  be r i d i n g  i n  unfamil iar  c a r s  than d r i v e r s .  Even i f  t h e  person 

wears a b e l t  r e g u l a r l y  when d r iv ing  h i s / h e r  own c a r ,  s /he  may be l e s s  l i k e l y  

t o  wear a b e l t  when r i d i n g  a s  a passenger,  p a r t i c u l a r l y  i f  t h e  d r i v e r  does 

not use a b e l t .  The b e l t s  may not be r e a d i l y  a v a i l a b l e  t o  t h e  passenger 

( s to red  under t h e  s e a t ,  f o r  example), and tine passenger may not wish t o  risk 

offending t h e  d r i v e r  by using a s a f e t y  b e l t  ( b e l t  use may be perceived a s  an 
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indictment of the dr iver ' s  a b i l i t y  t o  drive) .  Finally, a social  modeling or 

imitation ef fec t  may contribute t o  lower be l t  use i n  multi-occupant vehicles. 

Svenson (1978)  has noted tha t  road users w i l l  accept a higher level  of r isk 

i f  they see others taking those r i sks .  

Because the driver i s  viewed as the occupant w i t h  the most social  power 

i n  an automobile, current e f fo r t s  t o  get belt-using drivers  t o  

persuade/require passengers t o  buckle up  are t o  be encouraged. However, the 

prominent social  position of the driver i n  a vehicle may implici t ly encourage 

regular belt-users t o  f a i l  t o  buckle up when riding w i t h  a driver tha t  i s  not 

wearing a be l t .  Wi th  l e s s  than a f i f t h  of the population regular be l t  users,  

those who do use be l t s  are l ike ly  t o  r ide w i t h  unrestrained drivers from time 

t o  time. U n t i l  we achieve h igh  r a t e s  of be l t  use, the influence of 

unrestrained motor vehicle occupants on the be l t  use behavior of other 

passengers deserves more at tent ion.  

Belt use for  motor vehicle occupants a , t  various levels  of injury 

severi ty was also examined (Table 4.5). Belt use is  inversely related t o  

injury severi ty;  t ha t  i s ,  as  injury severity increases, the proportion using 

be l t s  decreases. Only 3.8% of f a t a l l y  injured occupants were wearing a 

safety be l t  a t  the time of the crash. The r a t e  increased t o  6.3% of those 

seriously injured, 9.0% of those moderately injured,  14.0% of those 

experiencing minor in ju r i e s ,  and 15.4% of crash-involved vehicle occupants 

not injured. The relat ionship between bel t  use and injury severity i s  the 

r e su l t  of two factors .  F i r s t ,  the safety benefits of be l t  use reduces the 

number of belted vehicle occupants tha t  are f a t a l l y  or seriously injured. 

Second, the type of people a t  h i g h  r i sk  for involvement i n  severe crashes 

tends t o  be d i f ferent  on a number of dimensions than those a t  low r i sk  for 
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involvement i n  severe  crashes .  They apparent ly  have a higher threshold  of 

acceptable  risk, which both i n c r e a s e s  t h e i r  chances of involvement i n  a 

s e r i o u s  c rash  and reduces t h e i r  propensi ty  t o  use b e l t s ,  For example, Evans 

and o t h e r s  (1981) found t h a t  r i s k i e r  d r i v e r s ,  measured by headway d i s t a n c e  

( i . e . ,  t a i l g a t i n g ) ,  were s i g n i f i c a n t l y  l e s s  l i k e l y  t o  be b e l t  users .  Hurst 

(1979) ,  eva lua t ing  New Zealand's  mandatory a d u l t  b e l t  use law, no tes  t h a t  

those  not  using b e l t s  a f t e r  t h e  law took e f f e c t  were p a r t i c u l a r l y  high-risk 

d r i v e r s ,  F i n a l l y ,  Deutsch and o t h e r s  ( 1  980 1 observed urban i n t e r s e c t i o n s  and 

found t h a t  d r i v e r s  running red l i g h t s  had a s i g n i f i c a n t l y  lower belt-use r a t e  

than those  not  running red l i g h t s .  

To s e p a r a t e  t h e  e f f e c t s  of  b e l t s  i n  prevent ing i n j u r y  from t h e  

r e l a t i o n s h i p  between b e l t  use and s e v e r i t y  of c r a s h ,  d i f f e r e n t i a l  b e l t  use 

among occupants involved i n  c rashes  a t  var ious  l e v e l s  of veh ic le  damage were 

examined (Table 4.6). Resul ts  confirmed t h a t  i n d i v i d u a l s  most a t  risk f o r  

s e r i o u s  i n j u r y  because of involvement i n  severe  c rashes  (measured by ex ten t  

of v e h i c l e  damage) a r e  t h e  l e a s t  l i k e l y  t o  use b e l t s .  The propor t ion of 

occupants wearing b e l t s  decreases  p r e c i p i t o u s l y  from about 13016% i n  low- and 

moderate-damage c rashes ,  t o  on ly  7.81 among occupants i n  maximum-damage 

crashes .  This  f ind ing  is  another example of t h e  genera l  p r i n c i p l e  t h a t  those  

most i n  need of t h e  p ro tec t ion  afforded by s e a t  b e l t s  because of t h e i r  high 

r i s k  f o r  s u s t a i n i n g  a crash-re la ted  i n j u r y  a r e  those  l e a s t  l i k e l y  t o  wear 

b e l t s ,  

Rates of s e a t  b e l t  use f o r  var ious  types  of v e h i c l e s  a r e  shown i n  Table 

4.7. Seat  b e l t  use inc reases  a s  t h e  s i z e  of t h e  veh ic le  decreases .  Use among 

occupants i n  automobiles weighing over 3500 pounds is  13,6%, compared t o  

15.9% i n  automobiles between 2500 and 3499 pounds, and 20.8% i n  automobiles 
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T a b l e  4 . 7  

O c c u p a n t  R e s t r a i n t  U s e  By T y p e  O f  V e h i c l e  

T y p e  of V e h i c l e  

C a r .  under 1 5 0 0  poulid: 
N u m b e r  

P e r c e n t  

C a r .  1 5 0 0 - 2 4 9 9  pounds 
N u m b e r  

P e r c e n t  

C a r .  2 5 0 0 - 3 5 0 0  pounds 
N u m b e r  

P e r c e n t  

C a r .  ever 3500 pollnds 
N u m b e r  

P e r - c e n t  

S t a  t ion W a g o n .  e tc . 
N u m b e r  

P e r c e n t  

Jeep type 
N u m b e r  

P e r c e n t  

P i c k u p / p a n e l  t r u c k  
N u m b e r  

P e r c e n t  

S t a k e / d u m p  t ruck,  e t c .  
N u m b e r  

P e r c e n t  

T r u c k  t r a c t o r  
N u m b e r  

P e r c e n t  

TOTAL 
N u m b e r  

P e r c e n t  

E e l  t 
U n a v a  i l- 

ab le  



between 1500 and 2499 pounds, B e l t  use i n  very small  c a r s  (under 1500 

pounds) i s  shown i n  Table 4.7 t o  be 12.9%; however, t h i s  e s t ima te  is  based on 

on ly  166 occupants and should t h e r e f o r e  be discounted.  Up t o  t h i s  p o i n t ,  we 

have g e n e r a l l y  found t h a t  those  a t  h igher  risk f o r  c rash- re la ted  i n j u r y  a r e  

l e s s  l i k e l y  t o  use r e s t r a i n t s .  The f i n d i n g s  f o r  veh ic le  s i z e  do not fo l low 

t h i s  p a t t e r n .  Those a t  h igher  risk of  i n j u r y ,  t h a t  i s ,  passengers of smal ler  

c a r s ,  a r e  more l i k e l y  t o  use r e s t r a i n t s  than passengers of  l a r g e  c a r s ,  It i s  

i s  important  t o  keep i n  mind, however, t h a t  t h e  r e l a t i o n s h i p  of c a r  s i z e  t o  

both risk of  i n j u r y  and propensi ty  t o  use b e l t s  i s  a complex one. There a r e  

numerous d i f f e r e n c e s  between people who r e g u l a r l y  r i d e  i n  smal l  c a r s  and 

those  who r e g u l a r l y  r i d e  i n  l a r g e  c a r s  ( f o r  example, age,  socio-economic 

s t a t u s ,  exposure p a t t e r n s ,  e t c . ) .  For p resen t  purposes it is  simply noted 

t h a t  b e l t  use  among Michigan crash-involved automobile occupants v a r i e s  by 

c a r  s i z e  i n  a way s i m i l a r  t o  t h a t  found i n  previous  resea rch  (Glauz and 

o t h e r s ,  1982; Matthews, 19821, 

Table 4.7 a l s o  r e v e a l s  t h a t  b e l t  use among occupants o f  s t a t i o n  wagons 

and u t i l i t y  v e h i c l e s  (e.g.,  Jeep,  Bronco, Blazer)  i s  not s u b s t a n t i a l l y  

d i f f e r e n t  than t h e  average f o r  passenger c a r  occupants. In c o n t r a s t ,  b e l t  

use i s  s i g n i f i c a n t l y  lower among occupants of pickup t r u c k s  (9.9%) and s t a k e  

o r  dump t r u c k s  (9,351, B e l t  use among occupants of t r u c k - t r a c t o r s  is s i m i l a r  

t o  t h a t  f o r  passenger c a r s  (17.4%).  

The degree t o  which b e l t  use v a r i e s  by t ime of day and day of week was 

a l s o  examined, These ana lyses  pointed ou t  t h e  importance of  us ing a v a i l a b l e  

c rash  d a t a  t o  supplement obse rva t iona l  s t u d i e s  of  b e l t  use. Most 

obse rva t iona l  s t u d i e s  a r e  l i m i t e d ,  because of  p r a c t i c a l  cons ide ra t ions ,  t o  

daytime b e l t  use. Measurement of b e l t  use among crash-involved d r i v e r s  and 



p a s s e n g e r s  p r o v i d e s  a c o n t i n u o u s  i n d i c a t o r  o f  b e l t - u s i n g  behav io r .  I n  t h e  

p r e s e n t  a n a l y s e s ,  time o f  day and day o f  week were combined i n t o  f o u r  

c a t e g o r i e s :  weekday day (Monday t h rough  F r i d a y  5: 00 a.m. t o  7:59 p.m. 1, 

weekend day ( S a t u r d a y  and Sunday 5:00 a.m. t o  7:59 p.m.), weekday n i g h t  

(Monday t h rough  Thursday 8:00 p.m. t o  4:59 a.m.), and weekend n i g h t  ( F r i d a y  

t h rough  Sunday 8:00 p.m. t o  4:59 a.m.), 

R e s u l t s ,  shown i n  Tab l e  4.8,  i n d i c a t e  s i g n i f i c a n t  d i f f e r e n c e s  i n  b e l t  

u s e  a cco rd ing  t o  time o f  week. The h i g h e s t  r a t e  o f  b e l t  u s e ,  16.2%, o c c u r s  

d u r i n g  weekday day t ime  hours .  Weekend day t ime  h o u r s  show o n l y  a s l i g h t l y  

lower u s e  r a t e ,  15.4%. B e l t  u s e  d u r i n g  weekday n i g h t t i m e  hou r s  i s  
I 

s i g n i f i c a n t l y  l ower ,  12.1%. Weekend n i g h t t i m e  hou r s  have  t h e  l o w e s t  r a t e  o f  

u s e ,  o n l y  10.4%. B e l t  u s e  i s  a g a i n  i n v e r s e l y  a s s o c i a t e d  w i t h  r i s k  o f  c r a s h  

involvement .  The r i s k  o f  be ing  i nvo lved  i n  a s e r i o u s  c r a s h  (and t h u s  need ing  

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

p a r t i c u l a r l y  h i g h  on weekend n i g h t s .  T h i s  effect  is n o t  s imp ly  a f u n c t i o n  

o f  t i m e  o f  week, b u t  r e f l e c t s  many f a c t o r s  t h a t  v a r y  by time o f  week. For  

example,  a l c o h o l  and o t h e r  d rug  u s e  on weekend n i g h t s  may c o n t r i b u t e  t o  b o t h  

i n c r e a s e d  r i s k  o f  c r a s h  involvement  and dec r ea sed  p r o p e n s i t y  t o  u s e  s a f e t y  

b e l t s .  

V a r i a t i o n  i n  b e l t  u s e  on d i f f e r e n t  k i n d s  o f  r o a d s  on which a d r i v e r  o r  

pa s senge r  i s  t r a v e l i n g  is  shown i n  Tab l e  4.9. The main f i n d i n g  i s  t h a t  b e l t  

u s e  on l i m i t e d - a c c e s s  highways i s  ove r  208, compared w i t h  u s e  o f  14 t o  15% on 

o t h e r  r oads .  Higher  r a t e s  o f  speed  and l o n g e r  d i s t a n c e s  t y p i c a l l y  t r a v e l e d  

on l i m i t e d - a c c e s s  highways a p p a r e n t l y  l e a d  t o  i n c r e a s e d  b e l t  u se .  T r a v e l  on 

non l im i t ed -acce s s  r o a d s ,  however,  p u t s  one a t  h i g h e r  r i s k  f o r  c r a s h  

involvement  and subsequen t  i n j u r y  t h a n  t r a v e l  on l i m i t e d - a c c e s s  highways. 
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T a b l e  4 . 9  

O c c u p a n t  R e s t r a i r  : U s e  By Highway C l a s s  

H i q h w a y  C l a s s  

I n t e r s t a t e  route  
N u m b e r  

P e r c e n t  

O t h e r  1 i m i  ted 
a c c e s s  

N u m b e r  
P e r c e n t  

N o n l i m i t e d  a c c e s s  
US route 

N u m b e r  
P e r c e n t  

N o n l i m i t e d  a c c e s s  
M i c h i g a n  route  

N u m b e r  
P e r c e r i t  

O t h e r  a r t e r i a l  
N u m b e r  

P e r c e n t  

L o c a l  r o a d  or  
M i s s i n g  D a t a  

N u m b e r  
P e r c e n t  

7 o r A L  
N u m b e r  

P e r c e n t  

E e l  t 
U i i a v a  i 1 - 

a b l e  

285 
0 . 9  

56 
0 . 6  

483 
1 . 1  

1.269 
1 .o 

200 
0 . 9  

4 . 0 1 0  
1 . 0  

6 .303 
1 .o 

O c c u p a n t  

1 C h i l d  
R e s t r a i n t  

U s e d  

115 
0 . 4  

3 3 
0 3 

234 
0 . 5  

767 
0 . 6  

162 
0 . 7  

2.227 
0 . 5  

3.538 
0 .5  

R e s t r a i n t  

C h i l d  
R e s t r a i n t  

N o t  Used 

37 
0 . 1  

6 
0 1 

6 5 
0 . 1  

17 1 
0 . 1  

25 
0 . 1  

58 1 
0 . 1  

885 
0 . 1  

TOTAL 

30.440 
100.0 

9.824 
100.0 

45,961 
100.0 

137.769 
100.0 

22.765 
100.0 

408.025 
100.0 

649.784 
100 .0  

R e s t r a i n t  
U s e  

U n k n o w n  

1.337 
4 . 4  

4 34 
4 .4  

1.696 
3 .7  

5 .653 
1 . 3  

7 12 
3 . 1  

21,801 
5 . 3  

3 1,633 
4 . 9  

U s e  

R e s t r a i n 1  
F a i l u r e  

2 
0 . 0  

0 
0.0 

0 
0 . 0  

14 
0 . 0  

2 
0.0 

2 6 
0 . 0  

4 4 
0.0 

M i s s i n g  
D a t a  

8 0  
0 . 3  

28 
0 . 3  

127 
0 . 3  

340 
0 . 3  

52 
0 . 2  

1.272 
0 . 3  

1.899 
0 . 3  



Again, t h e  p a t t e r n  i s  higher  b e l t  use r a t e s  among those  a t  lower risk of  

crash-re la ted  i n j u r y  and lower b e l t  use  r a t e s  among those  a t  h i s h e r  r i s k  of 

i n  jury.  

Bel t  use  i n  smal l ,  medium, and l a r s e  communities i s  shown i n  Table 4.10. 

Use i s  h ighes t  i n  communities l a r g e r  than 50,000 population (15.9%). Use i s  

lowest ,  13.1%, i n  medium s ized  communities ( c i t i e s  under 50,000 popula t ion) .  

Small communities ( i . e . ,  townships) exh ib i t ed  a b e l t  use r a t e  of  14.9%. The 

d i f f e r e n c e s  a r e  not  l a r g e ,  however, and appear t o  be of minor s i g n i f i c a n c e .  

The r a t e  a t  which c h i l d  r e s t r a i n t  dev ices  were used was v i r t u a l l y  i d e n t i c a l  

ac ross  communities of  d i f f e r e n t  s i z e s .  Because t h e  measure of  community s i z e  

used he re  may not a c c u r a t e l y  r e f l e c t  ru ra l /u rban  d i f f e r e n c e s ,  t h e  r e s u l t s  

should be i n t e r p r e t e d  with ca re .  

F i n a l l y ,  t h e  r a t e  of r e s t r a i n t  use was examined s e p a r a t e l y  f o r  each of 

t h e  83 coun t i es  i n  Michigan (Table 4.11). Considerable v a r i a t i o n  i n  t h e  r a t e  

of b e l t  use  was evident  ac ross  coun t i es .  Average use s t a t ewide  was 14.7%. 

Three coun t i es  had use r a t e s  over 20% (Midland 26.7%, Oakland 21.41, and 

Washtenaw 21.8%). In c o n t r a s t ,  six coun t i es  had use r a t e s  below 8% (Alpena 

7.4%, Chippewa 6 . 3 ,  Dickinson 4.7%, Gogebic 7,0%, Huron 7.9%, Ontonagon 

7 . 1 % .  Some of  t h e  e s t i m a t e s  f o r  r u r a l  coun t i es  a r e  based on a small  number 

of cases  and should t h e r e f o r e  be i n t e r p r e t e d  cau t ious ly .  Never theless ,  

coun t i es  with t h e  lowest  r a t e  of  s e a t  b e l t  use a r e  predominantly r u r a l ,  

upper-peninsula and nor thern  lower-peninsula coun t i es .  Others have a l s o  

observed t h a t  r e s t r a i n t  use  i s  t y p i c a l l y  h igher  i n  urban a r e a s  (Per ry  and 

o t h e r s ,  1980). 

In summary, d a t a  f o r  crash-involved motor v e h i c l e  occupants i n  Michigan 

dur ing 1982 revealed s i g n i f i c a n t  v a r i a t i o n s  i n  r e s t r a i n t  use ac ross  a number 
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Table 4 . 1 1  

Occupant Restra int  Use by County 

county 

A l cona 
Number. 

Percent 

A 1 ger 
Number 

Percent 

A 1 1 egan 
Number 

Percent 

A 1 pena 
Number 

Percent 

Antr im 
Number 

Percent 

Arenac 
Number 

Percent 

Baraga 
Number 

Percent 

Barry 
Number 

Percent 

Bay 
Number 

Percent 

Benz i e 
Number 

Percent 

Eerr i en 
Number 

PerYcen t 

Branch 
Number 

Percent 

Ca 1 houri 
Number 

Percent 

Cass 
Number 

Percent 

Be1 t 
Unavai l -  

able  

5  
0 . 8  

11 
1 . 9  

93 
1 . 9  

19 
0 . 9  

9  
0 . 9  

24 
1 . 8  

9  
1 . 9  

3  0 
1 . 1  

85 
1 .  1  

19 
2 . 6  

7 0  
0 . 7  

2 3  
1 . 1  

230 
2 . 0  

4 1  
1 . 6  

Bel t  
Not Used 

46 1  
7 0 . 5  

474 
8 1 . 7  

4 , 1 3 0  
8 3 . 9  

1 ,884 
8 8 . 7  

784 
7 9 . 2  

1 ,037 
7 8 . 6  

395 
8 3 . 3  

2 .310  
8 4 . 6  

5 , 9 9 9  
7 9 . 7  

608 
8 1 . 6  

9 ,061  
8 4 . 9  

1837 
8 6 . 6  

9 , 7 4 5  
8 5 . 5  

2 ,242 
8 7 . 1  

Restra int  

Chi ld  
Restra int  
Not Used 

1  
0 . 2  

1  
0 . 2  

5  
0 . 1  

3  
0 . 1  

0 
0 . 0  

2  
0 . 2  

0 
0.0 

4  
0. I 

10 
0 . 1  

0 
0.0 

15 
0 . 1  

1  
0.0 

16 
0 . 1  

4  
0 . 2  

Bel t  
Used 

118 
1 8 . 0  

7  1  
12 .2  

561 
1 1 . 4  

158 
7 . 4  

162 
1 6 . 4  

224 
1 7 . 0  

5  5  
1 1 . 6  

277 
1 0 . 1  

1 ,130 
1 5 . 0  

8  9  
1 1 . 9  

1 .013 
9 . 5  

179 
8 . 4  

1,062 
9 . 3  

207 
8 . 0  

Missing 
Data 

2  
0 . 3  

3  
0 . 5  

11 
0 . 2  

2  
0 . 1  

3  
0 . 3  

2  
0 . 2  

0 
0.0 

7  
0 3 3  

17 
0 . 2  

2 
0 . 3  

36 
0 . 3  

8  
0 . 4  

32 
0 . 3  

2  
0 . 1  

Airbag 

0 
0.0  

0 
0 . 0  

0 
0 . 0  

0 
0.0 

0 
0 . 0  

0 
0.0 

0 
0 . 0  

1  
0 . 0  

0 
0.0 

0 
0 . 0  

0 
0 . 0  

0 
0 . 0  

0  
0 . 0  

0  
0 . 0  

Use 

Restra int  
Fa i lu re  

0  
0 . 0  

0 
0 . 0  

0 
0 . 0  

0 
0.0 

0  
0.0 

0 
0.0 

0 
0.0 

0  
0.0 

0 
0.0 

0 
0 . 0  

0 
0 . 0  

0  
0.0 

0 
0 . 0  

0 
0 .0  

TOTAL 

654 
1 0 0 . 0  

5 8 0  
1 0 0 . 0  

4 ,923  
1 0 0 . 0  

2 . 1 2 5  
1 0 0 . 0  

9 9 0  
1 0 0 . 0  

1 ,319  
1 0 0 . 0  

474 
1 0 0 . 0  

2.732 
1 0 0 . 0  

7 , 5 3 0  
1 0 0 . 0  

745 
1 0 0 . 0  

10,670 
1 0 0 . 0  

2122 
1 0 0 . 0  

1  t ,397 
1 0 0 . 0  

2 ,575 
1 0 0 . 0  

Occupant 

Chi ld  
Restra int  

Used 

2  
0 . 3  

2 
0 . 3  

3  9  
0 . 8  

19 
0 . 9  

4 
0 . 4  

3  
0 . 2  

6 
1 . 3  

2 1  
0 , 8  

49 
0 . 7  

4  
0 . 5  

3  1  
0 . 3  

9  
0 . 4  

7  3  
0 . 6  

9  
0 . 3  

Restra int  
Use 

Unknown 

6  5  
9 . 9  

18 
3 . 1  

8  4 
1 . 7  

4 0 
1 . 9  

2  8  
2 . 8  

27 
2 . 0  

9  
1 . 9  

8  2  
3 .O 

240 
3 . 2  

2  3  
3 . 1  

444 
4 . 2  

65 
3 . 1  

239 
2 . 1  

7 0  
2 . 7  



Table 4 .  1 1  (continuedl 



county 

H i  1 Isdale 
Number 

Percent  

Houghtori 
Nunther 

Percent  

Huron 
Nuniber 

Percent  

I ngham 
Nutnber 

Percent  

Ic ln ia  
Number 

Percent  

Iosco 
Number 

Percent  

I r o n  
Number 

Percent  

I s a b e l  l a  
Number 

Percent  

Jackson 
Number 

Percebnt 

Ka 1 arnazoo 
Number 

Percent  

Kal kaska 
Number 

Percent  

Kent 
Number 

Percent  

Keweenaw 
Number 

Percent  

Lake 
Number 

Percent  

Lapeer 
Number 

Percent  

Table 4 . 1 1  ( con t i nued )  

T O T A L  

2 ,499  
1 0 0 . 0  

2 , 4 4 0  
1 0 0 . 0  

2 ,214 
1 0 0 . 0  

2 3 . 6 9 0  
100 .0  

3 .545 
1 0 0 . 0  

1 ,929  
1 0 0 . 0  

693 
1 0 0 . 0  

4 , 2 4 9  
1 0 0 . 0  

10,858 
1 0 0 . 0  

18.056 
1 0 0 . 0  

11 19 
1 0 0 . 0  

39 ,701  
1 0 0 . 0  

100 
100 .0  

724 
1 0 0 . 0  

3,902 
1 0 0 . 0  

Eel  t 
Unava i l -  

a b l e  

30  
1 . 2  

63 
2 

28 
1 . 3  

193 
0 . 8  

5 1 
1 . 4  

2 4  
1 . 2  

I 0  
1 . 4  

2  5  
0 . 6  

98 
0 . 9  

177 
1 .O 

2 8  
2 . 5  

364 
0 . 9  

0 
0.0 

9 
1 . 2  

3 1  
0 . 8  

M iss ing  
Data 

7 
0 . 3  

8  
0 . 3  

1  
0.0 

53 
0 . 2  

10 
0 . 3  

2 
0 . 1  

1  
0 .  1  

10 
0 . 2  

39 
0 . 4  

74 
0 . 4  

0 
0 . 0  

75 
0 . 2  

1  
1 . 0  

2  
0 . 3  

4  
0. I 

B e l t  
Not Used 

2 ,081  
8 3 . 3  

2.067 
8 4 . 7  

1 ,921  
8 6 . 8  

18.134 
7 6 . 5  

2 ,915 
8 2 . 2  

1,538 
7 9 . 7  

566 
8 1 . 7  

3 ,639 
8 5 . 6  

9 .098  
8 3 . 8  

14,383 
7 9 . 7  

846 
7 5 . 6  

31.408 
7 9 . 1  

8  7 
8 7 . 0  

602 
8 3 .  1  

3 ,362 
8 6 . 2  

Use 

R e s t r a i n t  
F a i l u r e  

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0 .0  

0 
0 . 0  

0 
0.0 

0 
0.0 

0 
0 . 0  

0 
0 .0  

0 
0.0 

0 
0 . 0  

0 
0 . 0  

0 
0 . 0  

0 
0.0 

B e l t  
Used 

239 
9 . 6  

246 
1 0 . 1  

176 
7 . 9  

4 ,644 
1 9 . 6  

388 
1 0 . 9  

302 
1 5 . 7  

75 
1 0 . 8  

477 
1 1 . 2  

1.354 
1 2 . 5  

2 ,724 
15.  1  

22 1  
1 9 . 7  

6 .964 
1 7 . 5  

9  
9 . 0  

84 
1 1 . 6  

407 
1 0 . 4  

R e s t r a i n t  
Use 

Unknown 

112 
4 . 5  

4 1  
1 . 7  

63 
2 . 8  

324 
1 . 4  

150 
4 . 2  

4 9 
2 . 5  

3  4  
4 . 9  

6 8 
1 . 6  

174 
1 . 6  

587 
3 . 3  

13 
1 . 2  

498 
1 . 3  

3  
3 . 0  

23 
3 . 2  

84 
2 . 2  

A i rbag 

0 
0 . 0  

0  
0.0 

0 
0 . 0  

I 
0 . 0  

0  
0 . 0  

0 
0.0 

0 
0.0 

0 
0 . 0  

0 
0 . 0  

1 
0.0 

0 
0 . 0  

1  
0 . 0  

0  
0 . 0  

0 
0 . 0  

0 
0.0 

Occupant 

C h i l d  
R e s t r a i n t  

Used 

2 9  
1 . 2  

13 
0 . 5  

2  3  
1  .O 

239 
1 .O 

2 8 
0 . 8  

9  
0 . 5  

7  
1  .O 

3 0  
0 . 7  

8  9  
0 . 8  

99 
0 . 5  

1  I 
1 .O 

343 
0 . 9  

0  
0 . 0  

3  
0 . 4  

10 
0 . 3  

R e s t r a i n t  

C h i l d  
R e s t r a i n t  

Not Used 

I 
0 . 0  

2  
0 . 1  

2  
0 . 1  

102 
0 . 4  

3  
0 . 1  

5  
0 . 3  

0 
0 , O  

0 
0.0 

6 
0 . 1  

11 
0 . 1  

0 
0.0 

4 8 
0 . 1  

0 
0.0 

1 
0 . 1  

4  
0 . 1  
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Table 4.11 (cont inued)  

County 

Lee 1 anau 
Number 

Percent  

Lenawee 
Number 

Pel-cent 

L i v l n g s t o n  
Number 

Percent  

Luce 
Number 

Percent  

Mack i nac 
Number 

Percent  

Ma comb 
Number 

Percent  

Manistee 
Number 

Percent 

Marquet t e  
Number 

Percent  

Mason 
Number 

Percent  

Mecos t a 
Number 

Percent  

Menom i nee 
Number 

Percent  

Mid land 
Number 

Percent  

M i  ssaukee 
Number 

Percent  

Monroe 
Number 

Percent  

Montcalm 
Number 

Percent  

Be1 t 
Unava i l -  

a b l e  

5 
0.7 

6 7 
1.2 

54 
1 .O 

1 
0.2 

10 
1.2 

338 
0.7 

2 1 
1.2 

4 5 
1 .O 

20 
0.9 

28 
0.8 

9 
0.5 

39 
0.8 

12 
1.6 

79 
1 . 1  

4 8 
1.3 

B e l t  
Used 

120 
16.4 

572 
9.9 

1,063 
19.3 

63 
14.4 

90 
11.0 

7.248 
15.0 

183 
10.4 

576 
12.2 

244 
11.3 

480 
14. 1 

188 
9.5 

1,313 
26.7 

7 3 
9.8 

600 
8.4 

350 
9.3 

B e l t  
Not Used 

597 
81.7 

4.937 
85.8 

' 4,265 
77.4 

332 
75.8 

652 
79.6 

38.796 
80.4 

1,428 
81.5 

3,988 
84.3 

1.827 
85.0 

2,843 
83.4 

1.706 
86.4 

3,462 
70.4 

619 
82.9 

6.334 
88.4 

3,174 
84.8 

Occupant 

C h i l d  
R e s t r a i n t  

Used 

I 
0.1 

29 
0.5 

2 7 
0.5 

2 
0.5 

8 
1 .O 

284 
0.6 

10 
0.6 

4 3 
0.9 

7 
0.3 

2 3 
0.7 

13 
0.7 

2 3 
0.5 

6 
0.8 

62 
0.9 

3 6 
1 .O 

Ai rbag 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

2 
0 . 0  

0 
0 . 0  

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0 . 0  

0 
0 . 0  

0 
0 . 0  

0 
0.0 

R e s t r a i n t  

C h i l d  
R e s t r a i n t  
Not Used 

1 
0.1 

9 
0.2 

5 
0.1 

0 
0.0 

0 
0.0 

5 6 
0, I 

4 
0.2 

6 
0.1 

2 
0.1 

4 
0.1 

1 
0 . I 

6 
0. I 

0 
0.0 

12 
0.2 

7 
0.2 

Use 

R e s t r a i n t  
F a i l u r e  

0 
0.0 

0 
0.0 

0 
0 . 0  

0 
0.0 

0 
0 .O 

28 
0. I 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0 . 0  

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

R e s t r a i n t  
Use 

Unknown 

5 
0.7 

115 
2.0 

8 6 
1.6 

4 0 
9.1 

5 4 
6.6 

1,390 
2.9 

101 
5.8 

6 4 
1.4 

40 
1.9 

3 1 
0.9 

5 5 
2.8 

6 2 
1.3 

3 4 
4.6 

6 5 
0.9 

118 
3.2 

Miss ing  
Data 

2 
0.3 

22 
0.4 

12 
0.2 

0 
0.0 

5 
0.6 

87 
0.2 

6 
0.3 

7 
0.1 

10 
0.5 

1 
0.0 

2 
0.1 

12 
0.2 

3 
0.4 

15 
0.2 

12 
0.3 

TOTAL 

73 1 
100.0 

5,751 
100.0 

55 12 
100.0 

438 
100.0 

819 
100.0 

48,229 
100.0 

1,753 
100.0 

4,729 
100.0 

2,150 
100.0 

3,410 
100.0 

1,974 
100.0 

4.917 
100.0 

747 
100.0 

7,167 
100.0 

3,745 
100.0 



Table 4 . 1 1  ( con t i nued )  

County 

Montmorency 
Number 

Percent  

Mus kegon 
Number 

Percent  

Newaygo 
Number 

Percent  

Oak 1 and 
Number 

Percent  

Oceana 
Number 

Percent  

Ogemaw 
Number 

Percent  

Ontonagon 
Number 

Percent  

Osceo 1 a 
Number 

Percent 

Oscoda 
Number 

Percent  

Ostego 
Number 

Percent  

Ottawa 
Number 

Percent  

Presque I s l e  
Number 

Percent  

Roscommon 
Number 

Percent  

Saginaw 
Number 

Percent  

S t .  C l a i r  
Number 

Percent  

B e l t  
Unava i l -  

ab le  

0  
0 . 0  

95 
0 . 8  

13 
0 . 5  

593 
0 . 7  

14 
1 . 1  

30  
1 . 9  

5 
1 . 1  

333 
1 . 9  

10 
1 . 4  

18 
1 . 4  

98 
1 . 0  

3  
0 . 4  

17 
1 . 1  

143 
0 . 8  

9  1 
1  .O 

B e l t  
Not Used 

463 
8 3 . 6  

10.634 
8 7 . 7  

2 .232  
8 6 . 0  

5 9 . 0 7 8  
7 3 . 0  

995 
8 1 . 2  

1 .299 
8 1 . 2  

373 
8 5 . 6  

1 ,419 
8 2 . 3  

597 
8 6 . 3  

1 ,028 
7 8 .  1  

8 ,581  
8 4 . 6  

684 
8 6 .  1  

1 .245 
8 1 . 6  

14.484 
8 2 . 5  

7 .831  
84,O 

B e l t  
Used 

48 
8 . 7  

967 
8 . 0  

277 
1 0 . 7  

17,343 
2 1 . 4  

135 
1 1 . 0  

233 
14 .6  

3  1  
7 . 1  

206 
11 .9  

6  8  
9 . 8  

220 
16 .7  

1.242 
12 .2  

8 0  
1 0 . 1  

204 
13 .4  

2 ,404  
13 .7  

781 
8 . 4  

A i rbag 

0  
0 .0  

0  
0 . 0  

0 
0 . 0  

3  
0.0 

0  
0 . 0  

0 
0 . 0  

0 
0 . 0  

0 
0 . 0  

0 
0.0 

0 
0 . 0  

0  
0 . 0  

0  
0.0 

0 
0.0 

0 
0 . 0  

0  
0.0 

Occupant 

C h i l d  
R e s t r a i n t  

Used 

3  
0 . 5  

47 
0 . 4  

16 
0 . 6  

4  08 
0 . 5  

3  
0 . 2  

6 
0 . 4  

0 
0 . 0  

11 
0 . 6  

4  
0 . 6  

6 
0 . 5  

77 
0 . 8  

2  
0 . 3  

7  
0 . 5  

77 
0 . 4  

2  9  
0 . 3  

Use 

R e s t r a i n t  
F a i l u r e  

0 
0 . 0  

0 
0 .0  

0 
0 . 0  

2  
0.0 

0  
0.0 

0  
0.0 

0 
0 . 0  

0 
0.0 

0  
0 . 0  

0  
0 . 0  

0  
0 .0  

0  
0 . 0  

0  
0 . 0  

0  
0 . 0  

3  
0 . 0  

R e s t r a i n t  

C h i l d  
R e s t r a i n t  

Not Used 

0 
0 . 0  

9  
0 . 1  

2  
0 . 1  

6  8  
0 .  I 

0 
0 . 0  

0 
0.0 

2  
0 . 5  

6  
0 . 3  

0 
0 . 0  

3  
0 . 2  

10 
0 . 1  

0 
0 . 0  

1  
0 . 1  

3  1  
0 . 2  

17 
0 . 2  

R e s t r a i n t  
Use 

Unknown 

4 0  
7 . 2  

332 
2 . 7  

49 
1 ~ 9  

3,244 
4 . 0  

75 
6 . 1  

3  2  
2 . 0  

2  2  
5  . O  

4 6  
2 . 7  

13 
1 . 9  

4 0  
3 . 0  

109 
1 . 1  

22 
2 . 8  

4  1  
2 . 7  

378 
2 . 2  

546 
5 . 9  

M iss ing  
Data 

0 
0 . 0  

37 
0 . 3  

6 
0 . 2  

228 
0 . 3  

3  
0 . 2  

0 
0 .0  

3  
0 . 7  

4 
0 . 2  

0  
0 . 0  

1  
0 . 1  

23 
0 . 2  

3  
0 . 4  

11 
0 . 7  

41  
0 . 2  

30  
0 . 3  

TOTAL 

554 
1 0 0 . 0  

12 ,121  
1 0 0 . 0  

2595 
1 0 0 . 0  

80,968 
1 0 0 . 0  

1 .225 
1 0 0 . 0  

1 ,600 
1 0 0 . 0  

436 
1 0 0 . 0  

1 ,725  
1 0 0 . 0  

692 
1 0 0 . 0  

1 ,316  
1 0 0 . 0  

10,140 
1 0 0 . 0  

794 
1 0 0 . 0  

1.526 
1 0 0 . 0  

17.558 
1 0 0 . 0  

9 . 3 2 8  
1 0 0 . 0  



Table 4.11 ( con t i nued )  

C o u n t y  

S t .  Joseph 
Number 

Percent 

Sani l a c  
Number 

Percent 

~ c h o o  I ct3af t 
Number 

Percent 

Shiawassee 
Number 

Percent 

Tuscol a 
Number 

Percent 

Van Euren 
Number 

Percent 

Washtenaw 
Number 

Percent 

Wayne 
Number 

Percent 

Wexford 
Number 

Percent 

TOTAL 

Number 
Percent  

Be1 t  
Unava i l -  

ab le  

3 3 
1 .O 

3 6 
1.6 

7 
1.0 

4 8 
1.3 

2 3 
0 . 8  

5 3 
1.3 

124 
0.7 

1,469 
1 .O 

3 1 
1.3 

6.303 
1 .O 

R e s t r a i n t  

C h i l d  
Res t ra in t  

Not Used 

6 
0.2 

5 
0.2 

0 
0 . 0  

6 
0.2 

9 
0.3 

10 
0.3 

16 
0.1 

204 
0.1 

3 
0.1 

885 
0.1 

B e l t  
Used 

278 
8.0 

212 
9.6 

6 8 
10.1 

369 
10.2 

295 
10.2 

423 
10.6 

3.832 
21.8 

20,834 
14.0 

301 
12.8 

95,806 
14.7 

Use 

R e s t r a i n t  
F a i l u r e  

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

10 
0.0 

0 
0.0 

4 4 
0.0 

B e l t  
Not Used 

2.957 
85.6 

1,815 
81.9 

520 
76.9 

3.022 
83.5 

2,483 
86.0 

3,349 
84.3 

13, 167 
74.9 

106,945 
72.1 

1,960 
83.5 

509.644 
78.4 

R e s t r a i n t  
Use 

Unknown 

162 
4.7 

122 
5.5 

7 8 
11.5 

133 
3.7 

60 
2.1 

9 8 
2.5 

3 38 
I .9 

17,870 
12.0 

2 5 
1 . 1  

31,633 
4.9 

Airbag 

1 
0 . 0  

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

1 
0.0 

3 
0.0 

I 1  
0.0 

0 
0.0 

'31 
0.0 

Occupant 

C h i l d  
R e s t r a i n t  

Used 

13 
0.4 

i 

9 
0.4 

I 
0. I 

2 6 
0.7 

14 
0.5 

30 
0.8 

67 
0.4 

45 1 
0.3 

17 
0.7 

3,538 
0.5 

Miss ing 
Data 

5 
0.1 

16 
0.7 

2 
0.3 

16 
0.4 

4 
0.1 

1 1  
0.3 

33 
0.2 

637 
0.4 

10 
0.4 

1,899 
0.3 

TOTAL 

3.455 
100.0 

2,215 
100.0 

676 
100.0 

3.620 
100.0 

2,888 
100.0 

3.975 
100.0 

17,580 
100.0 

148,431 
100.0 

2.347 
100.0 

649,784 
100.0 



of dimensions. The causes of the observed differences a re  complex and not 

f u l l y  understood. The r e s u l t s ,  however, ind ica te  important t a r g e t  groups for  

fur ther  e f f o r t s  t o  increase r e s t r a i n t  use among dr ivers  and passengers i n  

Michigan. 

Trends i n  Restraint  Use and Crash Involvement, 1978-1982 -- --- 
In addition t o  the above analyses of r e s t r a i n t  use across a var iety of 

dimensions a t  one point i n  time, t rends i n  r e s t r a i n t  use and crash 

involvement over t he  past f i v e  years were examined. An awareness of overa l l  

t rends  in  both r e s t r a i n t  use and crash involvement w i l l  f a c i l i t a t e  

i n t e rp re t a t ion  of the  r e s u l t s  reported in  sect ion 5, where the spec i f i c  

e f f e c t s  of the  mandatory chi ld r e s t r a i n t  law are  evaluated, 

Restraint  use among a l l  occupants of crash-involved passenger cars  and 

l i g h t  t rucks was examined f i r s t ,  This is  the broadest measure of r e s t r a i n t  

use i n  Michigan avai lable  on a periodic ( i , e , ,  monthly) bas i s  for  a 

multi-year period, Considerable var iat ion i n  r e s t r a i n t  use was evident over 

the January, 1978, through December, 1982, period (Figure 4.1). Use was over 

14% i n  January and February of 1978, b u t  then decreased t o  about 12% from 

mid-1978 through mid-1979. From mid-1979 through 1981 r e s t r a i n t  use averaged 

only about 10.5%. In 1982, however, r e s t r a i n t  use increased s ign i f i can t ly ,  

averaging about 16% for the  l a s t  three quar te rs  of the  year. I n  addition t o  

the  U-shaped trend i n  r e s t r a i n t  use (high in  1978 and 1982 and low in  

between), carefu l  examination of Figure 4.1  reveals  a po ten t ia l  seasonal 

cycle i n  r e s t r a i n t  use. That i s ,  use appears t o  vary according t o  month of 

the year i n  a f a i r l y  predictable  manner. Restraint  use regular ly  peaks in  

the December t o  February winter months, and i s  a t  i t s  lowest during the  





mid-summer months. 

Knowledge concerning an underlying seasonal cycle i s  important for  

several  reasons. F i r s t ,  the nature of the seasonal cycle may point the  way 

t o  po ten t i a l l y  useful  ways t o  increase use. For example, r e s t r a i n t  use may 

be higher i n  t he  winter because of an increase in  perceived risk of crash 

involvement when r iding on s l i c k  roads. I f  so ,  perhaps a more r e a l i s t i c  

assessment of the r i sk  of in jury  during the  summer might help increase 

r e s t r a i n t  use (high-speed, severe-injury crashes a re  pa r t i cu l a r ly  prevalent 

i n  the  l a t e  summer months), Second, awareness of seasonal var iat ion in  use 

is  important fo r  the  design of observational r e s t r a i n t  use surveys, which 

typ ica l ly  a re  conducted for  a r e l a t i v e l y  br ie f  time period. Third, 

s ign i f i can t  underlying seasonal cycles  must be control led t o  obtain an 

accurate evaluation of the e f f e c t s  of intervent ions l i k e  the  chi ld r e s t r a i n t  

law. 

Because of the  poten t ia l  importance of a seasonal cycle i n  r e s t r a i n t  

use,  and because the  cycle i n  r e s t r a i n t  use i s  not nearly as  obvious as t h a t  

i n  crash involvement time s e r i e s ,  the  nature and s ignif icance of the apparent 

seasonal e f f ec t  i n  Figure 4.1 was analyzed fur ther  by ca lcu la t ing  

autocorrelat ions,  Autocorrelations represent cor re la t ions  of a time-series 

var iable  w i t h  i t s e l f  a t  various time lags.  For example, i f  an annual 

seasonal cycle i s  present ,  r e s t r a i n t  use in  a par t icu lar  month should be 

correlated w i t h  r e s t r a i n t  use 12 months back, To simplify fu r the r ,  the  

autocorrelat ion a t  l ag  12 answers questions l i k e  the  following: i f  r e s t r a i n t  

use i s  higher than average t h i s  January, was it a lso  higher than average l a s t  

January? I f  use i s  lower than average t h i s  June, was it also lower than 

average l a s t  June? The autocorrelat ion function provides summary estimates 



of these re la t ionships  for  a l l  months across a l l  years in  the time se r i e s .  

For the autocorrelat ions t o  accurately measure the  s ignif icance of 

seasonal e f f ec t s ,  e f f e c t s  of the major U-shaped trend i n  r e s t r a i n t  use over 

the past  several  years had t o  be control led.  T h i s  was accomplished by 

ca lcu la t ing  the autocorrelat ions on the  time s e r i e s  a f t e r  a f i r s t  difference 

transformation ( i , e , ,  each observation in  the s e r i e s  had the  previous 

observation's value subtracted'  from i t ) ,  The autocorrelation r e s u l t s  are  

shown i n  Table 4.12. Results indicated t h a t  the  lag-12 autocorrelation was 

only ,18, and was not s t a t i s t i c a l l y  s ign i f i can t ,  The lag-14 autocorrelation 

was s ign i f i can t ,  however, indicat ing the poss ib i l i t y  of a 14-month cycle i n  

t h i s  time se r i e s .  

The immediate p rac t i ca l  implications of these r e s u l t s  a re  as follows. 

Some differences i n  r e s t r a i n t  use according t o  the  month of the year can be 

seen in  Figure 4 .1 .  The differences do not represent a s ign i f icant  annual - 

cycle i n  t h i s  s e t  of da ta ;  t h a t  is, the  seasonal differences are  small enough 

t h a t  they may simply be the r e s u l t  of random f luc tua t ions ,  Further research 

is needed t o  c l a r i f y  whether r e s t r a i n t  use , in  Michigan varies  s ign i f i can t ly  

by season of the year, In subsequent analyses evaluating the  e f f ec t s  of the 

child r e s t r a i n t  law (sect ion 5), t he  poss ib i l i t y  of control l ing for seasonal 

cycles in  r e s t r a i n t  use for  pa r t i cu l a r ly  age groups was considered. No 

s igni f icant  seasonal cycles i n  r e s t r a i n t  use for  any of the age groups were 

found, however. 

A l l  analyses of e f f e c t s  of the chi ld r e s t r a i n t  law were limited t o  

injured motor vehicle occupants only. T h i s  was necessary because the  age of 

the occupant is  recorded only for  injured oc:cupants. Since a l l  the time 

s e r i e s  examined in  sect ion 5 were s t r a t i f i e d  by age, they a re  of necessity 



TABLE 4 12 

AUTOCORRELATIONS - FOR RESTRAINT USAGE AMONG CRASH-INVOLVED MOTOR VEHICLE -- - 
OCCUPANTS 

DIFFERENCING - - (1 - B) I 
NUMBER OF OBSERVATIONS - - 59 
MEAN OF THE (DIFFERENCED) SERIES = 0.0157 
STANDARD ERROR OF THE MEAN - - 0,0901 
T-VALUE OF MEAN (AGAINST ZERO) = 0.1742 

AUTOCORRELATIONS 

1- 12 eO3 .18 -.04 .08 -02 -,I2 ,22 -,22 -.06 .15 .14 .18 
ST. E. .13 -13 .13 .I4 .14 .14 .I5 .I5 -15 

PLOT OF AUTOCORRELATIONS 

LAG 
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 

CORR. +---+----+----+---+----+----+----+----+---+---+ 
I 

0.029 + IX + 
0.175 + IXXXX + 
-0.043 + XI + 
0.075 + IXX + 
0,023 + IX + 
-0.118 + XXXI + 
0,218 + IXXXXX + 
-0.217 + XXXXXI + 
-0.061 + XXI + 
0.148 + IXXXX + 
0.144 + IXXXX + 
0.177 + IXXXX + 
-0.039 + XI + 
0.318 + IXXXXXXXX 
-0.029 + XI + 
0.005 + I + 
-0.083 + XXI + 
-0.046 + XI + 
-0.035 + XI + 
-0.171 + XXXXI + 
0.172 9 IXXXX + 
-0.076 + XXI + 
-0.017 + I + 
-0.014 + I + 



l imi ted  t o  in ju red  occupants. One quest ion was how t h i s  l i m i t a t i o n  i n  

a v a i l a b l e  d a t a  a f f e c t e d  t h e  eva lua t ion  r e s u l t s .  To answer t h i s  ques t ion ,  

r e s t r a i n t  use among in ju red  occupants of a l l  ages (Figure  4.2) was p l o t t e d  i n  

t h e  same way a s  r e s t r a i n t  use among a l l  occupants (Figure  4.1). The two 

measures were h igh ly  c o r r e l a t e d ,  The U-shaped t r end  i n  use over t h e  p a s t  

f i v e  yea r s  was c l e a r l y  evident  i n  both s e r i e s .  Both tended t o  i n d i c a t e  

h igher  use i n  t h e  winter  than summer months. 

Two d i f f e r e n c e s  i n  t h e  measures might be noted. F i r s t ,  use among 

in ju red  occupants shows a h igher  degree of v a r i a b i l i t y  from month t o  month 

than use among a l l  occupants. This d i f f e r e n c e  was expected,  and i s  due t o  

t h e  smal ler  number of occupants on which t h e  injury-use p l o t  i s  based. The 

impl ica t ion  f o r  subsequent analyses  eva lua t ing  t h e  c h i l d  r e s t r a i n t  law i s  

t h a t  small  changes i n  r e s t r a i n t  use t h a t  might be due t o  t h e  law w i l l  not be 

c l e a r l y  i d e n t i f i a b l e .  That i s ,  they might not be s t a t i s t i c a l l y  s i g n i f i c a n t  

because of h igher  e r r o r  variance.  

A second major d i f f e r e n c e  between Figures  4.1 and 4.2 is  a s h i f t  

downward of about two percentage-points i n  everage r e s t r a i n t  use among 

in ju red  occupants compared t o  a l l  occupants. Because r e s t r a i n t  use a s  

measured by both i n d i c a t o r s  changes over t ime i n  s i m i l a r  ways, t h e  use 

i n d i c a t o r  l imi ted  t o  in ju red  occupants remains a use fu l  measure f o r  

eva lua t ion  of mandatory r e s t r a i n t  use laws. However, it must be kept i n  mind 

t h a t  t h e  abso lu te  l e v e l s  of r e s t r a i n t  use es t imated using in ju red  occupants 

i s  about two p o i n t s  lower than an es t ima te  based on a l l  crash-involved 

occupants. 

Because of p o t e n t i a l  u n r e l i a b i l i t y  i n  t,he measure of r e s t r a i n t  use  among 

crash-involved d r i v e r s  and passengers ,  t h e   valuation of  t h e  c h i l d  r e s t r a i n t  





law repor ted  i n  s e c t i o n  5 r e l i e s  p r imar i ly  on t h e  changing p a t t e r n  of t r a f f i c  

i n j u r i e s  i n  r ecen t  years.  In t h i s  s e c t i o n  o v e r a l l  t r e n d s  i n  c rash  

involvement and i n j u r i e s  a r e  examined. An understanding of r ecen t  genera l  

t r e n d s  f a c i l i t a t e d  subsequent analyses  and i n t e r p r e t a t i o n  of age-specific 

t r ends .  

The t o t a l  number of motor veh ic le  occu.pants involved i n  t r a f f i c  c rashes  

i n  Michigan is  p l o t t e d  i n  Figure 4.3. This f i g u r e  inc ludes  a l l  occupants i n  

recorded c rashes ,  whether t h e  person was in ju red  or  not .  F i r s t ,  note t h e  

genera l  downward t r end  i n  c rash  involvement during t h e  1978 through 1982 

period.  Second, note  t h e  s t rong  seasonal  cyc le  i n  c rash  involvement. Crash 

involvement r e g u l a r l y  peaks i n  December and January of each year ,  and i s  

lowest i n  t h e  mid-summer months. T h i s  seasonal  cyc le  i n  Michigan 

crash-involvement is  longstanding,  and has been analyzed i n  previous s t u d i e s  

(Wagenaar, 1983). Fur ther  analyses  of t h e  s i g n i f i c a n c e  of t h e  cyc le  were 

t h e r e f o r e  not  necessary.  Impl ica t ions  of  t h e  downward t r end  and s t rong  

seasonal  cyc le  f o r  eva lua t ion  of e f f e c t s  of mandatory r e s t r a i n t  use 

l e g i s l a t i o n  a r e  obvious. These t r end  and seasonal  e f f e c t s  must be con t ro l l ed  

t o  accura te ly  a s s e s s  t h e  e f f e c t s  of r e s t r a i n t - u s e  in te rven t ions .  

As noted e a r l i e r ,  information on t h e  age of  motor veh ic le  occupants i s  

recorded only  f o r  those  in ju red  i n  crashes .  Therefore ,  eva lua t ions  of  

i n t e r v e n t i o n s  such a s  t h e  c h i l d  r e s t r a i n t  law were poss ib le  only  using da ta  

f o r  in ju red  occupants. The t o t a l  number of in ju red  crash-involved occupants 

i n  Michigan i s  shown i n  Figure  4.4. The downward t r end  and seasonal  cyc le  i n  

i n j u r i e s  i s  very s i m i l a r  t o  t h a t  f o r  t o t a l  occupants (Figure  4.3). The main 

d i f f e r e n c e  between Figures  4.3 and 4.4 i s  t h a t  t h e  number of  in ju red  

occupants i s  a r e l a t i v e l y  small  propor t ion of a l l  crash-involved occupants. 







The number of motor vehicle occupants injured averaged under 10,000 per month 

in  1982 (Figure 4.4 1, while the  number of uninjured crash-involved occupants 

averaged over 45,000 (Figure 4.5). The lack of data on the  majority of 

crash-involved occupants t h a t  a r e  not injured complicates estimation of 

age-specific exposure t o  r i sk  of in jury ,  Nevertheless, occupant r e s t r a i n t  

po l i c i e s  and programs are  designed t o  reduce the  aggregate incidence of motor 

vehicle injury.  Data on age-specific in jury  t rends,  which a re  ava i lab le ,  are  

most important for  evaluation of the  effect iveness  of mandatory restraint-use 

po l i c i e s ,  

Restraint-use po l i c i e s  and programs are  designed t o  reduce t r a f f i c  

crash-related casua l t i e s  by increasing occupant protect ion when crashed, not 

by reducing the  number or sever i ty  of crashes (ignoring a possible  small 

e f f ec t  of increased r e s t r a i n t  use i n  reducing the  number of crashes by 

improving the  a b i l i t y  of d r ive r s  t o  keep t h e i r  vehicles under con t ro l ) ,  

Major changes in  exposure t o  the  risk of in jury  i n  recent years,  due t o  

changes in  t he  number or sever i ty  of crashes,  might complicate evaluation of 

mandatory r e s t r a i n t  use laws, I f  there  i s  a sudden change in  number of 

vehicles  crashed, pa r t i cu l a r ly  those experiencing extensive vehicle damage, 

t h i s  change may explain observed in jury  reductions ra ther  than a mandatory 

use law. 

The two dimensions of exposure t o  risk of in jury  examined, then, were 

the  number of vehicles  involved i n  crashes and the  sever i ty  of those crashes 

(asmeasured by vehicle damage). Figures 4.6 t o  4.13 show the  numbers of 

vehicles  involved in  crashes from January, 1978, through December, 1982, for  

each l eve l  of vehicle damage, ranging from no damage t o  maximum damage. A l l  

of the  p lo t s  a re  s imilar .  The number of crashed vehicles  a t  a l l  l eve l s  of 













FIGURE 4 . 1 0  

Michigan Crashes with Moderate Vehicle Damage, TAD 5 

Legend 
TAD 5 -*.*..----..-.---.------- 
Moving Average 







Michigan Crashes with Maximum Vehicle Damage, TAD 8 

Legend 
TAD 8 -.-------.-..-*---.-....- 
Moving Average 
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Month: I=January 1978 



damage shows a downward trend from 1978 t o  1982. The downward trend i s  

s l i g h t l y  s teeper  for  crashes a t  higher l eve l s  of damage severi ty .  The 

downward trend in occupant i n j u r i e s  noted above (Figure 4.4)  may be due t o  a 

reduction i n  the  number of severely damaged vehicles.  In any event,  there  

were no sudden changes in  the number of vehicles  crashed a t  various 

damage l eve l s  a t  the time the  chi ld r e s t r a i n t  law was implemented. The 

general downward trend i n  severe crashes and occupant i n j u r i e s  was controlled 

before assessing the spec i f i c  e f f e c t s  of the ch i ld  r e s t r a i n t  law. 



CHAPTER 5: EFFECTS OF THE MANDA'TORY C H I L D  RESTRAINT LAW 

Michigan's mandatory c h i l d  r e s t r a i n t  law took e f f e c t  on Apri l  1 ,  1982, 

The law r e q u i r e s  ch i ld ren  under t h e  age of 4 t o  be proper ly  r e s t r a i n e d  by an 

approved c h i l d  r e s t r a i n t  device ,  Children age 1 t o  3 may be r e s t r a i n e d  by a 

conventional  a d u l t  s e a t  b e l t ,  provided they a r e  t r a v e l i n g  i n  t h e  r e a r  s e a t .  

A major pub l i c  information and education ( P I & E )  e f f o r t  designed t o  inc rease  

awareness of t h e  new mandatory use law and inc rease  t h e  r a t e  of proper use of  

c h i l d  r e s t r a i n t s  began i n  January 1982 (Of f i ce  of Highway Safe ty  Planning,  

1981). E f f e c t s  of t h e s e  two d i s t i n c t  i n t e r v e n t i o n s  ( law and P I & E  program) 

were assessed separa te ly .  

The t ime-ser ies  i n t e r v e n t i o n  models inlcluded components a s sess ing  t h e  

impact on r e s t r a i n t  use  and occupant i n j u r i e s  of ( 1 )  t h e  PI&E e f f o r t  alone 

(January through March 1982) and ( 2 )  t h e  PIIStE e f f o r t  combined with t h e  

mandatory c h i l d  r e s t r a i n t  usage law (Apr i l  through December 1982). A p l o t  of 

each outcome measure i s  shown i n  t h i s  chaptler, and t h e  ne t  change i n  each 

outcome measure assoc ia ted  with t h e s e  two i n t e r v e n t i o n s  is  discussed.  When 

examining t h e  p l o t s ,  no te  t h a t  t h e  do t t ed  l i n e  r e p r e s e n t s  a c t u a l  monthly 

values  of r e s t r a i n t  use or  number of i n j u r i e s .  The s o l i d  l i n e  represen t s  a 

smoothed t r end  l i n e ,  and is  use fu l  t o  he lp  s e e  t h e  o v e r a l l  t r e n d s ,  The 

smoothed t r end  is  most h e l p f u l  f o r  t h e  i d e n t i f i c a t i o n  of t r e n d s  over t h e  

multi-year b a s e l i n e  pe r iod ,  while t h e  a c t u a l  values  shown by t h e  do t t ed  l i n e  

a r e  t h e  most accura te  f o r  t h e  post-interven4:ion per iod.  The n e t  change i n  

each outcome measure from previous p a t t e r n s  ( t r e n d s  and c y c l e s )  was measured 

using comprehensive Box-Jenkins t ime-ser ies  models. The s t a t i s t i c a l  



time-series modelling r e s u l t s  upon which these f indings a re  based are  shown 

i n  t ab l e s  found i n  the  Appendix. 

If the  chi ld r e s t r a i n t  law and associated PI&E e f f o r t s  were successful ,  

the f i rs t  outcome expected i s  an increase i n  the  the  r a t e  of r e s t r a i n t  usage 

( e i t h e r  w i t h  an approved chi ld r e s t r a i n t  device or  adul t  sea t  b e l t )  among 

children covered under the  new law ( i . e . ,  those age 0 t o  3 inc lus ive) .  The 

focal  age group was s p l i t  i n t o  two segments fo r  analysis :  children under the  

age of 1, and children age 1 t o  3. This age cutpoint was chosen because of 

the d i f f e r e n t i a l  treatment of i n fan t s  under age one required by the  new law. 

The r a t e  of r e s t r a i n t  usage among injured motor vehicle occupants l e s s  

than one year old is shown in  Figure 5.1. There was a moderate upward trend 

i n  usage from 1979 through 1981. The upward trend is  not cons is ten t ,  and the 

usage r a t e  var ies  dramatically from month t o  month. Restraint  usage in  1981, 

before t he  PI&E and mandatory-use intervent ions,  averaged about 21%. 

Results of time-series modeling (Table A . l )  revealed what appeared t o  be 

a s ign i f i can t  72% decrease in  r e s t r a i n t  usage among in fan t s  during the 

January t o  March 1982 PI&E-only period. The 72% reduction i n  the  usage r a t e  

represents  a decrease i n  usage from 21% in l a t e  1981 t o  about 7% i n  e a r ly  

1982. An increase i n  r e s t r a i n t  usage i s  evident a f t e r  the  law was 

implemented, but was not s ign i f i can t  (Figure 5.1). 

These r e s u l t s  a re  contrary t o  t he  hypothesis t h a t  both the  P I&E e f f o r t s  

and the  chi ld r e s t r a i n t  law increased r e s t r a i n t  usage. However, they cannot 

be taken a t  face value because of the  nature of the measure on which they are  

based. The r e s t r a i n t  usage ind ica tor  for  i n fan t s  under the age of one year 

i s  based on a monthly incidence of 0 t o  12 res t ra ined  crash-involved in fan t s  

per month. For a month i n  which no crash-involved in fan t s  were res t ra ined ,  





the percent of a l l  crashed in fan t s  using r e s t r a i n t s  is  zero. Basing the  

percent usage indicator  on such a small number of cases produces an unstable 

indicator .  The la rge  month-to-month var ia t ion  i n  usage noted e a r l i e r  is  an 

indicat ion of the  i n s t a b i l i t y  of t h i s  measure, Because of these inadequacies 

i n  measurement, the  time-series model r e s u l t s  should be discounted. In 

sho r t ,  these data provide l i t t l e  information concerning the  e f f e c t  of the  

1982 intervent ions on r e s t r a i n t  usage among Michigan infan ts .  

The small-sample problem d i d  not a r i s e  w i t h  the  r e s t  of the  population 

covered by the  chi ld r e s t r a i n t  law. Restraint  usage among crash-involved 

children age 1 t o  3 i s  shown i n  Figure 5.2. There was a s l i g h t  increase in  

r e s t r a i n t  usage from 1979 t o  1981. Time-series modeling r e s u l t s  indicated no 

s ign i f i can t  e f f e c t  of the  PI&E e f f o r t s  alone on r e s t r a i n t  usage (Table A.2).  

The e f f ec t  of implementation of the chi ld r e s t r a i n t  law, i n  cont ras t ,  was 

dramatic. Usage among 1-3-year-olds was 208% higher during the  

April-December 1982 period than expected given the  multi-year basel ine 

trends. The usage r a t e  t r i p l e d  from about 12% before the  law t o  about 36% 

a f t e r ,  I n  cont ras t  t o  the  analyses of r e s t r a i n t  usage among in fan t s  under 1, 

analyses of the la rger  age group of 1-3-year-olds provided a more s t ab l e  

r e s t r a i n t  use ind ica tor ,  and documented the  subs t an t i a l  increase in  r e s t r a i n t  

usage associated w i t h  implementation of the mandatory-use law, 

Restraint  usage among motor vehicle occupants of other ages was a l so  

analyzed, Objectives i n  analyzing occupants of other ages were twofold. 

F i r s t ,  t o  i den t i fy  possible sp i l lover  e f f e c t s  of the  ch i ld  r e s t r a i n t  law. 

Second, t o  ensure t h a t  s ign i f i can t  increases  i n  usage found among young 

children were not simply a r e f l ec t ion  of other f ac to r s  influencing a l l  motor 

vehicle occupants i n  Michigan, but were i n  f a c t  due t o  implementation of the  





chi ld r e s t r a i n t  law. 

Average r e s t r a i n t  usage among injured motor vehicle occupants age 4 t o  

15 was cons is ten t ly  5 t o  6% from 1978 through 1932, shown by the  moving 

average trend i n  Figure 5.3. A s i gn i f i can t  55% increase i n  usage occurred in  

ea r ly  1982, when the  PI&E e f f o r t  was underway (Table A.31, Implementation of 

the chi ld r e s t r a i n t  law increased usage 102%, twice a s  much a s  the  PI&E 

e f f o r t s  alone. The 102% increase i n  usage among 4-15-year-olds is  

s ign i f i can t  from both a s t a t i s t i c a l  and substant ive point of view. However, 

it i s  only half  as  la rge  as  the  percent increase i n  usage exhibited by 

1-3-year-olds, who were d i r e c t l y  the  focus of the  new law. Furthermore, 

because usage pr ior  t o  1982 was higher among those age 1-3 than those age 

4-15, the  percentage-point increase among 1-3-year-olds was several  times 

t h a t  among 4-15-year-olds ( i .e . ,  a change from 12 t o  36% usage among those 

age 1-3 versus a change from 6 t o  121 among those age 4-15). In shor t ,  the 

chi ld r e s t r a i n t  law appears t o  have increased usage among 4-15-year-olds, but 

the s i ze  of the e f f e c t  i s  s ign i f i can t ly  smaller than t h a t  among focal  1-3 age 

group, 

Restraint use among automobile occupants age 16 and 17 was qui te  

constant over the 1978 through 1981 period, and increased s l i g h t l y  i n  1982 

(Figure 5,4) .  However, the  increase i n  1982 was not s ign i f i can t ly  greater  

than the  normal month-to-month variat ion evident during the  basel ine period 

( indicated by the  ins igni f icant  estimates for  both the  PI&E-only and 

child-restraint-law parameters i n  t he  time-series model shown i n  Table A.4). 

Vehicle occupants age 18 t o  24 exhibited a very s l i g h t  downward trend i n  

r e s t r a i n t  use from 1978 through 1981 (Figure 5.5). No s ign i f i can t  change in  

use occurred in  the  f i r s t  th ree  months of 1982. After the  chi ld r e s t r a i n t  









law took e f f e c t ,  however, r e s t r a i n t  use increased by 30%, a s t a t i s t i c a l l y  

s ign i f icant  change (Table A.5). Because of the low basel ine usage r a t e ,  the  

30% increase i n  usage represents  an absolute change i n  usage of about 2 

percentage-points ( i . e . ,  from 6 t o  8%) .  

Similar analyses were conducted for  motor vehicle occupants age 25 t o  

34. Use of occupant r e s t r a i n t s  among those i n  t h i s  age group decreased 

s l i g h t l y  from 1978 t o  1981, and increased s l i g h t l y  i n  1982 (Figure 5.6). The 

increase i s  most pronounced i n  February 1982, perhaps a r e s u l t  of the  

increased PI&E e f fo r t s .  However, usage i n  1982 was w i t h i n  the  r a t e s  

expected, given the  variat ion evident over the  basel ine period; t h a t  is ,  the  

increase i s  not s t a t i s t i c a l l y  s ign i f i can t  (Table A.6). 

Vehicle occupants age 35 t o  54 increased t h e i r  use of r e s t r a i n t s  14% 

( i .e . ,  about 2 percentage-points) i n  the  f i r s t  th ree  months of 1982 (Figure 

5.7). Again, the  increase in  adul t  r e s t r a i n t  use may be re la ted  t o  the PI&E 

e f f o r t s  i n  ea r ly  1982. But the  increase i s  s ign i f i can t  only a t  the  .I0 

probabi l i ty  l e v e l ,  not a t  the conventional .05 leve l  (Table A.7). [In other 

words, a change i n  r e s t r a i n t  use among 35-54-year-olds of two or more 

percentage-points i s  expected 10% of the  time ju s t  by chance.] The increased 

r e s t r a i n t  usage i s  evident i n  Figure 5.7, and represents  a possible  e f f ec t  of 

the PI&E e f f o r t s  i n  ea r ly  1982. Restraint  usage during April-December 1982 

was not s ign i f i can t ly  d i f f e r en t  from pre-1982 levels .  

The l a s t  age category examined included a l l  injured motor vehicle 

occupants age 55 and over. Restraint  usage r a t e s  for  t h i s  age group 

decreased s l i g h t l y  from 1978 t o  1980, and were constant from 1980 t o  1981 

(Figure 5.8). The f i r s t  quarter  of 1982, however, was characterized by a 

s ign i f i can t  16% increase in  the  usage r a t e  (Table A.8). After the  chi ld 









r e s t r a i n t  law was implemented i n  A p r i l  1982, r e s t r a i n t  usage among those 55 

and over increased 20% ( i .e . ,  from about 13% usage in  1981 t o  16% in the l a s t  

three quar te rs  of 1982). 

A summary of recent changes i n  r e s t r a i n t  use among injured motor vehicle 

occupants of various ages may be helpful .  PI&E e f f o r t s  designed t o  increase 

chi ld r e s t r a i n t  use were implemented from January through March 1982. 

Effects  of t h i s  intervent ion on in fan t s  under age 1 were not discernable w i t h  

the data  avai lable .  No s ign i f i can t  changes i n  the r a t e  of usage during the  

PI&E-only period was found for  the  1-3, 16-17, 18-24, and 25-34 age groups. 

The PI&E program apparently increased r e s t r a i n t  use among the  4-15, 35-54, 

and 55-and-over age groups, The combination of P I & E  e f f o r t s  w i t h  the  chi ld 

r e s t r a i n t  law during the  l a s t  nine months of 1982 had much la rger  e f f e c t s  

than the  P I & E  e f f o r t s  alone. A dramatic increase i n  r e s t r a i n t  use was found 

for  passengers age 1 t o  3, Much smaller but still  s ign i f i can t  increases  i n  

r e s t r a i n t  use a f t e r  the  mandatory chi ld use law took e f f e c t  occurred fo r  

those age 4-15, 18-24, and 55 and older .  These changes i n  r e s t r a i n t  use may 

be a  sp i l lover  e f f ec t  resu l t ing  from the increased i n t e r e s t  i n  occupant 

r e s t r a i n t s  for  a l l  vehicle passengers i n  1982. The most dramatic increase in  

r e s t r a i n t  usage occurred among the  1-3 age group in  A p r i l  1982, the  f i r s t  

month the  new law was i n  e f f e c t ,  It appears, therefore ,  t h a t  the  chi ld 

r e s t r a i n t  law had i t s  intended e f f ec t  i n  increasing the  proportion of chi ld  

automobile occupants t h a t  a r e  restrained.  

The r e s u l t s  presented thus f a r  a re  based on police-reported r e s t r a i n t  

use among motor vehicle occupants t h a t  were injured i n  a  crash. These 

f indings cannot unambiguously ind ica te  the  e f f e c t  of the  chi ld r e s t r a i n t  law 

because of questions about the measure, I f  the  use of a  r e s t r a i n t  i s  not 



obvious t o  the police o f f i ce r  invest igat ing the  crash, the o f f i ce r  may r e ly  

on the self-report of the dr ivers  involved. One e f f ec t  of the chi ld 

r e s t r a i n t  law may have been t o  increase the number of crashed dr ivers  who 

report t ha t  t h e i r  chi ld  was restrained when i n  f ac t  the  chi ld had not been 

restrained.  Correct versus incorrect  use of chi ld  r e s t r a i n t  devices i s  

another confounding fac tor ,  The degree t o  which r e s t r a i n t  devices are  being 

used cor rec t ly  is  not assessed and recorded by police of f icers .  Incorrect 

usage s ign i f i can t ly  lowers the protection provided by chi ld sea ts .  Surveys 

have indicated tha t  incorrect  usage is  a major problem; up t o  70% of a l l  

child r e s t r a i n t  devices are  used incor rec t ly  (Shelness and Jewett, 1983). 

Final ly ,  r e c a l l  t ha t  Michigan's pol ice crash-report form was changed i n  

January 1982 t o  include a separate category for  child r e s t r a i n t  device use 

(added t o  ex is t ing  seat-belt-use codes), The addition of chi ld  sea t  codes 

may have increased awareness of chi ld  r e s t r a i n t s  among police o f f i ce r s ,  and 

may have caused an increase i n  police-reported child sea t  use, independent of 

any change i n  actual  usage r a t e s .  To avoid problems w i t h  the measurement of 

r e s t r a i n t  usage, t h i s  study focused on the  e f fec ts  of the P I & E  e f f o r t s  and 

chi ld r e s t r a i n t  law i n  reducing the ultimate outcome of i n t e r e s t ,  the number 

of children injured in  crashes. 

The number of in fan ts  under age 1 injured i n  motor vehicle crashes is 

shown i n  Figure 5.9. The average number of injured infan ts  per month 

decreased from 1978 t o  1980, and changed l i t t l e  i n  1981. An obvious 

discont inui ty occurred i n  ea r ly  1982, however. The number of injured infan ts  

i n  the f i r s t  th ree  months of 1982, when increased P I & E  e f f o r t s  were underway, 

decreased 30% from the  l eve l s  expected given the baseline period (time-series 

modelling r e s u l t s  a re  shown i n  Appendix Table A.91, After the  mandatory use 





law went i n t o  e f f ec t  i n  April 1982, i n j u r i e s  among in fan t s  under age 1 were 

50% lower than would have been expected without the  law. These r e s u l t s  were 

obtained assuming no long-term downward trend influenced in jury  f igures  i n  

1982. Since the  e a r l i e r  downward trend had leveled out by 1981, t h i s  i s  the 

most reasonable assumption. Even i f  one assumes a downward trend i n  1982, a 

s ign i f i can t  29% reduction i n  i n j u r i e s  is  s t i l l  a t t r i bu tab le  t o  the  chi ld 

r e s t r a i n t  law (Table A ,  l o ) ,  

Signif icant  reductions in  t he  number of i n j u r i e s  a l so  occurred among 

children age 1 t o  3. The number of 1-3-year-olds injured i n  motor vehicle 

crashes trend downward from 1979 through 1981 (Figure 5,10). This downward 

trend is consis tent  w i t h  the  overa l l  decrease in  t r a f f i c  crashes fo r  a l l  age 

groups during t h i s  period due t o  several  f ac to r s  including the economic 

recession,  increased a t ten t ion  t o  drinking dr ivers ,  and other highway safe ty  

programs (Wagenaar, i n  p re s s ) ,  I f  one assumes tha t  t h i s  downward trend i n  

i n j u r i e s  among 1-3-year-olds would have stopped without t he  chi ld r e s t r a i n t  

law, the  estimated e f f e c t  of the P I & E  e f f o r ' x  alone (January-March 1982) i s  a 

20% reduction i n  children in jured ,  and the e f f e c t  of the  law i s  a 26% 

reduction in  children injured (Table A.11). A more conservative estimate of 

the e f f e c t s  of the  chi ld r e s t r a i n t  law is derived under the  reasonable 

assumption t h a t  the  downward trend over t he  1979-1981 period would have 

continued even without t he  chi ld r e s t r a i n t  law and associated P I & E  e f fo r t s .  

Even a f t e r  fac tor ing  out the  e f f e c t s  of the  downward t rend,  a s ign i f i can t  17% 

. reduction in  the number of children injured i s  a t t r i bu tab le  t o  the  e f f e c t s  of 

the ch i ld  r e s t r a i n t  law (Table A.12). The P I & E  e f f o r t s  alone, however, had 

no s ign i f i can t  impact on i n j u r i e s  under t h e  assumption t h a t  t h e  downward 

in jury  trend would have continued without the program. 





Based on t h e s e  r e s u l t s ,  it i s  c l e a r  t h a t  t h e  c h i l d  r e s t r a i n t  law 

s u b s t a n t i a l l y  reduced t h e  number of t r a f f i c  c a s u a l t i e s  among ch i ld ren .  I n  

1951 t h e r e  were 311 car  and l i g h t  t ruck  passengers under age 1 in ju red  i n  

crashes  (excluding out-of-state r e s i d e n t s ) .  A 50% reduct ion assoc ia ted  w i t h  

t h e  c h i l d  r e s t r a i n t  law means t h a t  156 i n f a n t  i n j u r i e s  per year a r e  

apparent ly  prevented by implementation of  t h e  law. Among ch i ld ren  age 1 t o  

3, 1776 were in ju red  i n  1981. A 17% reduction a t t r i b u t a b l e  t o  t h e  law 

represen t s  302 childhood i n j u r i e s  per year apparent ly  prevented by t h e  law. 

The magnitude of  t h e  e f f e c t  of t h e  law i n  reducing i n j u r i e s  i s  much l a r g e r  

than I expected. Although use of r e s t r a i n t s  increased s u b s t a n t i a l l y  i n  1982, 

even a f t e r  t h e  law l e s s  than 40% of in ju red  ch i ld ren  were r e s t r a i n e d  ( s e e  

Figure 5.2 above). This usage es t ima te  m i g h t  be f u r t h e r  discounted by ( 1 )  

expected over repor t ing  of  use t o  po l i ce  o f f i c e r s  because of t h e  l e g a l  

requirement,  and ( 2 )  por t ion of ch i ld ren  c o r r e c t l y  recorded a s  r e s t r a i n e d  but 

who a r e  r e s t r a i n e d  i n  an improper manner. In s p i t e  of these  cons ide ra t ions ,  

s u b s t a n t i a l  casua l ty  reduct ions  occurred a f t e r  implementation of t h e  

mandatory use law. Taking such f a c t o r s  i n t o  account,  it i s  apparent  t h a t  

s u b s t a n t i a l l y  l a r g e r  reduct ions  i n  c a s u a l t i e s  may be achievable i f  c o r r e c t  

use of c h i l d  r e s t r a i n t  systems cont inues  t o  inc rease .  Whether t h e s e  

s u b s t a n t i a l  short-term e f f e c t s  of t h e  law inc rease  or  decay over time w i l l  be 

t h e  sub jec t  of a  planned second-year followup study. 

In add i t ion  t o  analyzing i n j u r y  t r ends  f o r  i n f a n t s  and young ch i ld ren  

covered by t h e  law, o the r  age groups were examined f o r  comparison. The 

number of in ju red  passengers age 4 t o  15 exhibi ted  a  downward t r end  from 1979 

through 1982 (Figure  5.11). There were no s i g n i f i c a n t  d i s c o n t i n u i t i e s  i n  

1982, i n  c o n t r a s t  t o  t h e  experience of  i n f a n t s  and ch i ld ren  age 1 t o  3. That 





i s ,  t h e  reduct ion i n  i n j u r i e s  i n  1982 is  not l a r g e r  than expected, given t h e  

1979-81 downward t r end .  In s h o r t ,  while t h e r e  appeared t o  be a  s p i l l o v e r  

e f f e c t  of t h e  law i n  inc reas ing  r e s t r a i n t  use among 4-15-year-olds (Figure  

5.31, t h e  observed inc rease  i n  usage from 4 t o  10% was apparent ly  too small  

t o  lead t o  a  measurable reduct ion i n  c a s u a l t i e s .  

The number of  in ju red  16- and 17-year -~ lds  t r end  downward from 1979 t o  

1982, c o n s i s t e n t  w i t h  o v e r a l l  c rash  t r e n d s  in Michigan (Figure  5.12). No 

s i g n i f i c a n t  d i s c o n t i n u i t i e s  from pre-exis t ing t r e n d s  were observed i n  1982. 

S imi la r ly ,  no s i g n i f i c a n t  changes from o v e r a l l  t r e n d s  were found i n  t h e  

number of in ju red  18- t o  24-year-olds (Figure  5.13). This age group d i d  

e x h i b i t  a  s i g n i f i c a n t  inc rease  i n  r e s t r a i n t  use beginning i n  A p r i l  1982 ( s e e  

Figure 5.5 above). However, t h e  inc rease  i1.1 usage from 8 t o  10% was 

apparent ly  not  l a r g e  enough t o  r e s u l t  i n  a  measurable casua l ty  reduct ion.  

In c o n t r a s t ,  fewer than expected 25-34.-year-olds were in ju red  i n  c rashes  

a f t e r  A p r i l  1982 (Figure  5.14).  Control l ing out  t h e  e f f e c t s  of  t h e  s l i g h t  

downward t r end  over t h e  1978-1981 per iod,  a  5% decrease  i n  i n j u r i e s  occurred 

a f t e r  t h e  c h i l d  r e s t r a i n t  law took e f f e c t .  This r e l a t i v e l y  small  reduct ion 

i n  c a s u a l t i e s  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  a t  t h e  . I 0  l e v e l ,  but  not a t  t h e  

conventional  .05 l e v e l  (Table A.13). Because t h e  apparent  downward t rend is  

s l i g h t ,  some m i g h t  argue t h a t  it does not r ep resen t  a  long-term t rend.  The 

analyses  were repeated under t h e  assumption t h a t  t h e r e  i s  no long-term 

downward t r end .  Under t h i s  assumption, a  13% i n j u r y  reduct ion es t ima te  was 

obtained ( s i g n i f i c a n t  a t  ,05; Table A .  14).  

The number of i n j u r i e s  among 35-54-year-olds decreased from 1978 t o  

1980, but held constant  from 1980 t o  1981 (Figure  5.15). Af ter  A p r i l  1982, 

however, i n j u r i e s  decreased 6%. This reductdon i s  s i g n i f i c a n t  a t  t h e  .05 











l eve l  (Table A.  15 1. 

It appears t h a t  the mandatory chi ld r e s t r a i n t  law had a sp i l lover  e f f ec t  

on adul ts  age 25 t o  54. The sp i l lover  e f f ec t  i s  subs t an t i a l l y  smaller than 

the main e f f ec t  of the  law in  reducing i n j u r i e s  among chi ldren,  and i s  of 

marginal s t a t i s t i c a l  s ignif icance.  The apparent sp i l lover  e f f e c t  may be due 

t o  the response of two d i s t i n c t  populations t o  the  chi ld r e s t r a i n t  law and 

associated public a t ten t ion .  F i r s t ,  parents of young children may be more 

l i k e l y  t o  use r e s t r a i n t s  a f t e r  being informed of the l ega l  mandate t o  

r e s t r a i n  t h e i r  children and the e f f icacy  of r e s t r a i n t  systems i n  preventing 

injury. Second, adul t s  without children in  the age cohort may increase t h e i r  

use of r e s t r a i n t s  as  a r e s u l t  of increased awareness of the  importance of 

r e s t r a i n t s  both through mass media communication and influence of associates  

who have young children and have increased t h e i r  r e s t r a i n t  use. I n  any 

event,  an addi t ional  year of followup data  w i l l  c l a r i f y  the  s ignif icance of 

the apparent e f f ec t  of the chi ld r e s t r a i n t  law on i n j u r i e s  among 

25-54-year-olds. 

The number of motor vehicle occupants age 55 and over injured in  crashes 

decreased i n  1979 and 1980, but has remained qui te  constant from 1980 through 

1982 (Figure 5.16). As expected, there  were no s ign i f i can t  changes in  in jury  

frequency associated w i t h  implementation of the ch i ld  r e s t r a i n t  law among 

those age 55 and over. 

Results thus f a r  ind ica te  t h a t  the  mandatory r e s t r a i n t  use law is  

associated w i t h  subs t an t i a l  i n ju ry  reductions among children subject t o  the 

law and small but po ten t i a l l y  s ign i f i can t  reductions i n  i n j u r i e s  among those 

age 25 t o  54. To ensure tha t  the  observed in jury  reductions were not due t o  

a sudden change i n  exposure t o  the  r i sk  of in jury  ra ther  than the chi ld 
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r e s t r a i n t  law, r a t e s  of  in ju red  occupants per 1000 crashed v e h i c l e s  were 

examined f o r  each age group. I f  t h e  c h i l d  r e s t r a i n t  law reduced t h e  number 

of in ju red  occupants by i n c r e a s i n g  r e s t r a i n t  use ,  t h e  number of in ju red  

occupants i s  expected t o  decrease  even when t h e  number of crashed v e h i c l e s  is  

held cons tan t .  The t o t a l  number of crashed v e h i c l e s  i n  Michigan ( inc lud ing  

occupants of  a l l  ages)  i s  not an i d e a l  exposure index. The number of crashed 

v e h i c l e s  s t r a t i f i e d  by age of t h e  occupants would be b e t t e r .  However, 

information on t h e  age of  uninjured occupants was not  a v a i l a b l e ,  As a 

r e s u l t ,  exposure t o  t h e  risk of  i n j u r y  was measured by t h e  t o t a l  number of  

crashed veh ic les .  

The number of in ju red  occupants per 1000 crashed v e h i c l e s  was c a l c u l a t e d  

f o r  each age group f o r  t h e  January 1978 through December 1982 period.  

Analyses of  t h e s e  i n j u r y  r a t e s  confirmed t h e  e f f e c t  of  t h e  c h i l d  r e s t r a i n t  

law found i n  t h e  analyses  of  t h e  frequency of i n j u r i e s  d iscussed above. The 

i n j u r y  r a t e  f o r  occupants under age 1 (F igure  5.17) and age 1 t o  3 (Figure  

5.18) revealed obvious d e c l i n e s  i n  1982 a f t e r  t h e  P I & E  e f f o r t s  and c h i l d  

r e s t r a i n t  law were implemented. The i n j u r y  r a t e  f o r  4-15-year-olds (Figure  

5.19) and 16-17-year-olds (F igure  5.20) a r e  s l i g h t l y  lower i n  1982, but  t h e r e  

is  no obvious d i s c o n t i n u i t y  from t h e  previous  four  years.  

I n t e r p r e t a t i o n  of t h e  i n j u r y  r a t e  p l o t s  f o r  those  age 18 and over i s  

complicated by t h e  aging of Michigan's popula t ion.  As t h e  "baby boomn 

generat ion born between 1947 and 1959 ages,  a smal ler  propor t ion of  a l l  

crashed v e h i c l e s  w i l l  i n j u r e  young a d u l t s ,  and a l a r g e r  propor t ion of a l l  

crashed v e h i c l e s  w i l l  i n j u r e  middle-aged occupants. The changing age 

s t r u c t u r e  of  t h e  popula t ion may exp la in  t h e  decrease  i n  t h e  i n j u r y  r a t e  among 

18-24-year-olds i n  1981 and 1982 (Figure  5.21). It may a l s o  expla in  t h e  
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increased in ju ry  r a t e  from 1979 t o  1981 among those age 25 t o  34 (Figure 

5.22). The small decrease i n  the  in jury  r a t e  for  25-34-year-olds i n  1982 

might r e f l e c t  t he  possible  sp i l lover  e f f ec t  of the  ch i ld  r e s t r a i n t  law noted 

above. The in jury  r a t e s  for  occupants age 35-54 (Figure 5.23) and 55 and 

over (Figure 5.24) show a gradual upward trend from 1979 through 1982. 

Increased numbers of motor vehicle occupants i n  these age groups is  a  

possible  explanation of the  observed trend. 

Observed changes i n  age-specific in jury  r a t e s  must be in te rpre ted  

caut iously because the  denominator upon which the r a t e  was based is  not 

age-specific. The need for  regular ly  col lected ( i  .e., monthly or quar te r ly)  

age-specific information on the  exposure t o  r i s k  of motor vehicle 

crash-related in jury  is  again apparent. The most important point here,  

however, i s  t h a t  the  in jury  r a t e  for  young children exhibited a  noticeable 

decl ine a f t e r  the ch i ld  r e s t r a i n t  law and re la ted  P I & E  programs were 

implemented, consis tent  w i t h  the  more d i r e c t  analyses of the frequency of 

in jury  discussed e a r l i e r .  We now re turn  t o  the  analyses of in jury  

frequencies,  

The i n i t i a l  analyses s p l i t  the  age group t o  which the  law applied i n t o  

two segments: i n fan t s  under age 1 ,  and children age 1 t o  3.  Both of these 

segments experienced s igni f icant  reductions i n  i n j u r i e s ,  Further 

c l a r i f i c a t i o n  of the nature of the chi ld r e s t r a i n t  law e f f e c t  was achieved 

through separate  analyses of in jury  t rends  across several  var iables  of 

i n t e r e s t .  To maintain a  s u f f i c i e n t  number of cases i n  subsequent analyses 

for  the  accurate detect ion of the  law's e f f e c t s ,  a l l  chi ldren under age 4 

were examined a s  a  s ing le  group. 

The f i r s t  c l a s s i f i ca t ion  of injured children was according t o  t h e i r  
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r e s t r a i n t  use a t  the time of the  crash. The r e s t r a i n t  law s ign i f i can t ly  

increased the percent of chi ld  occupants using r e s t r a i n t s  (see Figures 5,1 

and 5.2 above). Consistent w i t h  the  f indings based on the  r e s t r a i n t  usage 

r a t e ,  separate  analyses of restrained and unrestrained children revealed a 

45% increase in  the  number of children restrained and a 40% reduction in  the 

number unrestrained (Figures 5.25 and 5,26; time-series model r e s u l t s  a re  i n  

Appendix Tables A.17 and A. 18).  Thus the  law apparently sh i f ted  a 

s ign i f i can t  proportion of crash-involved children from the  unrestrained t o  

the restrained category. Recalling possible  problems w i t h  the measurement of 

r e s t r a i n t  use discussed above, these f indings should be viewed cautiously. 

The second c l a s s i f i c a t i o n  examined was in jury  severi ty .  Severity of 

i n j u r i e s  t o  children were divided i n t o  two groups, The f i r s t  group consisted 

of moderately injured chi ldren,  and included those recorded as  having a 

"possiblell or "nonincapacitatingV injury.  The second group consisted of 

severely injured ch i ldren ,  and included f a t a l i t i e s  and those recorded as  

sustaining an wincapaci tat ingtr  in jury ,  After cont ro l l ing  for  the  downward 

trend from 1979 through 1981, t he  number of children experiencing moderate 

i n j u r i e s  dropped an estimated 22% when the  chi ld r e s t r a i n t  law took e f f ec t  

(Figure 5,27; Table A.19), In con t r a s t ,  severe i n j u r i e s  d i d  not decrease 

s ign i f i can t ly ,  a f t e r  accounting for  the  moderate negative trend over the 

basel ine period (Figure 5.28, Table A.20). I f  one disregards the  moderate 

basel ine t rend,  an estimated 24% reduction i n  severe i n j u r i e s  i s  associated 

with the  chi ld r e s t r a i n t  law (Table A,21). In shor t ,  it appears t h a t  the  

chi ld r e s t r a i n t  law had i t s  main e f f ec t  in  reducing moderate i n j u r i e s ,  and 

l e s s  e f f e c t  i n  reducing severe i n j u r i e s  and death. 

While a small proportion of crashes a re  unsurvivable even w i t h  
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r e s t r a i n t s ,  the la rger  e f f ec t  of the law on moderate i n j u r i e s  than severe 

i n j u r i e s  i s  not due t o  lower effect iveness  of r e s t r a i n t s  i n  more severe 

crashes. The la rger  e f f ec t  of the  child r e s t r a i n t  law i n  reducing moderate 

i n j u r i e s  i s  most l i k e l y  due t o  higher r e s t r a i n t  use among those involved i n  

l e s s  severe crashes than among those involved i n  severe crashes (see Table 

4.5 above). As noted e a r l i e r ,  those a t  g rea tes t  r i sk  of severe in jury  a re  

the ones tha t  a re  l e a s t  l i k e l y  t o  change t h e i r  (nonlrestraint-using behavior 

as a  r e s u l t  of P I & E  e f f o r t s  and mandating l eg i s l a t i on ,  This proposition was 

e x p l i c i t l y  tes ted  by time-series analyses of childhood i n j u r i e s  categorized 

by sever i ty  of the crash,  a s  measured by extent of vehicle damage. Vehicle 

damage provides a  measure of the seriousness of a  crash independent of 

i n  j u r i e s  sustained. 

The Tra f f i c  Accident Damage (TAD)  scal'e is used by invest igat ing 

o f f i ce r s  t o  rank the extent of damage t o  a  vehicle on an eight-point scale  

(scoring ranges from one--no damage t o  eight--maximum damage) . The TAD sca le  

was recalculated i n t o  three categories  t o  elnsure adequate number of cases for  

analysis.  Low damage represents TAD scores one and two, medium damage TAD 

three and four ,  and high damage TAD f i ve  through e ight .  The mandatory chi ld 

r e s t r a i n t  law i s  associated w i t h  a  41% reduction i n  childhood i n j u r i e s  i n  

low-damage crashes (Figure 5.29, Table A . 2 3 ) ,  a 20% reduction in  

medium-damage crashes (Figure 5.30, Table A.241, and a 12% reduction i n  

high-damage crashes (Figure 5.31, Table A.2!5). These r e s u l t  confirm the  

expectation t h a t  the  chi ld r e s t r a i n t  law was most e f fec t ive  i n  increasing 

r e s t r a i n t  use among those a t  lower l eve l s  of r i sk  of ser ious injury,  and 

l e a s t  e f fec t ive  among those most a t  risk of ser ious injury. Nevertheless, 

the chi ld r e s t r a i n t  law was associated w i t h  s ign i f i can t  reductions in  
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childhood i n j u r i e s  even among high-r isk ,  d i f f icul t - to-change d r i v e r s  involved 

i n  severe  crashes .  Furthermore, many childhood i n j u r i e s  occur i n  crashes  

t h a t  involve  low or  moderate l e v e l s  of veh ic le  damage; t h e  c h i l d  r e s t r a i n t  

law dramat ica l ly  reduced i n j u r i e s  i n  such crashes .  

F i n a l l y ,  e f f e c t s  of  t h e  c h i l d  r e s t r a i n t  law on i n j u r i e s  among ch i ld ren  

were examined f o r  var ious  s e a t i n g  pos i t ions .  There a r e  two dimensions of t h e  

new law and assoc ia ted  p u b l i c i t y  t h a t  may in f luence  s e a t i n g  pos i t ion  of 

ch i ld ren  i n  automobiles. F i r s t ,  t h e  law s t ' a t e s  t h a t  a  c h i l d  age 1 through 3  

must be r e s t r a i n e d  i n  an approved c h i l d  r e s t r a i n t  device  i f  r i d i n g  i n  t h e  

f r o n t  s e a t ,  but  use of  a d u l t  l a p  b e l t  i s  l e g a l l y  adequate i n  t h e  r e a r  s e a t .  

Second, p u b l i c i t y  and education e f f o r t s  surirounding t h e  law informed d r i v e r s  

t h a t  t h e  s a f e s t  p lace  f o r  ch i ld ren  i s  i n  t h e  r e a r  s e a t .  
4 

Time-series analyses  were conducted foi- childhood i n j u r i e s  i n  t h r e e  

c a t e g o r i e s  of s e a t i n g  pos i t ion :  f r o n t  s e a t ,  r e a r  s e a t ,  and o t h e r  p o s i t i o n s  

p r imar i ly  c o n s i s t i n g  of cargo a rea  passengel-s. Af ter  c o n t r o l l i n g  f o r  t h e  

downward t rend during t h e  base l ine  per iod,  i n j u r i e s  among ch i ld ren  r i d i n g  i n  

f r o n t  s e a t s  decreased 28% when t h e  c h i l d  r e s t r a i n t  law took e f f e c t  (Figure  

5.32, Table A.26). In c o n t r a s t ,  ch i ld ren  r i d i n g  i n  r e a r  s e a t s  experienced no 

change i n  i n j u r i e s  (Figure  5.33, Tables A.27 and A.28). The s u b s t a n t i a l  

decrease  i n  f ron t - sea t  i n j u r i e s  i s  probably due t o  a  decrease  i n  t h e  number 

of young ch i ld ren  r i d i n g  i n  t h e  f r o n t  s e a t ,  and an inc rease  i n  t h e  propor t ion 

of those  r i d i n g  i n  t h e  f r o n t  s e a t  t h a t  a r e  r e s t r a i n e d .  No ne t  change i n  t h e  

number of ch i ld ren  in ju red  i n  t h e  r e a r  s e a t  i s  probably t h e  r e s u l t  of two 

e f f e c t s .  F i r s t ,  some ch i ld ren  who before  t h e  law rode i n  t h e  f r o n t  s e a t  may 

have been moved t o  t h e  r e a r  s e a t .  Second, t h e  increased number of ch i ld ren  

r i d i n g  i n  r e a r  s e a t s  d id  not lead t o  increased rear-seat  i n j u r i e s  because a  
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higher proportion were restrained a f t e r  the law. 

The number of children r id ing  i n  pos i t ions  other than f ront  or rear  

s ea t s  ( i .e . ,  cargo areas)  declined subs t an t i a l l y  a f t e r  implementation of the  

chi ld r e s t r a i n t  law. In ju r i e s  among children r id ing  i n  cargo areas decreased 

45% immediately a f t e r  the  law took e f f e c t  (Figure 5.34, Table A.29). Thus,  

i n  addition t o  reducing childhood i n j u r i e s  by increasing r e s t r a i n t  use, the  

law apparently moved children r id ing  in  automobiles from the  more-vulnerable 

front-seat and cargo-area pos i t ions  t o  the safer  rear-seat position. This 

e f f e c t ,  along w i t h  increased r e s t r a i n t  use,  presumably contributed t o  the  

overa l l  in jury  reductions associated with implementation of t he  chi ld 

r e s t r a i n t  law. 

The e f f e c t s  of the chi ld r e s t r a i n t  law are now summarized. The law i s  

associated w i t h  s ign i f i can t ly  higher r a t e s  of r e s t r a i n t  use among young 

chi ldren;  t h i s  finding should be in te rpre ted  caut iously because of po ten t ia l  

u n r e l i a b i l i t y  of the  police-report measure of r e s t r a i n t  use. The most 

important f indings a re  based on de ta i led  analyses of i n j u r i e s  among 

crash-involved children both before and a f t e r  the  law took e f f ec t .  The 

analyses control led for  e f f e c t s  of pre-existing t rends  in  childhood in ju r i e s .  

Key f indings a re  t h a t  i n j u r i e s  t o  i n fan t s  under age 1 decreased 50%, and 

i n j u r i e s  t o  children age 1-3 decreased 17% immediately a f t e r  implementation 

of the chi ld r e s t r a i n t  law in  April 1982, The PI&E e f f o r t s  implemented the  

few months before the  law took e f f e c t  apparently had some benef ic ia l  e f f ec t s .  

However, the  combination of PI&E e f f o r t s  with the  mandatory law produced 

major reductions i n  childhood i n j u r i e s  i n  the  l a s t  nine months of 1982. A 

possible  sp i l l ove r  e f f e c t  of the  law in  reducing i n j u r i e s  among adult  motor 

vehicle occupants was a l so  found. Occupants age 25-54 experienced a  6% 





reduction i n  i n j u r i e s  a f t e r  the  law was implemented. The s ignif icance of 

t h i s  sp i l lover  e f f ec t  should be c l a r i f i e d  w i t h  fur ther  study of an addi t ional  

year of followup data.  Separate analyses of restrained and unrestrained 

crash-involved children revealed a 45% increase i n  t he  former and a 40% 

decrease in  the l a t t e r .  The e f f ec t  of the  law was primarily seen i n  a 22% 

reduction in  moderate childhood in ju r i e s .  Analyses of severe i n j u r i e s  ( a  

smaller number of cases than moderate i n j u r i e s )  revealed no s t a t i s t i c a l l y  

s ign i f i can t  change a f t e r  cont ro l l ing  fo r  a downward trend over t he  baseline 

1978-1981 period. Analyses of crashes w i t h  varying l eve l s  of vehicle damage 

confirmed t h a t  the law had i t s  smallest  e f f e c t  among those most a t  r i sk  for  

severe injury. Childhood i n j u r i e s  among occupants of vehicles  experiencing 

low damage were down 418 a f t e r  the  law took e f f e c t ;  children in  moderately 

damaged vehicles  experienced 20% fewer i n j u r i e s ;  f i n a l l y ,  children in  

severely damaged vehicles  experienced 12% fewer in ju r i e s .  A change in  

childhood seat ing pos i t ions  a l so  occurred when the chi ld r e s t r a i n t  law took 

e f f ec t .  Children were apparently moved from the  more-hazardous f ront  sea t  

and cargo area locat ions t o  the  safer  rear  sea t  posi t ion.  Childhood i n j u r i e s  

decreased 28% among f ront  sea t  occupants and 45% among cargo area occupants, 

while rear  s e a t  i n j u r i e s  held constant.  



6 :  DISCUSSION 

This study c l ea r ly  shows s igni f icant  declines i n  crash-related i n j u r i e s  

among young children a f t e r  Michigan's manda'Lory chi ld r e s t r a i n t  law was 

implemented. These in jury  reductions can be viewed as a d i r ec t  r e su l t  of the 

law, and do not appear t o  be the r e su l t  of other fac tors ,  Three main 

features  of the design of t h i s  study strengthen the  conclusion t h a t  observed 

injury reductions are  i n  f ac t  due t o  the chi ld r e s t r a i n t  law. F i r s t ,  injury 

data over a five-year period was examined, and the decreased leve l  of child 

i n j u r i e s  a f t e r  the law took e f f ec t  was above and beyond the decreased leve l  

expected given a downward trend i n  i n j u r i e s  i n  recent years. Second, monthly 

data on t r a f f i c  crashes were examined, and s igni f icant  child injury 

reductions began the f i r s t  month the  child r e s t r a i n t  law was in  force. 

Third, comparisons were made between changes i n  the number of child i n ju r i e s  

and changes i n  the  number of i n j u r i e s  among motor vehicle occupants of other 

ages, Those comparisons revealed t h a t  major reductions i n  i n ju r i e s  were 

l imited t o  children under 4 years old,  t h a t  is ,  t o  those covered by the new 

r e s t r a i n t  law. 

The s t a t e  of the economy i s  one factor  influencing the  frequency of 

automobile crashes tha t  migh t  explain recent decl ines  i n  t r a f f i c  casual t ies .  

The observed reductions in  i n j u r i e s  followirig implementation of the  mandatory 

child r e s t r a i n t  law are apparently not due t,o the  e f f e c t s  of economic 

conditions for  three reasons. F i r s t ,  i n j u r y  reductions ident i f ied  here were 

beyond those expected given a downward trend i n  i n j u r i e s  i n  the ear ly  1980s. 

I f  the downward t rends during the baseline (pre-1982) period were due t o  poor 

economic conditions,  the e f f e c t s  of economic conditions were controlled in  



the analyses by cont ro l l ing  for  the  basel ine trends. Second, a slowdown in  

crash involvement and injury r a t e s  t h a t  might  r e s u l t  from poor economic 

conditions i s  l i k e l y  t o  a f f ec t  motor vehicle occupants of a l l  ages. The 

major in jury  reductions beginning i n  Apri l ,  1982, were l imited t o  children 

under 4. F ina l ly ,  the general e f f e c t s  of economic conditions on crash 

involvement i n  Michigan were examined as  par t  of t h i s  p ro jec t ,  and only a 

small par t  of the  variat ion in  ca sua l t i e s  i n  recent years can be c l ea r ly  

a t t r ibu ted  t o  the  e f f e c t s  of economic conditions ( a s  measured by the r a t e  of 

unemployment), Results of these analyses a re  discussed i n  a separate  repor t ,  

t o  which the  reader is  referred for  addi t ional  d e t a i l s  (Wagenaar, 1983b, i n  

p ress ) .  

I f  occupant r e s t r a i n t  systems are  properly used, they e f f ec t ive ly  

reduce i n j u r i e s  i n  a pa r t i cu l a r  crash. However, those not using r e s t r a i n t s  

tend t o  be a t  higher risk fo r  crash involvement and in jury  than those who do 

use r e s t r a i n t s  (Robertson, 1978; Campbell, 1979; OtDay and Flora,  1982), By 

examining crash-involved automobile occupants, t h i s  study was focused on a 

high-risk group of road users .  Although crash-involved road users  a re  a 

primary t a rge t  population, a mandatory-use law i s  l i k e l y  t o  be l e s s  e f f ec t ive  

in  increasing r e s t r a i n t  use among t h i s  high-risk group than i n  increasing 

r e s t r a i n t  use among the general population. Therefore, the  s i z e  of the 

estimated e f f e c t  of the law in  increasing r e s t r a i n t  use obtained here i s  most 

l i k e l y  smaller than an estimate based on before-and-after observational 

surveys of r e s t r a i n t  use among the  general road-user population. This 

difference points  t o  the  need t o  conduct periodic statewide observational 

surveys of r e s t r a i n t  use i n  addi t ion t o  continuing analyses of crash-involved 

motor vehicle occupants. Each type of study has i t s  s t rengths and 



weaknesses, and a combination of both w i l l  provide the  most accurate 

information concerning the  e f f e c t s  of continuing e f f o r t s  t o  increase 

r e s t r a i n t  use and decrease casua l t ies .  

The s i z e  of the  e f f ec t  of Michigan's chi ld  r e s t r a i n t  law, a 17% injury 

reduction among 1-3-year-olds and a 50% reduction among in fan t s  under 1 ,  i s  

la rger  than I expected. Hearne (1981 ) has argued t h a t  a mandatory r e s t r a i n t  

law has t o  increase use t o  over 80% before reaching those most a t  risk fo r  

in jury ;  only then w i l l  a law s ign i f i can t ly  reduce the  t o t a l  number of 

i n ju r i e s .  Results of the current  study, however, ind ica te  t h a t  a much 

smaller increase i n  r e s t r a i n t  use s ign i f i can t ly  reduces casua l t ies .  An 

increase i n  r e s t r a i n t  use from 12 t o  36% among crash-involved children 

resul ted in  a 17% decl ine i n  i n ju r i e s .  In other words, a 0.7% reduction i n  

i n j u r i e s  occurred for  each 1.0 percentage point increase in  use. Given t h a t  

those most influenced by the law are  a t  lower risk of in jury ,  a fur ther  

increase i n  use of 24 percentage points  is  l i k e l y  t o  r e s u l t  in  a 

larger-than-17% decl ine i n  i n ju r i e s .  The poten t ia l  benef i t s  i n  reduced 

i n j u r i e s  of fur ther  increases  i n  r e s t r a i n t  use a re  dramatic. What can be 

done t o  continue and enhance the  success Michigan has experienced thus f a r ?  

F i r s t ,  public information and education e f f o r t s  should continue. 

Results reported in  Section 5 ind ica te  t h a t  Michigan's PI&E e f f o r t s  

apparently had some e f f ec t  i n  increasing ch i ld  r e s t r a i n t  use even before the 

law took e f f ec t .  Effects  a t t r i bu ted  t o  the  law in  much of t h i s  discussion 

r e a l l y  r e f e r s  t o  the  combined e f f ec t  of the law w i t h  major P I & E  e f fo r t s .  

Other research has also found t h a t  comprehensive PI&E programs can 

s ign i f i can t ly  a f f ec t  motorists '  awareness of the need for  r e s t r a i n t s  (Philpot 

and o thers ,  1980). Because s ign i f i can t  changes i n  restraint-using 



behavior are  d i f f i c u l t  t o  achieve via PI&E e f f o r t s ,  perhaps the focus of 

these e f f o r t s  should be t o  build public support for  mandatory r e s t r a i n t  use 

laws and automatic r e s t r a i n t  systems, two ways t h a t  s ign i f i can t  increases  i n  

occupant protect ion a re  l i k e l y  t o  be achieved. 

Second, enforcement of the  current  chi ld  r e s t r a i n t  law should be 

strengthened. Available evidence ind ica tes  t h a t  major enforcement e f f o r t s  

can increase r e s t r a i n t  use. For example, Roberts (1981) notes t h a t  chi ld  

r e s t r a i n t  use i n  Tennessee vdoubledu a f t e r  a stepped-up enforcement program 

was i n i t i a t e d  (although no data  were provided t o  subs tan t ia te  the claim). 

Jonah and o thers  (1982) compared two Ontario c i t i e s ,  one of which implemented 

a s e l ec t ive  belt-use enforcement program (including publ ic i ty  about the  

increased enforcement). Belt use increased from 58% before t o  80% during the 

program, decl ining t o  70% six months a f t e r  program termination. Resource 

l imi ta t ions  constrain the  extent  t o  which Michigan's chi ld  r e s t r a i n t  law can 

be enforced, However, a moderate leve l  of enforcement is  needed t o  persuade 

Michigan res idents  t h a t  t he  s t a t e  i s  ser ious about protect ing children while 

they are  r iding i n  motor vehicles.  

T h i r d ,  the  l ega l  system should be used i n  other ways t o  encourage use of 

r e s t r a i n t s .  For example, f a i l u r e  t o  use an avai lable  occupant r e s t r a i n t  

device might be considered contr ibutory negligence. As a r e s u l t ,  

compensation fo r  crash-related damages awarded in  the course of c i v i l  s u i t s  

would be reduced i f  the  p l a i n t i f f  had not used a r e s t r a i n t  device. Mackay 

(1981) notes t h a t  the  s ea t  b e l t  defense i s  rout ine in  Great Br i ta in ,  and 

Green and Sharpe (1981) note t h a t  i t s  use i s  growing in  Canada. 

F ina l ly ,  the  most obvious recommendation emerging from t h i s  study is  

t h a t  Michigan's ch i ld  r e s t r a i n t  law should be extended t o  motor vehicle 



occupants of a l l  ages. Werber (1980) and Wanebo (1982) reviewed t h e  l e g a l  

i s s u e s  surrounding mandatory r e s t r a i n t  use laws, and concluded t h a t  such laws 

a r e  c l e a r l y  c o n s t i t u t i o n a l .  Fuchs ( 1  978) argued t h a t  mandatory b e l t  use laws 

a r e  t h e  b e s t  way t o  reduce highway c a s u a l t i e s  because they r e a l l o c a t e  

r e s p o n s i b i l i t y  f o r  preventing s e r i o u s  i n j u r y  t o  those  bes t  ab le  t o  s o  do. 

Based on r e s u l t s  of t h i s  study of t h e  c h i l d  r e s t r a i n t  law, a mandatory adu l t  

r e s t r a i n t  law i n  Michigan w i l l  s i g n i f i c a n t l y  reduce crash-re la ted  i n j u r i e s ,  

even i f  t h e  high r a t e s  of r e s t r a i n t  use ( i . e , ,  80% o r  over)  t y p i c a l  i n  o the r  

c o u n t r i e s  with mandatory laws a r e  not achie,ved. A more modest inc rease  i n  

use ( i . e . ,  t o  about 50%) is  s t i l l  l i k e l y  t o  have a s i g n i f i c a n t  e f f e c t  i n  

reducing i n j u r i e s .  The p o t e n t i a l  b e n e f i t s  of an 80% or more use r a t e  a r e  

immense; such high l e v e l s  of use should continue t o  be t h e  goal. 

There appears t o  be considerable  pub l i c  support  f o r  a mandatory a d u l t  

r e s t r a i n t  law. In 1982 a survey of Michigan r e s i d e n t s  revealed 62% favored a 

law t h a t  would r e q u i r e  f ron t - sea t  occupants t o  wear s e a t  b e l t s  (OtDay and 

F i l k i n s ,  1983). S imi la r ly ,  a 1982 survey of I l l i n o i s  r e s i d e n t s  found 54% i n  

favor of a mandatory-use law (Mortimer, 1983). Furthermore, pub l i c  support  

f o r  mandatory-use laws appears t o  inc rease  a f t e r  they a r e  implemented 

( S h i e l s ,  1978; Cunningham and o t h e r s ,  1981 1, and motor i s t s  have more p o s i t i v e  

a t t i t u d e s  toward b e l t s  a f t e r  use i s  l e g a l l y  required (Fhaner and Hane, 1979). 

Given t h e  high l e v e l  of c u r r e n t  support  f o r  a mandatory a d u l t  b e l t  law, and 

t h e  l ike l ihood  t h a t  support  would inc rease  a f t e r  implementation of  such a 

law, passage of such a law i n  Michigan may be achievable.  It should be 

noted,  however, t h a t  those  opposed t o  a mandatory a d u l t  s e a t  b e l t  law a r e  

t y p i c a l l y  s t r o n g l y  opposed, and t h e i r  a t t i t u d e s  toward t h e  law a r e  l i k e l y  t o  

become even more negat ive  a f t e r  t h e  law takes  e f f e c t  (Fhaner and Hane, 1979). 



This minority presents  a major obstacle  t o  passage of a mandatory adult  

r e s t r a i n t  law. 

Specif ic  suggestions for  fur ther  s c i e n t i f i c  evaluation of r e s t r a i n t  use 

in  Michigan are  a l so  offered. F i r s t ,  a second-year followup study of the 

e f f e c t s  of the chi ld r e s t r a i n t  law is  c r i t i c a l l y  important. The most 

important question i s  whether the  benef ic ia l  short-term e f f e c t s  ident i f ied  i n  

t h i s  study a re  temporary or  permanent. Are the  in jury  reductions iden t i f i ed  

here so le ly  a r e s u l t  of intense i n t e r e s t  i n  chi ld safe ty  the f i r s t  few months 

a f t e r  the  law took e f f ec t ?  I f  so ,  t he  effect iveness  of the law may decrease 

over time. In con t r a s t ,  the e f f e c t s  i den t i f i ed  here may be s ign i f i can t ly  

smaller than the  permanent e f f e c t  of the  chi ld r e s t r a i n t  law. Residents may 

become more favorably disposed toward the  law as  time passes, and may 

therefore increase t h e i r  use of r e s t r a i n t s ,  Rockerbie (1983) found t h a t  a 

s ign i f i can t  e f f e c t  of B r i t i s h  Columbia's mandatory be l t  law d i d  not begin 

u n t i l  nine months a f t e r  t he  law was implemented. A follow-up study would 

reveal whether such a delayed e f f e c t  enhanced the  i n i t i a l  e f f e c t  i n  Michigan. 

Final ly ,  the  current  study found a possible  e f f e c t  of Michigan's chi ld  

r e s t r a i n t  law in  reducing crash-related i n j u r i e s  among 25-54-year-olds, using 

the nine months of post-law data  avai lable .  An addi t ional  year of data  i s  

required t o  ver i fy  such spill-over e f f e c t s  of the  law. 

Periodic observational surveys of road users  i n  Michigan should also be 

conducted, These regular surveys would provide information on changes in  

r e s t r a i n t  use among noncrash-involved motoris ts ,  and could also co l l ec t  

de ta i led  data on the  many f ac to r s  influencing exposure t o  r i s k  of a motor 

vehicle injury. Avai lab i l i ty  of addi t ional  exposure data would increase the 

leve l  of confidence t o  which observed changes in  in jury  r a t e s  can be 



a t t r i b u t e d  t o  s p e c i f i c  p o l i c i e s  and programs. Be t t e r  da ta  on r e s t r a i n t  use 

over time would f a c i l i t a t e  cont inuing evaluat ion of po l i cy  or programmatic 

changes designed t o  inc rease  r e s t r a i n t  use. 

I f  mandatory a d u l t  b e l t  use legis la t io ln  c u r r e n t l y  under debate i n  

Michigan is  implemented, e f f e c t s  of t h e  law should be c a r e f u l l y  evaluated.  

The mul t ip le  da ta  f i l e s  const ructed f o r  t h e  p resen t  s tudy include automobile 

occupants of a l l  ages ( s e e  Sect ion 3 f o r  de 'ca i ls ) .  These d a t a  f i l e s  should 

be updated w i t h  new crash-involvement information a s  i t  becomes a v a i l a b l e ,  

and t h e  mandatory a d u l t  b e l t  law should be thoroughly evaluated employing 

t ime-ser ies  design and a n a l y s i s  methods s i m i l a r  t o  those  used i n  t h e  present  

study. 





APPENDIX 

TIME-SERIES MODELI'NG RESULTS 





TABLE A .  1 

TIME-SERIES -- MODEL FOR RESTRAINT USAGE AMONG INJURED OCCUPANTS AGE 0 - -- --  

OUTPUT VARIABLE -- B e l t O O O O  ( l o g  t ransforcned)  
INPUT VARIABLES -- NOISE Step52  Puls4951 

VARIABLE V A R .  TYPE MEAN TIME DIFFERENCES 

Belt0000 RANDOM 1- 60 

S tep52  B I N A R Y  1- 60 

Puls4951 B I N A R Y  1- 60 

PARAMETER VARIABLE TYPE FACTOR ORDER EISTIMATE ST. E R R .  T-RATIO 
1 Bel t0000 MA 1 1 0.2130 0.1342 1.59 
2 Bel t0000 MA 1 2 -0.2245 0.1364 -1.65 
3 Bel t0000 MEAN 1 0 2.804 0.1131 24.80 
4 S tep52  U P 1 0 -0.3914E-01 0.2798 -0.14 
5 Puls4951 UP 1 0 -1.285 0.4367 -2.94 

RESIDUAL SUM OF SQUARES = 33,066849 (BACKCASTS EXCLUDED)  
DEGREES OF FREEDOM - - 5 5 
RESIDUAL MEAN SQUARE - - 0.601215 
R-SQUARE (ADJUSTED) - - , ?14 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 6 0 
MEAN OF THE (DIFFERENCED) SERIES = -0.001 1 
STANDARD ERROR OF THE MEAN - - 0.0966 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.01 15 
Q-STATISTIC (WITH 21 D.F.) - - 16 

AUTOCORRELATIONS 

13- 24 -,01 - , I 4  -.03 * 0 1 - . 0 4  a03 .05 . 1 4 - , l o  .O4-,O5 
ST. E, a 1 5  . I 5  .16 .16 . I 6  ,16 .16 ,16 .16 ,16  
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TABLE A .  2 

T I M E - S E R I E S  -- MODEL FOR R E S T R A I N T  -- USAGE AMONG I N J U R E D  OCCUPANTS AGE 1 T O  3 - - - -  

OUTPUT V A R I A B L E  -- Belt0103 ( l o g  transformed) 
I N P U T  V A R I A B L E S  -- N O I S E  Step52 Puls4951 

V A R I A B L E  VAR. T Y P E  MEAN T I M E  D I F F E R E N C E S  

Belt0103 RANDOM 1- 60 

Step52 B I N A R Y  1- 60 

Puls4951 B I N A R Y  1- 60 

PARAMETER V A R I A B L E  T Y P E  FACTOR ORDER E S T I M A T E  S T .  ERR. T-RATIO 
1 Belt0103 A R 1 1 0.4035 0.1280 3.15 
2 Belt0103 MEAN 1 0 2.439 0.0688 35.46 
3 Step52 UP 1 0 1.124 0.1637 6.87 
4 Puls4951 UP 1 0 0.2173 0.234 1 0.93 

R E S I D U A L  SUM O F  S Q U A R E S  = 4.583659 ( B A C K C A S T S  EXCLUDED)  
D E G R E E S  O F  FREEDOM - - 55 
R E S I D U A L  MEAN SQUARE - - 0.083339 
R-SQUARE ( A D J U S T E D )  - - ,66 

A N A L Y S I S  O F  R E S I D U A L S  

NUMBER O F  O B S E R V A T I O N S  - - 60 
MEAN O F  T H E  ( D I F F E R E N C E D )  S E R I E S  = -0,0041 
STANDARD ERROR O F  T H E  MEAN - - 0.0365 
T-VALUE O F  MEAN ( A G A I N S T  Z E R O )  = -0.1127 
Q - S T A T I S T I C  ( W I T H  22 D.F.) - - 10 

A U T O C O R R E L A T I O N S  

1- 12 -.02 -. 01 -03 ,05 ,06 ,07 , l o  -,01 -, 17 
S T .  E ,  

. l o  019 .03 
-13 . I 3  . I 3  -13 ,13 .13 .13 .13 ~4 1 4  .14 
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TABLE A .  3 

TIME-SERIES MODEL OF -- RESTRAINT USAGE - INJURED OCCUPANTS 

OUTPUT VARIABLE -- Belt0415 ( log  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE V A R .  TYPE MEAN TIME DIFFERENCES 

Belt04 15 RANDOM 1- 60 

St ep52 B I N A R Y  1- 60 

Puls4951 B I N A R Y  1- 60 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. E R R .  T-RATIO 
1 Belt0415 MEAN 1 0 1.662 0.0310 53.60 
2 Step52 UP 1 0 0.7044 0.0781 9.03 
3 Puls4951 UP 1 0 0.4398 0.1279 3.44 

RESIDUAL SUM OF SQUARES = 2.631 495 (BACKCASTS EXCLUDED) 
DEGREES OF FREEDOM - - 5 7 
RESIDUAL MEAN SQUARE - - 0.046 167 
R-SQUARE (ADJUSTED) - - .59 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = 0.0000 
STANDARD ERROR OF THE MEAN - - 0.0273 
T-VALUE OF MEAN (AGAINST Z E R O )  = 0,0000 
Q-STATISTIC (WITH 23 D.F.) - - 18 

AUTOCORRELATIONS 

1- 12 002 -. 16 0.06 0.02 -. 13 --. 10 -. 11 , l o  .21 -03 .14 
ST. E. 13 13 . I 3  . I 3  . I 3  . I 3  ,14 -14 .14 . 15 .15 
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TABLE A .  4 

TIME-SERIES -- MODEL FOR RESTRAINT USAGE AMONG INJURED OCCUPANTS AGE 16 AND -- --- 

OUTPUT VARIABLE -- B e l t  1617 ( l o g  t r ans fo rmed)  
INPUT VARIABLES -- NOISE S tep52  Puls4951 

VARIABLE V A R .  TYPE MEAN TIME DIFFERENCES 

Belt1617 RANDOM 1- 60 

S tep52  B I N A R Y  1- 60 

Puls4951 B I N A R Y  1- 60 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. E R R .  T-RATIO 
1 Bel t1617  A R 1 1 0.4407 0.1087 4.05 
2 Bel t1617  MEAN 1 0 1.632 0.0530 30.80 
3 S tep52  UP 1 0 0.1731 0.1245 1.39 
4 P ~ l s 4 9 5 1  UP $1 0 0.4279E-0 1 0.1626 0.26 

RESIDUAL SUM OF SQUARES = 2.40 1797 (BACKCASTS EXCLUDED) 
DEGREES OF FREEDOM - - 5 5 
RESIDUAL MEAN SQUARE - - 0.043669 
R-SQUARE (ADJUSTED ) - - .27 

ANALYSIS OF RESIDUALS 

NUI4BER OF OBSERVATIONS - - 6 0 
MEAN OF THE (DIFFERENCED) SERIES = -0.0061 
STANDARD ERROR OF THE MEAN - - 0.0272 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.2240 
Q-STATISTIC (WITH 22 D.F. ) - - 16 

AUTOCORRELATIONS 
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TABLE A. 5 

TIME-SERIES MODEL OF RESTRAINT USEAGE AMONG OCCUPANTS AGE 18 TO 24 -- -- ---- 

OUTPUT VARIABLE -- B e l t  1824 ( l o g  t r a n s f o r r ~ e d )  
INPUT VARIABLES - NOISE Step52 Puls4951 

VARIABLE V A R .  TYPE MEAN TIME DIFFERENCES 

Be1 t 1824 RANDOM 1- 53 

Step52 BINARY 1- 60 

Puls4951 B I N A R Y  1- 60 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. E R R .  T-RATIO 
1 Belt1824 MA 1 1 -0.8803 0.1319 -6.67 
2 Belt1824 MA 1 2 -0.2370 0.1306 -1.82 
3 Belt1824 MEAN 1 0 1.926 0.0302 63.84 
4 S tep52 UP 1 0 0.2466 0.0698 3.53 
5 Puls4951 UP 1 0 -0.5201E-01 0.0796 -0.65 

RESIDUAL SUM OF SQUARES = 0.5598 1 6 (BACKCASTS EXCLUDED ) 
DEGREES OF FREEDOM - - Ei 5 
RESIDUAL MEAN SQUARE - - 0.010178 
R-SQUARE (ADJUSTED) - - .56 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = -0.0033 
STANDARD ERROR OF THE MEAN - 0.0126 
T-VALUE OF HEAN (AGAINST Z E R O )  = -0.2600 
Q-STATISTIC (WITH 21 D.F.) - - 2 1 

AUTOCORRELATIONS 

1 - 1 2  -.05 .05 .14 , 0 7 - , 0 9 - . 0 1  
ST. E. 

009  .14 -. 14 -20  . I 6  .1g 
.13 .13 -13  .13 ,14 .14 . I4  , I 4  .15 

24 -011 17 .08 -. 11 -.05 -.02 -..og -. 10 -, 12 -21 -. 12 -,04 
ST. E. 015  016 . I 6  .16 , I 6  ,16  . I 6  .16 -17  .17 



160 

TABLE A.  6 

TIME SERIES MODEL FOR RESTRAINT USAGE AMONG OCCUPANTS AGE 25 TO 34 ---- -- ---- 

OUTPUT VARIABLE - Belt2534 ( l o g  transformed) 
INPUT VARIABLES - NOISE Step52 Puls4951 

VARIABLE VAR.  TYPE MEAN TIME DIFFERENCES 
1 

Belt2534 RANDOM 1- 60 (1-B ) 
1 

Step52 B I N A R Y  1- 60 (1-B ) 
1 

Puls4951 BINARY 1- 60 (1-B 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST, E R R ,  T-RATIO 
1 Step52 UP 1 0 -0.3099E-02 0,1755 -0,02 
2 Puls4951 UP 1 0 0.7060E-01 0,1240 0.57 

RESIDUAL SUM OF SQUARES = 0,876761 (BACKCASTS EXCLUDED) 
DEGREES OF FREEDOM - - 57 - RESIDUAL MEAN SQUARE - 0.015382 
R-SQUARE (ADJUSTED) - - *48 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 6 0 
MEAN OF THE (DIFFERENCED) SERIES = -0.0046 
STANDARD ERROR OF THE MEAN - - 0.0160 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.2855 
Q-STATISTIC (WITH 24 D.F.) - - 20 

AUTOCORRELATIONS 

1- 12 -.2O -.O9 -.I4 .06 .09 -.02 .06 -.25 .Og 0.0 .05 -24 
ST. E. .13 1 -14 .14 .14 -14 .14 .14 -15 .15 -15 -15 

13- 24 0.18 ,05 0.03 .18 -.Ol -.I1 -.09 -. 09 -12 .07 -.08 .O2 
ST. E. 16 ,16 .16 .16 .16 ,16 -16 .16 17 -17 -17 
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TABLE A .  7 

TIME-SERIES -- MODEL FOR RESTRAINT USAGE AMONG OCCUPANTS AGE 35 TO 54 -- ---- 

OUTPUT VARIABLE -- Belt3554 ( l o g  t r ans fo rmed)  
INPUT VARIABLES -- NOISE Step52  Puls4951 

VARIABLE VAR.  TYPE MEAN TIME DIFFERENCES 
1 

Bel t3554 RANDOM 1- 60 (1-13 ) 
1 

Step52  B I N A R Y  1- 60 (1-13 ) 
1 

Puls4951 B I N A R Y  1- 60 (1-13 ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR.  T-RATIO 
1 Bel t3554 MA 1 1 0.4256 0.1193 3.57 
2 S tep52  UP 1 0 0.1052 0.1114 0.94 
3 Puls4951 UP 1 0 0.1356 0.0834 1.63 

RESIDUAL SUM OF SQUARES = 0.44 1505 (BACKCASTS EXCLUDED ) 
DEGREES OF FREEDOM - - !j 6 
RESIDUAL MEAN SQUARE - - 0.0078134 
R-SQUARE (ADJUSTED) - - .54 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = -0.0054 
STANDARD ERROR OF THE MEAN - - 0.0112 
T-VALUE OF MEAN (AGAINST ZERO) = -0.4838 
Q-STATISTIC (WITH 23 D.F.) - - 2 3 

AUTOCORRELATIONS 

1- 12 -04 .01 -.24 -.08 .12 -.03 -..I4 -.I3 -.08 .06 .22 .24 
ST. E. .13 .13 .13 .14 . I 4  , I 4  .14 .14 -14 ,14 ,14 ,15 

13- 24 -16  -.01 -.O8 0.09 -.07 0.05 -.22 .09 0.08 .15 . I 1  
ST. E. . I 6  . I 6  . I 6  . I 6  .16 .16 .16 .16 .17 .17 .17 .17 
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TABLE A .  8 

TIME-SERIES -- MODEL FOR RESTRAINT USAGE AMONG OCCUPANTS AGE 55 AND OVER -- ---- 

OUTPUT VARIABLE -- Belt5598 ( l o g  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE V A R .  TYPE MEAN TIME DIFFERENCES 
1 

Belt5598 RANDOM 1- 60 (1-B ) 
1 

Step52 B I N A R Y  1- 60 (1-B ) 
1 

Puls4951 B I N A R Y  1- 60 (1-B ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. E R R .  T-RATIO 
1 Belt5598 MA 1 1 0.7058 0.0823 8.58 
2 Belt5598 MA 2 12 -0.8036 0.0488 -16.46 
3 Step52 UP 1 0 0.1797 0.0752 2.39 
4 Puls4951 UP 1 0 0.1479 0.0658 2.25 

RESIDUAL SUM OF SQUARES = 0.445594 (BACKCASTS EXCLUDED) 
DEGREES OF FREEDOM - - 5 5 
RESIDUAL MEAN SQUARE - - 0.0081 02 
R-SQUARE (ADJUSTED) - - .57 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 6 0 
MEAN OF THE (DIFFERENCED) SERIES = -0.0090 
STANDARD ERROR OF THE MEAN - - 0.01 12 
T-VALUE OF MEAIJ (AGAINST ZERO)  = -0.8048 
Q-STATISTIC (WITH 22 D,F.) - - 20 

AUTOCORRELATIONS 

1- 12 -.08 -.04 -.I5 -.01 -16 -.04 -,07 -.22 .12 -.22 .12 -,03 
ST, E. -13 .13 . I 3  . I 3  . I3  . I4  .14 .14 .14 .15 
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TABLE A.  9 

TIME-SERIES -- MODEL FOR INJURED - MOTOR -- VEHICLIE OCCUPANTS AGE 0 (WITHOUT TREND) -- 

OUTPUT VARIABLE -- InjLOOOO ( log  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE V A R .  TYPE MEAN TIME DIFFERENCES 
12 

In j L O O O O  RANDOM 1- 60 1 3  1 
12 

Step52 B I N A R Y  1- 60 (1-13 1 
12 

Puls495 1 B I N A R Y  1- 60 (1-13 ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. E R R .  T-RATIO 
1 InjLOOOO MA 1 3 -0.2539 0.1389 -1.83 
2 InjLOOOO MA 1 4 -0.3043 0.1397 -2.18 
3 InjLOOOO MA 2 12 0.7761 0.0687 11.30 
4 Step52 UP 1 0 -0.6992 0.1390 -5.03 
5 Puls4951 UP 1 0 -0.3706 0,1608 -2.31 

RESIDUAL SUM OF SQUARES = 3.987526 (BACKCASTS EXCLUDED) 
DEGREES OF FREEDOM - - '4 3 
RESIDUAL MEAN SQUARE - - 0.0927:33 
R-SQUARE (ADJUSTED) - - 0 53 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = -0.0304 
STANDARD E R R O R  OF THE MEAN - - 0,0350 
T-VALUE OF MEAN (AGAINST ZERO)  = -0.8684 
Q-STATISTIC (WITH 21 D.F.) - - 18 

AUTOCORRELATIONS 

1- 12 -.01 .03 -06 .04 .31 .24 -03 .09 -.05 . I5  .O3 - ,I6 
ST. E. * I 3  a13 e l3  .13 -13 a14 -15 .15 . I5  . I5  . I5  .15 

13- 24 e l3  -.04 .04 -.20 .05 -.I1 --.I5 -.I0 -.07 -.I4 .O5 -.I4 
ST. E.  . I 5  . I6  .16 .16 .16 . I6  ,16  .16 .17 ,17 .17 ,17 
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TABLE A .  10 

TIME-SERIES -- MODEL OF INJURED - MOTOR VEHICLE OCCUPANTS AGE 0 (WITH TREND) ---- 

OUTPUT VARIABLE - InjLOOOO ( l o g  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE V A R ,  TYPE MEAN TIME DIFFERENCES 
12 

I n  j L O O O O  RANDOM 1- 60 (1-B 1 
12 

Step52 B I N A R Y  1- 60 (1-B ) 
12 

Puls4951 B I N A R Y  1- 60 (1-B ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST, E R R .  T-RATIO 
1 InjLOOOO MA 1 12 0.8069 0,0630 12.80 
2 InjLOOOO TRND 1 0 -0.1434 0.0352 -4 07 
3 Step52 UP 1 0 -0.3432 0.1255 -2.74 
4 Puls4951 UP 1 0 0.881 1E-02 0.1815 0.05 

RESIDUAL SUM OF SQUARES = 3,742319 (BACKCASTS EXCLUDED) 
DEGREES OF FREEDOM - - 4 4 
RESIDUAL MEAN SQUARE - - 0.085053 
R-SQUARE (ADJUSTED) - - .57 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = -0,0000 
STANDARD ERROR OF THE MEAN - - 0.0332 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.0003 
Q-STATISTIC (WITH 22 D.F.) - - 18 

AUTOCORRELATIONS 

1- 12 - .08- ,05 ,15 ,09 .17 , 1 7 - , 0 6  , 0 2 - , 0 3  e o g - , 0 7 - . 2 3  
ST. E ,  -13 . I 3  . I 3  -13  .13 '14 -14 .14 . I4  . I4  .14 

13- 24 -12 m.07 -.09 -.29 .08 -.I1 -.I6 - . lo -.07 - , I5  -08 -.09 
ST. E. .15 . I5  . I 5  .15 .16 . I6  . I6  -17 .17 .17 ,17 ,17 
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TABLE A . 1 1  

TIME-SERIES -- MODEL OF INJURED MOTOR VEHICLE OCCUPANTS AGE 1 TO 3 (WITHOUT - -- - - A -  

TREND) 

OUTPUT VARIABLE - InjL0103 ( log  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE VAR.  TYPE MEAN TIME DIFFERENCES 
1 

I n  jL0103 RANDOM 1- 60 (1-13 ) 
1 

Step52 B I N A R Y  1- 60 (1-13 ) 
1 

Puls4951 B I N A R Y  1- 60 (1-E! ) 

PARAMETER VARIABLE TYPE FACTOR ORDER EISTIMATE ST. E R R .  T-RATIO 
1 InjL0103 b.1 A 1 1 0.3599 0.1125 3.20 
2 InjL0103 MA 1 3 0.4051 0.1118 3.62 
3 Step52 UP 1 0 -0.3054 0.1365 -2.24 
4 Puls4951 U P 1 0 -0.2290 0.1353 -1.69 

RESIDUAL SUM OF SQUARES = 1.13857 1 (BACKCASTS EXCLUDED ) 
DEGREES OF FREEDOM - - 55 
RESIDUAL MEAN SQUARE - - 0.02070 1 
R-SQUARE (ADJUSTED) - - .70 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = -0.0169 
STANDARD ERROR OF THE MEAN - - 0.0179 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.9434 
Q-STATISTIC (WITH 22 D.F.) - - 22 

AUTOCORRELATIONS 

1- 12 -.06 -.I7 -.08 ,06 .13 -,05 ,02 -,01 -,11 ,07 -.05 . l o  
ST. E. a13 a13 e l3  .13 .13 . I4  .14 .14 .14 .14 .14 .14 

13- 24 921 -.I1 -.28 -,05 .27 -.I4 0.15 -.03 -.08 .04 .03 
ST. E. . I4  .15 .15 .16 .16 . I6  . I 7  .17 .17 ,17 .17 



TIME-SERIES -- MODEL OF INJURED MOTOR V E H I C L E  OCCUPANTS AGE 1 TO 3 (WITH ----- 
TREND) 

OUTPUT VARIABLE -- I n  jL0103 ( l o g  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE V A R .  TYPE MEAN TIME DIFFERENCES 
1 

In jL0 103 RANDOM 1- 60 (1-0 ) 
1 

Step52 BINARY 1- 60 (1-B ) 
1 

P1.11~4951 B I N A R Y  1- 60 (1-B ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST, E R R .  T-RATIO 
1 InjL0103 H A  1 1 0,4988 0.0888 5.62 
2 InjL0103 MA 1 3 0,4694 0.0903 5.20 
3 InjL0103 TRND 1 0 -0.8487E-02 0.0026 -3.26 
4 Step52 U P 1 0 -0.1899 0.1096 -1.73 
5 Puls4951 UP 1 0 -0.1647 0,1265 -1.30 

RESIDUAL SUM OF SQUARES = 1,008038 (BACKCASTS EXCLUDED) 
DEGREES OF FREEDOM - - 54 
RESIDUAL MEAN SQUARE - - 0.018667 
R-SQUARE (ADJUSTED) - - 0 73 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 6 0 
MEAN OF THE (DIFFERENCED) SERIES = -0.0072 
STANDARD ERROR OF THE MEAN - - 0.0172 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.41 93 
Q-STATISTIC (WITH 21 D.F. ) - - 25 

AUTOCORRELATIONS 

1 - 1 2  - .O3-.21-.I0 .04 .08- ,07  .02- .06- .13 .09- .05 .09 
ST, E. . I 3  .13 .13 .14 , I 4  . I4  . I4  ,14 .14 ,14 ,14 . I4  

13- 24 e l5  .22 -. 12 -. 30 -. 03 .28 -.I4 -.I5 -.05 -.08 .04 .07 
ST. E. . I4  -14 -15 .15 .16 .16 . I7  .17 .17 .17 -17 .17 
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TABLE A.13 

TIME-SERIES -- MODEL OF INJURED MOTOR VEHICLE OCCUPANTS AGE 25 TO 34 (WITH - -- ----- 
TREND) 

OUTPUT VARIABLE -- InjL2534 ( l o g  t ransformed)  
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE VAR.  TYPE MEAN TIME DIFFERENCES 
12 

I n  jL2534 RANDOM 1- 60 (1-13 ) 
12 

Step52 B I N A R Y  1- 60 (1-13 ) 
12 

Puls4951 BINARY 1- 60 (1-13 ) 

PARAMETER VARIABLE TYPE FACTOR O R D E R  ESTIMATE ST. E R R .  T-RATIO 
1 InjL2534 t4A 1 12 0.8363 0.0633 13.22 
2 InjL2534 TRND 1 0 -0,3772E-0 1 0.0090 -4.21 
3 Step52 UP 1 0 -0.4935E-01 0.0314 -1.57 
4 P u l ~ 4 9 5 1  UP 1 0 0.2299E-0 1 0.045 1 0.51 

RESIDUAL SUM OF SQUARES = 0.240299 (BACKCASTS EXCLUDED) 
DEGREES OF FREEDOM - - 4 4 
RESIDUAL MEAN SQUARE - - 0.00546 1 
R-SQUARE (ADJUSTED) - - ,;'4 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 6 0 
MEAN OF THE (DIFFERENCED) SERIES = -0.0000 
STANDARD ERROR OF THE MEAN - - 0.0086 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0,0001 
Q-STATISTIC (WITH 22 D.F, ) - - 2 0 

AUTOCORRELATIONS 

1- 12 - .05- .13- .06  . 1 6 - . 0 9 - . 2 5  . 0 2 - , 0 4  ,03 ,14 , 0 4 - , 2 1  
ST. E. . I 3  . I 3  .13 .13 . I4  .14 . I4 -14 ,14 -14 ,15 .15 

13- 24 -.07 -09 -. 13 -.20 -. 02 .24 .06 -, 20 -08  02 ,06  -.20 
ST, E, .15 .15 .15 . I 6  . I 6  .16 -17  .17 .17 ,17 ,17 
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TABLE A.  14 

TIME-SERIES MODEL OF INJURED MOTOR VEHICLE OCCUPANTS AGE 25 TO 34 (WITHOUT -- - - - A  

TREND 1 

OUTPUT VARIABLE - In jL2534 ( log  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE V A R .  TYPE MEAN TIME DIFFERENCES 
12 

I n  jL2534 RANDOM 1- 60 (1-B ) 
12 

Step52 B I N A R Y  1- 60 (1-B ) 
12 

Puls4951 B I N A R Y  1- 60 (1-B ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR.  T-RATIO 
1 InjL2534 MA 1 12 0,8502 0.0654 13.01 
2 Step52 UP 1 0 -0,1413 0.0259 -5.45 
3 Puls4951 UP 1 0 -0.6945E-01 0,0455 -1.53 

RESIDUAL SUM OF SQUARES = 0.32 1 388 (BACKCASTS EXCLUDED 
DEGREES OF FREEDOM - - 4 5 
RESIDUAL MEAN SQUARE - - 0.007142 
R-SQUARE (ADJUSTED) - - .66 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = -0.0064 
STANDARD ERROR OF THE MEAN - - 0.0100 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.6380 
Q-STATISTIC (WITH 23 D.F.) - - 30 

AUTOCORRELATIONS 

1- 12 -20 .09 .15 ,31 . I2  .01 . I9  .16 .22 -28 ,17 -,04 
ST. E. -13 . I 3  .14 , I 4  . I 5  .'I5 . 15 .15 ,16. 16 ,17 ,17 
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TABLE A .  15 

TIME-SERIES -- MODEL OF INJURED - MOTOR -- VEHICLE OCCUPANTS AGE 35 TO 54 (WITHOUT 
TREND ) 

OUTPUT VARIABLE -- In jL3554 ( log  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE V A R .  TYPE MEAN TIME DIFFERENCES 
12 

I n  jL3554 RANDOM 1- 60 1 ) 
12 

Step52 B I N A R Y  1- 60 1 ) 
12 

P1.11~4951 B I N A R Y  1- 60 (1-El ) 

PARAMETER VARIABLE TYPE FACTOR ORDER E:STIMATE ST. E R R ,  T-RATIO 
1 InjL3554 MA 1 1 -0.1837 0.1201 -1.53 
2 InjL3554 MA 1 4 -0,2343 0.1294 -1.81 
3 InjL3554 MA 2 12 0.8439E-01 0.0690 1.22 
4 InjL3554 MA 2 2 4 0.7542 0.0626 12.05 
5 Step52 UP 1 0 -0.6478E-01 0.0316 -2,05 
6 Puls4951 UP 1 0 0.1031E-01 0,0467 0.22 

RESIDUAL SUM OF SQUARES = 0.21 0761 (BACKCASTS EXCLUDED ) 
DEGREES OF FREEDOM - - 4.2 
RESIDUAL MEAN SQUARE - - 0.005018 
R-SQUARE (ADJUSTED) - - .78 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = -0.0028 
STANDARD E R R O R  OF THE MEAN - - 0.0087 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.321 0 
Q-STATISTIC (WITH 20 D.F. - - 23 

AUTOCORRELATIONS 

1- 12 .04 .08 . l l  .06 .15 - ,I8 , I 9  .22 ,03 ,23 0.0 -,18 
ST. E. . I 3  .13 . I3  .13 .13 4 .I4 . I5  . I 5  , I 5  .15 

13- 24 -06 .02 -.04 -.I6 -.08 .26 -.07 -.20 , 0 1  -.og -.06 -.26 
ST. E. .16 .16 . I6  . I6  . I 6  .16 ,17 ,17 .17 .17 -17 



TABLE A.16 

TIME-SERIES -- MODEL OF INJURED MOTOR VEHICLE OCCUPANTS AGE 35 TO 54 (WITH - ----- 
TREND 

OUTPUT VARIABLE -- In jL3554 (log t ransformed) 
INPUT VARIABLES - NOISE Step52 Puls4951 

VARIABLE VAR. TYPE MEAN TIME DIFFERENCES 
12 

I n  jL3554 RANDOM 1- 60 (1-0 ) 
12 

Step52 B I N A R Y  1- 60 (1-0 ) 
12 

Puls4951 B I N A R Y  1- 60 (1-B ) 

PARAMETER VARIABLE 
1 InjL3554 
2 InjL3554 
3 InjL3554 
4 InjL3554 
5 InjL3554 
6 Step52 
7 Puls4951 

TYPE FACTOR 
MA 1 
MA 1 
MA 2 
MA 2 

TRND 1 
UP 1 
UP 1 

ORDER ESTIMATE 
1 -0.9475E-01 
4 -0.2205 

12 0.1124 
24 0.7421 

0 -0.4390E-01 
0 0.7597E-02 
0 0.761 1E-01 

ST. E R R .  T-RATIO 
0.1277 -0.74 
0.1385 -1.59 
0.0753 1 .49  
0.0690 10.75 
0.01 33 -3.30 
0.0363 0.21 
0.0462 1.65 

RESIDUAL SUM OF SQUARES = 0.196261 (BACKCASTS EXCLUDED) 
DEGREES OF FREEDOM - - 4 1 
RESIDUAL MEAN SQUARE - - 0.004787 
R-SQUARE (ADJUSTED) - - 079 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = 0.0009 
STANDARD ERROR OF THE MEAN - - 0.0081 
T-VALUE OF MEAN (AGAINST Z E R O )  = 0.1096 
Q-STATISTIC (WITH 19 D.F.) - - 2 1 

AUTOCORRELATIONS 

1- 12 .02 -001 .03 .04 -06 -,24 .14 ,14 -.03 . I5  -. 06 -. 26 
ST. E. . I 3  .13 . I 3  .13 13 ,14 .11+ 4 .14 4 ,14 

13- 24 -.01 .03 0.06 -.22 -.09 .26 -.07 -.23 -.02 -.O6 -,04 -.21 
ST. E. . I5  -15 .15 . I5  . I6  .16 .17 . I7  .17 .17 .17 .17 
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TABLE A .  17 

TIME-SERIES MODEL - FOR - RESTRAINED - OCCUPANTS AGE - 

OUTPUT VARIABLE - Restra in  ( l o g  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE VAR. TYPE MEAN TIME DIFFERENCES 

Restra in  RANDOM 1- 60 

Step52 B I N A R Y  1- 60 

PulS4951 B I N A R Y  1- 60 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. E R R .  T-RATIO 
1 Rest ra in  MEAN 1 0 3.189 0.0410 77.71 
2 Step52 UP 1 0 0,3705 0.1033 3.59 
3 Puls4951 UP 1 0 -0.3190 0,1692 -1.89 

RESIDUAL SUM OF SQUARES = 4.606869 (BACKCASTS EXCLUDED) 
DEGREES OF FREEDOM - - !5 7 
RESIDUAL MEAN SQUARE - - 0,080822 
R-SQUARE (ADJUSTED) - - .121 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = -0.0000 
STANDARD E R R O R  OF THE MEAN - - 0,0361 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.0000 
Q-STATISTIC (WITH 23 D.F.) - - 22 

AUTOCORRELATIONS 

13-24  0.07 . 0 3 - . 0 6 - . 1 5 - . 0 7 - , 0 1  ..,09-.05 ,05 ,04- .01 
ST. E,  .16 . I6  .16 .17 ,17 ,17 .17 ,17 ,17 
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TABLE A .  18 

TIME-SERIES -- MODEL FOR UNRESTRAINED OCCUPANTS AGE 0 TO 3 (WITH TREND) ------ 

OUTPUT VARIABLE -- NotRestr ( l o g  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE VAR. TYPE MEAN TIME DIFFERENCES 
12 

Not Restr RANDOM 1- 60 (1-B ) 
12 

Step52 B I N A R Y  1- 60 (l-B ) 
12 

Puls495 1 B I N A R Y  1- 60 (1-B ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIO 
1 NotRestr TRND 1 0 -0.1558 0.0255 -6.10 
2 Step52 UP 1 0 -0.5130 0.0571 -8.99 
3 Puls4951 UP 1 0 0.5883E-01 0.0921 0.64 

RESIDUAL SUM OF SQUARES = 1.056090 (BACKCASTS EXCLUDED 
DEGREES OF FREEDOM - - 4 5 
RESIDUAL MEAN SQUARE - - 0.023469 
R-SQUARE (ADJUSTED) - - .84 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 48 
MEAN OF THE (DIFFERENCED) SERIES = -0.0000 
STANDARD ERROR OF THE MEAN - - 0.0216 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.0000 
Q-STATISTIC (WITH 23 D.F.) - - 26 

AUTOCORRELATIONS 

1- 12 .05 .14 -.lo .24 . I 3  0.23 -.I4 -,09 .27 . l o  -,05 -.23 
ST. E. . I4  .14 .15 .15 . I 6  . I 6  .17 .17 .17 .18 .18 . I8  

13- 24 -22 .06 .03 -.30 -,01 ,11 .04 -.15 -.15 -,03 e O 3  -. 13 
ST. E. . I 9  .19 .19 .19 .20 .20 ,20 ,20 *20 ,21 021 .21 
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TABLE A.19 

TIME-SERIES MODEL FOR MODERATELY INJURED OCCUPANTS AGE 0 TO 3 (WITH TREND) -- ------ 

OUTPUT VARIABLE - In  jMod ( l o g  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE V A R .  TYPE MEAN TIME DIFFERENCES 
12 

In jMod RANDOM 1- 60 (1-B ) 
12 

Step52 BINARY 1- 60 (1-B ) 
12 

Puls4951 B I N A R Y  1- 60 (1-B ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. E R R .  T-RATIO 
1 InjMod TRND 1 0 -0.1270 0.0256 -4.97 
2 Step52 UP 1 0 -0.2516 0.0572 -4.40 
3 Puls4951 UP 1 0 0.1223 0.0922 1.33 

RESIDUAL SUM OF SQUARES = 1.058634 (BACKCASTS EXCLUDED) 
DEGREES OF FREEDOM - - 4 5 
RESIDUAL MEAN SQUARE - - 0.0235825 
R-SQUARE (ADJUSTED) - - .70 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 48 
MEAN OF THE (DIFFERENCED) SERIES = -0,0000 
STANDARD ERROR OF THE MEAN - - 0,0217 
T-VALUE OF MEAN (AGAINST ZERO) = -0.0000 
Q-STATISTIC (WITH 23 D.F. ) - - 22 

AUTOCORRELATIONS 

1- 12 *O2 -005 -905 a17 .23 -.I4 -, 12 -,03 .Og -.08 -, 18 
ST. E. 14 14 . I 5  .I5 . I6  .16 . I6  .16 ,16 ,17 -17 

13- 24 -20 * l o  .O2 -034 -.O2 -09 0.0 - , I6  -.I4 0.0 -04 
ST, E. 017 018 018 .18 .19 . l g  -19  . lg  . lg  .20 .20 ,20 
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TABLE A.20 

TIME-SERIES -- MODEL FOR SERIOUSLY INJURED OCCUPANTS AGE 0 TO 3 (WITH TREND) ------ 

OUTPUT VARIABLE -- I n  jSer (log t ransformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE V A R ,  TYPE MEAN TIME DIFFERENCES 
12 

In  jSer RANDOM 1- 60 (1-B ) 

12 
Step52 B I N A R Y  1- 60 (1-B ) 

12 
Puls4951 BINARY 1- 60 (1-B ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST, E R R ,  T-RATIO 
1 InjSer  MA 1 12 0,8186 0.0623 13.13 
2 InjSer  TRND 1 0 -0.1782 0.0415 -4 . 29 
3 Step52 UP 1 0 0.1517 0.1470 1.03 
4 Puls4951 UP 1 0 0.3877E-01 0.2122 0.18 

RESIDUAL SUM OF SQUARES = 5.193568 (BACKCASTS EXCLUDED ) 
DEGREES OF FREEDOM - - 44 
RESIDUAL MEAN SQUARE - - 0.118036 
R-SQUARE (ADJUSTED ) - - .49 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 6 0 
MEAN OF THE (DIFFERENCED) SERIES = 0.0000 
STANDARD ERROR OF THE MEAN - - 0.0397 
T-VALUE OF MEAN (AGAINST Z E R O )  = 0.0001 
Q-STATISTIC (WITH 22 D.F. - - 18 

AUTOCORRELATIONS 

13-24 -,05 ,03- .25- .04- ,03  -13 .I1 .08 , 1 4 - , 0 7 - . 0 8 - , 0 7  
ST. E. .16 .16 .16 . I 6  . I6  . I6  , I 6  .17 .17 .17 .17 ,17 
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TABLE A . 2 1  

TIME-SERIES -- MODEL FOR SERIOUSLY 1NJURE:D OCCUPANTS - - - -  AGE 0 TO 3 (WITHOUT 
TREND 

OUTPUT VARIABLE -- In jSer ( log  t ran~forrne~d 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE VAR.  TYPE MEAN TIME D.IFFERENCES 
12 

I n  jSer RANDOM 1- 60 1 
12 

Step52 BINARY 1- 60 (1-13 ) 
12 

Puls4951 B I N A R Y  1- 60 (1-13 ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR.  T-RATIO 
1 InjSer  MA 1 12 0.8332 0.0618 13.47 
2 Step52 U P 1 0 -0.2793 0.1217 -2.30 
3 Puls4951 UP 1 0 -0.3933 0.2084 -1.89 

RESIDUAL SUM OF SQUARES = 6.628578 (BACKCASTS EXCLUDED 
DEGREES OF FREEDOM - - 4 5 
RESIDUAL MEAN SQUARE - - 0.147302 
R-SQUARE (ADJUSTED ) - - . :37 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = -0.0337 
STANDARD ERROR OF THE MEAN - - 0.0465 
T-VALUE OF MEAN (AGAINST ZERO) = -0.7242 
Q-STATISTIC (WITH 23 D.F.) - - 13 

AUTOCORRELATIONS 

1- 12 -09 .28 .04 .14 -.04 - 1 2  .17 . I 3  .05 .06 .08 -.I0 
ST. E. . I 3  .13 . I4  .14 .14 ,14 . I4  .15 ,15 -15 .15 .I5 

13-24 -.04 .03- .19- .03- ,06  .08 .08 ,07 ,13- .01 - ,05- ,06 
ST. E. .15 .15 . I5  . I6  -16 .16 ,16 ,16 ,16 .16 ,16 
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TIME-SERIES MODEL FOR MODERATELY INJURED OCCUPANTS AGE 0 TO 3 (WITHOUT - - - -  
TREND) 

OUTPUT VARIABLE - In jMod (log transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE VAR. TYPE MEAN TIME DIFFERENCES 
12 

In jrlod RANDOM 1- 60 (1-B ) 
12 

Step52 BINARY 1- 60 (1-B ) 
12 

Puls4951 BINARY 1- 60 (1-B ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIO 
1 Step52 UP 1 0 -0.3785 0.0629 -6.02 
2 Puls4951 UP 1 0 -0.4693E-02 0. 1090 -0.04 

RESIDUAL SUM OF SQUARES = 1.638864 (BACKCASTS EXCLUDED 
DEGREES OF FREEDOM - - 46 
RESIDUAL MEAN SQUARE - - 0.035627 
R-SQUARE (ADJUSTED) - - 054 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 48 
MEAN OF THE (DIFFERENCED) SERIES = -0.0952 
STANDARD ERROR OF THE MEAN - - 0.0231 
T-VALUE OF MEAN (AGAINST ZERO) = -4.1219 
Q-STATISTIC (WITH 24 D.F. ) - - 33 

AUTOCORRELATIONS 

13- 24 0 4  .05 -.03 -.37 -.Og 0.0 -.og -.26 -.22 -.08 -.02 -.24 
ST. E. .19 .I9 .19 .I9 .2O ,20 .20 -20 -21 .22 ,22 .22 
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TABLE A . 2 3  

TIME-SERIES MODEL FOR OCCUPANTS AGE 0 Tl3 2 IN LOW DAMAGE VEHICLES (WITH -- TREZDT 

OUTPUT VARIABLE -- LowDamage ( log  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE VAR.  TYPE MEAN TIME DIFFERENCES 
12 

LowDamage RANDOM 1- 60 1 3  
12 

Step52 B I N A R Y  1- 60 1 3  
12 

Puls4951 B I N A R Y  1- 60 (1-13 ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. E R R .  T-RATIO 
1 LowDamage TRND 1 0 -0.7888E-01 0.0420 -1.88 
2 Step52 UP 1 0 -0.5350 0.0939 -5.70 
3 Puls4951 U P 1 0 -0,1395 0,1514 -0.92 

RESIDUAL SUM OF SQUARES = 2.856902 (BACKCASTS EXCLUDED) 
DEGREES OF FREEDOM - - 4 5 
RESIDUAL MEAN SQUARE - - 0.0634i37 
R-SQUARE (ADJUSTED ) - - .!j O 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 48 
MEAN OF THE (DIFFERENCED) SERIES = -0.0000 
STANDARD ERROR OF THE MEAN - - 0.0356 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.0000 
Q-STATISTIC (WITH 23 D.F,) - - 12 

AUTOCORRELATIONS 

1- 12 012 - ,I4 -.Og -10 -.I4 --.23 -.I5 -.03 .Og - , I2  - , I6  
ST. E, 014 , I 5  . I 5  ,15 . I5  .15 .16 -17 ,17 -17 .17 
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TABLE A .  24 

TIME-SERIES MODEL FOR OCCUPANTS AGE 0 TO 3 IN MEDIUM DAMAGE VEHICLES -- - - - -  

OUTPUT VARIABLE -- MedDamage ( l o g  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE VAR.  TYPE MEAN TIME DIFFERENCES 
12 

MedDamage RANDOM 1- 60 (1-B ) 
12 

Step52 B I N A R Y  1- 60 (1-B ) 
12 

Puls4951 B I N A R Y  1- 60 (l-B ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. E R R .  T-RATIO 
1 MedDamage MA 1 12 0.8156 0.0587 13.88 
2 MedDamage T R N D  1 0 -0.1164 0.0177 -6.57 
3 Step52 UP 1 0 -0.2265 0.0628 -3.61 
4 P ~ l s 4 9 5 1  U P 1 0 0.9223E-01 0.091 1 1.01 

RESIDUAL SUM OF SQUARES = 0.944655 (BACKCASTS EXCLUDED ) 
DEGREES OF FREEDOM - - 4 4 
RESIDUAL MEAN SQUARE - - 0.021469 
R-SQUARE (ADJUSTED - - -69 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = -0.0000 
STANDARD ERROR OF THE MEAN - - 0.0173 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.0000 
Q-STATISTIC (WITH 22 D.F.) - - 12 

AUTOCORRELATIONS 

1- 12 . I5  . I2  -.lo -.I6 .06 -.O7 -.02 , 0 1  -,07 .09 -.13 -. 03 
ST. E. -13 . I 3  .13 . I 3  . I4  .I4 -14 -14 ,14 ,14 ~4 ~4 
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TABLE A.  25 

TIME-SERIES MODEL - FOR - OCCUPANTS AGE - H I G H  - DAMAGE VEHICLES 

OUTPUT VARIABLE -- HighDamage ( log transformed ) 
INPUT VARIABLES --.NOISE Step52 PulsY951 

VARIABLE V A R ,  TYPE MEAN TIME DIFFERENCES 
12 

HighDamage RANDOM 1- 60 (1-E3 1 
12 

Step52 B I N A R Y  1- 60 (1-E3 ) 
12 

Puls4951 B I N A R Y  1- 60 (1-El ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR, T-RATIO 
1 HighDamage MA 1 12 0.8333 0.0595 14.00 
2 HighDamage TRND 1 0 -0,1622 0.0188 -8.64 
3 Step52 UP 1 0 -0.1243 0.0659 -1.89 
4 Puls4951 UP 1 0 0.4986E-01 0.0942 0.53 

RESIDUAL SUM OF SQUARES = 1.055386 (BACKCASTS EXCLUDED 1 
DEGREES OF FREEDOM - - 4 4 
RESIDUAL MEAN SQUARE - - 0,023gEi6 
R-SQUARE (ADJUSTED) - - -7'5 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 6 0 
MEAN OF THE (DIFFERENCED) SERIES = 0.0000 
STANDARD ERROR OF THE MEAN - - 0.0182 
T-VALUE OF MEAN (AGAINST Z E R O )  = 0,0001 
Q-STATISTIC (WITH 22 D.F.) - - 25 

AUTOCORRELATIONS 

1- 12 0.06 0.12 - ,I9 , I 1  .20 -.I7 -.I4 - , I1  ,13 ,15 -.06 -,22 
ST. E. .13 -13 .14 .I4 .14 .I5 .15 -15 -15 ,15 ,15 
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TABLE A .  26 

TIME-SERIES MODEL FOR FRONT SEAT OCCUPANTS AGE 0 TO 3 (WITH TREND) ---- ------ 

OUTPUT VARIABLE - FrontPos ( l o g  transformed) 
INPUT VARIABLES - NOISE Step52 Puls4951 

VARIABLE VAR. TYPE MEAN TIME DIFFERENCES 
12 

FrontPos RANDOM 1- 60 (1-B ) 
12 

Step52 B I N A R Y  1- 60 (1-B 1 
12 

Puls4951 B I N A R Y  1- 60 (1-B ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR.  T-RATIO 
1 FrontPos TRND 1 0 -0.1633 0.0283 -5.77 
2 Step52 UP 1 0 -0.3325 0.0632 -5.26 
3 Puls4951 UP 1 0 0.6507E-0 1 0.1020 0.64 

RESIDUAL SUM OF SQUARES = 1.295947 (BACKCASTS EXCLUDED 
DEGREES OF FREEDOM - - 45 
RESIDUAL MEAN SQUARE - - 0.028799 
R-SQUARE (ADJUSTED) - - .77 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 4 8 
MEAN OF THE (DIFFERENCED) SERIES = -0.0000 
STANDARD ERROR OF THE MEAN - - 0.0240 
T-VALUE OF MEAN (AGAINST ZERO) = -0,0000 
Q-STATISTIC (WITH 23 D.F. - - 29 

AUTOCORRELATIONS 

1- 12 -07 -012 -.07 .20 .05 -.13 -.I3 -.08 .30 .29 -.09 -.25 
ST. E. . I4 -15 .I5 .15 .15 .15 -16 .16 .16 -17 . I 8  .18 
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TABLE A.  27 

TIME-SERIES MODEL FOR REAR SEAT OCCUPANTS AGE 0 TO 3 (WITH TREND) ---- ------ 

OUTPUT VARIABLE -- Rear Pos (log transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE V A R ,  TYPE MEAN TIME DIFFERENCES 
12 

RearPos RANDOM 1- 60 (1-B ) 
12 

Step52 B I N A R Y  1- 60 (1-B 1 
12 

Puls495 1 B I N A R Y  1- 60 (1-B ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. E R R .  T-RATIO 
1 RearPos MA 1 12 0.8438 0.0596 14.15 
2 RearPos TRND 1 0 -0.9 134E-0 1 0.021 0 -4.35 
3 Step52 UP 1 0 0,6647E-01 0,0731 0.91 
4 Puls4951 UP 1 0 0.9088E-01 0.1048 0.87 

RESIDUAL SUM OF SQUARES = . 1.3 12947 (BACKCASTS EXCLUDED ) 
DEGREES OF FREEDOM - - 4 4 
RESIDUAL MEAN SQUARE - - 0.029840 
R-SQUARE (ADJUSTED) - - .46 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = -0,0000 
STANDARD ERROR OF THE MEAN - - 0.0199 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.0000 
Q-STATISTIC (WITH 22 D.F.) - - 18 

AUTOCORRELATIONS 

1- 12 .02 0.0 .16 0.0 -.05 -.I1 .11 -.21 -.26 ,05 - 0 1  -.12 
ST, E. -13 -13 .13 .13 -13 -13 ,14 .14 . I5  .15 . I5  

13- 24 .O4 el1 -.20 ,09 .06 -.25 -.01 -.01 - , lo  -. 13 
ST. E. 15 -15 . I5  . I5  -16 . I6  .16 .17 .17 .17 .17 .17 
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TABLE A .  28 

TIME-SERIES MODEL FOR R E A R  SEAT OCCUPANTS AGE 0 TO 3 (WITHOUT TREND) ---- ----  

OUTPUT VARIABLE -- RearPos ( log  transformed) 
INPUT VARIABLES - NOISE Step52 Puls4951 

VARIABLE VAR.  TYPE MEAN TIME DIFFERENCES 
1 12 

RearPos RANDOM 1- 60 (1-B ) (1-B ) 
1 12 

Step52 B I N A R Y  1- 60 (1-B ) (1-B ) 
1 12 

Puls4951 B I N A R Y  1- 60 (1-B ) (1-B ) 

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIO 
1 RearPos MA 1 1 0.8067 0.0960 8.41 
2 RearPos MA 2 12 0.8250 0.0588 14.03 
3 Step52 UP 1 0 -0.1367 0.1154 -1.19 
4 Puls4951 UP 1 0 -0.6544E-01 0.1248 -0.52 

RESIDUAL SUM OF SQUARES = 1.247577 (BACKCASTS EXCLUDED ) 
DEGREES OF FREEDOM - - 4 3 
RESIDUAL MEAN SQUARE - - 0.029013 
R-SQUARE (ADJUSTED - - .48 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 6 0 
MEAN OF THE (DIFFERENCED) SERIES = 0.0128 
STANDARD ERROR OF THE MEAN - - 0.0207 
T-VALUE OF MEAN (AGAINST Z E R O )  = 0.6147 
Q-STATISTIC (WITH 22 D.F.) - - 17 

AUTOCORRELATIONS 

1- 12 -.05 -.07 .12 .02 0.0 -.05 .21 -. 13 -. 19 
ST. E. 

.13 -06 -.I2 
13 .13 .13 -13 .13 -13 .14 -14 .14 .15 . I5  

13- 24 -05 .I1 .12 -.21 . I0  .07 -.26 0.0 -03 -.04 -, 17 -. 16 
ST. E. .15 .15 .15 . I6  -16 -16 -16 ,16 .17 
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TABLE A . 2 9  

TIME-SERIES MODEL FOR CARGO AREA OCCUPANTS AGE 0 TO 3 (WITHOUT TREND) ---- ----  

OUTPUT VARIABLE - CargoPos ( log  transformed) 
INPUT VARIABLES -- NOISE Step52 Puls4951 

VARIABLE VAR.  TYPE MEAN TIME DIFFERENCES 
12 

CzrgoPos RANDOM 1- 60 (1-B ) 
12 

Step52 B I N A R Y  1- 60 (1-B ) 
12 

Puls4951 B I N A R Y  1- 60 (1-B ) 

PARAMETER V A R I A B L E  TYPE FACTOR ORDER ESTIMATE ST. ERR, T-RATIO 
1 CargoPos MA 1 12 0.8362 0.0573 14.59 
2 Step52 UP 1 0 -0.6030 0.1657 -3.64 
3 Puls4951 UP 1 0 0.2573 0.2868 0.90 

RESIDUAL SUM OF SQUARES = 13.143752 (BACKCASTS EXCLUDED 
DEGREES OF FREEDOM - - 45 
RESIDUAL MEAN SQUARE - - 0.292083 
R-SQUARE (ADJUSTED) - - .24 

ANALYSIS OF RESIDUALS 

NUMBER OF OBSERVATIONS - - 60 
MEAN OF THE (DIFFERENCED) SERIES = -0.0041 
STANDARD ERROR OF THE MEAN - - 0.0649 
T-VALUE OF MEAN (AGAINST Z E R O )  = -0.0627 
Q-STATISTIC (WITH 23 D.F. - - 2 1 

AUTOCORRELATIONS 

1- 12 -, 18 w.22 .05 .05 -.05 -. 12 .15 -.04 -.24 -13 -,O2 -,27 
ST. E. . I 3  . I3  . I4  .14 .14 .14 . I4  .14 , I4  .15 -15 ,15 

13- 24 a18 -19-.08 .05 -.I5 .12 ,07 0.03 .03-.18 .07 0.03 
ST. E. . I6  -16 .17 . I7  . I7  . I7  . I7  . I7  .17 .17 , I 8  .18 
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