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Nine years of Michigan f a t a l  accident  da ta ,  1968-1976, were anaiyzed t o  
assess  the  impact of lowering the minimum l e g a l  drinking age i n  Michigan from 
21 t o  18 on January 1, 1972. Driver age, sex, and t h e  presence o r  absence of 
drinking were the  key var iab les ,  and pa r t i t i on ing  of the  chi-square s t a t i s t i c  
i n to  its degrees of freedom was the  primary ana ly t i c  technique. 

I t  was found t h a t  a peak occurs i n  t he  age-specif i c ,  had-been-drinking 
(HBD) r a t e  about one year a f t e r  drinking becomes l ega l  f o r  a pa r t i cu l a r  age 
group. This peak sh i f t ed  from age 22 t o  age 19 when the drinking age was 
lowered and resul ted i n  an average (by year) increase of 53% in  the  HBD r a t e  
f o r  18-20 year oid d r ive r s  with some increase i n  t he  17 year old HBD rate .  
The increased HBD r a t e  of young d r ive r s  a l so  caused an overa i i  increase in  t he  
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-2.5%- of drinking d r i v e r s  during t h e  +year period, but t h i s  proportion had 
increased t o  4% i n  1975-76. The HBD r a t e  of 18-20 year old female d r ive r s  
increased f rorn 8.4% t o  18.6% a f t e r  t he  drinking age was lowered. 
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SUMMARY 

This is the  f i r s t  interim report of a project  sponsored by Michigan's 

Off ice of Highway Safety Planning en t i t l ed  "Drinking Driver Analysis. " The 

resu l t s  of work performed from October, 1977 through March, 1978 a r e  

presented. 

The purpose of t h i s  study was t o  extend the  analysis  of alcohol 

involvement i n  Michigan f a t a l  accidents. Previous s tudies  showed t h a t  the  

alcohol involvement of young dr ivers  increased when the  legal  drinking age 

was l w e r e d  t o  18 i n  1972. One aim was t o  determine whether t h i s  increase 

was a t rans ient  e f fec t  o r  whether it has continued, An addit ional  goal was 

t o  add the 1976 accident experience t o  the  1968-1975 analyt ic  f i l e s .  An 

impetus f o r  t h i s  was the  near cer ta in ty  t h a t  the  legal  drinking age would be 

raised t o  19 e f fec t ive  i n  December of 1978. Other spec i f i c  goals of the  

study were t o  evaluate the  involvement of females i n  alcohol-related 

crashes, t o  extend fu r the r  the  age/drinking analysis ,  and t o  incorporate 

other  analy t ic  techniques in  the  methodology. 

The analy t ic  data consist  of a census of a l l  police-reported f a t a l  

accidents occurring i n  the  S t a t e  of Michigan from 1968 through 1976. 

Accidents investigated by the Michigan S t a t e  Police o r  by o f f i ce r s  of a 

local  governmental un i t  a r e  recorded on the  o f f i c i a l  police report form 

( 0 1 0 )  used by a l l  agencies throughout the s t a t e .  The reports  a r e  

computerized by the  Department of S t a t e  Police, and tape copies of the data 

were made available t o  HSRI fo r  the  present study. 

The analyses deal primarily with the  proportion of dr ivers  in  f a t a l  

crashes who had been drinking (HBD) . These ra t e s  were compared f o r  

d i f f e ren t  aged dr ivers  within each year t o  obtain a p ro f i l e  of .alcohol 

involvement by age. The n i n e y e a r  trends in  ra tes  were followed f o r  a 

number of dr iver  cohorts having a c o m n  b i r t h  year t o  determine changes in 

the  HBD r a t e s  with increasing age. A technique of part i t ioning an overal l  

chi-square s t a t i s t i c  in to  its individual degrees of freedom was used t o  

i so la te  s igni f icant  changes i n  these rates. A separate analysis  was carr ied 

out  fo r  fanale drivers. Final ly,  a l inea r  model using weighted l e a s t  



squares f o r  the  analysis  of HBD r a t e s  was used. This separated the  year-to- 

year e f f e c t s  (common t o  the  15-26 ages over the  n i n e y e a r  period) f rom the  

pa r t i cu la r  changes which affected the  young drivers. 

Findings 

1. The dr ivers  aged 18 t o  20 who were involved i n  f a t a l  accidents 

experienced a 53% increase i n  t h e i r  reported HBD r a t e  from the  pre-law 

(1968-1971) period t o  the  post-law (1972-1976) period. This was a h a n g e  in  

the  average proportion of HBD from 0.269 t o  0.413. The higher ra tes  have 

been maintained through 1976. I n  f ac t ,  the  HBD ra t e s  f o r  the l a s t  two years 

a r e  even higher. A s imi lar  increase from 0.162 t o  0.250 was found f o r  the  

17-year-old drivers. None of the  older age groups showed a s ign i f i can t  

increase i n  HBD r a t e  during t h i s  period. 

2. The relat ionship of HBD r a t e  t o  d r ive r  age is strong. The general 

pat tern is t h a t  i t  is low f o r  dr ivers  youwer than the l ega l  drinking age. 

The r a t e  r i s e s  sharply t o  a peak (somewhat above 0.5) f o r  ages a year o r  s o  

older than the  l ega l  drinking age, and then declines l inea r ly  with age. I n  

the  ear ly  f i f t i e s  the r a t e  has decreased t o  about half  t h a t  of the ear ly  

twenties. This same pat tern  occurred i n  1968-1971 and i n  1972-1976, but 

during the  l a t t e r  period the  peak sh i f t ed  t o  younger drivers. I n  the  

e a r l i e r  period, the  peak came approximately a t  age 22, while i n  the  l a t t e r  

period the peak is a t  age 19. 

3. Cohorts of drivers-those born i n  the  same year-followed over time 

showed a consistent  pat tern f o r  t h e i r  HBE r a t e  t o  increase sharply a t  the  

year when they f i r s t  could drink legally.  This was t rue  f o r  the  older 

cohorts who f i r s t  could drink legal ly  a t  21 (those who were 21 in  1972 o r  

e a r l i e r ) .  The same pat tern  held f o r  younger cohorts, except t h a t  the  

increase showed up a t  age 18. Cohort dr ivers  who were between 18 and 21 in  

1972 showed large increases i n  1972, when they a l l  could f i r s t  drink 

legally. 

4. Females represent only a small portion-about 2.5% (nine-year 

mean)--of the HBD drivers. I n  addition, they a r e  a small proportion -about 

18%--of a l l  dr ivers  in  the  Michigan f a t a l  f i l e s .  A s  a consequence, the 

number of female dr ivers  is too small t o  provide re l i ab le  findings. 

However, the  average r a t e  of HBD among females of a l l  ages increased from 



0.121 t o  0.148 coincident with the lower legal  drinking age. I n  addition, 

the  HBD r a t e  among 18- t o  20-year-old fernales m r e  than doubled, from 0.084 

(1968-1971) t o  0 .la6 (1972-1976). These increases have resulted i n  4% of the  

1975-1976 HBD dr ivers  being female. Thus females remain a small proportion 

of the  drivers i n  HBD f a t a l  accidents, but there may be a trend f o r  t h i s  t o  

increase. 

5. The younger drivers experienced an increase in  t h e i r  HBD r a t e  during 

the  1972-1976 period compared with 1968 t o  1971, while older drivers '  HBD 

ra tes  remained unchanged o r  declined s l ight ly .  A s  a resul t ,  the  overal l  HBD 

r a t e  i n  f a t a l  accidents showed a 13% increase from an average of 0.295 t o  

0.335 fo r  drivers i n  Michigan f a t a l  accidents. 

Conclusions 

A sharp increase i n  the HBD r a t e  fo r  drivers i n  the  18-20 age range 

occurred. This increase took place a t  the time of the lowering of the  

drinking age, and has been maintained o r  increased i n  recent years. Since 

only those age groups affected by the  law change showed the  increase, the  

data a r e  consistent with interpret ing the  change i n  the  legal  drinking age 

a s  the  cause of the increase. However, the data cannot prove causation o r  

exclude other causes. 

Primarily a s  a consequence of the increase i n  HBD r a t e  among the  young 

drivers,  the  general r a t e  of HBD among a l l  drivers i n  Michigan f a t a l  

accidents has increased. Some of t h i s  increase is a r t i f a c t u a l  i n  tha t  it is 

a lso  associated with a reduction i n  the  missing data on the HBD variable. 

However, it is c lea r  tha t  much of the increase is associated with the lower 

legal  drinking age. 

Some increase i n  HBD r a t e  among females has been noted. However, s ince 

females remain a rather small proportion of the drivers in  f a t a l  accidents, 

the  significance of t h i s  increase is i n  doubt. 

A reasonable conclusion is tha t  the lowering of the legal  drinking age 

from 2 1  t o  18 i n  1972 resulted i n  a large increase i n  the  proportion of HBD 

among drivers of these ages. In  addition, t h i s  increase caused, i n  part ,  

the  increase i n  HBD amng the  t o t a l i t y  of the drivers. There is some 

indication of a spi l l -over e f fec t  t o  17-year-old drivers. 



One could speculate t h a t  a fu r the r  lowering of the l ega l  drinking age 

would be followed by a corresponding increase in  the  HBD r a t e  among dr ivers  

under 18. Such an e f fec t  would l ike ly  be smaller than the  e f f e c t  found from 

lowering the  age t o  18 f o r  a number of reasons. Drivers under age 18 may be 

under more parental res t ra in t .  I n  addition, they may not have a s  ready 

access t o  cars. Final ly,  assuming t h a t  the  legal  driving age remains fixed, 

a fur ther  lowering of the  age would not a f fec t  a s  many drivers. 

The e f f e c t  of rais ing the  l ega l  drinking ,age from 18 t o  19 is 

problematical. I t  is unlikely t h a t  a sudden e f f e c t  on the  HBD r a t e  among 

18-year-old dr ivers  would be found. I f  enforcement of the  higher legal  

drinking age were ef fec t ive ,  then one might see  a reduction i n  the  HBD r a t e  

fo r  the affected age within two o r  three  years. However, no data o r  

h i s to r i ca l  experience a r e  available t o  indicate the trends t o  be expected 

from increasing t h e  legal  drinking age. 

The research reported herein has confirmed t h a t  young, male dr ivers  a re  

a va l id  t a rge t  group f o r  countermeasure a c t i v i t i e s .  This holds whether 

alcohol involvement is considered o r  not. I f  countermeasures a r e  

speci f ica l ly  directed t o  drinking dr ivers ,  then young males a r e  even more 

strongly ident i f ied  a s  an appropriate t a rge t  group. Although i t  would be 

useful t o  know whether they a r e  overrepresented i n  the  accident population 

re l a t ive  t o  t h e i r  numbers in  the  exposed population, lack of t h i s  

information should not de te r  action. The cent ra l  f a c t  is t h a t  young, male 

dr ivers  have a g r e a t  many f a t a l  accidents,  both involving and not involving 

alcohol. 

Older, male dr ivers  a l so  a r e  val id t a rge t  groups fo r  countermeasures 

designed t o  reduce driving-after-drinking, but l e s s  so than t h e i r  younger 

counterparts. This is a corollary t o  the  simple f a c t  t h a t  there  is no 

"correct" legal  drinking age from the  t r a f f i c  safe ty  perspective. 

Better  measures of alcohol involvement among dr ivers  i n  a l l  accidents,  

and pa r t i cu la r ly  in  f a t a l  accidents,  a r e  desirable f o r  more precise 

ident i f ica t ion  of drinking-driving problems. Operating and policy-making 

organizations concerned with t r a f f i c  sa fe ty  should press f o r  100% col lec t ion  

and analysis  of blood specimens f o r  alcohol content from a l l  t r a f f i c  



f a t a l i t i e s .  Similarly,  a l l  surviving dr ivers  i n  accidents f a t a l  t o  others  

should be tested f o r  blood alcohol content by analysis  of breath o r  other  

body substance. 

The resu l t s  of breath t e s t s  administered i n  connection with DUIL 

a r res t s ,  whether coincident with an accident o r  not, should be analyzed 

thoroughly. The data should be computerized and placed in to  analy t ic  f i l e s .  

I n i t i a l  analyses should focus on age-blood alcohol concentration (BAC) 

relat ionships,  and subsequent analyses should campare BAC findings with 

accident data of the  type analyzed here. A par t icular ly  important research 

topic  is t o  determine t h e  extent  t o  which DUIL arres tees  subsequently 

appear i n  the  population of HBD, accident-involved drivers. 

The e f f o r t s  which reduced the  missing-data r a t e  on the  HBD variable t o  

its current  value of about 0.02 among dr ivers  in  f a t a l  accidents should be 

continued. This w i l l  f a c i l i t a t e  subsequent analyses of HBD trends over long 

periods of time. 

Accident data f o r  1977 and subsequent years should be processed and 

analyzed l i k e  those reported here. A continued e f f o r t  w i l l  permit a sound 

evaluation of the  e f f e c t s  of increasing the  legal  drinking age from 18 t o  

19, i f  t h a t  occurs, and w i l l  a s s i s t  i n  the  evaluation of countermeasures 

designed t o  reduce alcohol-related crashes. 1 

1 
During preparation of t h i s  report, the  legal  drinking age was increased 

from 18 t o  19 ef fec t ive  December 3 ,  1978. 





1. INTRODUCTION 

This is the  f i r s t  interim report of a project  sponsored by Michigan's 

Off ice of Highway Safety Planning (OHSP) en t i t l ed  "Drinking Driver Analysisn 

(OHSP Project Number MAL-77-00l.A) . Presented a r e  r e su l t s  of the  work 

conducted from October, 1977 through March, 1977 concerning f a t a l  accidents. 

This report is one of several  dealing with ~ i c h i g a n ' s  alcohol-related 

t r a f f i c  accident experience from 1968 through the  ear ly  and mid-1970's- 

Douglass, Fi lkins,  and Clark (11 included Michigan as  par t  of t h e i r  seven- 

s t a t e  study t o  determine the  e f fec t s  of lowered legal  drinking ages on youth 
1 

crash involvement. Included in  t h a t  time-series analysis  were data from 

January, 1968 through August, 1973. Michigan lcwered its lega l  drinking age 

from 21 t o  18, e f fec t ive  January 1, 1972. The present authors, i n  l a t e  1976 

and ear ly  1977, analyzed the  eight  years of Michigan data from 1968-1975. 

OHSP, i n  connection with its advisory and policy-making roles, issued a 

report based on those data and analyses ear ly  i n  1977 [2] . Douglass and 

Freedman, under sponsorship of Michigan's Off ice of Substance Abuse 

Services, a lso  analyzed data from the  same years [3] . They, hawever, 

broadened the  inquiry considerably by examining the  phenomena i n  terms of 

the  changes i n  ava i l ab i l i ty  of beverage alcohol t o  the  affected age group. 

(Readers wishing a review of research on t h i s  topic covering jurisdict ions 

other  than Michigan a r e  referred t o  Whitehead1 s excellent presentation [4] ) . 
As t h i s  report is being prepared (March, 1978) i t  is a near cer ta in ty  

t h a t  Michigan w i l l  r a i se  its lega l  drinking from age 18 t o  age 19, e f fec t ive  

December, 1978. Current thinking is t h a t  a t h r e e y e a r  t r i a l  period of the  

19-year legal  drinking age w i l l  be undertaken, with a re-assessment of the  

e n t i r e  s i tua t ion  subsequently. 

Apart from the  impetus fo r  fu r the r  analysis  provided by the legal  

drinking age issue is the cent ra l  f a c t  tha t  alcohol continues t o  be the  

fac tor  most frequently ident i f ied  a s  causing t r a f f i c  accidents. Fuch 

research has shown the  extent of alcohol involvement t o  increase a s  accident 

Numbers i n  brackets [ ] r e fe r  t o  References a t  end of report. 
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sever i ty  increases, being most frequently implicated i n  f a t a l  accidents. 

For t h i s  reason OHSP has continued its in te res t  in developing a base of 

information and knowledge. The hope is, of course, t h a t  fur ther  insight  

in to  the nature and extent  of the problem w i l l  lead t o  ameliorative 

measures. Further, it is recognized t h a t  the  building of a sound data base 

now w i l l  f a c i l i t a t e  the  evaluation of fu ture  countermeasures designed t o  

reduce the  number of alcohol-related accidents. 

Several spec i f i c  purposes a r e  t o  be served by the  project.  Foremost of 

these is the addition of Michigan's 1976 t r a f f i c  accident experience. t o  the  

1968-1975 data base now i n  analy t ic  form a t  the Highway Safety Research 

I n s t i t u t e  (HSRI). Second, the  analy t ic  work reported i n  [3] shaved the  

des i rab i l i ty  of creat ing more single-year age groups than has been done 

heretofore. The advantage is tha t  the one-year cohort groups studied before 

can be tracked over a longer time period. This has the addit ional  advantage 

of sharpening the  comparisons between younger dr ivers  and t h e i r  older 

counterparts within a spec i f i c  year. Third, it was believed by both OHSP 

and HSRI s t a f f  tha t  the  alcohol-related t r a f f i c  experience of f a ra les  should 

be determined and monitored. Fourth, the  fur ther  analysis  of the e n t i r e  

data s e t  by computer-based models was considered a logica l  extension of the 

e a r l i e r  work. Final ly,  the  preparation of a Fortran program t o  f a c i l i t a t e  

use of the chi-square part i t ioning technique in  both the  present and fu ture  

analyses was t o  be completed. 

Section 2 ident i f ies ,  i n  general t e r n ,  the  data s e t  a s  currently 

constituted. The variables from the  data set selected f o r  analysis  a r e  

described, and the  analy t ic  techniques employed a r e  out1 ined. 

The m i n  analyses and findings of the study a r e  reported. i n  Section 3. 

The topics addressed a r e  those given e a r l i e r  i n  t h i s  Introduction. 



This sect ion contains a brief descript ion of the  data set which was 

analyzed. The variables selected f o r  analysis  a r e  given, and the  analy t ica l  

techniques employed a r e  reviewed. 

2.1 Data Se t  -- 
The data  s e t  cons is ts  of a census of a l l  police-reported f a t a l  

accidents occurring i n  the S t a t e  of Michigan from 1968 t o  1976. Accidents 

a r e  investigated by the  Michigan S t a t e  Police o r  by o f f i c e r s  of a local  un i t  

of government--county , c i t y ,  or ,  occasionally, t m s h i p .  Data from the  

investigations a r e  recorded on the  o f f i c i a l  police report form (UD-10) i n  

use by a l l  agencies throughout the s t a t e .  The reports  and data a r e  

collected and computerized by the  Safety and Tra f f i c  Division and by the  

Criminal J u s t i c e  Data Center of the  Department of S t a t e  Police f o r  many 

purposes. Tape copies of the data were made available t o  HSRI fo r  

analy t ica l  work i n  the present study. 

Table 1 shows the number of f a t a l  accidents,  the number of t r a f f i c  

un i t s  i n  these accidents,  and the  number of t r a f f i c  un i t s  included i n  the  

present analysis. The analyzed t r a f f i c  un i t s  consist  of a l l  dr ivers  of 

passenger cars ,  trucks, and mtorcycles  involved i n  a l l  f a t a l  accidents. 

Not included a r e  pedestrians and pedalcyclis ts ,  dr ivers  of school buses and 

commercial buses, and operators of construction equipment and farm 

equipnent. However, the  drivers  of cars ,  trucks, and motorcycles involved 

i n  accidents f a t a l  t o  such t r a f f i c  un i t s  a re  included. 

2.2 Analytic Variables 

The focus of the current study is on the  ro le  of alcohol among dr ivers  

involved i n  f a t a l  accidents. The HBD (Had Been Drinking) variable has been 

used t o  examine the  extent t o  which dr ivers  had been using alcohol, s ince i t  

is by f a r  the  best  indicator  of alcohol use appropriate f o r  analysis. 

In the e a r l i e r  lower legal  drinking age analyses [1,2] the  HBD variable 

had been supplemented by a "3FSn variable, a three-factor surrogate 



Table 1 

Number of Fata l  Accidents and Tra f f i c  Units 

1 1  I Traf f i c  Units 
Year I I Accidents I 

I I I Total I Analyzed 
t I 

I I 
1968 I I 
1969 I 1 
1970 I I 
1971 1 1  . 
1972 I I 
1973 I I 
1974 I I 
1975 I I 
1976 I I 

I I 
Total / I 

variable. The three components of the  variable a r e  the  number of vehicles 

involved i n  the  accident, the  sex of the driver ,  and the  time of occurrence 

of the  accident. Both p r io r  research and the  data below show t h a t  single- 

vehicle, male, night-time (9:OO p.m. - 6:00 a.m.) accidents a re  highly 

correlated with reported alcohol involvement. That f a c t  made the  3FS 

variable an a t t r a c t i v e  addition t o  the  ana ly t i c  data s e t ,  par t icular ly  for  

comparing alcohol involvement i n  accidents from jur isd ic t ions  not using a 

commonly defined measure. Further, the  3FS variable was useful within 

Michigan because the def in i t ion  and recording of the  HBD variable underwent 

a subs tant ia l  change between 1970 and 1971. 

Table 2 shows the  proportion of HBD dr ivers  among the  3FS dr ivers  - 
t ha t  is, the  number of dr ivers  meeting both the  HBD and 3FS c r i t e r i a ,  

divided by the  t o t a l  number of 3FS drivers. The proportion of 3FS dr ivers  

who were ident i f ied  a s  HBD ranges from a low of 0.417 (10-17 age group in  

1973) t o  a high of 0.938 (21-23 age group in  1975) , with an overa l l  

proportion of 0.723 fo r  a l l  dr ivers  i n  the  s i x  years from 1971-1976. There 

is a general tendency for  the  proportion t o  increase from 1971 t o  1976. The 

data i n  t h i s  table demonstrate c l ea r ly  t h a t  a high proportion of dr ivers  



Table 2 

Proportion of HBD Drivers among 3FS Drivers 

I I Year 
Age Group I I 

1 1  1971 1 1972 1 1973 1 1974 1 1975 1 1976 l l ALL 
I I I I I I- 
I I I I I I I I I 

10-17 1 1 ,538 1 .647 1 .417 1 .750 1 .731 1 .618 1 1 .628 
18-20 1 1 .614 1 .667 1 .716 1 .787 1 .808 1 .890 1 1 .755 
21-23 1 1 .623 1 .714 I .667 I .800 I ,938 1 .914 1 I -778 
24-26 1 1 -590 1 .563 1 .778 I .850 1 .848 1 .897 1 1 -758 
27-29 1 1 .583 1 .667 1 .762 1 .765 1 .708 1 .926 1 1 .734 
30-32 1 1 .900 1 .560 1 .591 1 .739 I .714 1 .667 1 1 .690 
33-35 1 1 .875 1 .727 1 .636 1 .750 1 .889 1 -727 1 1 .758 
36-94 1 1 .576 1 .537 1 ,767 1 ,652 1 .822 1 .680 1 1 .661 

I I I I I I I I I 
ALL l l -619 1 .628 1 .686 1 .759 I .831 1 .814 l l .723 

sa t i s fy ing the  three-f actor  c r i t e r i a  of male, single-vehicle, and night-time 

a re  involved i n  alcohol-related accidents. The use of t h i s  surrogate 

variable is thus jus t i f ied  i n  those special  applications where its use is 

indicated. 

On the other hand it is the  case t h a t ,  jus t  a s  not a l l  3FS drivers had 

been drinking pr ior  t o  t h e i r  accident, not a l l  drivers who had been drinking 

s a t i s f y  the surrogate c r i t e r i a .  Table 3 presents the data for  the same 

years and same age groups a s  in  Table 2, but i n  t h i s  case the table  shows 
the  proportion of HBD drivers who a r e  male, involved i n  single-vehicle 

accidents, and who had t h e i r  crash between 9:00 p.m. and 6:00 a.m. 

These proportions a re  mch h e r .  For a l l  years and a l l  ages, the  

proportion is 0.303. I n  1972, only 15% of the oldest  age group (36-94) met 
the  three surrogate c r i t e r i a ,  whereas 57.4% of the 10- t o  17-year-old 

drivers met the c r i t e r i a  i n  1974. There is a de f in i t e  trend fo r  the  

proportion t o  decrease among older drivers. These data by themselves do not 

speak t o  t h e  reason why t h i s  should occur, but a difference i n  the 

underlying exposure is t o  be expected. That is, we would expect tha t  a 

lower percentage of the driving by older drivers is done during the l a t e  

night hours, and hence a lower proportion of accidents involving these older 

drivers,  - including the HBD accidents, occur a t  night. 



Table 3 

Proportion of 3FS Drivers among HBD Drivers 

I I Year 
Age Group 1 I 

1 1  1971 1 1972 1 1973 1 1974 1 1975 I 1976 l l ALL 
I I 1 I I I l- 
I I I I I I I I I 

10-17 1 1 .538 1 .537 1 .333 1 .574 1 .373 1 .429 1 1 .463 
18-20 1 1 .407 1 .458 1 .423 1 .432 1 .491 1 .367 1 I .428 
21-23 l l .414 1 .385 1 .377 1 .315 1 .497 1 ;340 I l .390 
24-26 1 1 .307 1 .243 1 .277 1 ,378 I .322 1 .367 l l .319 
27-29 1 1 .219 1 .274 I .302 1 ,210 1 .236 1 .263 l l .251 
30-32 1 1 ,409 1 .280 1 .232 1 .288 1 ,204 1 .170 1 1 .262 
33-35 1 1 .212 1 .200 1 .132 1 .265 1 .205 1 .211 l l .I98 
36-94 1 1 .170 1 .150 1 -192 1 .200 1 ,192 1 .977 1 1 .I80 

1 I I I I I I I I 
ALL l 1 .295 1 .287 1 .281 1 .316 1 .341 1 .295 l l .303 

Another variable considered fo r  analyt ic  use is tha t  containing the  

resul ts  of chemical tests tha t  were given. For the same drivers and years 

discussed above, the percentage of -- not tested dr ivers  is 76.4%, with a 
minimum of 70.2% i n  1975 and a maximum of 79.6% i n  1972. A comparison of 

the t e s t  r e su l t s  with the  HBD variable s h w s  good agreement, of course, but 

the percentage of untested cases is too high for  t h i s  variable t o  be of much 

analytic  use. 

The f i n a l  resul t  of the considerations discussed above is tha t  only the 

HBD variable has been used a s  a masure of alcohol involvement in  subsequent 

analyses. The def in i t ion  and recording of the variable have not changed 

since 1971, the missing-data ra te  is acceptable as  w i l l  be seen below, and 

it ident i f ies  more of the alcohol-related accidents than do the a l ternat ive  

measures. 

2.3 Analytic Techniques 

The analytical  work following i n  Section 3 r e l i e s  heavily on the use 

and analysis of age-specif ic ra tes  of the HBD variable. Changes in  these 

rates,  or  proportions, a re  analyzed by the chi-square part i t ioning technique 

[5] and by the general l inear  model analysis  of categorical data [6] . 



The age-specif ic HBD r a t e  is simply the  frequency of dr ivers  of some 

spec i f i c  age, o r  age group, judged t o  have been drinking, divided by the  

t o t a l  number of HBD plus HNBD-Had Not Been Drinking--drivers of the  same 

age o r  age group. I f  it were not f o r  missing data on the  HBD variable, the  

denamiflator of the  HBD r a t e  would be the  t o t a l  number of accident-involved 

drivers. For the  l a s t  three years-1974-1976-the number of cases with 

missing data on t h i s  variable has been su f f i c i en t ly  low t o  be of l i t t l e  

prac t ica l  d i f f icul ty .  

However, a s  Table 4 shows, the  missing-data rate-the number of dr ivers  

f o r  whom no drinking determination was made divided by the  t o t a l  number of 

accident-involved dr ivers  of the same age--has changed substantial ly.  For 

the  three years from 1968-1970, drinking information was missing f o r  over 

20% of the  drivers. This dropped t o  about 11% f o r  the  1971-1973 period, and 

then dropped fur ther  t o  about 2% f o r  the  1974-1976 period. 

Table 4 

Proportion of HBD Missing Data among A l l  Drivers 

Year 

The large drop from 1970 t o  1971 in  the  missing-data r a t e  occurred 

because of changes made on the  UP10 accident report form. A 5-level 

variable was changed t o  a 2-level variable with no e x p l i c i t  provision f o r  

"influence not known." The drop from 1973 t o  1974 occurred because of the  

s t a r t  up of FARS, the  Fatal  Accident Reporting System undertaken in  

cooperation with the National Highway Traff ic  Safety Administration. 

To be noted is t h a t  the  reported frequency of HBD dr ivers  would 

increase a s  missing data decreased, even i f  the t o t a l  number of accident- 

involved dr ivers  and the  HBD r a t e  remained constant. The t r u e  HED r a t e  

among the  missing-data dr ivers  can not be determined, of course. However, 



evidence from t h e  3FS variable suggests t h a t  the  HBD experience is higher 

among the  missing-data dr ivers  than among those f o r  whom a drinking 

determination was recorded. 1 

The resul t  is t h a t  HBD frequencies were a l m s t  surely under-reported i n  

the  e a r l i e r  years, and t h e i r  correct  reporting i n  l a t e r  years gives r i s e  t o  

an a r t i f a c t u a l  increase. 

For these reasons we have been careful  t o  draw inferences and base the  

study findings primarily on age-specif i c  r a t e s  rather  than on frequencies. 

The frequencies need t o  be considered, but t h e i r  growth, jus t  because of the  

reduction of the  HBD rnissing-data. ra te ,  should be remembered when 

considering a l l  nine years. The l a s t  three years a r e  not affected by such 

changes. 

Par t i t ioning of the  chi-square s t a t i s t i c ,  a technique used extensively 

i n  the analysis,  is an extension of the  well known chi-square method of 

analysis.  The overal l  chi-square s t a t i s t i c  is a method f o r  deciding whether 

a set of proportions, o r  ra tes ,  a r e  d i f f e ren t  from the  average proportion 

across the  whole table. Thus, fo r  example, the  overa l l  chi-square t e s t  

would determine whether the  HBD r a t e s  for ,  say, 18-year-old dr ivers  d i f fered  

among the  nine years. This chi-square s t a t i s t i c  would have eight  degrees of 

freedom. These m y  be part i t ioned in to  each single degree of freedom i n  

such a way t h a t  the  individual chi-squares sum t o  the  overal l  chi-square 

s t a t i s t i c .  Each s ing le  degree of freedom measures whether the  difference 

between INO subqroups of the  whole table  is s igni f icant .  

When the  groups of in te res t  can be determined by consideration of 

external influences, a s  is the  case here-the change in  the  legal  drinking 

age is an example-a set of pa r t i t ions  can be defined which w i l l  provide 

t e s t s  of most of the  appropriate comparisons. The numerical calculat ions of 

t h i s  procedure, together with a worked example and ins t ruc t ions  f o r  use of a 

computer program, a r e  presented i n  Appendix A. 

Of the  14,366 ca r ,  t ruck,  and motorcycle dr ivers  involved i n  1971-1976 
f a t a l s  for  whom the  HBD variable had been f i l l e d  out ,  12.2% met the 3FS 
c r i t e r i a .  Of the  1152 comparable dr ivers  for  whom the  data were missing on 
t h i s  variable,  17.3% met the  3FS c r i t e r i a .  This, coupled with the  high 
corre la t ion  between alcohol and the  3FS variable,  suggests t h a t  the  HBD r a t e  
is higher among the  missing-data dr ivers  than among those reported. 



Another technique used subsequently is the  general l i n e a r  model 

analysis  of categorical  data. This is a method of re la t ing  differences i n  

r a t e s  (or  functions of ra tes)  t o  explanatory, categorical  variables i n  a 

manner analogous t o  regression analysis  o r  analysis  of variance techniques 

f o r  continuous data. This model has the  advantage of considering several  

variables simultaneously. However, it is more computationally complex and 

is res t r i c t ed  i n  the  number of variables which can be compared i n  a s ingle  

analysis. 

I n  the  present context, the general l inear .  model can be used t o  

estimate changes in  HBD ra tes  separately by years and by age groups. 

Further, possible interact ions between these variables--differing pat terns 

of changes by years within d i f fe ren t  age groups--can a l s o  be studied. A 

computer program t o  accomplish t h i s  type of analysis  is GENCAT. The 

program, together with addit ional  discussion of the  analy t ica l  method, is 

documented i n  Landis e t  a l .  [6]. 





3. ANALYSIS 

A general overview of the  overal l  HBD experience during the  nine years 

from 1968 through 1976 is provided by Figures 1-4. These three-dimensional 

p lo t s  show the  number of HBD, accident-involved dr ivers  by age and year. I n  

Figure 1, the  reader is viewing the  data array from t h e  southwest and is 

looking toward the  northeast. The block nearest  the  viewer gives the  

r e l a t ive  frequency of the  34-year-old dr ivers  i n  1968. The years increase 

from l e f t  t o  r ight ,  1968 t o  1976. The age groups in  Figure 1 increase from 

back t o  f ront ,  15 t o  34. Figures 2-4 provide other  views of the same data 

array,  each 90 degrees clockwise from the  preceding view. 

Several pat terns can be seen i n  the  data. A l l  of the f igures show t h a t  

m r e  young HBD dr ivers  a r e  involved i n  f a t a l  accidents than older  dr ivers  on 

a single-age-year bas is  fo r  a l l  nine calendar years. Figure 2 shows t h a t  

the  21-year-old dr ivers  were the  most numerous in  1968, with a steady 

increase from age 15 and a subsequent decl ine a s  age increases. Figure 3, 

with 1968 now on the  r igh t  and the  younger dr ivers  nearest the  viewer, shows 

only a m d e s t  increase f o r  the  age 15 and younger dr ivers  from 1968 t o  1976. 

The 17-year olds s h w  a re la t ive ly  f l a t  plateau from 1968 through 1971, and 

then a jump occurs in  1972 t o  a new plateau t h a t  rerains re la t ive ly  steady 

through 1976. The 18-year-old experience-shaded i n  Figures 2 and 3-is 

seen generally t o  increase from 1968 on, peaking i n  1976. 

In  Figure 4 the  1976 data a r e  nearest the  viewer, with the  15 and 

younger dr ivers  t o  the  f a r  r igh t  and the  34-year-old dr ivers  t o  the  f a r  

l e f t .  The general pa t tern  matches tha t  of Figure 2 ,  with a sharp build-up 

t o  a peak followed by a generally steady decline. In  1976, however, the 

peak very d i s t i n c t l y  occurs a t  age 19 a s  compared t o  the  21-year-old peak i n  

1968. This fea ture  of the data is highlighted i n  Figure 5,  which d e t a i l s  

the  HBD experience fo r  1968 and 1976. 

The analy t ic  relat ionship between age and HBD r a t e  is conveniently 

s m r i z e d  by a l inea r  model. For the  years 1971-1976 and f o r  ages 18-98, a 

weighted, least-squares regression gives a constant term of 0.612 and a 

coeff ic ient  of -0.00711. (R-square fo r  t h i s  model is 0.948.) This 



indicates tha t ,  on the  average, the  HBD r a t e  is about 0.48 f o r  dr ivers  in  

t h e i r  l a t e  teens. The r a t e  decreases, uniformly, t o  about 0.24 a t  age 50 and 

declines fu r the r  t o  0.1 f o r  dr ivers  i n  t h e i r  ear ly  seventies. 

Figure 6 presents  a three-dimensional p l o t  of a d i f fe ren t  data array,  

i n  t h i s  case the  HBD rates. These data a r e  from Table 11. The or ienta t ion  

is the  same a s  t h a t  i n  Figure 4; t h a t  is, the  1976 data  a r e  nearest  the  

viewer with the  older age groups on the  l e f t  and the  younger dr ivers  on the  

right.  The ra t e s  f o r  twenty-seven age groups a r e  presented here, the  

under-15 group, the  19 single-year age groups from 16 through 34, the  s i x  

5-year groups (35-39, 40-44,. . . , 60-64) , and the  65-98 group. Figure 7 

combines the  HBD frequencies and ra te s  in  a s ing le  p lo t  f o r  1976 and d e t a i l s  

the  18-34 experience. 

The general pa t tern  of HBD r a t e s  by age and year is s imi lar  t o  t h a t  f o r  

the  HBD frequencies. The peaks occur a t  the  younger ages, i n  t h i s  case a t  

19, 21, and 22. The ra te s  f a l l  off  rapidly with decreasing age, but they 

decl ine gradually a s  age increases. Notably d i f fe ren t  is the  peak a t  age 27 

i n  1976, the  highest peak in  the  whole array,  which does not follow the  

general pattern. This peak-reference t o  Table 11 shows t h a t  63% of the  

27-year-old dr ivers  involved i n  f a t a l  accidents had been drinking - 
i l l u s t r a t e s  t h a t  HBD r a t e s  must a l so  be considered with some care. The 

increase i n  the  percentage of HED involvements-from 36% i n  1975 t o  63% i n  

1976-is not caused by a proportionately large increase i n  the  number of HBD 

involvements. Indeed, the HBD frequencies for  1974-1976 a r e  29, 29, and 32. 

The frequencies of HNBD involvements fo r  the  same three years, however, a r e  

34, 51, and 19. Therefore the  denominator of the 1976 fraction-the sum of 

the  HBD and HNBD frequencies--is much lower than usual, thus accounting f o r  

the  elevated HBD rate. 

We n w  turn  t o  a m r e  deta i led  look a t  these age-year pat terns m n g  

dr ivers  involved i n  f a t a l  accidents. 
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FIGURE 3. Third overview of HBD experience (relative frequencies). 











3.1 Overall HBD Rates among Drivers in  Fata l  Accidents 

During the  years 1968 t o  1971 the  overa l l  r a t e  of HBD among dr ivers  

involved in  f a t a l  accidents in  Michigan averaged 29.6%. During the period 

from 1972 t o  1976, t h i s  r a t e  averaged 33.5%. This represents a 13.2% 

increase o r  a rais ing of the  HBD r a t e  by 3.9%. These ra tes  were calculated 

from the  s e t  of dr ivers  involved i n  f a t a l  crashes i n  Michigan, excluding 

cases fo r  which information about the  drinking s t a t u s  of the  dr iver  was 

missing o r  unknm.  There were some noticeable changes i n  the  amount of 

missing data on the  HBD variable over the  period from 1968 t o  1976. During 

the  period p r io r  t o  the  change i n  the  legal  drinking age, the  missing-data 

r a t e  averaged 20.7% of the dr ivers ,  while i n  the  post-law period t h i s  

dropped t o  6%. Much of t h i s  decrease took place with the  introduction of 

the  FARS i n  1974-missing-data r a t e s  from 1968 through 1970 were similar ,  

then dropped i n  1971 and again i n  1974. 

The relat ionship between the  HBD r a t e  and the  age of the  dr iver  is of 

in teres t .  The t r ad i t iona l ly  reported view is t h a t  dr ivers  i n  t h e i r  ea r ly  

twenties a r e  the  worst-that is, have the  highest HBD rate. While t h i s  is 

not contradicted, it is useful t o  attempt t o  describe the  relat ionship of 

alcohol crash involvement and age i n  more deta i l .  I n  addition, an important 

question is what-if any-changes in  t h i s  relat ionship coincided with the  

enactment of the  lower legal  drinking age law. The HBD r a t e s  f o r  s ing le  

ages o r  s ingle  years were found t o  vary considerably. P lo t s  of the HBD 

r a t e s  across ages fo r  each year a r e  presented a s  Figures B1-B9 i n  Appendix 

B. 

In  order t o  s t a b i l i z e  the  r a t e s  somewhat and t o  i l l u s t r a t e  the  changes 

bet ter ,  data were collapsed in to  two periods: pre-law, o r  1968-71, and post- 

law, o r  1972-76. Figure 8 p lo t s  the average ra tes  f o r  each age f o r  these 

two periods. Single years of age a r e  used from ages 16 t o  34, while the  

reminder a r e  i n  5-year intervals .  The general pa t tern  is f o r  a law HBD 

r a t e  for  young, neophyte dr ivers ,  followed by a rapid increase with the  age 

of the  dr iver  t o  a pronounced peak. The HED r a t e  then begins t o  decl ine 

s teadi ly .  The decline, however, is not so rapid with age a s  is the i n i t i a l  

increase. The HBD r a t e  appears t o  peak in  the  ea r ly  twenties, then t o  

decl ine with age, slowly a t  f i r s t ,  then more rapidly a f t e r  age 35 o r  so. 

The mst noticeable difference i n  the  two curves is t h a t  the  sharp 
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increase takes place a t  younger ages i n  the  post-law period. Ages 18, 19, 

and 20 have nearly t h e  same HBD r a t e s  i n  the  post-law period a s  do ages 21, 

22, and 23, while i n  the  pre-law period, these ages had subs tant ia l ly  lower 

HBD ra t e s  than the  21, 22, and 23 ages. The HBD r a t e s  f o r  a l l  ages l e s s  

than 22 a r e  higher i n  the  post-law period than i n  the  pre-law period. 

Differences i n  older  ages show no consistent  pattern. Many of the  

differences a r e  not noticeably d i f fe ren t  from zero, and those which are, a r e  

a s  l ike ly  t o  be negative as  positive. 

As  mentioned before, t h e  missing-data ra tes  changed s ign i f i can t ly  

during t h i s  period. This could a f f e c t  the HBD rates. Figure 9 p l o t s  the  

missing-data r a t e s  against  the  age of the  dr iver  f o r  th ree  time periods: 

1968-71, 1972-73, and 1974-76. Some reduction occurred between the  f i r s t  

two periods, and an addit ional  reduction occurred between the  second two 

periods. The missing-data ra tes  seem t o  be f a i r l y  s t ab le  across the  ages. 

Since the  introduction of the FARS i n  1974 seemed t o  reduce the  missing 

data, the  relat ionship of the HBD ra t e s  t o  the  age of the  dr iver  was 

examined f o r  the  three time periods. This is presented i n  Figure 10. The 

same general pa t tern  is otxerved a s  before. The main difference is t h a t  the  

young drivers  have higher HBD r a t e s  i n  the  1974-76 period than i n  the  

1972-73 period, which a r e  still increased over the  pre-law period. 

The energy crisis, with a reduction i n  the  a v a i l a b i l i t y  of gasoline, 

occurred a t  approximately the  same time a s  the  introduction of the  FARS. 

Thus changes a t  t h a t  t i m e  may be associated with the  e f f e c t s  of the energy 

crisis a s  well a s  with the reduction i n  the  missing data. Table 5 presents 

the  frequencies of d r ive r s  involved i n  f a t a l  crashes by age and year. A 

generally decreasing trend i n  the  t o t a l  number of such involvements is seen 

over the  nine-year period. A par t icular ly  sharp drop occurred i n  1974 and 

maintained i n  1975, with some increase noted i n  1976. This drop may be 

related t o  the  reduction i n  t r ave l  associated with the  energy crisis. 

Table 6 presents the  frequencies of dr ivers  who had been drinking by 

age and year. An increase i n  these frequencies is noted i n  1973, followed 

by a fur ther  increase in  1974 and possibly one in  1976. These increases a re  

paral leled by and m y  be primarily due t o  increases i n  the  frequencies of 

HBD dr ivers  i n  the  18 t o  20 ages, Thus, over the  period i n  question, the  

number of dr ivers  involved i n  f a t a l  crashes has declined, while the  number 
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Table 5 

Frequency of Drivers i n  t h e  Michigan F a t a l  F i l e s ,  1968-1976 

-- 

I YEAR 
X E  I 

1 68 1 69 1 70 1 71 1 72 1 73 1 74 1 75 1 76 
I I I I , 1 I 

I I I , 
1-15 1 8 1 16 1 11 1 16 1 21 I 20 1 11 I 16 I 9 
16 1 59 1 82 1 54 1 69 1 84 1 66 1 65 1 50 1 74 
17 1 119 1 124 1 104 / 92 1 136 1 120 1 124 1 109 1 108 
18 1 164 1 163 1 137 1 120 1 150 1 142 1 147 1 138 1 156 
19 1 137 1 137 1 126 1 122 1 165 1 143 1 132 1 138 [ 151 
20 1 91 1 124 1 96 1 117 1 130 1 144 1 107 1 85 1 122 
21 1 173 1 139 1 119 / 114 1 140 1 109 1 105 1 87 1 117 
22 1 137 1 150 1 156 1 116 1 97 1 117 1 92 1 109 1 113 
23 1 105 1 100 1 105 1 107 1 84 1 94 1 79 1 108 1 93 
24 1 94 1 100 1 76 1 108 1 93 1 104 1 67 1 90 1 91 
25 1 93 1 91 1 84 1 77 1 91 1 82 1 68 1 64 1 91 
26 1 89 1 112 1 62 1 70 1 62 1 83 1 77 1 69 1 65 
27 I 63 1 83  1 69 I 81  I 73 1 62 1 64 1 81 1 52 
28 1 68 1 60 1 72 1 62 1 54 1 63 1 55 1 70 1 71 
29 1 48 1 55 1 62 1 61 1 73 1 63 1 44 1 45 1 74 
30 1 37 1 63 1 43 1 49 1 67 1 68 1 51 1 46 1 49 
31 1 44 1 37 1 58 1 55 1 53 1 58 1 55 1 45 1 47 
32 1 52 1 59 1 45 1 41 1 49 1 56 1 52 1 32 1 45 
33 I 51 1 45 1 39 1 51 1 43 1 53 1 44 1 42 I 41 
34 1 41 1 52 1 36 1 28 1 40 1 43 1 30 1 38 1 45 
35-39 1 238 1 224 1 211 1 196 1 211 1 194 1 155 1 157 I 155 
40-44 1 221 1 234 1 216 1 187 1 187 1 183 1 139 1 123 1 143 
45-49 1 201 1 216 1 169 1 206 1 176 I 184 1 122 1 109 I 123 
50-54 1 172 1 195 1 162 1 144 1 130 1 156 1 123 1 106 1 123 
55-59 1 143 1 163 1 121 1 118 1 144 1 106 1 97 1 82 1 85 
60-64 1 98 1 112 1 85 1 89 1 99 I 96 I 91 I 59 I 76 
65-98 1 218 1 242 1 201 I 189 1 214 1 190 1 140 I 134 1 174 
Unk. 1 36 1 25 1 23 1 20 1 12 1 21 1 14 1 1 4  1 26 
15-17 1 186 I 222 1 169 1 177 1 241 1 206 1 200 1 175 1 191 
18-20 1 392 1 424 1 359 1 359 1 445 1 429 1 386 1 361 1 429 
21-23 1 415 I 389 1 380 1 337 1 321 I 320 1 276 1 304 I 323 
24-26 ( 276 1 303 1 222 1 255 1 246 1 269 1 212 1 223 1 247 
A l l  I 3000 1 3203 1 2742 1 2705 1 2878 1 2820 1 2350 1 2246 1 2519 

of d r ive r s  involved i n  f a t a l  crashes who have been drinking has increased. 

The HBD r a t e  then increases both because the  numerator is increasing and the  

denominator is decreasing. Table 7 presents  the  frequencies of d r ive r s  who 

had not been drinking by age and year, and Table 8 presents  the  frequencies 

of the  d r ive r s  with missing data on the  HBD var iable  by t h e  sane categories. 



Table 6 

Frequency of HBD Drivers i n  t h e  Michigan Fa t a l  F i l e s ,  1968-1976 

I YEAR 
AGE I - 

1 68 1 69 1 70 1 71  1 72 I 73 1 74 1 75 1 76 
I t I I , 1 

1 

A g e l - 1 5 1  0 1  0 1  0 1  11 11  2 1  3 1  3 1  0 
Age16 1 2 1  111 8 1  1 2 1  111 7 1  111 1 6 1  21 
Age 17 1 15 1 17 1 11 1 13 1 29 1 21 1 33 1 32 1 28 
Age 18 1 26 1 36 1 20 1 30 1 47 1 38 1 58 1 59 1 67 
Age 19 1 30 1 30 1 29 1 30 1 49 1 48 1 56 1 71  1 78 
Age 20 1 20 1 33 1 19 1 26 1 35 1 51 1 48 1 33 1 54 
Age 21 1 54 1 40 1 35 1 40 1 38 1 32 1 51 1 49 1 59 
Age 22 1 47 1 43 1 59 1 41 1 31 1 39 1 39 1 55 1 57 
Age 23 1 27 1 38 1 37 1 35 1 22 1 35 1 37 1 47 1 40 
Age 24 1 32 1 34 1 23 1 28 1 30 1 35 1 29 1 34 1 31 
Age 25 1 30 1 31 1 24 1 24 1 31 1 29 1 30 1 22 1 44 
Age 26 1 24 1 40 1 17 1 23 1 13 1 37 1 31 1 31 1 18 
Age 27 1 10 1 30 1 22 1 24 1 27 1 20 1 29 I 29 1 32 
Age 28 1 20 1 15 1 21 1 24 1 20 1 20 1 16 1 28 1 36 
Age 29 1 9 1 22 1 24 1 16 1 26 1 13 1 17 1 15 1 27 
Age 30 1 11 1 22 1 12 1 15 1 26 1 22 1 21 1 15 1 15 
Age 31 1 15 1 10 1 14 1 16 1 10 1 15 1 20 1 18 1 18 
Age 32 1 14 1 17 1 11 1 13  1 14 1 19 1 18 1 16 1 14 
Age 33 1 15 1 9 1 10 1 14 1 18 1 19 1 18 I 15 1 15 
Age 34 1 12 1 1 4  1 13  1 13  1 9 1 17 1 7 1 13  1 10 
Age3539 1 56 1 51 1 50 1 53 1 62 I 63 1 62 1 64 1 43 
Age40-44 1 55 1 62 1 67 1 42 1 55 1 52 1 41 1 35 1 46 
Age4449 1 48 1 40 1 35 1 31 1 40 1 44 / 39 1 35 1 45 
Age50-54 1 39 1 39 1 36 1 38 1 26 1 40 1 33 1 28 1 32 
Age5559 1 23 1 31 1 22 1 31 1 30 1 23 1 18 1 20 1 16 
Age60-64 1 15 1 15 1 9 1 21 1 18 1 20 / 20 1 14 1 13 
Age6598 1 17 1 20 1 15 1 13  1 22 1 15 1 21 1 8 1 10 
A g e U n k I  0 1  0 1  0 1  11 11 0 1  0 1  2 1  5 
Age15-17 1 17 1 28 1 19 1 26 1 41 1 30 1 47 1 51 1 49 
Age18-20 1 76 1 99 1 58 1 86 1 131 1 137 1 162 I 163 1 199 
Age21-23 1 128 1 121 1 131 1 116 1 91 1 106 1 127 1 151 1 156 
Age24-26 1 86 1 105 1 64 1 75 1 74 1 101 1 90 1 87 1 93 
A l l  Ages 1 666 1 750 1 643 1 668 1 741 1 776 1 806 1 807 1 874 

I n  s m r y ,  among d r i v e r s  i n  f a t a l  crashes during t h e  post-law period, 

t he re  has been an increase i n  t h e  HBD r a t e s  f o r  d r i v e r s  of age 21 and 

younger, while t h e  HBD r a t e s  f o r  d r ive r s  o lde r  than 21 have remained 

e s s e n t i a l l y  unchanged a s  compared t o  t h e  r a t e s  during t h e  pre-law period. 

A s  a r e s u l t ,  t h e  ove ra l l  r a t e  of HBD among d r i v e r s  involved i n  f a t a l  crashes 



Table 7 

Frequency of HNBD Drivers i n  t he  Michigan Fata l  

Fi les ,  1968-1976 

- - -  

I YEAR 
AGE I 

1 68 1 69 1 70 1 71 1 72 1 73 1 74 1 75 1 76 
I I I I I I I I I 
8 I I I 

1 - 1 5 1  6 1  1 2 1  9 1  1 4 1  2 0 1  1 8 1  8 1  1 3 1  8 
16 I 45 1 49 1 39 1 46 1 67 1 52 1 53 1 33 1 53 
17 1 73 1 73 1 73 1 71 L 100 1 84 1 91 1 77 1 78 
18 I 9 3 1  9 4 1  9 6 1  7 4 1  8 7 1  8 2 1  8 9 1  7 5 1  8 3 .  
19 1 68 1 73 1 78 1 77 1 99 1 85 1 76 1 65 1 67 
20 1 44 I 70 1 54 1 74 I 75 1 75 1 58 1 47 1 65 
21 1 65 1 69 1 51 1 56 1 80 1 62 1 51 1 33 1 53 
22 1 52 1 55 1 66 1 59 I 55 1 58 1 51 1 50 1 51 
23 1 40 1 43 1 46 1 59 1 53 1 43 1 42 1 59 1 51 
24 1 40 1 48 1 34 I 69 1 51 1 61 1 38 1 54 1 55 
25 1 40 1 36 1 45 1 45 1 47 1 45 1 37 1 37 1 41 
26 1 43 1 49 1 34 1 45 1 42 1 38 1 45 1 35 1 43 
27 1 34 1 34 1 35 1 43 1 40 1 38 1 34 1 51 1 19 
28 1 38 1 30 1 42 1 29 1 24 1 39 1 37 1 40 1 32 
29 1 26 1 24 1 26 1 36 1 38 1 41 1 26 1 28 1 45 
30 1 14 1 28 1 21 1 27 1 30 I 36 1 30 1 30 1 33 
31 1 16 1 19 1 34 1 34 1 35 1 35 1 33 1 27 1 29 
32 1 29 1 26 1 27 1 26 1 29 1 32 1 33 1 16 1 30 
33 1 27 1 27 1 22 1 34 1 23 1 28 1 26 1 26 1 25 
34 1 14 1 31 1 20 1 12 1 28 1 23 1 23 1 24 1 33 
35-39 1 126 I 125 1 119 1 118 1 129 1 110 1 93 1 92 1 106 
40-44 1 113 I 118 1 114 I 129 1 115 1 116 I 97 1 83 1 90 
45-49 1 110 1 134 1 95 1 148 1 119 1 124 1 83 1 71 1 76 
50-54 1 91 1 115 1 98 1 93 1 90 1 104 I 89 1 78 1 86 
55-59 1 79 I 86 1 72 1 72 1 99 1 71 1 79 1 62 1 67 
60-64 1 59 1 58 1 56 1 59 1 67 1 65 I 71 1 43 1 62 
65-98 1 145 1 162 1 139 1 155 1 177 1 155 1 118 1 125 1 161 
Unk. I 0 1  3 1  2 1  3 1  2 1  4 1  5 1  4 1  6 
15-17 1 124 1 134 1 121 1 131 I 187 1 154 I 152 1 123 1 139 
18-20 1 205 I 237 1 228 1 225 I 261 1 242 I 223 1 187 1 215 
21-23 I 157 I 167 1 163 1 174 1 188 1 163 I 144 1 142 1 155 
24-26 I 123 I 133 1 113 I 159 I 140 I 144 I 120 I 126 1 139 
A l l  1 1530 1 1691 1 1547 I 1707 1 1821 1 1724 1 1516 1 1378 1 1548 

has increased. The number of dr ivers  i n  t h i s  group who had been drinking 

has increased generally s ince  the  law change, while the  number of dr ivers  

involved i n  f a t a l  accidents has tended t o  decline. The increase i n  the  

number of dr ivers  involved i n  f a t a l  accidents who had been drinking has been 



Table 8 

Frequency of HBD Missing Data on Drivers  

i n  t h e  Michigan Fa t a l  F i l e s ,  1968-1976 

I YEAR 

- - -  

1-15 I 2 )  4 1  2 1  11  0 . 1  0 . I O . I O . I  1 
16 1 1 2 1  2 2 1  7 1  111 6 1  7 1  11 1 1 0 .  
17 1 3 1 1  3 4 1  2 0 1 . 8 1  9 1  1 5 I O . l O . l  2 
18 1 4 5 1  3 3 1  2 1 1  1 6 1  1 6 1  2 2 1 0 . 1  4 1  6 
19 I 3 9 1  3 4 1  1 9 1  1 5 1  1 7 1  1 0 1 0 . 1  2 1  6 
20 1 2 7 1  2 1 1  2 3 1  1 7 1  2 0 1  1 8 1  11 5 1  3 
21 1 5 4 1  3 0 1  3 3 1  1 8 1  2 2 1  1 5 1  3 1  5 1  5 
22 1 3 8 1  5 2 1  3 1 1  1 6 1  111 2 0 1  2 1  4 1  5 
23 1 3 8 1  1 9 1  2 2 1  1 3 1  9 1  1 6 1 0 . 1  2 1  2 
24 1 2 2 1  1 8 1  1 9 1  111 1 2 1  8 1 0 . 1  2 1  5 
25 1 2 3 1  2 4 1  1 5 1  8 1  1 3 1  8 1  11 5 1  6 
26 1 2 2 1  2 3 1  111 2 1  7 1  8 1  11 3 1  4 
27 1 1 9 1  1 9 1  1 2 1  1 4 1  6 1  4 1  11  11 1 
28 1 1 0 1  1 5 1  9 1  9 1  1 0 1  4 1  2 1  2 1  3 
29 1 3 1  9 1  1 2 1  9 1  9 1  9 1  11 2 1  2 
30 I 1 2 1  1 3 1  1 0 1  7 1  111 1 0 1 O . I  11  1 
31 1 1 3 1  8 1  1 0 1  5 1  8 1  8 1  2 1 0 . 1 0 .  
32 1 9 1  1 6 1  7 1  2 1  6 1  S I  1 1 0 . 1  1 
33 1 9 1  9 1  7 1  3 1  2 1  6 1 0 . 1  11 1 
34 1 1 5 1  7 1  3 1  3 1  3 1  3 1 0 . 1  11 2 
35-39 1 56 1 48 I 42 1 25 I 20 1 21 1 0. I 1 1 6 
40-44 1 53 1 54 I 35 I 16 I 17 I 15 I 1 I 5 I 7 
45-49 1 43 1 4 2 1  39 1 2 7 1  17 1 1 6 1  0. 1 3 1 2 
50-54 1 42 1 41 1 28 1 13 1 14 1 12 1 1 I 0. 1 5 
55-59 1 41 1 46 1 27 1 15 1 15 1 12 1 0 .  1 0 .  1 2 
60-64 1 24 1 39 1 20 1 9 I 14 I 11 I 0. I 2 I 1 
65-98 1 56 1 60 1 47 1 21 1 15 1 20 1 1 I 1 1 3 
Unk. 1 36 1 22 1 21 1 16 1 9 1 17 1 9 1 8 1 15 
15-17 1 45 I 60 1 29 I 20 I 13  I 22 I 1 I 1 I 3 
18-20 1 111 1 88 1 63 1 48 I 53 I 50 I 1 I 11 I 15 
21-23 1 130 1 101 1 86 1 47 I 42 I 51 I 5 I 11 I 12 
24-26 1 67 1 65 1 45 1 21 I 32 I 24 I 2 I 10 I 15 
A l l  1 804 1 762 1 552 1 330 1 316 1 320 I 28 1 61  1 97 

p a r t i c u l a r l y  not iceable  among younger (ages 18-20) dr ivers .  This  young 

group has a l s o  shmed an increase i n  t h e  number of involvements i n  f a t a l  
acc idents  while t h e  ove ra l l  t rend ,  f o r  a l l  ages,  has been downward. 



3.2 HBD Rates b ~ 9  of Driver -- - 
In  order t o  determine whether differences i n  proportions of HBD a r e  

s ignif icant ly  dif ferent  across the nine years, the chi-square s t a t i s t i c  is 

used. The overall  chi-square t e s t  measures whether there a re  differences in  

the year-to-year HBD ra tes  from the nine-year average HBD r a t e  which a re  too 

large t o  have arisen because of chance fluctuations in the  data. However, 

somewhat m r e  detailed information about the differences i n  the  HBD rates is 

needed. That is, there is a need t o  compare the HBD ra tes  for  various 

groups of years t o  determine whether s ignif icant  changes in the HBD ra tes  

occurred a t  the same times a s  the known occurrences which a re  of interest ,  

such a s  the law change or  the  form change. 

A method of investigating whether changes in the  HBD ra tes  occurred a t  

specif ic  time points defined by external events is available through the 

technique of parti t ioning the overall chi-square into its individual degrees 

of freedom. The formula fo r  this computation and an example for  the two by 

k table  a re  presented i n  Appendix A. A computer program which w i l l  

accomplish the required calculations a lso is documented in  Appendix A. 

The divisions of the time period from 1968 t o  1976 which were made and 

used to  par t i t ion the overall  chi-square a re  given i n  Table 9. These eight 

par t i t ions  can be used t o  investigate whether a s ignif icant  change in  the 

HBD r a t e  occurred between the two time periods defining the parti t ion.  Each 

age of dr iver  and some combined age groups were investigated i n  t h i s  

manner. The resu l t s  indicate which age groups showed s ignif icant  changes in 

t he i r  HBD ra tes  and which events these changes coincided with. Within each 

age or  age group, an overall  type one error  probability of 5% was used. 

That is, considering a l l  eight par t i t ions  for,  say, the 18-year-old drivers,  

the probability of declaring any one (or more) of these par t i t ions  t o  be 

s ignif icant  when actually due merely t o  chance is only 5%. 

Table 10 lists a l l  the par t i t ions  which were found t o  be s ignif icant  by 

t h i s  method. The par t i t ions  a re  l i s t ed  for  each age or age group in order 

of increasing age. The average proportion of HBD for  each of the groups in  

the par t i t ion is presented. The HBD ra tes  for each age, age group, and each 

year a r e  presented in Table 11, while the frequencies of HBD, HNBD, and 

missing data for  the f a t a l s  a re  presented by age group and year in  Tables 6, 

7, and 8 ,  respectively. 



Table 9 

Definition of Pa r t i t ions  

Pa r t i t ion  I I 
Number I Dates I In terpre ta t ion  

I 
1972-76 1 Before and a f t e r  the  change 

I i n  legal  drinking age. 
1 

1974-76 1 After  the  change i n  legal  
I drinking age, before and a f t e r  
I the  introduction of FARS: 
I also  coincides with the  
1 energy crisis. 
I 

1973 1 Compares the  f i r s t  two years 
I a f t e r  the  change in  the  
I l ega l  drinking age. 
I 

1975-6 1 Compares the  year of m a x i m  
I impact of the energy c r i s i s  
I with the  two most recent years. 
I 

1976 1 Compares the  two most recent 
I years. 
I 

1971 1 Compares the  years immediately 
I pr io r  t o  the  f i r s t  year with a 
I new data form-all before the  
I law change. 
I 

1969 1 No external c r i t e r i a .  
I 

1970 1 No external c r i t e r i a .  

In tu i t ive ly ,  18 t o  20 a r e  the  ages most obviously affected by the 

change in  the  legal  drinking age. Drivers who were 18 a t  the  time they were 

involved i n  a f a t a l  accident shwed a s ign i f i can t  difference i n  the  HBD r a t e  

only fo r  the  groups in  pa r t i t ion  1. That is, the  HBD r a t e  changed 

s igni f icant ly  only concurrently with the  lower legal  drinking age. The 

average proportion of HBD before the law change was 30.5%, while in  the  

period since the  law change i t  has averaged 39.3%, nearly a 29% increase in  

the rate. 



Table 10 

Sumrrrary of Significant Par t i t ions  i n  the  Fatal  Data, 

HBD vs HNBD 

Age I Pa r t i t ion  I I Percent 
Group I Number I Years Parti t ioned I Change 

The overall  chi-square s t a t i s t i c  was 
s ignif icant  for  the 45- t o  49-year olds 
but none of the individual par t i t ions  
was significant.  

Drivers aged 19 a t  the time of t he i r  accident showed two s ignif icant  

changes i n  t h e i r  HBD r a t e  over the years 1968-76. These coincided with 

par t i t ions  numbered 1 and 2. The former is the time a t  which the lower 

legal  drinking age went into  e f fec t ,  while the l a t t e r  coincides with the 

reduction of missing data associated with the FARS and with the onset of the 

energy c r i s i s .  



Table 11 

HBD Rate of Drivers in  the  Michigan Fata l  F i l e s ,  1968-1976 

1 YEAR 
XE I 

1 68 1 69 1 70 / 71 1 72 / 73 1 74 1 75 1 76 

The 19-year-old dr ivers  showed an increase i n  HBD r a t e  from 28.7% t o  

43.5% coincident with the  lower legal  drinking age. This represents m r e  

than a 51% increase. In addition, these dr ivers  showed an increase in  t h e i r  

HBD r a t e  of from an average of 34.5% t o  49.6% i n  comparing the  years 1972 

and 1973 with the  years 1974-6. This represents nearly a 44% increase. 



This l a t t e r  increase is associated with the  reduction i n  missing data 

associated with the implementation of the FARS and with the reduction i n  

driving associated with the energy c r i s i s  period of approximately 1974. 

Drivers aged twenty when involved i n  a f a t a l  accident shwed a 

s ign i f ican t  increase coincident with the lowering of the legal  drinking age, 

Their HBD r a t e  increased from 28.8% t o  40.9%. This represents a 42% 

increase i n  the  HBD r a t e  f o r  t h i s  age. 

Drivers i n  the  age range of 18 t o  20 a l l  showed an increase i n  the  

average HBD r a t e  which coincided with the change i n  the  law lowering the  

lega l  drinking age t o  18. Only one of the ages shmed any other s ignif icant  

changes coinciding with the  par t i t ions  defined i n  Table 9. The 19- year 

olds showed an addit ional increase two years a f t e r  the  law change. Thus, 

a l l  the groups most d i rec t ly  affected by the law showed an increase i n  the  

HBD r a t e  i n  f a t a l  accidents coincident with the time of the law change. 

Furthermore, these increases were not of short  duratiorr-they have 

maintained through 1976. Indeed, some have increased fur ther  i n  recent 

years. 

I t  is important t o  investigate what changes, i f  any, other ages 

experienced i n  t h e i r  HBD ra tes  during the period from 1968 t o  1976. I f  a l l  

ages showed an increase in  the  HBD ra te  in  1972, then tha t  would presumably 

be due to  some external cause and not t o  the change i n  the  law. Only three 

ages older than 20 showed any s ignif icant  parti t ions.  The dr ivers  aged 21 

showed an increase i n  t h e i r  HBD r a t e  when comparing 1972 and 1973 with 1974 

through 1976. The average HBD r a t e  increased from 33.0% t o  53.7% i n  t h i s  

comparison. This higher HBD r a t e  coincides with the period when the FARS 

has been operating. Also, the  f i r s t  year of the higher r a t e  was the energy 

c r i s i s  year. For dr ivers  aged 26, there was a s ignif icant  increase i n  HBD 

r a t e  from 23.6% t o  49.3% f rom 1972 t o  1973. No reason fo r  t h i s  increase is 

known. Drivers aged 27 showed a s ignif icant  increase i n  t h e i r  HBD r a t e  from 

36.3% t o  62.8% from 1975 t o  1976. The reason fo r  t h i s  change was discussed 

ear l ie r .  

Thus, none of the ages o r  groups of ages older than 21 showed 

s ignif icant  increases in  HBD ra tes  among f a t a l  accidents a t  the  time of the 

lowering of the legal  drinking age, The only increases in  HBD ra tes  which 

occurred a t  tha t  time occurred fo r  drivers under age 21. 



The experience of d r ive r s  of ages 16 and 17 has been of recent concern. 

Drivers aged 17 a l s o  showed a s ign i f i can t  increase i n  t h e i r  HBD r a t e  

coincident with the  change i n  the  law. Their  HBD r a t e  increased from 16.2% 

t o  25.0%. Thus there  m y  be some "spill-over" t o  t h i s  age group. That is, 

the  legal  ava i l ab i l i ty  of alcoholic  beverages t o  18-year olds may have made 

it eas ie r  f o r  17-year olds t o  obtain alcoholic  beverages ( i l l e g a l l y ) .  There 

appears t o  be some evidence of increased HBD r a t e s  among 17-year-old dr ivers  

i n  f a t a l  accidents a t  any rate. 

Drivers aged 16 did not show a s ign i f i can t  increase a t  the  time of the 

lowering of the  l ega l  drinking age. Hcwever, they did s h m  a s ign i f i can t  

increase i n  t h e i r  HBD r a t e  from 1972 and 1973 t o  1974 through 1976. The 

r a t e  increased from 13.1% t o  25.6%. There a r e  probably several  contributing 

fac tors  t o  t h i s  increase. One is almost cer ta in ly  the  reduction of missing 

data i n  the  HBD variable which occurred a t  the  same time due t o  the  

introduction of the  FARS. Another m y  be the  reduced driving during the  

period. Finally, the  change i n  the  law m y  a l s o  influence t h i s  increase. 

I t  seems reasonable t h a t  a longer period would occur before the  16 -year 

olds changed t h e i r  drinking-driving behavior. Also, the  a v a i l a b i l i t y  of 

alcohol from fr iends may be l e s s  f o r  16-year olds than f o r  17-year olds. 

However, the  increase in  HBD r a t e  among 16-year olds is alarming and needs 

t o  be mnitored.  

When dr ivers  were grouped in to  three-year age groups, s imi lar  changes in  

the  HED r a t e s  were observed. The age group 15-17 shows a s ign i f i can t  

increase (from 15.0% t o  22.4%) coincident with the  lower legal  drinking age 

change, and a l s o  a s ign i f i can t  increase (from 17.2% t o  26.2%) coincident 

with the  FARS. Drivers aged 18-20 shwed s ign i f i can t  increases i n  t h e i r  HBD 

r a t e s  a t  the  same two times. The former increase was from 26.9% t o  41.3% 

(law change) and the l a t t e r  was from 34.8% t o  45.6%. Drivers aged 21-23 

showed no s ign i f i can t  increase a t  the  time of the  law change, but did s h w  a 

s ign i f i can t  increase (from 35.9% t o  49.6%) a t  time of the introduction of 

the FARS. None of the other  ages groups showed any s ign i f i can t  changes i n  



t he i r  HBD ra tes  according t o  the  set of par t i t ions  used. 
1 

In  summry, the  pattern of changes i n  HBD ra tes  among dr ivers  i n  f a t a l  

accidents is consistent with what would be expected i f  the lowering of the 

legal  drinking age caused alcohol-related crashes t o  increase among young 

drivers. Drivers under age 21 showed large increases i n  t h e i r  HBD ra tes  

coincident with the change i n  law. Drivers 21 and older showed no 

s ign i f ican t  changes i n  HBD ra tes  a t  the time of the law change. There was 

some evidence tha t  the  reduction of the missing-data r a t e  on the HBD 

variable which occurred i n  1974 with the introduction of the FARS a lso  

resulted i n  an increase i n  the  HBD rates. This increase was not spec i f ic  t o  

the young (under 21) ages. 

3.3 Cohort HBD ra tes  -- 
With data on individual ages of dr ivers  for  the n ineyea r  period, it is 

possible t o  investigate changes in  the HBD ra tes  of a cohort of dr ivers  over 

time. A cohort refers  t o  those drivers who were 18 i n  1968, 19 i n  1969, and 

so on, f i na l ly  being 26 i n  1976. Each such cohort can be defined by the 

dr ivers '  age i n  1968, the  f i r s t  year of the period. Some cohorts have l e s s  

than the f u l l  nine years'  data. For example, those who were 16 i n  1970 

could only drive (legally) fo r  the  seven years 1970 through 1976. Since 

data for  s ingle  ages of dr iver  were only used fo r  ages 16 through 34, there 

is also an upper l i m i t  on the beginning age of the cohorts which can be 

followed fo r  the  f u l l  nine years. 

Parti t ioning of the overall  chi-square s t a t i s t i c  in to  its s ingle  

degrees of freedom was also used with the data on cohorts. A different  s e t  

of par t i t ions  was appropriate i n  some of the cohorts. The f i r s t  par t i t ion  

fo r  each cohort divided the time period into  the time before and a f t e r  t ha t  

cohort could drink legally.  The second par t i t ion  was made a t  the change in  

the legal  drinking age law ( i n  cases where tha t  did not coincide with the 

f i r s t ) .  The third  par t i t ion  was a t  the time of the introduction of the 

FARS-that is, a t  1974. When possible an additional par t i t ion  was made 

between 1970 and 1971, s ince tha t  coincided with a change in  the form. Of 
-- 

1 The age group 45-49 showed a s ignif icant  chi-square overall ,  but none of 
the par t i t ions  was significant.  



course cohorts which were aged 21 o r  older i n  1968 did not have a p a r t i t i o n  

coinciding with t h e i r  enfranchisement a s  l ega l  drinkers. 

Table 12 summarizes the  r e su l t s  of the  cohort part i t ioning.  I n  the  

table  the  years i n  each par t  of the  pa r t i t ion  a r e  given s ince  t h i s  var ies  

among the  cohorts. The changes in  the  average HBD r a t e  f o r  each pa r t i t ion  

a r e  a l so  presented. Only two types of pa r t i t ions  were found t o  be 

signif icant:  those which coincided with the  enfranchisement of the cohort a s  

legal  drinkers, and those which coincided with the FARS. Almost a l l  groups 

showed a s ign i f i can t  increase i n  t h e i r  HBD r a t e  when they f i r s t  could drink 

legally. For four of the  cohorts (those who turned 18, 19, 20, o r  21 in  

1972) t h i s  coincided with the  change i n  the  l ega l  drinking age. The cohort 

who were 19 i n  1968 showed an increase i n  t h e i r  HBD r a t e  coincident with 

t h e i r  becoming l ega l  drinkers which was marginally s t a t i s t i c a l l y  

s ignif icant .  Those who were 20 i n  1968 did not show a s ign i f i can t  increase 

when they turned 21-the r a t e  increased from 31.3% t o  40.9%, but it was not 

s t a t i s t i c a l l y  s ignif icant .  

Several groups showed a s ign i f i can t  increase i n  t h e i r  HBD r a t e s  

coincident with the  introduction of the  FARS: those who became 16 i n  1968, 

1969, o r  1970, and those who became 19 i n  1968. (Those who turned 16 in  

1972 a l so  showed an increase i n  t h e i r  HBD r a t e  a t  the  time of the  

introduction of the  FARS, but t h i s  was a lso  the  time a t  which they f i r s t  

were legal ly  able t o  drink.) 

Two other  s ign i f i can t  changes were detected. The cohort who were 21 in  

1968 showed a s ign i f i can t  decrease in t h e i r  HBD r a t e  from the  period 1968-70 

t o  1971. The chanqe was from 44.7% t o  28.9%. Also those who were 22 in  

1968 showed a s ign i f i can t  decrease in  t h e i r  average HBD r a t e  coincident with 

the  change i n  the  legal  drinking age law. Their average HBD r a t e  decreased 

from 43.1% t o  30.7% from the  1968-71 period t o  the  1972-76 period. These 

decreases, par t icular ly  the  l a t t e r  one, a r e  probably ref lec t ing  a trend f o r  

the  HBD r a t e  t o  decrease with the  age of the  driver .  A f a i r l y  slow but 

steady decrease with age a f t e r  age 22 over the  nine years could show up a s  a 

s ign i f i can t  decrease coincident with the  p a r t i t i o n  which divides the  period 

into the  f i r s t  four years and the  l a s t  five. 

None of the  older cohorts showed any s igni f icant  changes in  t h e i r  ra tes  

with the  s e t  of pa r t i t ions  used. I n  f a c t ,  a l l  of the overal l  chi-square 



Table 12 

Summary of Significant Chi-square Par t i t ions  fo r  Cohorts 

I Par- I Part i t ioned I Chi- I Change 
Cohort I t i t i o n  I Years I square I i n  HBD 

none 

Older ages had no s ignif icant  parti t ions.  

s t a t i s t i c s  for  the  older groups (20 o r  older i n  1968) were not s ignif icant ,  

indicating tha t  there were no changes i n  the  HBD ra tes  over the nine years 

i n  excess of what could reasonably be ascribed t o  chance fluctuations. 

Thus the general pattern i n  the  HBD ra tes  for  the cohorts is tha t  each 

cohort has experienced a large and s t a t i s t i c a l l y  s ignif icant  increase in its 

HBD r a t e  when i t  f i r s t  became able t o  drink legally. For the ea r l i e r  years, 

t h i s  increase coincided with becoming 21, while for  the l a t e r  years the 



increase has occurred when the  cohort reaches age 18. Cohorts who were in  

between these ages when the  law took e f fec t  i n  1972 showed increases a t  

t h e i r  age i n  1972. Thus it appears tha t  a t r ad i t iona l  pa t tern  of a large 

increase i n  the HBD r a t e  among dr ivers  i n  f a t a l  accidents coincident w i t h  

the  age of enfranchisement a t  age 21  has been shi f ted  t o  a la rge  increase i n  

the  HBD r a t e  coincident with the  new age of enfranchisement a t  age 18. 

3.4 A Linear Models Approach t o  the  Chanqes in  HBD Rates --- 
The chi-square part i t ioning technique used i n  sect ions 3.2 and 3.3 

i so la te s  changes over time within a s ingle  age group (or  cohort) of drivers. 

The changes which a r e  observed a r e  then compared among d i f fe ren t  age groups 

t o  determine what s i m i l a r i t i e s  exis t .  A modeling approach may be used t o  

incorporate changes across ages in to  the  same analysis  a s  changes across 

time within ages. That is, the  l inea r  modeling approach includes t e r m  in  

the  model which re f l ec t  any population wide changes o r  trends, then 

invest igates the  signif icance of within age changes over and above any 

p p u l a  t ion wide changes. 

To invest igate the  relat ionship between the  HED r a t e  and the  age groups 

over and above the  year-to-year variat ion,  a l inea r  model was f i t  t o  the  

data. The method of estimating the  parameters of the  model was by weighted 

l e a s t  squares (equivalent t o  the  modified minimum chi-square approach) . The 

calculat ions were accomplished by the  GENCAT program avai lable  on the 

Michigan Terminal System. A deta i led  discussion of the  approach and the 

program can be found i n  Landis e t  a l .  [5]. 

The model which was judged t o  be the  best  was 

where u is an overa l l  average HBD ra te ,  a .  a r e  the  e f f e c t s  of being i n  age 
1 

group i before the  lower legal  drinking age went in to  e f fec t ,  bi a r e  the  

e f fec t s  of being i n  age group i a f t e r  the  lower legal  drinking age went in to  

e f fec t ,  and y . a r e  the  year-to-year effects .  Here i runs from 1 t o  4 and j 
I 

runs from 1 t o  9. The E(p. .) is the  expected HBD r a t e  fo r  age group i and 
17 

year j. 

The parameters a.  measure the  differences among the  four age groups 
1 

15-17, 18-20, 21-23, and 24-26 before the  law change. The bi measure the  



differences among t h e  four age groups a f t e r  t h e  law changed, and the  yi 

measured the  differences m n g  t h e  nine years  1968-1976. Differences (ai - 
bi) measure the  change i n  the  HBD r a t e  f o r  age group i which occurred a t  the 

same time a s  the  lower drinking age. 

I t  should be noted t h a t  it was necessary t o  group the  ages i n  order t o  

comply with s i z e  r e s t r i c t i o n s  of the  program. I t  is a l s o  reasonable s ince  

the  grouped ra te s  would be subjec t  t o  smaller random fluctuat ions.  However, 

a r e s u l t  of the  f a c t  t h a t  only t h e  ages up t o  26 were included is t h a t  t h i s  

model cannot estimate changes which occurred i n  the  o lder  age groups. I n  

addition, i f  la rge  changes occurred a t  a pa r t i cu la r  time i n  most of the  four 

groups, it is possible t h a t  these would be estimated a s  the  year-to-year 

e f f e c t s  ra ther  than being i so la ted  a s  re la t ing  primarily t o  one o r  two of 

the  age groups. 

The model was f i t  t o  t h e  da ta  on d r ive r s  i n  f a t a l  accidents  in  

Michigan. The general conclusions were s imi lar  t o  those from part i t ioning.  

There were s ign i f i can t  differences among t h e  age groups both before and 

a f t e r  the  law change. There was a s ign i f i can t ,  although smaller, amount of 

year-to-year var ia t ion ,  with generally the  l a t e r  years-particularly 

1975-1976-having higher HBD rates. The 15-17 age group had an HBD r a t e  

t h a t  was generally lower than the  other groups. The 18-20 age group's HBD 

r a t e  was somewhat lower than average before the  law change and higher a f t e r  

the  law change. The 21-23 age group had the  highest HBD ra te ,  both before 

and a f t e r  the  law change, but the  difference f o r  the  average was smaller i n  

the  l a t t e r  period. Final ly,  the  24-26 age group had an HBD r a t e  above 

average i n  both periods, but much c loser  t o  average i n  t h e  l a t t e r  period. 

The numerical values f o r  the  parameters a re  presented i n  Table 13. The 

model explained more than 95% of the  v a r i a b i l i t y  in  t h e  HBD r a t e  among t h e  

age groups and years. (The ac tual  value was 95.4%.) 

The t e s t  of lack of f i t  f o r  the  model was not s igni f icant .  I n  

combination with the  f a c t  t h a t  the  model explained 95.4% of the  v a r i a b i l i t y  

i n  the  HBD ra t e s ,  t h i s  indicates t h a t  it is unlikely t h a t  any important 

sources of var ia t ion  a r e  not included. I n  Table 13 parameters with a 

negative sign indicate t h a t  they represent an e f fec t  which reduces the  HBD 

r a t e  on the  average. For example, the  parameters fo r  the  years 1968 t o  1973 

a r e  a l l  negative, indicat ing t h a t  the  HBD r a t e  was general ly lower i n  those 



Table 13 

Parameters and Tests  f o r  the  Linear Model 

The model E (P . . ) =u+ai+bi+y . has the  tabulated estimates 
11 1 

2 f o r  its parameters: 
The R (corrected f o r  the  mean) is 0.9535. 

Age Effects  

Age 
Group Before After 

Year Effects  

Effect 1 xZ I df I P (Sig.) 

Lack of f i t  . . . . . . . . 
Age groups before (ai=O) . 
Age groups a f t e r  (bi=O) . . 
Years (y.=O) . . . . . . . 
Change ir? (15-17) (a -b =0) 
Chawe i n  (18-20) (a1-bl=O) 

2 2- Change in  (21-23) (aj-b3-0) 
Change i n  (24-26) (a4-b,=0) 

a -b =+0.0023 A nonsignificant,  very s l i g h t  decrease. 
a1-b1=-0 .0692 A large,  s ign i f i can t  increase. 
a:-b:=+0.0247 A moderate decrease of questionable significance. 
a4-b4=+0 .0422 A large,  s ign i f i can t  decrease. 



years. On the  other hand, t he  years 1974 through 1976 a l l  have posit ive 

parameters, indicating tha t  the  HBD r a t e  was somewhat higher i n  those years. 

This change i n  the  year-to-year parameter e f f ec t s  coincides with the 

introduction of the FARS i n  January of 1974. I n  addition, t h i s  coincides 

approximately with the occurrence of the energy c r i s i s .  

The e f fec t  of the FARS was t o  reduce the missing data on the HBD 

variable i n  the f a t a l  f i l e .  I t  appears tha t  the  "true" r a t e  of HBD among 

the missing data was somewhat higher than among the cases of non-missing 

data. Consequently a reduction i n  the  missing data would have a tendency t o  

increase the  HBD r a t e  observed. The e f fec t  of the energy crisis is somewhat 

less certain. I t  did a f f ec t  driving habi ts  and patterns and apparently 

reduced driving somewhat. There was a reduction i n  the  t o t a l  number of 

f a t a l  accidents coincident with the energy crisis-larger than the generally 

downward trend i n  f a t a l i t i e s .  ( A l l  accidents a l so  appear t o  have been 

reduced.) This had the  e f fec t  of reducing the  denominator i n  the HBD rate. 

I t  appears t ha t  the  numerators-that is the number of f a t a l  accidents i n  

which the dr iver  had been drinking-did not show a reduction f o r  these age 

groups. As a resul t ,  the  numerator stayed about the  same or  increased 

somewhat while the denominator decreased, result ing i n  an average increase 

i n  the HBD rate. 

The age group 15-17 averaged an HBD r a t e  tha t  was 12.5% belaw the 

average i n  the before-law period and t h a t  was 12.7% below the average in the 

post-law period. There was a very small change in  t h i s  age group's HBD r a t e  

( a f t e r  the year-to-year e f fec t s  were removed) , and t h i s  change was not 

significant.  

The 18-20 age group averaged 2.9% below average in  the HBD ra te  pr ior  

t o  the law change and averaged 4.1% above the average a f t e r  the  l aw change. 

As a consequence t h i s  group averaged an increase of 6.9% i n  the i r  HBD ra te  

coincident with the law change and above general year-to-year changes. This 
2 increase i n  HBD r a t e  was highly significant.  (X = 25.1 with 1 degree of 

freedom) . An additional point t o  note is tha t  af t e r  the law change, the  

18-20 group had an HBD r a t e  (drivers in f a t a l  accidents) which was 1.9% 

below tha t  of the 21- t o  23-year- old drivers and 1.4% above tha t  of the 

24- t o  26-year-old drivers. Before the law change there were three rather 
d i f fe ren t  HBD ra tes  among these four age groups ( t h e  21-23 and 24-26 groups 



being about the  same) while a f t e r  the  law change the  15-17 ages remained 

low, while the  18-20, 21-23, and 24-26 groups a l l  had essen t i a l ly  the  same 

HBD rates. 

The 21-23 age group showed a moderate decrease i n  its HBD r a t e  

coincident with the  law change. The change was a decrease of 2.5 percentage 

points. This was of questionable s t a t i s t i c a l  s ignif icance (p=0.097) , so  

could be due t o  chance. The 24-26 group a l so  showed a decrease i n  its HBD 

r a t e  which amounted t o  a change of 4.2%. Again t h i s  was of some s t a t i s t i c a l  

s ignif icance (p  = 0.0107) , ht could a l so  be due t o  random fluctuations. - 
The resu l t s  from the  l inea r  model may appear t o  d i f f e r  somewhat from 

the  re su l t s  from the  chi-square part i t ioning.  For example, the  par t i t ioning 

technique showed s ign i f i can t  increases i n  HBD r a t e  with the  introduction of 

FARS f o r  several  age groups. I n  addition, age group 15-17 showed a 

s ign i f i can t  increase coincident with the  lower legal  age law change. The 

l i n e a r  model incorporates any year-to-year changes i n  the  average HBD r a t e s  

across a l l  groups (from 15 t o  25) in to  the  year effects .  Thus, the  age 

group parameters i s o l a t e  changes pa r t i cu la r  t o  t h a t  age group which did not 

occur in  the  aggregate. Thus, the e f fec t  of FARS and the  energy c r i s i s  

shows up a s  a connnon e f fec t  t o  a l l  these age groups and appears a s  the  

change i n  s ign from negative t o  posi t ive in  the  year e f fec t s  beginning with 

y7 which corresponds t o  1974. 

The average e f fec t  across the  four years p r io r  t o  the  law change is 

estimated a s  -0.0591, while t h a t  averaged across the  f ive  years a f t e r  the  

law change is +0.04772. Thus, a l l  four age groups a r e  estimated t o  have 

experienced t h i s  average increase. The parameters a and b. measure how i 1 
much a par t icular  age group di f fered  i n  its increase from t h e  average. 

The year e f f e c t s  may a l so  be separated in to  the  three  time periods t o  

point out  the estimated e f f e c t  of the FARS/energy-crisis period. The 

average e f fec t  i n  the  1968 t o  1971 period is again -0.0591. For the  two 

years immediately post-law, 1972 and 1973, the  e s t i m t e  is -0.0265, while 

f o r  the years from 1974 t o  1976 the  estimated e f f e c t  on the  HBD r a t e  is 

+O. 0964. 

Thus, the  l inea r  model analysis  agrees with the  analysis  by 

part i t ioning.  Table 1 4  shows the  average HBD ra t e s  predicted by the  model 



fo r  the d i f fe ren t  age groups and time periods. The essen t ia l  difference is 

t h a t  the  increase i n  HBD r a t e  beginning i n  1974 is common t o  a l l  four age 

groups, while an increase beginning i n  1972 a l so  occurred, but was of 

d i f fe ren t  s i z e  fo r  the  four groups. The model is more spec i f ic  i n  isolat ing 

age e f f ec t s  which a r e  not c m n  t o  the  four groups than is the 

partitioning. I f  more age groups had been used i n  the  model it is possible 

that ,  since the older groups did not show increases i n  1972, the  year-to- 

year average e f fec t s  would not r e f l ec t  t h i s  increase. I n  t ha t  case, the 

youngest age groups (14.17.) e f f ec t s  might be significant.  That is, with 

more older dr ivers  i n  the  data set, the increases i n  1972 might be ascribed 

t o  the  young age groups rather than t o  year-to-year variation. The increase 

coincident with the FARS i n  1974, however, is general and would probably 

r a i n  a common e f f ec t  across the ages. 

Table 14 

Average HBD Rates Estimated From the Model by Age and Year 

I Period 
Age I 

1 68-71 1 72-73 1 74-76 1 72-76 

3.5 HBD and Driver Sex -- - 
To m r e  c lear ly  delineate the HBD problem we included dr iver  sex a s  a 

variable in  the current study. Analysis was performed by dr iver  sex on the 

HBD variable using the  chi-square parti t ioning program previously described. 

Male drivers represent an overwhelming proportion (80%-85%) of the drivers 

i n  the f i l e  and an even larger  proportion of the drinking drivers (96%-98%) 

in  the f i l e .  Thus it is not surprising t h a t  the resu l t s  of the chi-square 



analysis of males is almst identical to the chi-square analysis of all 

drivers. This being the case, the following section reports on the findings 

for female drivers in the fatal file while the previous sections (pertaining 

to all drivers in the file) are applicable to male drivers. 

Proportion - of Females in the Fatal File ---- 
Female drivers have historically represented a small proportion of the 

accident population, and Table 15 shows #at this is true of female drivers 

in the Michigan fatal file also. Female drivers in general represented 

between 16% and 20% of the fatal-accident-involved drivers over the nine- 

year study period, and the 18- to 20-year-old female drivers represented a 

similar proportion of all drivers in their age group. Table 16 shows the 

proportion of had-been-drinking drivers who are female for the same two age 

groups. The proportion of. had-been-drinking drivers who are female is only 

2-3.5% of all drivers who had been drinking. This exemplifies the minimal 

involvement of females in the overall HBD experience in the Michigan fatal 

files. 

One should note in Table 16 that, even though the proportion of HBD 

drivers who are female is low, the last two years (1975-1976) indicate a 

slightly increas'ing proportion of female drivers. 

Table 15 

Proportion of Drivers Who are Female in the Michigan Fatal Files 
from 1968-1976 for 18- to 20-year olds and All Ages. 

I I Year 
Age I I  

1 1  68 1 6 9  1 7 0  1 7 1  1 7 2  1 7 3  1 7 4  1 7 5  1 7 6  
I I , , 1 I 

I 

I I I I I I I I I I 
18-20 1 1 .163 1 .I79 1 .189 1 .203 1 .175 1 .I84 1 .142 1 .169 1 .I89 

I I I I I I I I I I 
All Ages l l .168 1 .I82 1 .I93 1 .181 1 .176 1 .I96 1 .171 1 .185 1 .191 

The mean proportion of HE3D drivers that are female is 2.3% for the 

years 1968-1974 and 3.3% for 1975-76. This represents an increase of 43.5% 



Table 16 

Proportion of HBD Drivers Who a r e  Female i n  the Michigan Fatal  F i les  
from 1968-1976 fo r  18-20 Year Olds and A l l  Ages 

I I Year 
Age I I  

1 1  68 1 6 9  1 7 0  1 7 1  1 7 2  1 7 3  1 7 4  1 7 5  1 7 6  

i n  female HBD dr ivers  during '75-'76 a s  compared t o  the  previous s i x  years. 

The increase i n  the proportion of 18- t o  20-year-old HBD female dr ivers  is 

90.5%, with a 1968-74 mean of 2.1% and a 1975-76 mean of 4.0%. While it is 

admittedly t rue  tha t  4% is a small proportion of dr ivers ,  an increase of 90% 

is cer ta inly noteworthy. 

An important point should be made with respect t o  inferences such a s  

the previous and those tha t  follow. The number of dr ivers  in  the f a t a l  f i l e  

who were £ a l e  is obviously re la t ively small, Table 17. When t h i s  number 

is f i l t e r ed  into age groups and HBD/HNBD c e l l s  the frequencies quickly 

become small. Small c e l l  s i ze s  must be taken into  account when drawing 

inferences from the data a s  they may change rather dras t ica l ly  from year t o  

year a s  the  resul t  of small frequency sh i f t s .  This is not t o  say tha t ,  fo r  

example, the above mentioned trend of an increasing proportion of female, 

HBD drivers  does not ex i s t  in  r ea l i t y  but rather t h a t  such a trend could 

change rather suddenly. 

HBD - Rates for  remales i n  the  Fatal  - Fi l e  - 
In  the previous section it was shwn tha t  female dr ivers  represent only 

1-5% of the HBD dr ivers  in  the f a t a l  f i l e .  Table 18 shows the ra te  of HBD 

female drivers among females of a l l  ages, 18- t o  20-, and 21- t o  23-year old 

drivers. The previous discussion of small frequencies of individual age/ 

year combinations is again pertinent. A s  a resul t  of the low HBD 

frequencies for  female i n  the  f a t a l  f i l e  chi-square parti t ioning analysis 

was performed on grouped data only. 



Table 17 

Frequencies of Tota l  and HBD Female Drivers i n  t h e  
Michigan F a t a l  F i l e s  f o r  18-20, 21-23, and A l l  Ages. 

I I Year 
Age 1 1  

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

Female HBD Drivers  

I I I I I I I I I I 
18-20 1 1  2 1  6 1 8 1 4 1  1 2 1  11 1 9 1 1 2 1  19 

I I I I I 1 I I I I 
21-23 I 1  4 1  7 1  7 1  6 1  2 1  5 1  7 1  1 3 / 1 4  

I I I I I I I I I I 
A l l  Ages 1 1  45 1 58 1 58 1 48 1 57 1 66 1 54 1 75 1 78 

Tota l  Female Drivers  

I I I I I I I I I I 
18-20 1 )  6 4 1  7 6 1  6 8 1  7 3 1  7 8 1  7 9 1  5 5 1  6 1 1  8 1  

I I I 1 I I I I I I 
21-23 1 1  6 4 1  6 0 1  6 0 1  4 4 1  4 3 1  5 0 1  3 9 1  3 5 1  48 

I I I I I I I I I I 
A l l  Ages 1 1  505 1 584 1 529 1 490 1 506 1 557 1 401 1 416 / 480 

Table 18 

Rate of HBD among F a t a l  Accident-Involved FeIMle Drivers  
f o r  18-20, 21-23, and A l l  Ages 

I I Year 
Age I I  

1 1  68 1 6 9  1 7 0  1 7 1  1 7 2  1 7 3  1 7 4  1 7 5  1 7 6  
I I I 1 I I I 1 

I 

I I I I I I I I I I 

21-23 1 1 .078 1 .I49 1 ,146 1 .143 1 .053 1 .111 1 ,180 1 .371 1 .298 
I I I I I I I I I I 

A l l  Ages 1 1 -116 1 .I23 1 .137 1 . lo8 1 ,123 1 ,131 1 . I35 1 .I83 1 .167 

The ove ra l l  chi-square test f o r  nine years  was s t a t i s t i c a l l y  

52 



2 s ignif icant  (X =17.34, w.05) fo r  female HBD drivers of a l l  ages but was not 

s ignif icant  f o r  any particular parti t ion.  The t e s t  showed a s ignif icant  

increase over the  nine years in  the  HBD r a t e  f o r  females of a l l  ages. For 
2 18- t o  20-year old female dr ivers  there was a s ignif icant  (X =11.9, F.05) 

increase i n  the HBD r a t e  coinciding with the lowering of the drinking age. 

The par t i t ion  corresponding t o  the introduction of FARS and the energy 
2 crisis was s ignif icant  fo r  the  21- t o  23-year old drivers (X -13.8, F.05) .  

The overall  chi-square for  both the 18- t o  20- and 21- t o  23-year olds were 

a lso s ignif icant  and showed t h a t  the increases i n  the HBD ra tes  over the 

n ineyea r  period a re  s t a t i s t i c a l l y  s ignif icant  fo r  both groups. No other 

age group of female dr ivers  had any s ignif icant  par t i t ions  o r  overall  chi- 

square values which were significant.  

Figure 11 s h w s  the mean HBD ra tes  for  females before and a f t e r  the law 

change (1972) by age. The younger ages show mean increases a f t e r  1972 while 

older age groups shaw seemingly random fluctuations which are  probably due 

t o  the previously mentioned small frequencies. Note tha t  the chi-square 

analysis showed none of these fluctuations in  the older age groups as 

s t a t i s t i c a l l y  s ignif icant ,  possibly because of the small frequencies of the 

c e l l s  involved. 
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Appendix A 

Partitioning Chi-square In to  Its Degrees of Freedom 



PARTITIONW x2 INTO ITS DEGWS OF EaEEDOM 

2 
A Chi-square (X ) s t a t i s t i c  may be used t o  t e s t  whether a s e t  of r a t e s  

o r  proportions a r e  s ign i f i can t ly  d i f fe ren t ,  o r  whether they vary only a s  

much a s  could be due t o  chance-random fluctuations. When several  

proportions a r e  being compared, it is frequently the  case t h a t  some groups 

of these a r e  of i n t e r e s t  a s  well a s  the  overa l l  t e s t .  To t h i s  end, the  
2 overa l l  X may be part i t ioned in to  its individual degrees of freedom, each 

2 of which may be cornpared t o  the  tabulated values fo r  a X with one degree of 

freedom, t o  assess the  s t a t i s t i c a l  s ignif icance of each component. 

As an example, consider the  proportion of dr ivers  who had been drinking 

(among a l l  dr ivers  of the  same age) pr ior  t o  being involved i n  a f a t a l  

t r a f f i c  accident. During the  period 1968 t o  1976 several  events occurred 

which may a f f e c t  t h i s  rate. The part i t ioning technique w i l l  be used t o  

determine whether the  proportion before and a f t e r  these events a r e  

s igni f icant ly  d i f ferent .  Note t h a t  t h i s  w i l l  not imply causal i ty-rnerely 

t h a t  the  r a t e  did o r  did not change s igni f icant ly  a t  the time of the  event. 

The following events a r e  of in teres t :  

1) Change i n  the  age of l ega l  drinking January 1, 1972. 

2) Introduction of FARS (Fal l ,  1973) and concurrently the  Energy c r i s i s  

- January, 1974. 

3) A change i n  accident reporting form-January, 1971. 

4 )  Increasing number of reporting jurisdict ions during 1968-1970. 

These suggest t h a t  the  8 degrees of freedom f o r  the  nine years be 

part i t ioned a s  shown i n  Table F1. 



Table A1 

Definition of Par t i t ions  

~ ~ ~ 

Par t i t ion  I I 
Nmber I Dates I Interpretation 

I 
1972-76 1 Before and a f t e r  the  change 

I i n  legal  drinking age. 
I 

After the change i n  legal 
drinking age, before and a f t e r  
the  introduction of FARS: 
also coincides w i t h  the 
energy c r i s i s .  

Compares the f i r s t  two years 
a f t e r  the change in  the 
legal  drinking age. 

1975-6 1 Compares the year of maximum 
. I impact of the energy crisis 

I with the two most recent years 
I 

1976 1 Compares the two most recent 
I years. 
I 

1971 1 Compares the years immediately 
I p r ior  t o  the f i r s t  year with a 
I new data form--all before the 
I law change 
I 

1969 1 No external c r i te r ia .  
I 

1970 1 No external c r i t e r i a .  

The data in Table A2 below give the HBD ra tes  for  18-year-old drivers. 

These w i l l  be used t o  demonstrate the method. 

The following notation is used: 

N = the  t o t a l  for  the  en t i re  table  

n = the t o t a l  HBD for  the table . 



n = the  number of HBD i n  the  j-th year 
j 

N = the  t o t a l  (HBD and HNBD) f o r  the  j-th year . j 
sn2. = the  t o t a l  HNBD f o r  the  e n t i r e  table  

means t o  sum over the  indicated groups o r  ce l l s .  

1) Define the par t i t ions .  These a r e  indicated by horizontal l i n e s  of 

varying lengths on Table A2. 

2) Sum the HBD and t o t a l  frequency w,ithin each part i t ion.  The 

comparisons involving s ingle  years a r e  available d i r e c t l y  from t h e  

table. Rates m y  be calculated a t  t h i s  s t e p  i f  desired. 

2 
3) Calculate the  t o t a l  X fo r  the table. This is given by the formula 

[ C n.. 
2 - - n I -1. - 

N 
-- 
"' . "2. - a l l  9 NLJ 

groups. . j 
4 )  Calculate each component of the x2 by applying the  following 

x2 component = N~ 
2 -- [ C 2 l j -  - ICn  . ) 2 ~  

2 groups N . 
n2* i n c o m p a r i s d  c 

2 5) As a check, the  sum of the individual X should add t o  the  to ta l .  

As an example the  calculat ions fo r  pa r t i t ion  1 are; 

For pa r t i t ion  2; 

x2= 1154~ [ 85' + -- 1 8 4 ~  - -- 26g2 
2 5 4 -  

1 = 6.152 
( 3 m 7 3 7  431 685 

The t o t a l  may be obtained by summing a l l  8 chi-squares o r  it my be 

calculated di rec t ly .  

2 The t o t a l  x is 41,915 with 8 degrees of freedom, which is highly 

signif icant .  

I n  the  example the comparison of the before and a f t e r  the  law change is 

by f a r  the most s igni f icant ,  That is, the proportion of HBD pr ior  t o  1972 

was 23.88% while a f t e r  the  law changed the  HBD r a t e  for  18-year-olds was 



39.27%. This is a s t a t i s t i c a l l y  s ign i f ican t  increase. (2 = 29.813 with 1 

d.f .) A l l  of the other comparisons a r e  not s ign i f ican t  except fo r  the 

comparison 82, coincident with the energy c r i s i s  and the  introduction of 

FARS. For 1972-1973, the  proportion of 18-year-old HBD is 33.46%; i n  

1974-1976 it is 42.69%. This difference is s ign i f ican t  (x2 = 6.1522 with 1 

d.f.). 

DOCUMENTATION FOR CHIPART 

A program t h a t  w i l l  p a r t i t i on  the overal l  chi-square statistic i n  a 

2 x k contingency tab le  has been developed a t  HSRI. This program par t i t ions  

the chi-square value fo r  the en t i r e  table  into  k-1 s ingle  degrees of freedom 

according to  a set of par t i t ions  specified by the user. A check tha t  the 

par t i t ion  is valid-i.e., t ha t  the chi-square can be parti t ioned addit ively 

i n  the manner specified-is a l so  performed by the program. 

The program provides the  following outputs: the t o t a l  chi-square; the  

proportions for  each c e l l  of the table; the sample s i z e  for  each c e l l  and 

the t o t a l  sample size;  and the  proportions, sample s izes ,  and chi-squares 

f o r  each specified par t i t ion.  The program calculates  s ingle  degrees of 

freedom. However, i f  only a few single  degrees of freedom a r e  of interest ,  

these m y  be calculated and the remaining chi-squares (with more than one 

degree of freedom) obtained by subtract  ion. 

To run the program , use 

$RUN SH3Y : CHIPART 

The program responds: "enter table  dimension" "enter FORMAT fo r  s e t  1." 

Here a format is specified f o r  the entry of data t o  the program in to  

the f i r s t  row of the f i r s t  table. One may specify any format suf f ic ien t ly  

large, e.g. "2015," and then enter  the  data on the  terminal separated by and 

concluded by commas, a s  2,3,5,6, . 
The program continues "enter Format for  s e t  2." 

The user specif ies  the format for  the second row of data, followed by 

the data. 

The program asks: "enter c e l l s  for  group 1 ." 



Here the c e l l s  fo r  one group of a pa r t i t ion  a r e  specified. The program 

asks "enter  c e l l s  fo r  group 2." The table  c e l l s  o r  columns a r e  numbered 

consecutively from the  l e f t .  Thus, entering the  c e l l s  f o r  group 1 a s  1,2 

and those for  group 2 a s  3 would resu l t  in  a chi-square f o r  the  pooled 

columns. 1 and 2 compared with 3. 

The program then ca lcula tes  the  pa r t  of the chi-square associated with 

the  two groups specif ied, the  proportions and sample s izes ,  and then it 

p r i n t s  them. I t  then asks f o r  the  c e l l s  f o r  groups 1 and 2 of the  next 

par t i t ion .  After  k-1 pa r t i t ions  have 'been computed, the  program w i l l  check 

t h a t  the  sum of the  chi-square values equals the  t o t a l ,  p r i n t s  a message t o  

the  e f fec t  t h a t  t h i s  is the  end of a given pa r t i t ion ,  and asks i f  a 

d i f f e ren t  p a r t i t i o n  is desired o r  i f  a new tab le  is t o  be analyzed. A 

sarnple run using the  data f o r  the  18-year-old dr ivers  follows. The f i r s t  

par t  of the  output, Table A2, gives the  HBD, HNBD, and t o t a l  frequencies fo r  

each year, followed by the  HBD rate. The horizontal l i n e s  indicate the  

par t i t ions .  Table A3 gives the  proportion and t o t a l s  fo r  each group i n  each 

pa r t i t ion  and the  chi-square f o r  t h a t  par t i t ion .  



MECUTION BEGINS 

ENTER TABLE DIMENSIONS 

ENTER FORMAT FOR SET 1 

ENTER FORMAT FOR SGT 2 

ENTER NTA FOR SET 1 

ENTER DATA FOR SET 2 

Table A2 

THERE ARE 8 INDEPENDENT PARTITIONS 
TOTAL CHI-SQUARE= 4 1 . 9 1 4 9 0  
INPUI' NTA f PROPORTIONS 

SET 1 SET 2 TOTAL PROP 

ENTER CELLS FOR GROUP 1 
1- 4 
ENTER CELLS FOR GROUP 2 
5-9 



ENTER CELLS FOR GROUP 1 
5-6 
ENTER CELLS FOR GROUP 2 
7-9 
ENTER CELLS FOR GROUP 1 
5 
ENTER CELLS FOR GROUP 2 
6 
ENTER CELLS FOR GROUP 1 
7 
ENTER CELLS FOR GROUP 2 
8-9 
ENTER CELLS J3lR GROUP 1 
8 
ENTER CELLS FOR GROUP 2 
9 
ENTER CELLS FOR GROUP 1 
1-3 
ENTER CELLS FOR GROUP 2 
4 
ENTER CELLS FOR GROUP 1 
1 
ENTER CELLS FOR GROUP 2 
2 
ENTER CELLS FOR GROUP 1 
1-2 
ENTER CELLS FOR GROUP 2 
3 

Table A3 

GROUP TOTALS, PROPORTIONS AND CHI-SQUARE BY PARTITION 

PART GROUP 1 GROUP 2 PARTITION CUMULATNE 
NUM MTAL PROP TOTAL PROP CHI-SQUARE CHI-SQUARE 

THIS COMPLETES A SET OF PARTITIONS 



DO YOU WANT ADDITIONAL PARTITIONS OF THE SAME TABLE (Y=YES) 

no 

ID YOU WANT TO ENTER A NEW TABLE (Y=YES) 

no 

EXECUTION TERMINATED 





Appendix B 

Plots of HBD Rates by Age 
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