


C O M M IT T E E  R E P O R T
H O U S E

2/4/61

(5)

Mi. Sp eaker :
HEALTH, EDUC ATION &  

The Committee on ^nrTAi qvpvTrr<;

FURTHER: JUDICIARY

Date:

has had HB 112

"An A c t  a u t h o r i z i n g  an advisory vote b y  the a u a l ified voters of the 
state on r a i s i n g  the age of m a j o r i t y  to 2 1  for the rmrposes of r e g u l a­
tion of i n t o x i c a t i n g  liquor; and p r o v i d i n g  for an effective date.

under c o n s id e ra t io n  and (a m a jo r ity  of the committee) (the  committee) 
r e p o r t s  1t back w ith  the fo llo w in g  recommendations:

l ^ )  

[ I 

( 1

( 1 

I ] 

( 1

do pass [ ] do not pass

do pass w ith  attached  amendments(s)

re p la c e  w ith CS fo r  ________________________________________

and recommends

[ ] same t i t l e  
( j new t i t l e

AND a t ta c h e s  a " L e t t e r  of In te n t"  I 1 New F i s c a l  Note 

re p o rts  I t  back w ithout recommendation

r e fe r r e d  to the Committee

MEMBERS SIGNING 
DO PASS

MEMBERS HAVING 
OTHER RECOMMENDATIONS:

m i  m N --------

H 6 0  ( R e v .  1 2 / 7 8 )



FISCAL NOTE

THE LEGISLATURE OF THE STATE OF ALASKA
TWELFTH LEGISLATURE

I . REQUEST
Bill/Resolution No. HB 112______________________________________________
Title "An Act aithori2ino an advisory vote bv voters raising age to 21 
Requested by________________________________________________ Date______________

i- i

II. FISCAL DETAIL
Agency Affected Health & Social Services----

I Alcohol ism/Drug Abus.Progr i Category Affected____________
BRU, Program, Or Subprogram(s) Affected_
(Note: If more than one budget component is affected, separate line-item 

amounts and funding for each component in the analysis section.)

EXPENDITURES (Thousands of Dollars)

FY 82 FY 83 FY 84 FY 85 FY 86 FY 87

100 PERSONAL SERVICES
200 TRAVEL
300 CONTRACTUAL
400 COMMODITIES
500 EQUIPMENT
600 LAND & STRUCTURES
700 GRANTS,CLAIMS,ETC.

TOTAL
- 0- -0- - 0- -0- -0-

FUNDING (Thousands of Dollars)

GENERAL FUND
FEDERAL FUNDS
OTHER (Specify Source)

POSITIONS -0- -0- -0- -0- -o- -0-

FULL TIME
PART TIME
TEMPORARY

-0- -0- -0- -0- -0-
III. ANALYSIS (See Fiscal Note Preparation Instruction. Section III)

IV. d a t i  January C7. m 2

Original: Legislative Finance 
cc: Budget and Management

.PREPARED BV Robert L. Cole___
AGENCY Alcohol W D l U f l  Abu&ti 
PHONE 586-620 _____________

Prime Sponsor (First Legislator Named) 
33-001 (Rev. 12/81)



Department's Position

The Department offers Its  expertise In looking at the social and health 
aspects of the problem. Our experience must be considered 1n combina­
tion with expert advice from the other agencies and groups Impacted by 
the problem, such as the Department of Public Safety and Department of 
Law. We wish to note that the raising of the legal drinking age, although 
not a panacea for alcohol abuse, may decrease the ava ilab ility  of alcohol 
to a population that 1s at risk  from this major health and social sendee 
problem.

Recommended by:

Date:

Approved by:

Date:

Robert L. Cole
Coordinator
Office of Alcoholism/ 

Drug Abuse

He 1
Commissioner 
Dept, of Health and 

Social Services

J f . .
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HOUSE BILL NO. 112

"An Act authorizing an advisory vote by the qualified voters of the State 
on raising the age of majority to 21 for the purposes of regulation of 
Intoxicating liquor; and providing for an effective date."

Overview

Passage in 1971 of the 26th Amendment to the United States Constitution 
not only allowed 18 year olds to vote but this action assisted in ex­
tending certain other p r lv i ’ eges to this age group. During the period 
of 1970 to 1975, 27 states Including Alaska, lowered their minimum drink­
ing age for a ll  alcoholic beverage, and another 11 states lowered the 
drinking age for wine and/or beer. However, 1976 saw a reversal of this  
trend when Minnesota raised its minimum drinking age and since then, eight
(8) other states have also raised their drinking aqe. A key factor in 
states decisions to raise drinking ages has been their experience of sharp 
Increases in alcohol-related highway accidents and fa ta lit ie s  that have 
coincided with the reduction In drinking age. Massachusetts, for example, 
found that tra ff ic  fa ta l it ie s  involving drinking teenaqers nearly tripled  
In the years following lowering the leqal drinking age.

Alaska Experience

Alcohol abuse and alcoholism are generally recoqnlzed as Alaska's number 
one health and social problems. Alcohol has also been linked with the 
state's high accidentia! death rate and other manifestations of social 
i l l s ,  such as homicide, suicide, crime, violence, child and spouse abuse 
and neqlect, etc.

You*h of Alaska are not immune .rom the i l l  effects of alcoholism and 
alcohol abuse. For example, the State Alcoholism Plan estimates that over
7,000 of Alaska's youth are problem drinkers, defined as drinkinq alcohol 
to an extent, or in a manner that an alcohol-related d isab ility  Is d is ­
played. Also, our state-funded alcoholism treatment proorams report that 
youth make up 5.91 of a ll persons seen for treatment and counselling. Our 
Department finds 16-17% of all juvenile arrests are for driving under the 
Influence, liquor law violators and public drunkenness, r nqlnq to as hiqh 
as 521 in Bethel and 451 in Juneau.

These s ta t is t ic s  appear to indicate that alcoholism and alcohol abuse 
continues to be a serious health and social problem In the State and to 
which our youth are vulnerable as well.



1331 Second Avenue 
Pairbenks, Alaska 99701 
February 5, 1981

Alaska State Legislature 
Pouch V
Juneau* Alaska 99811 
(Mail Stop 3100)

Toi
i/Rep. Michael F. Belrne Sen. Don Bennett

Rep. Robert H. Bettisworth Sen. Bettye Fahrenkaap
Rep. Fred Brown Sen. “rank R. Ferguson
Rep. Thelaa Buchholdt Sen. .'harles Parr
Rep. Bette M. Cato
Rep. Kenneth Fanning
Re>. Hugh Malone
Rep. Terry Martin
Rep. Russ Meekins
Rep. Pappy Moss
Rep. Richard Randolph
Hep. Sarah Snith
Rep. Brian Rogers

X SBa writing In support of House Bill Muaber 112s

"An Act authorising an advisory vote by the qualIf led 
voters of the state raising the age of majority to 
21 for the purpose of regulation of Intoxicating liquor."

The youth of Alaska h a w  suffered greatly since the drinking age was 
lowered In 1971.
It has been reported that the result Is 7*000 of the state's youth are 
problee drinkers (Fairbanks Dolly News Miner* February 4,1902)•
A 1coholisa is a disease that develops gradually and la well established 
before becoaing apparent. Most often it is a prablaa that is recognised 
when lives are on the verge of ruin. Why condaan anyone to such a life 
style?

With the enactaent of House 0111 Nuabei 112 we Alaskans can vote to 
spare the youth of Alaska froa possible alcoholic related prot!«ea.
1 encourage you to take the necessary atepa to see that this bi.l la 
placed on the ballot.



r a i n  ® if

T r e a d  W K B O S G J T j l O l !

LEGISLATIVE AFFAIRS AGENa

pouch v luucAMta 
AAtUU AlAUA**#il 

* o r  M i  J« c

M  E M  0  R A  N  D U M Februar y 4, 1982

SUBJECTi

TO:

FROMi

Raising the age of m a j o r i t y  for purooses of 
r e g u l a t i o n  of I n toxicating  liquor 
(CSHB 112)

R e p r e s e n t a t i v e  M. F. Belrne 
Chairman, House Health, Education 
and Social S e r v i c e s  C o m m ittee

Ta m a r a  Brandt Cook 
L e g i s l a t i v e  Counsel

i f r

Here Is the CS for HB 112 you reque sted that would change 
the a d v i s o r y  vote to a ballot proposition. This a p p roach Is 
u n c o n s t i t u t i o n a l  under Article II, Sec. 1 of the state 
c o n s t i t u t i o n  that provldest

T h e  l e g i s l a t i v e  power of the State Is vested In a 
l e g i s l a t u r e  c o n s i s t i n g  of a senate wi th a m e m b e r s h i p  of 
twenty  a n d  a house of r e p r e s e n t a t i v e s  with a m e m b e r s h i p  
of forty

T h e  l e g i s l a t u r e  may not delegate U s  legislat ive power to 
the people. While the voters have the power to enact law* 
bv the initia t i v e  process. Article XX, Sec. 1 p r o vide s that 
the people must propose •’he law, not the leglslatu.r.
A r t i c l e  XI, Secs. 2 and 3 set out the process w h e r e b y  an 
initia tive Is p r o p o s e d  and an initiative p e t U l o n  Is 
c i r c u l a t e d  and filed. The p r o p o s i t i o n  Is placed on the 
b a l l o t  only aft er these procedur es have been followed.

T B C t l j b

En c l o s u r e



T h e  H o n o r a b l e  J o e  L. B a y e s  
S p e a k e r  o f  the H o u s e  
A l a s k a  S t a t e  L e g i s l a t u r e  
P o u c h  V
J u n e a u ,  A l a s k a  9 9 8 1 1  

D e a r  Hr. S p e a ker:

U n d e r  the a u t h o r i t y  o f  art. Ill, sec. 18, o f  the A l a s k a  C o n­
stit u t i o n ,  1 a m  t r a n s m i t t i n g  a b i l l  m a k i n g  m i s c e l l a n e o u s  
a m e n d m e n t s  to the s t a t u t e s  p e r t a i n i n g  to the c r i m e  o f  
d r i v i n g  w h i l e  i n t o x i c a t e d .

T h e  f o r m e r  c r i m e  o t  d r i v i n g  w h i l e  u n d e r  the i n f l u e n c e  o f 
i n t o x i c a t i n g  l i q u o r  w a s  r e d e s i g n a t e d  a s  " d r i v i n g  w h i l e  
i n t o x i c a t e d , "  b y  ch. 129, S L A  1980. T h i s  b i l l  m a k e s  the 
same r e d e s i g n a t i o n  in o t h e r  s t a t u t e s  w h i c h  r efer to the same  
o f f e n s e ,  in o r d e r  to a v o i d  a n y  a m b i g u i t y  i n  the r e f e r e n c e .

S e c t i o n  2 o f  the b i l l  a l s o  r e s o l v e s  a n o t h e r  p o s s i b l e  a m b i g u­
i t y  in e x i s t i n g  law. It a m e n d s  A S  2 8 . 3 5 . 0 3 2 ( a )  to p r o v i d e  
t h a t  t he p r o h i b i t i o n  in the " i m p l i e d  c o n s e n t "  s t a t u t e  
a g a i n s t  a d m i n i s t e r i n g  o t h e r  c h e m i c a l  tes ts a f t e r  a p e r s o n  
r e f u s e s  to t a k e  a b r e a t h a l y z e r  e x a m i n a t i o n  d o e s  n o t  a p p l y  
w h e n  the p e r s o n  is a r r e s t e d  for an a s s a u l t  o r  h o m i c i d e  
c o e m i t t e d  w h i l e  h e  w a s  d r i v i n g  a m o t o r  v e h i c l e .

•

T h e  c o n s t i t u t i o n a l i t y  o f  r e q u i r i n g  a d e f e n d a n t  to s u b m i t  to 
a b l o o d  t e s t  I n c i d e n t  to an a r r e s t  for an o f f e n s e  c o m m i t t e d  
w h i l e  d r i v i n g  w h i l e  I n t o x i c a t e d  h a s  b e e n  r e c o g n i s e d  by the 
U n i t e d  S t a t e s  S u p r e m e  C o u r t  in S c h m e r b e r  v. C a l i f o r n i a , 384 
U.S. 757 (1966), and by the A l a s k a  S u p r e m e  C o u r t  in L e y l a n d  
r. S t a t e , 535 P . 2d 1043 (Alaska 1975). H o w e v e r ,  in the m o r e  
r e c e n t  o p i n i o n  of A n c h o r a g e  v. G e r b e r , 592 P . 2d 1187 (Alaska 
1979), the A l a s k a  S u p r e m e  Cour t n e l d  t h a t  l a n g u a g e  in the 
I m p l i e d  c o n s e n t  law p r o h i b i t e d  the a d m i n i s t r a t i o n  of all 
t e s t s  o n c e  a b r e a t h a l y z e r  h a d  b e e n  r e fuse d a f t e r  a p e r s o n  
h a d  b e e n  a r r e s t e d  for d r i v i n g  w h i l e  i n t o x i c a t e d .

W h i l e  the c o u r t  in G e r b e r  did n o t  appl. its h o l d i n g  to 
o f f e n c e s  o u t s i d e  AS 28, an e x t e n s i o n  of the h o l d i n g  in t h a t  
c a s e  to h o m i c i d e  a n d  a s s a u l t  o f f e n s e s  w o u l d  h a v e  s e r i o u s  • 
i m p l i c a t i o n s .  W h e n  a n  i n t o x i c a t e d  driver, for e x a m p l e ,



A L A S K A  S T A T E  L E G I S L A T U R E  - H O U S E  OK R E P R E S E N T A T I V E S

IN  S E S S IO N :

POUCH V
JUNEAU. ALASKA S SSI1 
TELEPHONE: (S07I 460 1 7 7 7

P.O. BOX 4-ISSb 
ANCHORAGE. ALASKA S S 8 0 S  

TELEPHONE: IS07I 2 77-62 10

REP .  M F.  “ M I K E ”  B E I R N E

M EM BER  Ofl
PIPTH STATE LEGISLATURE 
NINTH STATE LEGISLATURE 
TENTH STATE LEGISLATURE 
ELEVENTH STATE LEGISLATURE 
TWELPTH STATE LEGISLATURE

COMMITTEES: 
HEALTH. EDUCATION 

AND SOCIAL SERVICES. CHAIRMAN 
AND LEGISLATIVE COUNCIL

January 27, 1982

TO:

F1CM:

REGARDING:

House Bill 112, which calls for an advisory vote on raising the drinking 
age to 21, will be heard in c a m i t t e e  an February 3rd. 1 have obtained 
sane copies of a Michigan study (attached) which provides sane useful 
information an this subject. It outlines their experiences in lowerinq 
the drinking .me to IB back in 1972 and subsequently m i s  inq it back to 
21 in 1978.

All Norbers, House H.E.S.S. Ocnmittee 

Representative Mike B e i m e i 

House Bill 112 // '" f t
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I f t T I  ©IF A D .  A S  

T H O U  I I I  S O  S O .  A U D I !

KWCH V . SUTt CAPITOl 

iUNlAU. AlAUCA W811 

•0J-46JM00

LEGISLATIVE AFFAIRS AGENCY

M E M O R A N D U M  J a n u a r y  29, 1982

SUBJECT: P e n a l t i e s  for d r i v i n g  w h i l e  i n t o x i c a t e d
(CSHB 657)

TO: R e p r e s e n t a t i v e  M i c hael F. B e i r n e
C h a i rman, Health, E d u c a t i o n  en d 
Social Services C o m m itte e

FROM: Di ane T. C o l v i n ^ C ^
L e g i s l a t i v e  Cotytsel

E n c l o s e d  p l e a s e  fi nd the c o m m i t t e e  s u b s t i t u t e  you r e q u e s t e d  
i n c r e a s i n g  p e n a l t i e s  for the o f f e n s e  of d r i v i n g  w hile 
in t o x i c a t e d .  We s h o u l d  like to point out that the bill, 
w h i l e  d e f e n s i b l e  on p o l i c y  grounds, is o p e n  to c h a l l e n g e  on 
legal grounds. For example, the p e n a l t i e s ,  a n d  in 
p a r t i c u l a r  the c o n s e c u t i v e  p e n a l t i e s  for m u l t i p l e  
c o n v i c t i o n s ,  are s u b j e c t  to c h a l l e n g e  as e x c e s s i v e ,  
p a r t i c u l a r l y  s ince  th ey e xceed c u r r e n t  p e n a l t i e s  for the 
most violent, s e r i o u s  crimes and for h a b i t u a l  o f f e n d e r s  as 
wcl 1 .

In addition, the v e h i c l e  c o n f i s c a t i o n  c o n c e p t  is v u l n e r a b l e  
to challenge. As a general rule, f o r f e i t u r e  p r o c e e d i n g s  are 
d i s f a v o r e d  by the law, and such s t a tutes a r e  s t r i c t l y  
c o n s t r u e d  a g a i n s t  the government. F/V A m e r i c a n  Eagle v . 
S t a t e , 620 P . 2d 6 5 7  (Alaska 1980). T h e  usual j u s t i f i c a t i o n  
for c o n f i s c a t i o n  and forfeiture, w h i c h  a p p l i e s  In fish and 
game m a t t e r s  a n d  In n a r c o t i c s  cases. Is to p r e v e n t  p o s s i b l e  
u s e  of the p r o p e r t y  In further Illegal acts. This p u r p o s e  
Is not s e r v e d  here, since under the p r o v i s i o n s  of the bill 
the driver Is c o n f i n e d  to Jsll and his p r i v i l e g e  to d r i v e  
s u s p e n d e d  -- he w o u l d  be unable to use the v e h i c l e  In any 
event.

V e  point out t hese p r o b l e m s  In the h o p e  that t h e  I n f o r m a t i o n  
will be of a s s i s t a n c e  to you In c o m m i t t e e  d e l i b e r a t i o n s .  If 
y o u  w i s h  f u r t h e r  Informat ion, p l e a s e  do not h e s i t a t e  to 
co n t a c t  us.

D T C i l j b

E n c l o s u r e



THE LEGISLATURE OF THE STATE OF ALASKA 
T W E L F T H  L E G I S L A T U R E

H£CAL NQT L

I. REQUEST HB-112

Title ^^v ŝory ^Ote- Raising the age of majority to 21, regulation oflntoxlcadnq liquor 
Requested bv H»*tin Oate 2/11/B1

II. FISCAL DETAIL
Agency Affected Department of Conrerce and Economic Development________________________
Program Category Affected Public Protect Ion
BRU, Program, or Subprogram^) Affected Division of Insurance
(Note: I f  more than one budget component is affected, separate line-item amounts and funding for each 

component in the analysis section.)
EXPENDITURES (Thousands of Dollars)

FY 81 FY 82 FY 83 FY 04 FY 85 .FY 8£
100 PERSONAL SERVICES
?0ft TRAVEL .

300 CONTRACTUAL
400 COMMODITIES
*00 EOUIPMENT
000 LAND & STRUCTURES
n o GRANTS. CLAIMS. ETC.

TOTAL 0 0 0 0 0 0

FUNDING (Thousands of Dollars)
GENERAL FUND 0 0 0 0 0 0
FEDERAL FUNDS
OTHER (Specify 1 und Source)

POSITIONS

F U L L  TIML 0 0 n 0 0 0
P A R T  TIME A A a t 0
t e m p o r a r y 0 0 i A ■  i  ■

III. ANALYSIS (See Fiscal Note Preparation Instructions. Sett ton III)
An act authorizing an advisory vote by the qualified vote by the 
qua'1 fled voters of the state on raising the ane of Majority to 
21 for the purposes of regulation of intoxcattnq liquor; 
and providing for an effective date.

IV. DAT I; num. .pri p a r e d
AGtNCY 
runs!Gugtiul D p i l i t i t f  Finance 

a  Uudrrt and Manaermrnl
Prune Sponsor ( l ast legnlatuf Namedt

} )  001 (Rev 1 2 /eo



( A l a s k a  J s t t a t e  ' J C e g t s l a t u r e

C o m m i t t e e  on 

HealtH , Gducition &  Social Services

House of Representatives

Pouch V 
S u u  Capitol 

Juneau, Alaska 90611Official Business

Agenda for 2.3.82
3:00, rm 112 Capitol

HB 657 "An Act making miscellaneous amen dments to the statutes pertaining to the
crim of driving while intoxicated j and providing for an effective date."

HB 112 " A n  Act authorizing ad advisory vote by the qualified voters of the state 
on raising the age of majority to 21 for the purposes of regulation 
of intoxicating liquorj and providing for an effective date."

HB 574 " An Act relating to the hours of the day during which persons may be
present or alcoholic beverages sold or consisted on licensed premises."

Witnesses:

HB 574 George Msidell, Office of Alcoholism

HB 112 Howard Scanlon, Ak Council on Prevention of alcohol k Drug Abuse



AN EVALUATION OF THE 
CHANGES IN THE LEGAL 
DRINKING AGES IN MICHIGAN

Alexander C. Wagenaar 
Richard L. Douglass

Final Report to the Office of 

Substance Abuse Services 

Michigan Department of Public Health

SEPTEMBER 1980



TVkaica* Ray art Dacvwaahrtiea Poga

UM HSRI-80-67

«. fSE m>4 EB B
An Evaluation of the Changes In the 
Legal Drinking Ages 1n Michigan

1. R«aart 0«i«
September, 198C

* Am Im u i ,  O ifm i c—

7 _ _ _ -------------------------------------------------------------------------------------------------------------------
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Michigan reduced it s  drinking age from 21 to 18 in 1972. Several studies 

have reported significant increases in alcohol-related tra ff ic  crashes 
among drivers affected by the lower drinking age. Michigan raised the 
drinking age from 18 to 21 in December 1978. This investigation measured 
the effect of the 1978 Increase in the legal drinking age in Michigan on the 
frequency of alcohol-related tra ffic  crash Involvement among young drivers.

A 20 percent random sample of a ll reported motor vehicle crashes In the 
State of Michigan from 1972 through 1979 was analyzed. Monthly tlme-serles 
of these measures were examined for drivers aged lb-17, 18-20, 21-24, and 
25-45 using the 8ox-Jenk1ns tlme-serles analysis methods. The analyses con 
trolled for long-term trends, seasonality, and other patterns in crash fre­
quency expected to Influence the 1979 data.

All age groups had reductions in non-alcohol-related crashes in 1979. 
Alcohol-related crashes Increased slig h tly  for drivers aged 21-45, while 
these crashes decreased significantly for the 18-20-year-old drivers, who 
were d irectly  affected by a higher legal drinking age (21) In 1979. 16-17-
year-old alcohol-related crashes also decreased in 1979. The reductions in 
general non-alcohol-related crash frequencies, for a ll ages, wer* too snail 
to account for the significant reduction in alcohol-related crash Incidence
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The minimum age at which beverage alcohol may be legally 

purchased and consumed has been a major political issue in the United 

States during the past decade. The current controversy began in 1970 when 

the 26th amendment to the U.S. Constitution, extending the right to vote 

in federal ’ections to citiiens between 18 and 21 years of age, was 

passed by Congress and rapidly ratified by the necessary 38 states. The 

amendment became effective in July, 1971. In the subsequent three years 

all 50 states excended the right to vote in state elections to 13 year 

olds as part of a jroader movement to reduce the age of majority from 21 

to 18. During this penod, 24 states reduced their minimum legal drinking 

ages for all alcoholic beverages as one component of reductions in the age 

of majority. (1) In addition, 11 states lowered the drinking age for wine 

and/or beer only (National Clearinghouse for Alcohol Information, 1976, 

1978). The trend toward a lower legal drinking age stopped by the end of 

1973, as evidence began to accumulate that the lowered drinking age 

resulted in increased alcohol-related problems, particularly traffic 

accidents, among the 13 to 21 year old population. Since 1972 no states 

have lowered their legal drinking age, and beginning in 1>)76, the trend 

has reversed, with numerous states recently raising their legal drinking 

ages.(2)

In Michigan, the reduction in the legal drinking age from 21 to 

18 for all alcoholic beverages took effect on January 1, 1972 (Michigan 

State Legislature, 1971). Considerable controversy in intellectual,

1.0 INTRODUCTION
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political, law enforcement, and industrial circles surrounded the 

reduction in the drinking age (Michigan Council on Alcohol Problems, 1973J 

Michigan Licensed Eeverage Association, 19731 Works, 1973} Distilled 

Spirits Council of the United States, 1973a, 1973b; Bowen and Kagay, 1973} 

Zylman, 1973,1974), Early preliminary evidence was used to argue that 

substantial increases in alcohol-related traffic accidents among the 18-20 

year old population resulted from the 1972 legal change (Michigan Council 

on Alcohol Problems, 1973). Subsequent controlled research demonstrated 

the adverse impact of Michigan's lower drinking age upon alcohol-related 

traffic accidents among youth (Douglass, 1974; Douglass and Freedman, 

1977; Flora *1., 1978). Although the estimates of the magnitude of the 

legal impact from these studies were much smaller than these presented by 

partisans in the drinking age debatR using preliminary evidence, tr_y were 

consonant with the growing literature on the adverse effects of lower 

legal drinking ages in various states and Canadian provinces.

Building on the accumulating evidence documenting the adverse 

impact of the lower legal age upon youthful alcohol-related problems, 

particularly traffic .ddents, those oppused to the reduced drinking age 

lobbied m  favor of raising the drinking age. The Michigan Legislature, 

responding to increasing pressure, passed Public Act 94 early in 1978, 

which raised the legal drinking age from 18 to 19 effective December 3, 

1978. Since a number of voters were not satisfied with the drinking age 

move from 18 to 19, the Michigan Council on Alcohol Problem**' "Coalition 

for 21" continued their statewide petition drive that successfully placed 

a proposed (institutional amendment raising t. drinking age :o 21 on the 

Nc /ember 1978 gencf-’’ election ballot. The proposal passed with a



substantial margin and had the effect of raising the legal drinking age in 

Michigan to 21 on December 23,1978.(7' Note that the constitutional 

amendment did not include a "grandfr er" clause wheret / 19 and 20 year 

olds who had had the legal right to * prior to the effed.ive date of

the constitutional change would c e to possess that right. After

December 23,1979, persons aged i d 20 who had had the right to drink 

were no longer legally allowed to purchase alcoholic beverages. As 

occurred after the 1972 reduction in the legal drinking age, preliminary 

data were used by both supporters and opponents of the raised drinking age 

to bolster their positions (Distilled Spirits Council of the United 

States, 1979} Michigan Council on Alcohol Problems, 1979} Publicom, 1979). 

The need for a rigorous, controlled evaluation of the impact of the 

raised legal drinking age in Michigan became evident, and as a result, the 

Michigan Department of Public Health, Office of Substance Abuse Services 

initiated the present project. (4)

The goals of this investigation were twofold. The first goal 

was to provide objective information concerning the effect of the legal 

drinking age upon traffic accidents among youth to policy-makers and 

voters in Michigan and elsewhere who must continue to deal with the 

drinking age issue. (5) A major concern in discussions of social policy 

on the legal drinking age was the extent to which modifications in the 

drinking age caused changes m  the motor vehicle acaden experience of 

young drivers. As a result, a major feature of this investigation was a 

strong emphasis on a research design with high validity and an explicit 

explanation of numerous potential alternative explanations of the observed 

relationships between the drinking age and traffic accidents. The second



goal of the present study was to utilize naturally occurring experiments 

with the minimum legal drinking age to test propositions based on an 

emerging theory concerning the impact of beverage alcohol availability on 

alcohol consumption and alcohol-related public health problems.

Several features of the present investigation, few of which have 

been included in previous research, provided a unique contribution to the 

literature on the drinking age. First, this study used longer time-senes 

of observations than any drinking age evaluation conducted to date? (6) 

second, two measures of traffic accidents, (7) and two measures of 

alcohol-related accidents, (8) strengthened the construct validity of the 

study! third, the impact of the drinking age was assessed while explicitly 

incorporating the affects of the fuel shortage and national minimum speed 

limit reduction of early 1974 into the analyses} (9) fourth, the effect of 

a raised legal drinking age was systematically examined for the first 

time! and fifth, a comparison was made between the effects of a lowered 

legal age and the effects of a subsequent return to the original higher 

drinking age in a single geographic and sodo-cultural environment. The 

above features of the present investigation provide important new 

information for input into the policy-making process with regard to the 

legal drinking age, and for the continued refinement of preliminary 

theories concerning the impact of changes in the availability of beverage 

alcohol on acute alcohol-related health and safety problems.



Notes to Chapter 1.0

1. States that reduced their legal drinking ages for all 
alcoholic t everages between 1970 and 1973 were! Alaska. Arizona,
Connecticut , Delaware, Florida, Georgia, Hawaii, Idaho, Iowa, Maine, 
Massachusetts, Michigar, Minnesota, Manta: Nebraska, N e w  Hampshire, New
Jersey, Rhode Island, Tennessee, Texas, Vermont, West Virginia, Wisconsin, 
and Wyoming (National Clearinghouse for Alcohol Information, 1976).

2. States that rais»d their legal drinking ages after 1976 
include! Illinois, Iowa, Maine, Massachusetts, Michigan, Minnesota,
Nebraska, New Hampshire, N e w  Jersey, and Tennessee (based on Hammond, 1979 
and information provided by the National Clearinghouse for Alconol 
Information).

3. After the constitutional amendment was approved in November 
1978, the legislature passed implementation legislation that was signed by 
the Governor just two days before the effective date of the constitutional 
amendment (Public Act 531 of 1978).

A. Michigan provided an ideal site for a detailed examination 
of the differential effects of a lowered and raised drinking age, since it 
was the first state to raise its drinking age from 18 to 21 after an 
earlier -eduction from 21 to 18.

5. Efforts to place a proposed constitutional amendment 
lowering the legal drinking age from 21 to 19 on the November 1980 
Michigan general election ballot through the initiative process were 
underway when, in early July 1980, the Michigan legislature, with a 
substantial margin, bypassed the initiative efforts by approving a measure 
placing the proposed constitutional amendment on the November 1930 ballot 
'Detroit Free Press, 10S0).

6. Twei/e yrars of monthly fatal accident frequencies (144 
observations), and eight years of monthly total acadent frequencies (°6 
observations).

7. Frequency of crash involvement and frequency of fatal crash 
involvement.

8. The frequency of police-reported drinking drivers, and the 
frequency of surrogate measure alcohol-related crashes (i.e. late night, 
single-vehicle crashes involving a male driver).

Using the Sax-Jenkins transfer function modeling techniques.
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2.0 B A C K G R O U N D  LITERATURE, T H E O R Y ,  A N D  
D E V E L O P M E N T  O F  H Y P O T H E S E S

This chapter reviews several distinct areas of research 

literature that are relevant for an examination of the legal drinking age 

issue. Included are discussions of: (A) drinking patterns among youth, 

(B) traffic acadent experience of young drivers, (C) previous evaluations 

of drinking age changes, (D) general models for the prevention of 

alcohol-related problems, (E) a specific model of the effects of the legal 

drinking age, and (F) a specification of the direction and magnitude of 

the hypothesized effects of changes in the legal minimum drinking age in 

Michigan.

2.1 Alcohol and Highway Safety Among Youth

A major component in the legal drinking age debate has been the 

impact of modifications of th j drinking age on the alcohol-related motor 

vehicle collision expedience of youth. Recent trends in youthful drinking 

patterns and the role of alcohol in traffic accidents, especially with 

refer ?r ce to young drivers, are discussed below.

2.1.1 Drinking Patterns. It is well established that rnosf 

young people in the United States regularly drink alcoholic beverages. 

Blane and Hewitt (1977) reviewed 120 surveys of adolescent drinking 

practices (i.e. youth aged 13 to 13) conducted since 1941. They concluded 

that the prevalence of youthful drinkers was increasing prior to the 

mid-l°60s, and that about 70 percent of junior and senior high school 

students were consistently identified as drinkers over the 196A through



1975 period. A  similar pattern was revealed for lifetime prevalence of 

intoxication, which increased from 19 percent prior to 1966 ro 45 percent 

during the 1966 to 1975 time period, remaining stable during the latter 

ten-year period. The prevalence of monthly intoxication similarly 

increased from 10 percent before 1966 to about 19 percent during the 1966 

to 1975 period, although the small number of surveys assessing prevalence 

of monthly intoxication limits the conclusions that could be made 

concerning trends in recent years. Blane and Hewitt also could not 

identify trends in drinking frequency among adolescents over the past two 

decades because of the inconsistent measures of drinking frequency used in 

the various surveys. Their best estimate of average drinking frequency 

among teenage drinkers aged 13 to 18 was three drinking occasions per 

month.

Note that although these estimates were based on a comprehensive 

review of 120 surveys, only 14 of those studies used probability samples 

from clearly defined populations. As a result, the estimates of the 

drinking practices of adolescents in the United States should be used with 

caution. Nevertheless, many studies over an extended period have 

indicated that the great majority of adolescent! do drink regularly and a 

substantial number also frequently become intoxicated.

The above discussion has been limited to the drinking practices 

of junior anc senior high school youth. The literature on college 

students, also reviewed by Blane and Hew.ct (19/7), is even more limited 

than the literature on adolescents. Exis' ng surveys of college students 

indicate that the prevalence of drinkers has been continually increasing 

since World War II. It is estimated that auout 89 percent of all college



students are drinkers. There are indications that the frequency of 

intoxication among college students has increased in the past quarter 

century. Furthermore, those aged 18 to 25 consume more beverage alcohol 

than at any other period in the life cycle, and they drink larger 

quantities of alcohol per occasion than older drinkers (Blane and Hewitt, 

19771 National Institute on Alcohol Abuse and Alcoholism, 1978).

The most recent information concerning youthful drinking 

practices was provided by the ongoing longitudinal nationwide probability 

surveys being conducted by Johnston, O'Malley and Bachman (Johnston et 

al., 1979a, 1979b). They reported that 88 percent of high schc.l seniors 

surveyed in 1979 were at least occasional users of alcohol, 72 percent 

reported use within the past month, and 41 percent reported consuming five 

or more drinks on at least one occasion in the previous two weeks. 

Furthermore, similar surveys conducted each year since 1975 revealed that, 

while the prevalence of drinkers has remained stable in recent years, the 

prevalence of high school seniors who frequently become intoxicated has 

increased over the past five years (from 37 percent in 1975 to 41 percent 

in 1979? Johnston et al., 197°b). (1)

These *ent data confirm and extend the conclusion Blane and 

Hewitt made on the basis of their review of surveys conducted prior to 

1975. That is, a plateau in the prevalence of drinkers among older 

adolescents and young adults has apparently been reached, with about 30 to 

90 percent identifying them«elv«s as drinkers. However, the prevalence of 

young people who regularly become intoxicated appears to be increasing, 

with current data irdicating that more than one-third of the young people 

in the United States become intoxicated at least once every 14 days. The



experience of frequent intoxication Py a sizeable proportion of American 

adolescents creates the potential for serious mortality and injury 

outcomes if young drinkers operate motor vehicles while in an 

alcohol-impaired state,

2.1.2 Traffic Accidents. Motor vehicle accidents are the 

leading cause of death among youth aged 15 fo 24, claiming 13,092 lives in 

the United States in 1977 (National Safety Council, 1979). A  large number 

of interacting factors that have been identified as causes of traffic 

addents are presented in Figures 2.1 through 2.6. Figure 2.1 depicts 

five broad dasses of motor vehide acddent causes, while Figures 2.2 

through 2.6 indicate the spedfic variables within each dass.

Intensive investigations of random samples of acddents 

conducted at Indiana University by the Institute for Research in Public 

Safety have revealed that vehicular factors (Figure 2.3) were a definite 

cause of the collision in about 5 percent of the cases, and environmental 

factors (Figure 2.2) were a definite caus a in about 20 percent of the 

accidents examined (Institute for Research in Public Safety, 1975). Human 

direct cauies (Figure 2.4), on the other hand, were documented as a 

definite cause of the collision in over 80 percent of the accidents. The 

researchers emphasized the dominant role of human factors m  acadent 

causation, and pointed out that even in those cases where a definite 

vehicular or environmental cause was evident, it was most often a 

combination of such factors with human error that brought about the 

collision.

As shown in Figure 2.1, the human errors that cause most 

collisions are often a direct result of human conditions at the time of



Figure 2.1 Major Categories of Causal Factors In Motor-vehicle Collis ions 

Source: In s t i tu te  for Research in Public Safety (1975)



Environmental 
Causal Factors

Control 
H indiancis

Inadrquals 
Stuns 

and SipnaU

lllglnmmayitaa AmbRsl incoitsd

Vi«w
Obsliucllons

Daslgn
Problems

liajnlananca
Piobltms

Slick
iloaJs

Spoclal
(Trsnslloiy)

l lu a id t

Am bltnl
Vision

llinllallons

Avoldanc*
Obsliucllons

Rapid
Wealhtr
Chang*

Camoullag*
t i l e d

Environmental
O vu load

Olhir 
Arnbwncs 

R tljicd  Factors

Figure 2 . 2  Environmental Causal Factors 1n Motor-'»eh1cle Collis ions 

Source: In s t i tu te  fer Research In Public Safety (1975)



Figure 2.3 Vehicular Causal Factors In Motor-vehicle Collis ions

Source: In s t itu te  for Research in Public Safety (1975)



Flyure 2. j (continued) Vehicular Causal Factors In Motor-vehicle Collis ions



Figure 2.4 Human Direct Causes in Motor-vehicle Collis ions

Source: in s t itu te  for Research in Public Safety (1975)
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the crash. (2) The multid* .tip linary investigations o f the causes o f 
tra ffic  collisions mentioned above have revealed that, fo r samples o f a ll 
accidents at a ll times, alcohol-impairment is the human :ondition most 
frequently identified as a causal factor in the crash; alco 10I impairment 
was identified as a definite or probable cause in about 7 percent o f the 
collisions investigated (Treat, 1977), I t  should be reiterated that the 
acddent sample included a ll motor-vehicle accidents at a ll times o f the 
day/week? as a resu lt, the great majority o f the investigated collisions 
were re lative ly minor property-damage accidents occurring during ^aytime 
rush hours.

The epidemiological literature on the role o f beverage alcohol 
in tra ffic  accidents demonstrates that the ro le o f alcohol increases as 
the severity o f the accident increases. Although only about 10 percent o f 
the drivers in minor property-damage accidents have blood alcohol 
concentrations (BACs) over .OS percent, about IS percent o f drivers 
involved in extensive property-d?mage acndents have BACs o f .OS percent 
or greater, approximately 2S percent o f drivers involved in serious injury 
accidents have BACs o f .10 or greater, and the most serious accidents, 
fa ta lities , have the highest rates o f alcohol-impairment, with about 
one-half o f the drivers having a BAC o f at least .10 percent (Ca/neron, 
1°77, Jones and Joscelyn, 1Q78). The findings o f these epidemiological 
studies are supported by studies that include control groups, matched in 
time and place to samples o f accidents. Such controlled studies have 
found that the relative risk o f being involved in a crash accelerated 
raoidly at BACs over .09 percent (Cameron, 1977, Jones and Joscelyn,
P /9 ) . (3)



Figure 2.6 depicts a variety of individual characteristics that 

predispose one to the human conditions that ofter lead to driver error, 

which consequently results in a collision. Of all of the oredisposing 

characteristics, age and sex of driver are consistently among the best 

predictors of accident involvement (Cameron, 1977). Yeung drivers (15 to 

24), esoedally males, are overrepresented in all types of traffic 

accident? most developed countries. Younp drivers have accident rates 

from twice to 10 times the rates for drivers of other age groups 

(Organization for Economic Cooperation and Development, 1975)

A  variety of exposure variables have been suggested as 

explanations for the overrepresentation of youth among accident-involved 

drivers, especially involvement in more serious injury-producing 

collisions, such as: (A) driving at more hazardous times/locations (for 

example, nighttime and weekends); (B) more frequent driving with 

passengers present (increasing the probability of distraction/, (C) 

driving vehicle., that are in poorer condition; and (D> more frequent i se 

of two-wheeled vehicles. Although mirh work remains to be done concern m g  

the effects of differential exposure, studies to date indicate .hat the 

overreprese*- cation of young drivers in the accident-involved population 

remains, even after a variety of controls on accident exposure 

(Organization for Economic Cooperation and Development, 1975; Preuiter et 

al., 1*75).

In addition to their overrepresentation in a’l collisions, young 

drivers also have the highest rates of alcohol-relatod crashes of any age 

group (Cameron, 1*775 Flora et al., l°79). (4) The high rate? of 

alcohol-related collisions among youth are apparently not due simply to



20

r
increased driving after drinking in the age group. In fact, roadside ^

breathtest surveys have revealed tha'. the proportion of youthful drivers j
with elevated BACs is the same as, or lower than, the proportion of r

f

drivers in their 30s or 40s with elevated BACs (Pi eusser et al., 19751 

Wolfe, 1975).

An important explanation of the excessive rates of 

alcohol-related collision experience of young drivers was the finding that 

the relative risk of crash involvement at various B A C  levels was higher 

for youth than the relative risk of crash involvement at the same B A C  

levels of middle-age drivers (Perrine et al., 1971} Zylm®., 1972J Farris 

et al., 1975). Thus, a young driver with a given B A C  level is r. ore likely 

to be involved in an acadent than an older driver at t^e sam. B A C  level, 

and the risk of a crash increases more sharply with increasing B A C  levels 

for youth than for drivers of other ages.

The particularly high susceptibility to traffic crashes among 

youth as compared to older drivers at identical B A C  levels may be due to 

the lack of extensive experience with drinking and driving after drinking 

among yruth. Such an explanation was supported by the work of Hurst

(1973) who reported that, among drinkers of all ages, those who drink 

infrequently have a higher relative risk of crash involvement at a given 

BA C  level than frequent drinkers. Thus, although youth have been 

charactenxed as frequent heavy drinkers 'Blane, 1979), their recent |

initiation into regular drinking may not have afforded them suffioent 

experience with drinking effects and driving after drinking for the ^

development cf compensatory actions that reduce the risk of an j

alcohol-related collision. A second explanation for the particularly

t
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I
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I

(

I

I



serious effect cf an elevated B A C  on the risk of crash involvement among 

youth is that alcohol exacerbates the pre-existing impulsivity and 

propensity toward risk taking behavior characteristic o* adolescents and 

young adults (Klein, 1971J Pelz and Schuman, 1971# Makela, 1978).

2.1.3 Summary and Conclusions. The literature on motor vehicle 

accidents has revealed that, of the multiple environmental, vehicular, and 

human causes of collisions, human error predominates as the central cause 

of most traffic accidents. These human errors are frequently a result of 

the alcohol-impaire condition of the driver. The drinking patterns of 

young people, characterized by a high prevalence of drinkers who regularly 

consume large quantities of alcoholic beverages per occasion, and the 

increased sensitivity to impairment at a given B A C  level of young drivers 

as compared to older drivers, combine to make them particularly 

susceptible to alcohol-related collision involvement. The combination of 

(A) high rates of motor vehicle collisions egardless of alcohol 

involvement (reflecting inexperience with d.iving), with (B) the highest 

proportion of all accidents involving alcoi ol of any age group (reflecting 

inexperience with drinking), indicates that young drinking drivers are an 

appropriate high-risk target group for the prevention of death and injury 

resulting from alcohol-related traffic acadenta. The legal minimum 

drinking age has been identified as one potential mechanism that can be 

used as part of these prevention efforts.

2.2 The L»gal Drinking Age and Highway Safety

As a result of the drinking pattern of young people, 

characterized by frequent intoxication, and the high rate of

\M
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alcohol-related traffic accidents among young drivers, a major issue in 

the controversy surrounding the d» inking age has been the impact of 

changes in the legal drinking age upon the incidence of motor vehicle 

accidents among young drinkers. After many states ar.j Canadian provinces 

lowered the legal drinking age in the early 1970s, numerous evaluations 

were conducted of the impact of the legal changes on the frequency of 

involvement in motor vehicle collisions among young drivers. Most of the 

investigations of the impact of the lowered legal d n n i n g  age were based 

on comparisons between indices of youthful crash involvement before and 

after a reduction in the legal drinking age took effect.

In addition to such pre-change post-change comparisons of crash 

involvement among youth within the state or province experiencing a 

reduction in the drinking age. numerous studies included an assessment of 

pre-and-post-legal-chaj ge crash involvement for <A) comparison age groups 

not directly affected by the legal change (such as drivers over the age of 

21). or (B) comparison jurisdictions that hao not experienced a 

contemporaneous change in the legal drinking age.

2.2.1 Studies of the Lowered Drinking Age. Williams et al.

(1974) examined fatal traffic accident frequencies among 13-17 and 13-20 

year old drivers in Michigan, Wisconsin, and Ontario, where the legal 

drinking age had been lowered. The fatal accident frequencies for the 

three years prior to and one year after the legal cnanges were compared to 

the contiguous states of Indiana, Illinois, and Minnesota, respectively, 

where the drinking age had not been lowered during the time period 

studied.

Signt* ant increases in fatal crash frequencies were found for



both the 15—17 and 13-20 age groups in the jurisdictions experiencing a 

legal drinking age reduction. Separate analyses of single-vehicle and 

nighttime fatal crashes, of which a large proportion are known to be 

alcohol-related, revealed larger increases in frequency than the analyses 

of all fatal crashes. The observed increases in fatal crash involvement 

among youth were substantially larger for Michigan and Ontario than they 

were for Wisconsin. The smaller effect for Wisconsin was most likely a 

result of the less drastic change in the legal availability of aicohol.

In Wisconsin prior to the legal change, 13-20 year olds could legally 

purchase beer} the new law simply extended that right to all types of 

alcoholic beverages.

Noar and Hashold (1975) also studied the impact of the Wisconsin 

legal change upon highway fatalities. Although the frequency of 

alcohol-related fatalities did inoease concomitant with the legal change, 

the proportion of all fatally injured drivers having elevated blood 

alcohol levels did not change significantly. (5> Noar and Nashold used 

the latter finding to argue that the reduced drinking age has no effect on 

traffic accidents among youth. However, since the beverage of choice 

among young people, i.e. beer, was legally available prior to the drinking 

age change evaluated, this investigation cannot be considered a valid test 

of the effects of a lowered legal drinking age.

Cucchiaro et al. (1974), evaluated the impact cf a reduced 

drinking age in Massachusetts using monthly time-senes of traffic 

acacjnts. The traffic accident time-senes were examined for the age 

groups 15-17, 13-20, 21-27, and 24 and over. The 20 year old driving 

population experienced significant increases in total fa. tl crashes.



alcohol-relatei! fatal crashes, and alcohol-related property damage 

accidents, afti r the drinking age was lowered. None of the acadent 

measures changed significantly For the 21-23 and 24-and-over drivers

Dougla«i3 et al. (1974), also using monthly .ime-series of motor 

vehicle crash : ivolvement, assessed the impact of reduced drinking ages in 

Maine, Michigan, and Vermont. Collision involvement of 18-20 year old 

drivers in these states was compared with the collision involvement of 

21-45 year o.'.ri drivers within the same state, and with 18-20 year old 

drivers in Louisiana, Pennsylvania, and Texas, states which held the 

drinking age constant over the study period. Time-series analyses 

revealed significant increases in alcohol-related crash frequencies among 

the 18-20 year old population in both Michigan and Maine. No significant 

increases in alcohol-related crash frequencies among youth were observed 

ir any of the comparison states, nor were chere m y  significant shifts for 

the 21-45 year old drivers within the experimental states. Douglass 

suggested that the lack of significant changes in traffic crash frequency 

in Vermont, which also lowered its drinking age, may have been a result of 

the relative ease with whi h 13-20 year olds in Vermont could obtain 

alcoholic beverages prior to the reduced drinking age by driving to New 

York, which has had a drinking age of 13 since 1924.

Douglass and ?. eedman (1977) replicated some of the earlier 

analyses, using four years of observations after the legal change. 

According to the authors, the results demonstrated that the increase in 

alcohol-related crash involvement among Michigan youth, identified in the 

1074 research, persisted over the four years after the reduced drinking 

age took effect (i.e. P 7 2  through 1975). The evaluation of the Michigan



experience continued with Flora et al.'s (1978) analyses of fatal 

accidents in Michigar from 1968 through 1976. Although they did not use 

the same data ana’/sis techniques as Douglass, the impact of the 1972 

reduction in tho legal d'inking age upon alcohol-related traffic accidents 

among youth was again demonstrated.

An increase in alcohol-related collisions was also reported by 

Schmidt and Kornaczewski (1975) who examined yearly acadent data for 

Ontario from 1967 through 1971. Although the lack o" monthly data and the 

inability to separa’ely analyze only 13-20 year old drivers made this 

study a conservative test of the effects of a reduced drinking age, the 

researchers "ound a significant increase in crash involvement among 16-19 

year old drivers after the law changed.

Whitehead et al. (1975) examined the crasn involvement of 16-20 

and 24 year old drivers in London, Ontario, for the 1968 through 1973 time 

pei’od. Increases of 150 to 300 percent in alcohol-related crashes among 

drivers aged 13-20 were evident after Ontario's drinking age was lowered. 

(6) In contrast, 24 year old duver* experienced only a 20 percent 

increase in alcohol-related crashes for the first year after the legal 

change, with their collision frequency returning to the pre-change level 

in the second year after the reduced drinking age took effect. In a 

followup study. Whitehead (1977) examined an additional two years of 

collision data. A total of four years of crash involvement data aftir the 

reduction in the drinking age demonstrated the permanence of the increased 

alcohol-related collision frequency documented in the 1975 investigation.

Warren et al. (1977) evaluated the impact cf reduced drinking 

ages in Alberti. Manitoba. New Brunswick, and Saskatchewan on traffic



Fatalities between 1963 and 1975. Only those Fatalities Far which a blood 
alcohol concentration test was administered were included in the analyses. 
The Frequency oF alcohol-related Fatalities For 15-20 year old drivers 
beFore and aFter a reduction in the drinking age were compared within each 
province. Some increases in Fatalities among 15-20 year old drivers were 
observed within the study jurisdictions at the time the drinking age was 
lowered. However, since the blood alcohol concentration legally deFined 
as drunk driving was reduced to .08 percent at about the same time that 
drinking ages were lowered, Wa ren et a l. pointed out that the effects o f 
the .08 legislation were confounded with the ecfects o f the lower legal 
drinking ages. Furthermore, insufficient numbers o f pre-change 
observations were available to adequately account For the stochastic error 
in tra ffic  fa ta lity tlm e-serles. According to Warren et a l., although 
increases in Fatalities among youth occurred after the drinking age was 
lowered, one was not able to conclude that the increases were due to the 
drnking age changes.

One o f the provinces investigated by Warren et al.,
S* .katchewan, was also studied by Shattuck and Whitehead (1976). After 
the drinking age was lowered from 21 to 1? in April o f 1970, 16-20 year 
old drivers exhibited 20 to 50 percent increases in alcohol-related 
crashes. <71 After the drinking age was lowered from 19 to 18 in June o f 
1972, 16-18 year old drivers experienced further increases m 
alcohol-related collision involvemen.. Thus, two reductions in the legal 
drinking age were associated with increased alcohol-related crash 
involvement among both the newly enfranchised drinkers and the underage 
population.



Bako et al. (1976) examined the frequency of fatally injured 

drivers with blood alcohol concentrations of .08 percent or greater in the 

province of Alberta. An increase of 118 percent was observed in the 

incidence of alcohol-related fatal collisions among 15-19 year old drivers 

after the drinking age was lowered. The researchers concluded that their 

findings support the argument that lowered drinking ages lead to increased 

alcohol-related collisions among youth.

The reduction in the legal drinking age for beer and wine m  

Illinois (from 21 to 19) was evaluated by the Illinois Department of 

Transportation (1977). Comparisons between the fatality incidence in 

Illinois and five control states were used as the basis for the conclusion 

that the lowered age in Illinois caused a 1.6 percent increase in 

fatalities among drivers aged 19 and 20.

It is evident from the literature reviewed above that most of 

the investigations of ‘‘he impact of lowered legal drinking ages on motor 

vehicle collision involvement h«ve found significant increases in the 

crash involvement frequencies of previously underage drivers that acquired 

the ngnt to drink under the new laws (usually 18-20 ye*r old drivers). A 

number of studies have also demonstrated substantial increases in the 

crash experience of underage drivers (usually 16 and 17 years old) 

following reductions in the minimum drinking age. Although it must be 

noted that most of these studies are characterized by methodological 

inadequacies, the consistency of the results leads to the conclusion tnat 

lowered drinking ages result in increased highway safety problems among 

youth.

The view that lower legal drinkino ages cause increased youthful
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crash involvement is not universally held, with Zylman a well-known 

opponent of a causal interpretation of the observed relationships. Zylman 

<1970, 1974a, 1974b, 1974c, 1974d, 1974e, 1976a, 1976b, 1977) has 

critiqued several of the studies reviewed above. He argued that observed 

increases in alcohol-related crash involvement among youth after the 

drinking age was lowered were not due to the drinking age change, but 

rather were a result of (A) random fluctuations in traffic accident 

time-series, (B) the continuation of trends of increasing alcohol 

'-nnsumption (and alcohol-related acadents) among youth evident prior to 

the legal changes, or (C) increased attention to alcohol-related traffic 

offenses by law enforcement officers. However, those studies explicitly 

controlling for both long-term trends and random fluctuations have also 

found effects of the lower drinking age. Secondly, although Zylman 

correctly points out the danger in relying on analyses of police-reported 

alcohol involvement, lowered drinking age effects (although of smaller 

magnitude than analyses bases on police reports) have been observed using 

alternative measures of alcohol-involvement not influenced by police 

reporting practices, such as analyses of single* vehicle, nignttime, and 

weekend crashes.

2.2.2 Studies of the Raised Drinking Age. Tn addition to the 

evaluations of the lowered drinking age, there are small number of early 

reports on the effects of raising the drinking age. Roy and Greenblatt 

<P7°) compared the number of teenagers charged with driving under the 

influence of liquor (DUIL) appearing in Massachusetts courts before the 

legal age was raised with similar data for a one-month period after the 

drinking age change. (3) Small increases in youthful DUIL arrests were



used to conclude that the raised d m  king age led to increased 

drinking-driving problems among ''nuth. This study, however, dees not 

merit serious attention because of the following serious flaws in its 

design and data analyses? (A) DUIL arrests represent a different 

population than drivers involved in alcohol-related accidents 

(Organization for Economic Cooperation and Development, 1975)1 (3)

the design was a one-group pretest-posttest, inherently characterized by 

low internal validity because of its lack of a control group and an 

extended time-series of observations (Cook and Campbell, 1979)} (C) 

related to the basic inadequacy of the design was the lack of any 

statistical controls cn time-ordered trends, seasonality, or random 

ctuations in the frequency of DUIL arrests. As a result, this study 

provided little useful information concerning the effects of a raised 

drinking age,

Early reports of the effect of the raised drinking age in 

Michigan have also appeared. Publicom, Incorporated (1979) reported on a 

study sponsored by the Michigan Licensed Beverage Association and others, 

that compared the alcohol-related acadent frequency of young drivers 

•based on data provided by the Michigan State Police) for the first six 

months of 1°79 with the first six months of 1978. A 25 percent decrease 

in the freque*- -y of 13-20 year old dnnking-driver acadent involvement 

was noted (from 5,521 drivers in I s73 to 4,138 in 1979). However, 

fatalities increased by 6 percent (from 65 in 1978 to 69 in 1979). There 

were no appreaable changes in alcohcl-relatec collisions or fatalities 

for drivers of other age groups. Publicom, Incorporated used the data on 

fatalities to argue that the raised drinking age had an effect opposite of
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t.’at which was intended* namely increased drinking-driver fatalities after 

the raised legal age. The Michigan Council on Alcohol Problems (1979), 

discussing the same Michigan State Police data, hint that the 25 percent 

decrease in alcohol-related collisions may indicate that the law has had 

its intended effect, although they argued that these early data were 

insufficient for an adequate determination of the effect of the raised 

drinking age. When the crash data for the last six months of 1979 were 

released by the Michigan State Police, the Michigan Council on Alcohol 

Problems (1990) reported the 21 percent reduction in police-teparted 

alcohol-related crashes for July through December 1979 as compared to the 

same period in 1979. It was again argued that these data sipported the 

effectiveness of the raised drinking age in reducing the frequency of 

motor vehicle collisions.

2.2.3 Summary and Conclusions. The foregoing review of the 

literature on the effects of changed legal drinking ages leads to the 

conclusion that demonstrable increases in alcohol-related traffic 

collisions and fatalities occurred following reductions in the legal 

minimum drinking age. ( 9 > Since a major issue in the continuing public 

policy debate concerning the drinking age is the effect of raising the 

drinking age on motor vehicle crashes, it is clear that early findings 

based on simple comparisons between 1979 and 1979 thuuld be replaced with 

findings from comprehensive controlled investigations of the impact of the 

raised drinking age.



2.3 Conceptual Models fo r the Prevention o f Alcohol-related Problems.
Three basic models have emerged in the alcohol studies 

literature concerning the prevention o f alcohol-related social and health 
problems (Popham et a l.. 1976; Room, 1978). The three models provide 
alternative conceptualizations o f the nature o f alcohol problems, widely 
divergent hypotheses concerning the effects o f various prevention 
activities, and conflicting recommendations fo r puolic policy, including 
the minimum legal drinking age.

2.3.1 The Bimodal Model. The bimodal model argues that there 
are two distinct populations o f alcohol consumers. F irst, there are 
normal social drinkers, who may drink Ucoholic beverages regi *rly but do 
so in a moderate controlled manner, and as a resu lt, do not experience 
soaa l or health problems as a result o f their drinking. Second, there 
are alcoholic drinkers, who, because o f some particular physiological or 
personality characteristics, become alcoholics ( I* . ,  addicted drinkers) 
and experience numerous soda and health problems as a result o f their 
chronic heavy dnnlung. The bimodal model is illustrated in Figure 2.7, 
where the distribution o f drinkers according to the quantity consumed is 
depicted. The distribution is characterized by two modal points, the 
firs t at a low level o f consumption, forming the peak o f the skewed 
distribution of normal drinkers, the second at a h gn level o f 
consumption, forming the mean o f the roughly n o n  al d istribution o f 
alcoholic drinkers.

The model was derived from the ctsease concept o f alcoholism, 
which argues that problems attributable to alcohol are caused by chronic 
excessive alcohol consumption, wmch, in turn, is a result o f an



Figure 2.7 The Bimodal Model o f Alcohol Consumption

Source: From Drinking by John A. Ewing
and Beatrice A T  Rouse, editors. Chapter 
U t "Government Control Measures to 
Prevent Hazardous Drinking" by R. Popham,
U. Schmidt, and J . deLint, page 259. 
Copyright @ 1978 by John A. Ewing and 
Beatrice A. Rouse. Reprinted by per­
mission o f  Nelson-Hall Publishers, Chicago.
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underlying disease state. Prevention policy based on the bimodal model 
involves establishment o f early detection case-finding programs to 
identify individuals with the "warning signs” o f incipient alcoholism and 
the provision o f treatment and rehabilitation services during the early 
stage o f the disease (Rouse and Ewing. 1978.364). Prevention theorists 
have generally discarded the bimodal model because a substantial 
proportion o f alcohol-related problems are assoaateo with one's 
life -cyde stage and social environment, including the norms and 
expectations o f one's reference others, as well as the ease with which one 
can obtain alcoholic beverages (Cahalan and Room. 1974). The situation ii 
and sooo-environmental determinants o f alcohol use patterns and 
consequent problems are especially significant for adolescents and young 
adults (Smart. 1979). Furthermore, there are some indications that 
measures aimed at reducing the consumption o f the general population have 
similar effects on both the social drinker and the chronic alcoholic 
(Fopham et al.. 1°7&, 1973). As a resu lt, the dichotomiiation of drinkers 
into social (i.e. non-problem) drinkers and alcoholic (t.e. problem) 
drinkers is not the most appropriate model fo r the prevention of a wide 
spectrum o f alcohol-related problems.

2.3.2 The Integration Model. A second model for prevention 
e ffo rts  is variously known as the "integration model* ‘ Popham et al..
P 7 6 ), the "inoculation theory" (Rocm. *«78), or the "sooo-cuitural 
model" (VJMtehead. 1977). The theory is based on anthropological and 
sociological studies o f primitive soaeties and ethnic subgroups witmn 
the United States (Horton. P43J Ullman. 1 a*6 l Snyder. 1*62). which 
rev*al that societies and subcultures characterued by widespread moderate
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drinking, integrated into normal daily activities (such as eating and 
recreation), have few alcohol-related problems. The observed correlation 
between a high prevalence c f moderate (i.e. high frequency/low quantity 
per occasion) drinkers with low incidence o f alcohol-related problems is 
used as the basis fo r prevention policy recommendations such as making 
alcohol readily available in a ll restaurants and places o f recreation to 
facilitate the integration o f moderate drinking into normal daily 
activities (Wilkinson, 1970). Another recommendation designed to reduce 
the mystique associated with alcohol and facilitate the development o f 
moderate drinking, and thereby prevent alcohol-related problems, is to 
lower the minimum legal drinking age (Wilkinson, 1970), or even eliminate 
a ll drinking age restrictions (Chafetz, P 6S ; Plaut, 1967). However, as 
seen above in Section 2.2, when lowered legal drinking ages are 
implemented, they are characteristically followed by increased 
alcohol-related problems, particularly motor vehicle accidents, contrary 
to the predictions o f the integration theorists. Moreover, on those 
occasions when other recommendations based on the integration model have 
been implemented, such as making alcohol more readily available by 
Increasing the number and types o f beverage outlets, the consequences have 
usually been the opposite o f those anticipated on the basis o f the 
integration model (Popham et a l., 1976).

2.3.3 The Availability Model. The general availability model 
posits that the ease with which one can obtain beveraie alcohol influences 
the amount and pattern o f consumption, and as a result, influences the 
incidence of alcchol-related social and health problems. A major 
component within the broader availability theory ts the single
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distribution model, which argues that the overall distribution of 

consumption of alcoholic beverages is not characterized by two separate 

distributions, as the bimodal model postulates, but is one continuous 

skewed distribution,as illustrated in Figure 2,3. This distribution of 

consumption has been found to characterize the drinking behavior of a 

variety of divergent populations (Eruun et al., 1975). One need not 

resolve the continuing debate in the literature concerning the specific 

parameters describing the distribution and their invariance across 

populations to use the model for the development of prevention policy.

(10) The main point is that the “wetness" of the social environment in 

which one participates, that is, the ease with which beverage alcohol can 

be obtained and the social visibility of alcohol, influences the 

prevalence of both moderate and heavy drinkers. Thus, if one reduces the 

availability of alcohol through such measures as increasing the relative 

price, (11) reducing the hours of operation of drinking establishments, 

and rait*ng the drinking age, the distribution of consumption (Figure ,'.j) 

will shift to the left, reducing the prevalence of heavy drinkers and 

associated problems. There is a growing body of evidence that alcohol 

consumption and alcohol-related problems are related to changes m  the 

availability of alcuhol (Popham et al., P76, 1°73).

In short, the model hypothesizes that (A) a reduction in 
availability leads to (B) a reduction m overall consumption (i.e. the 
mean o f the distribution sh ifts to the le ft ), which leads to (C) a 
reduction in the prevalence o f heavy drinkers (since it is assumed that 
the variance o f the distribution remains constant), which results m  (D> a 

reduction in problems associated with chronic heavy consumption. Although



HEAVY DRINKERS
.............

A m o u n t  o f  C o n s u m p t i o n

Figure 2.8 The Single Distribution Model of Alcohol 
Consumption

Source: From Drinking by John A. Ewing
and Beatrice A. Rouse, editors. Chapter 
14, "Government Control Measures to Prevent 
Hazardous Drinking" by R. Popham, W. Schmidt, 
and J. d e l in t ,  page 260. Copyright ©  1978 
by John A. Ewing and Beatrice A. Rouse. 
Reprinted by permission of Nelson-Hall 
Publishers, Chicago.



37

the single distribution model has received much attention in the 

prevention literature, it is only one component of a broader theory 

concerning the effects of alcohol availability. The focus of the single 

distribution model on reducing aggregate consumption as a means for the 

prevention of chronic alcohol-related health problems needs to be 

supplemented with a focus on the impact of availability on acute 

alcohol-related problems. With the exception of the evaluation studies of 

changes in the legal drinking age. virtually no theoretical or empirical 

work has been conducted on the relationship between various public policy 

controls on availability and acute alcohol-related problems (one exception 

is Douglass, Wagenaar, and Sarkey, 1979). The mrdel of the impact of the 

legal drinking age on motor vehicle collisions presented below in Section

2.3.5 is an initial step toward the development of more comprehensive 

models of the relationship between controls on alcohol availability and 

acute alcohol-related sodal and health problems.

2.3.4 Discussion of Prevention Models. The three models for 

the prevention of alcohol-related problems grew out of different sets of 

research findings and are focused on different kinds of alcohol problems. 

The bimodal model, focused on problems resulting from chronic heavy 

consumption, is based on the disease concept of alcoholism and is still 

subscribed to by numerous treatment personnel. However, empirical suppor 

for the model is lacking, and it has not proved to be useful for the 

design of prevention efforts, The model, in effect, states that primary 

prevention of alcohol-related problems is impossible until a clear 

understanding of the pnysiological causes of the disease is a hieved. The 

single distribution model also focuses on the prevention of problems



associated with chronic heavy alcohol intake. This model, in contrast to 

the bimodal model, argues that heavy drinkers are susceptible to the same 

social influences as moderate drinkers. Thus, the more visible alcohol is 

in one's social environment, the larger the prevalence of drinkers who 

consume sufficient quantities of alcohol to place them at risk of negative 

health outcomes as a result of their drinking. The integration model, on 

the other hand, focuses on the reduction of intoxication, and its 

associated acute problems, more than overall consumption, with its 

attendant chronic health problems. By making alcohol readily available as 

part of many normal daily activities, it is hoped that most members of the 

society will learn moderate drinking habits and refrain from becoming 

intoxicated.

Room (1973) points out that both the integration model and the 

single distribution model were originally developed based on 

cross-sectional correlations; the integration model is based on 

associations between widespread moderate drinking and low alcohol problems 

across homogeneous cultures and subcultures, and the single distribution 

model is based on positive correlations between aggregate consumption and 

alcohol problems across international and intra-national jurisdictions. 

Although such static correlations can be profitably used for the 

construction of models and the development of hypotheses concerning the 

prevention of alcohol problems, comprehensive controlled evaluations of 

natural experiments are necessary to test the validity of the divergent 

hypotheses. Most of the evaluations of such natural experiments to date 

have supported the availability model and not the integration model.

These evaluative studies have revealed a critical problem in the



integration theory. The theory assumes that the increase in moderate 

drinking, following an increase in alcohol availability, will replace 

existing heavy drinking practices in a population. In fact, what 

characteristically occurs following an increase in alcohol availability 

(such as a decrease in price, an increase in number, types, or hours of 

operation of alcohol outlets, or a decrease in the drinking age) is the 

initiation of new drinking practices in addition to pre-existing patterns, 

with a consequent increase in aicohol-related problems (Makela, 1972, 

1978).

When the three models are applied specifically to the legal 
minimum drinking age, three d ifferent hypotheses concerning the effects o f 
the legal changes on motor vehicle collisions emerge. F irst, the bimodal 
model would predict no impact o f the legal charges, since those who are 
causing collisions are likely to be alcoholics or incipient alcoholics, 
who cannot control their drinking to adjust to changes in statutes 
concerning beveraqe alcohol. Second, the integration model predicts that 
a lowered drinking age would reduce collisions and a raised legal age 
would increase collisions, since a high drinking age would increase the 
mystique and desirability o f alcohol and reduce the extent to which normal 
social controls could influence drinking patterns. Third, the 
availability model predicts that a raised legal drinking age would reduce 
alcohol-related tra ffic  accidents by reducing the consumption o f alcohol 
and thereby reducing the risk of collisions. Because o f the evidence in 
support o f the genoral availability model, and because o f the literature 
reviewed above on the impact o f changing the drinking age. the third 
hypothesis was adopted for the present investigation. However, before



specifying in detail the expected effects of the changes in the legal 
drinking age in Michigan, a more detailed specification of the mechanisms 
through which the legal changes were expected to influence the frequency 
of alcohol-related motor vehicle collisions is needed.

2.3.5 A  Model of the Effects of the Drinking Age. The impact 

of legal drinking age changes on traffic crash involvement is not direct, 

but rather is mediated by a variety of intervening variables. A model of 

the mechanism through which changes in the legal drinking age cause 

changes in traffic crash involvement is presented in Figure 2.9. Changes 

in the legal drinking age influence drinking behavior and alcohol-related 

crash involvement by causing (A) a change in social norms concerning 

youthful drinking, (B) a change in the marketing activities of the 

beverage alcohol industry, and (C) a change in the availability of alcohol 

to the target age group. Drinking norms change as a result of the 

symbolic function of the law (Mosher, 1930? Bonnie, 1930), and as a result 

it becomes more acceptable for 13-20 year olds to drink regularly after a 

reduction in the drinking age. N e w  patterns of drinking are established. 

Young people who were non-drinkers or only occasional drinkers before the 

lowered drinking age experience increased social pressure to drink, as 

more of their friends and associates increase their drinking, and as they 

participate in more social situations in which beverage alcohol is an 

integral part. These changes in drinking norms, according to the model, 

result in increased drinking among 13-20 year olds after a reduction in 

the drinking age. A raised drinking age is expected to have opposite 

effects, causing the elimination of certain drinking patterns (bar and 

tavern drinking, for example), and causing a reduction in the socal



Figure 2.9 Conceptual Model of the Impact o f Changes In the Legal Drinking 
Age on Motor-vehicle Crash Involvement



pressure to drink, since alcohol is present ir fewer soaal situations.

The high drinking age also symbolizes society's disapproval of youthful 

drinking.

The marketing activities of the beverage alcohol industry are 

also expected to depend on the legal drinking age. One would expect a low 

drinking age to result in advertising campaigns and location/design of 

drinking outlets oriented toward the youthful drinking population (for 

example, locating more establishments with entertainment near college 

campuses). A raised drinking age is expected to reduce these marketing 

practices designed to encourage youthful drinking.

A  lowering of the legal drinking age also results in increased 

availability of beverage alcohol to the affected population. The concept 

of beverage alcohol availability has a number of dimensions and has been 

defined in a number of ways (for example, physical availability, economic 

availability, and legal availability). For the present purposes 

availability will be broadly defined as the ease with which alcoholic 

beverages can be obtained. On an individual level, the availability of 

alcohol is an inverse function of the total costs 'monetary and 

non-monetary) of physically obtaining alcohol. These costs include: <A) 

the nominal price of alcoholic beverages, <B) the search costs involved in 

obtaining alcohol, such as the value of the time expended and the costs of 

any transportation required, and <C) the risks associated with obtaining 

alcohol, a function of the perceived magnitude of potential disutilities 

accompanying attempts to acquire and use alcohol, and the perceived 

probability of experiencing such dll utilities.

Soaal policy at the aggregate level, such as a change in the



legal minimum drinking age, is expected to influence a number of the 

components of the total cost of obtaining alcohol by underage individuals, 

For example, the nominal cost of alcohol may increase with a raised 

drinking age as a result of a premium charged by those who supply alcohol 

illegally to underage drinkers. A  raised drinking age is likely to 

increase the search costs (since there are fewer suppliers), and increase 

the risk associated with other disutilities such as apprehension and 

processing by the law enforcement system.

The legal drinking age does not totally determine the 

availability of alcohol to underage drinkers, since numerous other aspects 

of both public policy and the private market of alcoholic beverages 

in fluence availability. What is argued here is simply that the legal 

drinking age is a significant influence on the ease with which alcoholic 

beverages can be obtained by young drivers.

Returning to the overall model in Figure 2.9, the increased or 
decreased frequency o f alcohol consumption and quantity consumed per 
drinking occasion, caused by changed soaa l norms, marketing activities, 
and alcohol availability, are expected to increase or decrease the amount 
o f alcohol-impaired driving, and consequently, increase or decrease the 
frequency o f alcohol-related collision involvement among drivers in the 
affected age group.

In addition to the impact o f changes in the availability o f 
alcohol on the quantity-frequency of alcohol consumed, changes in 
availability resulting from legal drinking age modifications are a lto 
likely to lead to important changes m the situations in which drinking 
takes place <se* Figure 2.°). Lowering the drinking age leads to



increased drinking in bars and taverns by the age group. Since personal 

automobiles are likely to be the usual mode of transportation to and from 

such public drinking places, the lowering of the drinking age can be 

expectea to increase driving after drinking among the 18-20 age group. 

With regard to the effect of a raised drinking age, supporters of th. 

lowered age have argued that raising the legal age of drinking will cause 

additional drinking in automobiles while driving, increasing the 

alcohol-related crash risk of the age group. An alternative plausible 

hypothesis is that a r aised drinking age will result in a larger 

proportion of the drinking by 18-20 year olds occurring at private 

parties. Since, unlike a public drinking house, participants are not as 

likely to be compelled to leave at a specific hour and drive home, the 

incidence of alcohol-related crashes might be lower with a raised drinking 

age. This hypothesis remains plausible even if one assumes that - raised 

drinking age has no impact on the overall quantity-frequency of alcohol 

consumed. (12)

In short, changes in the legal .nnking age, according to the 

model presented in Figure 2.9,are xpected to result in changes in 

drinking norms, industry marketing practices, alcohol avail* ulity, and 

the situations in which drinking takes place, all of which influence the 

drinking-driving behavior of the 18-20 year old age group. Mote that the 

mi del discussed above illustrates plausible mechanisms by which the legal 

dr.nking age influences alcohol-related crash involvement f r e q u e n c ie s .  

Several otner soao-cultural, soaal-psychological, psychological, and 

situaticial exogenous variables are likely to have a causal impact on all 

of the variables in the system depicted in Figure 2.9. The purpose of the



model is not to provide a comprehensive theory concerning drinking 

behavior and driving behavior, but r-«ly to indicate the potential causal 

factors mediating the impact of the legal drinking J.ge on the frequency of 

traffic accidents among youth.

2.4 Specification of Hypotheses

T w o  main hypotheses described in general terms in the previous

section constituted the central issues of the present investigation.

Specifically, they were!

H.l The raised legal drinking age (from 13 to 21) caused a 
reduction in alcohol-related motor vehicle crash involvement 
among 18-20 year old drivers!

H.2 The lowered legal drinking age (from 21 to 13) caused an 
Increase in alcohol-related motor vehicle uash involvement 
among 18-20 year old drivers.

Two corresponding hypotheses were considered for the 16-17 year 

old driving population, since the altered norms, marketing pr iCt.es> and 

availability of beverage alcohol resulting from i changed drinking age may 

also influence the drinking behavior of the proximal peers of the directly 

affected age group. It it reasonable, to suppose that changed marketing 

practices and social norms concomitant with changes in the drinking age 

would alter the visib lity and acceptability of using alcohol among 16-17 

year olds as well as 19-20 year olds. Furthermore, the availability of 

alcohol to 13-20 year olds is likely to influence the ease with which 

youth aged 16-17 obtain alcoholic beverages, since a prime source of 

alcohol for 16-17 year old drinkers is likely to fc-t older friends and 

associates with greater access to alcohol. Therefore, it was hypothesised 

that!

H.3 The raised legal drinking age < rom 13 to 21) caused a



reduction in alcohol-related motor vehicle crash involvement 
among underage drinkers (16-17);

H.4 The lowered legal drinking age (from 21 to 18) caused an 
increase in alcohol-related motor vehicle crash involvement 
among underage drinkers (16-17).

Hypothesis three was supported by those studies reviewed in

Section 2.2 that explicitly examinee the effects of a reduced drinkin ] age

on underage drinkers, whe-e the lowered legal age was found tr be

associated with increased alcohol-related collisions among underage

drinkers. Eecause of the indirect natu e of the impact of the legal

drinking age on the collision experience of underage drinkers, however,

the magnitude of the effect on underage drinkers was expected to be

smaller than the effect on 18-20 year old drivers. Furthermore, the

impact on underage drinkers was expected to evolve over a longer period of

time after a legal change than the impact on 18-20 year old drivers, since

a large portion of the effect of the legal changes on underage drinkers is

due to prior changes in drinking norms and practices among 13-20 year

olds. Therefore, it was hypothesized that:

H.5 The magnitude of the impact of changes m  the legal 
drinking age on alcohol-related motor vehicle crash involvement 
among 16-17 year old drivers was smaller than .he magnitude tf 
the impact on alcohol-related crash involvement among 13-20 year 
old drivers.

A differential effect magnitude was also expected between a 

lowered and raised drinking age. It is usually much easier tc change a 

person's pattern of behavior (here, alcohol consumption) by adding new 

behaviors, without requiring a change in existing habits and established 

behavioral patterns, than it is to change personal behavior by requiring 

one to change or eliminate already established behavioral patterns.



Consequently, one would expect a lowered drinking age, allowing (and 

perhaps encouraging) new drinking patterns to supplement pre-existing 

drinking or non-drinking patterns, to have a noticeably greater effect 

than a raised drinking age, restricting already established drinking 

patterns that have become a part of ore's day-to-day activities. In 

short, it is easier to learn a new behavior than to unlearn an old one. 

Therefore, the final hypothesis to be tested in this investigation was 

that:

H.6 A lowered legal drinking age has a greater effect han a 
raised legal drinking age on the frequency of alcahol-related 
motor vehicle crash involvement among young drivers.



Notes to Chapter 2.0

1. These high prevalence rates of frequent intoxication were 
also found by Wechsier <1979), in his recent surveys of youthful drinking 
practices.

2. For example, Filkins et al. (1970) have found that elevated 
blood alcohol concentrations are strongly related to driving at excessive 
speeds at the time of a crash. Thus, the human condition of alcohol 
impairment in Figure 2.5 is causally antecedent to excessive speed in 
Figure 2.4, which is the human error identified as an immediate cause of 
collisions.

3. Relative risk is the probability of crash involvement at a
p v t’cular BAC divided by the prooability of crash involvment with a BAC 
of xero.

4. Alcohol-related crash rate is here defined as the 
alcohol-related crash frequency divided by the total crash frequency for 
the relevant age group.

5. Only fataliti, . for which a blood alcohol concentration t*»t 
was administered were used m  these analyses.

6. Police reports were used as the indicator of alcohol 
involvement.

7. Police reports were used as the indicator of alcohol 
involvement.

8. The Massachusetts legal drinking age was raised from 13 to 
20 on April 16. 1*7*. The pre-post comparison was the number of DUIL 
arrests in February 1*7* versus the number of DUIL arrests m October
1*7*.

9 . Similar conclusions were reported in other reviews o f this 
literature such as Smart and Gocdstadt, 1*77; Whitehead. 1*77; Smart,
1*7*.

13 . fr.t some of the arguments in this debate, see Guttorp and 
Song, 1*77, l*7*J Parker and Harmon, 1*73; Schmidt and Popham, 1*73? akog, 
l*7*a . l*7*b .



11 . Relative price re fers to the price o f beverage alcohol in 
rela*ic/i to personal income.

12 . In Figure 2.9 an effect o f the drinking age or collision 
involvement independent o f any change in quantity-frequency o f alcohol 
consumption is represented by the path from legal drinking age to alcohol 
availability, to drinking situations, to alcohcl-impaired driving, to 
collision involvement.
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3.0 R E S E A R C H  DESIGN A N D  D A T A  ANALYSIS M E T H O D S

This chapter describes the methods selected to measure the 

effects of the changes in the legal drinking age in Michigan. The 

methodological issues discussed include: (A) the quasi-experimental 

design used in this investigation! (B) operationalization of the dependent 

variables (i.e. traffic accidents). (C) the validity of the overall 

design! and (D) the time-series statistical data analysis techniques used.

3.1 Research Design

The preferred design for inferring a causal relationship is the 

true experimental design in which the subject population is randomly 

assigned to two or more treatment conditions. In the present study this 

would mean comparing 18-20 year old drivers randomly assigned to a 

condition of legal availabf'ty of beverage alcohol (drinking age IS), to 

18-20 year old drivers randomly assigned to a condition of no legal 

availability of beverage alcohol (drinking age 21). Since such ranr'om 

assignment was impossible, one of the quasi-experimental designs had to be 

used (Campbell and Stai.lsy. Cook and Campbell. 1^76? Cook and 

Campbell. 1 °7°). Of the numerous quasi-experimental designs in use. *he 

non-equivalent multiple time-senes c'esign rules out the largest number of 

plausible alternative explanations for a postulated causal relationship.

In this research, the postulated causal relationship was between changing 

alcohol availability (i.e. changing the legal dr inning age) and traffic 

acncents. The design, as implemented in the present investigation, can
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be diagramed as follows*

W | — °nl  xi  W ,V , *,0 ,14 ,J I j  °"i4V 1° W 2' ' ° Bi * V nJ 
° l°2°y °nl *na*i°«l *na«*

where each 0^ represents the number of crash involvements in a particular 

month, 1^ represents the lowering of the drinking age in 1972, is the 

number of monthly observations before the drinking age was lowered, is 

the number of monthly observations between the lowered and raised drinking 

age, I2 represents the raising of the drinking age in 1973, and n^ is 

the number of monthly observations after the drinking age was raised. The 

second row in the design diagram represents a compansion time-senes, not 

influenced by the interventions included in th first row. Although the 

diagram depicts only one experimental and one comparison series, multiple 

measures of motor vehicle crash involvement and multiple comparison groups 

were included in the design.

3.2 Operationalization and Data Collection

The design called for measures o f tra ffic  acadent frequency 
that were hypothesized to be affected by a change in the legal drinking 
age, uid control measures that were not likely to be affected by changes 
in the legal drinking age, The two experimental groups consisted o f 13-20 
and 16-17 year old drivers in Michigan. The impact o f the changes m the 
legal drinking age on the acadent involvement o f these two experimental 
groups was compared with "control" or comparison groups consisting of 
21-24 and 2^-45 year old drivers in Michigan. The complete design,



Table 3.1 Full design matrix depicting age groups, types o f accidents, and operationalized
measures used*

Age Groups

A ll  Crashes: 1972-1979 Fatal Crashes: 1968-1979

IINBD HBD 3FS T^AL  3FS

Experimental

18-20 years old

16-17 years old

Comparison

21-24 years old

25-45 years old

‘NOTES: 1. IIBO refers to Had Been Drinking according to police reports.

2. IINBD refers to Had Not Been Drinking according to police reports.

3. 3FS refers to three-factor-surrogate, that Is ,  late night, s ing le -veh ic le  crashes with 
a male driver.
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r 
rincluding the experimental and control groups and the multiple (

operationalizations o f the dependent variablei tra ffic  accidents, is 1
depicted in Figure 3.1.

Two major sets o f data were used to implement the design I
illustrated above. The firs t  dataset consisted o f measures o f tra ffic  j
accident incidence based on a ll crash-involved drivers as reported to the

mMichigan State Police. Computer tapes were obtained from the Michigan 
State Police containing records on every reported accident in the State o f 
Michigan from January o f 1972 through December o f 1979. To reduce t*»e 
volume o f data to a more manageable size, a random sample o f 20 percent o f j
a ll accidents during this tim<* period was selected. (1)

New file s were constructed containing a ll o f the tra ffic  units 
(i.e. vehicles) involved in each sampled acndent. These file s , with 
vehide-dnvers as cases, were used to construct monthly time-senes 
tra ffic  crash involvement fra jency variables fo r the January 1*72 through 
December 1979 time period. The final time-senes measure o f total crash 
involvement incidence was the monthly frequency o f drivers o f passenger 
cars, trucks, or motorcycles involved m a crash. (2)

Since the changes in the legal drinking age were expected to 
affect the frequency o f automobile crash involvement through their 
influence on alcohol-related crashes, two measures o f alcohol-related 
crashes were analyzed for each age group. The firs t measure was the 
monthly frequency o f crash involvement in which the police acadent report 
form indicated that the driver ‘ had been drinking* (H3D>. Since this 
measure o f alcohol-related tra ffic  acadents was subject to unrtl.ao ility 
in police reporting practices, a second more reliable measure of



alcoho.-related traffic crash involvement was also used.

The second measure was the "throe factor surrogate" (3FS), 

developed by the Highway Safety Research Institute, at The University of 

Michigan in earlier research on lowered legal drinking ages (Douglass et 

al., 1974). Analyses of crash data from various jurisdictions, difr2i*nt 

time periods, and of drivers of a wide range of age groups* revealed that 

a consistent subset of all alcohol-related crash involvements was 

identified by three parameters, namely, sex of driver, time f crash, and 

number of moving vehicles involved in the crash. Specifically, 

single-vehicle crashes with a male driver occurring between 9 P.M. and 6 

A.M. were 53 to A3 percent alcohol-related as measured by th*» H B D  

designation on the police accident report form. This proportion was 

relatively consistent regardless of the precise operational definition of 

alcohol involvement in the official crash reports. Furthermore, it is 

unlikely that police officer discretion or bias would affect the re per .ng 

of the driver's sex, number of vehicles involved, or time of the crash.

Thus, the three-factor-surrogate, being operationally consistent, provided 

a reliable alternative to repi 'ted alcohol involvement based on the 

subjective assessments of the investigating police officer.

The three factor surrogate was especially useful for comparative 

analyses of crash-involved drivers across age groups and jurisdictions, 

where the consistency of the reporting of alcohol involvement in traffic 

crashes may vary considerably. Sine* the operational consistency of the 

outcome measures is especially important in the analysis of time-senes 

(Kendall, P76J, the three-factor-surrogate was an important supplementary 

measure of alcohol-related accents. It should be pointed out, however,



that the correlation between the two measures of alcohol-related accidents 

is not perfect, with the 3FS measure including only about one-third to 

one-half of all drivers designated as H B D  (Flora et al,, 1973). In short, 

although the 3F5 measure was an imperfect reflection of alcohol-related 

accidents, its operational consistency over time made it a useful measure 

for time-series analyses. (3)

The first time-series crash file included the monthly frequen^ 

from January 1972 through December 1979 of "had not been drinking" (HN3D) 

drivers, “had been drinking" (HBD) drivers, and three-factor-surrogate 

(3FS) drivers, stratified by age groups as indicated in Figure 3.1. This 

file was not extended to the years prior to 1972 (when the legal drinking 

age was lowered from 21 to 18) because of severe reporting inadequacies in 

the Michigan State Police master files. From 1968 through 1971 there were 

a large number of major urban reporting jurisdictions (including major 

cities such as Detroit, Lansing, and Grand Rapids) that did not report 

non-fatal traffic crashes to the Michigan State Police for substantial 

periods of time. For this reason, the data on all collisions (fatal and 

non-fatal) could not be used in the full quasi-experimental design 

evaluating the differential effects of lowering the legal drinking age and 

subsequently returning it to its former level. The measures of driver 

crash involvement discussed above were, therefore, only used to evaluate 

the impact of the 1^78 increase in the leg*4 drinking age.

The complete design, examining brch the lowered and raised 

drinking ages, was implemented using r»e f * il acadent .measures depicted 

in the second half of Figure 3.1. The Michi ian State Police master tape 

files of all reported acadents used as the basis for the driver crash



files, with the addition of the master files for January 1963 through 

December 1971, were used to construct time-series variables of the monthly 

frequency of drivers involved in fatal crashes. (4) The fatal files, 

because of the much smaller number of cases than the crash files, were 

baseo on a census of all fatal accidents in the State of Michigan. In 

contrast to the total crash involvement data, fatal crashes have been 

well-reported throughout the 1963 to 1979 time period, and the reported 

monthly frequency of fatal crashes was an accurate reflection of fatal 

crash experience in Michigan. However, with regard to the measurement of 

drinking drivers involved in fatal crashes, the H B D / K N B D  measure was not 

used because of high rates of lissing data in the early years (from 11 to 

29 percent of drivers involved in fatal accidents had missing data an the 

H B D / H N B D  variable in the late 1960s and early 1970s), and data collection 

system changes that significantly affected the reporting of H B D  drivers.

The first important change in the measurement of H B D  drivers 

occurred in January of 1^71 when a major change in the police accident 

report form involved the deletion of the category "not known if drinking" 

as a valid response to the H B D / K N B D  item. The result was that drivers 

previously placed in the "not known if drinking" category were now ceded 

by police officers either as "had been drinking" or "had not been 

drinking." Consequently, the frequency of H B D  drivers increased 

substantially during January 1°71 when the new form was implemented 

(Douglass and Freedman, 1977). The second major change in the measurement 

of H B D  drvers was the Fatal Acadent Reporting System (FARS), initiated 

by the National Highway Traffic Safety Administration, which became fully 

operational in P 7 A  (United States Department of Transportation, 1977).



FARS resulted in a significant reduction in the amount of missing data for 

the H B D / H N B D  variable. Because of these two major operational 

inconsistencies in the measurement of H B D  drivers prior to 1974, the three 

factor surrogate was relied upon as the measure of the frequency of 

drinking drivers involved in fatal accidents.

The original research plan provided for a determination of the 

differential effects of the lowered and raised legal drinking age using 

consistent time-series of the incidence of fatalities from 1968 through 

1979. However, preliminary analyses of the fatality time-senes revealed 

that tl e small monthly count of fatalities, especially when stratified by 

age and the 3FS measure, precluded an adequate determination of the 

effects of the lowered and raised drinking age on highway safety (see 

Section 4.3). A large proportion of the total variance in fatality 

incidence was due to random variation, and could not be accounted for in 

baseline time-senes models. As a result, the major emphasis was placed 

on the time-series based on a 20 percent sample of all crash involvement 

(including both fatal and non-fatal crashes). Since these more adequate 

crash involvement data were only available after 1972, the effect of the 

lowered drinking age was not examined in detail.

The differential effects of the lowered and raised drinking age 

were assessed by comparing the results reported in Chapter 4.0, concerning 

the effect of the raised legal age, with previous time-series 

investigations of the ef.'ect of the lowered drinking age in Michigan. 

Previous time-series investigations of the Michigan experience with the 

lowered drinking age were limited to analyses of those Michigan 

jurisdictions with consistently reported motor vehicle collision



frequencies over the baseline period prior to the 1972 reduction in the 

drinl ng age (approximately 55 percent of all Michigan reporting 

jurisdictions had complete crash involvement files fnr the 1963 through 

1971 period; see Douglass and Freedman, 1977), The actual shift in crash 

involvement frequency associated with the lowered drinking age in Michigan 

identified in the earlier research is not u. ectly comparable to tne 

shifts in frequency associated with the raised drinking age identified in
r»

this research, because this study included all reporting jurisdictions in 

Michigan. The percentage changes in crash involvement associated with the 

lowered and raised drinking age from the two studies are comparable, 

however, and will be used to determine the extent to which the raised 

drinking age reversed the effect of the lowered legal age,

3.3 Design Validity

Design validity involves consideration of the ability of the 

research design to adequately answer the research question. In the 

present case, the fundamental research question is, do changes in the 

legal drinking age in Michigan cause changes in alcohol-related crash 

incidence among the affected age groups'"

In order to determine the stre igth of the design in answering 

the research question (the validity of the design) it is essential to take 

the position of devil‘s advocate and identify the potential alternative 

explanations for an apparent or measured change in the phenomenon under 

investigation, in the present case, alcohol-related traffic crashes among 

young drivers. The non-equivalent multiple time-senes quasi-experimental 

design used in this research is a superior design to determine >f legal
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drinking age changes cause changes in alcohol-related crash frequencies 

among young drivers. In addition to the basic design structure involving 

experimental and comparison groups, the use of multiple measures of 

alcohol involvement, including official "had been drinking" figures and 

the three-factor-surrogate measure, greatly strengthens the design 

validity by providing a control over potential measurement 

inconsistencies.

In addition to the design structures and measurement features 

used here, the state of ihe art Box-Jenkins analysis methodology, 

discussed in detail :n Section 3.4, i j  the most appropriate analytic 

approach given the availability of a large amount of data over an 

extensive peno of time. A  full, technical discussion of design validity 

and specific controls for numerous potential thre its to the validity of 

the research conclusions is found in Appendix B.

1.4 Data Analysis Methods
Ordinary least squares regression and other commonly used 

statistical procedures assume independent observations, that is, no seria l 
correlation between the observations. Since a series o f observations on 
the same unit over time 1* very likely to be autocorrelated, violating 
the assumption o f independence required for the use o f standard 
statistical procedures, alternative data analysis strategies are 
necessary. One such approach is the modeling strategy o f Box and Jenkins 

and Box and Tiao ( I^7^)* The Box-Jenkins approach is a powerful 
and versatile strategy fo r modeling time-senes variables that produces 
unbiased estimates o f error variance in the presence o f serially



correlated observations. ( 5 ) Recent methodological developments in the 

use of transfer functions along with the Auto Regressive Integrated Moving 

Average (ARIMA) modeling strategy place these analysis techniques at the 

state of the art for the analysis of time-series quasi-experiments (see 

Box and Tiao, 1973! Hibbs, 1977} McCleary and Hay, 1980). These 
techniques identify a wide variety of patterns in the dependent 

time-series variables, provide a sensitive test of intervention effects, 

and allow the analysis of a variety of intervention effect patterns. ( 6)

The purpose of the data analyses in this investigation was to 

determine the impact of the changes in the legal drinking age on each 

dependent variable. After the effects of the legal changes on each 

variable were determined through the statistical analysis procedures 

described below, the effects were compared across those measures expected 

to be influenced by the legal changes and these not expected to be 

influenced by the interventions. The present section discusses the 

procedures used to determine the effect on each isolated dependent 

time-series? the comparison of these effects across experimental and 

comparison «gt grouos. as called for in the design, is discussed in 

Chapter 4.0 on tr.e results of the statistical analyses.

The first step in the Box-Jenkins intervention •nalysis st/ategy 

is the identification or specification of a parsimonious Auto Regressive 

Integrated Moving Average (ARIMA) mo"-’ V -  each dependent time-senes 

variable. The A R I M A  model .» commonly called the "noise model" since its 

purpose is to isolate all of the aspects of the stochastic autocorrelation 

itructur* of the series, and thus provide a benchmark for the assessment 

of any intervention effects. The A R I M A  .model accounts for tne variance in
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the dependent series that is due to identifiable trend, seasonal, and 

other autocorrelation patterns in the data. *he residual "white noise" or 

random error variance then permits a sensitive test of the statistical 

significance of intervention effects.

Since traffic accident time-senes often contain large seasonal 

components, the general multiplicative seasonal model was applied to each 

dependent series. The general seasonal A R I M A  model is

<1 -  4,1* -  . . .  l / Q) ( l  -  l . l  -  . . .  l / ) «  ♦  <1( I )  t  -----1--------2_________ L.------ a---S------------
* (i - r^* - ... rps Ml - - ... »p»pxi - ■*)°(i - t>4

and is identified as A R I M A  (p,d,q>(P,D,Q)s, where p is the order of the 

auto-regressive process, d is the degree of non-seasonal differencing, q 

is the order of the seasonal moving-average process, s is the seasonal 

'pan, I*} to rp are the seasonal auto-regressive parameters, ijto 

are the regular auto-regressive parameters, Aj to Aqare the 

seasonal moving-average parameters, to 3q are the regular 

moving-average parameters, u c is the random (white noise) error 

component, a is a constant, and B is the backshift operator such that E(ze) 

equals it*]* It is important to realize that the A R I M A  .nodel is not 

based on any theory concerning the causes of the dependent series. It is 

a model to describe the nature or the ongoing egulanties in the series 

due to any number of (most likely untdentifi l) causes. The A R I M *  model 

for etch variable, therefore, must be empirically determined by an 

examination of a series of observations of tnat particular variable.

The initial specification of the A R I M A  model for a particular
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series was made on the basis of an examination of a plot of the raw series 

and the autocorrelation and partial autocorrelation functions estimated 

from the series observations. An examination of the raw time-series plot 

provided initial information as to the trend and seasonal characteristics 

of the series, facilitating the identification of differencing factors and 

the seascnal span. The plot of the raw series was also used to check for 

constant variance across the series) if the variance appeared 

non-constant, appropriate transformations were performed before 

proceeding. ( 7 ) Theoreticil auto and partial autocorrelation functions 

corresponding to various A R I M A  models have been identified. A preliminary 

A R I M A  (p,d,q)(P,D,0)s model was identlcied on the basis of an examination 

of the estimated auto and partial autocorrelations, assessing the degree 

to which the actual autocorrelations fit one of the theoretically expected 

patterns.

After the order of the A R I M A  model was identified on the basis 

of a plot of the raw data and the auto and partial autocorrelation 

functions, preliminary estimates of the parameters of the identified model 

were calculated on the basis o' the estimated autocorrelations. These 

preliminary estimates were input as starting values to obtain maximum 

likelihood estimates of the parameters using a non-linear iterative 

computer estimation program. \ 8 )

Following the initial estimation of an A R I M A  modal is perhaps 

the most irportant step in the Box-Jenkins modeling strategy. The 

estimated model must be evaluated with regard to its parsimcny and its 

ability to account for .1 of the autocorrelation patterns in tre original 

series. Ttere are several considerations in assessing model adequacy.



F irst, the estimated parameters shculd meet the conditions o f 
stationanty-invertability required for the particular model form under 
consideration (Box and Jenkins. 1976). Second, the estimated parameters 
should be significantly different from zero. Third, the correlations 
between the parameters should not be excessive, indicating redundancy in 
the model specified. Fourth, the overall "flatness* o f the 
autocorrelation function of the residuals should be documented by an 
insignificant O -statistic (Box and Pierce, 1*70). F ifth , the 
autocorrelation function should not reveal significant correlations at the 
firs t few lags or the firs t  seasonal lag.

The nature o f any inadequacies observed were used to re -speo fy  
the model. After re-speafication , preliminary estimates o f the 
parameters o f the revised model were calculated. Maximum likelihood 
estimates were obtained, and the revised model »as evaiuatec according to 
the above criteria. I f  the model was s t i ll inadequate, the specification, 
estimation, and evaluation steps we'e repeated again! i f  more than one 
model was adequate by these criteria, the model with the lowest sum of 
squares was selected. Using such an iterative procedure o f model 
betiding, a parsimonious model, accounting for a ll o f the significant 
autocorrelation patterns in the series, was obtained.

All o f the ipec fic  ARIMA models fit  to the series were 
variations o* the underlying model which views a particular time-series as 
a realization o f a general discrete linear stochastic process (Nelson, 
P T J ! ? 0 * ) 3 l ,  In modeling a time-series as a realization of a discrete 
linear stochastic process, one assumes that the tu re 's e r ;rs  is stationary, 
that is , that the series has a constant mean, *hat a ll random errors



in equation I) are independently drawn from the same distribution over 
tune and thus are characterized by constant variance, and that the 
autocnvariances are constant over tune, depending only on the extent s f 
lag between the observations. I f  one adds the assumption o f normally 
distributed errors, what is referred t -  as strict stationarlty is 
achieved. The assumption o f a constant mean in the original series is not 
strictly required, because the model rerwuns appropriate provided a 
constant mean is obtained a fte r using the appropriate differencing factors 
on the original series. < 9 ) I f  a constant mean is obtained after 
differencing, the series is said to exhibit "homogeneous non-stationary 
behavior" (Box and Jenkins, 1*7611 !>•

The discussion o f statistical conclusion validity in Appendix B 
notes the importance o f ensuring that the data under investigation meet 
the assumptions o f the statistica l procedures used. An important strength 
of the Box-Jenkins modeling strategy is that an assessment o f the extent 
to which "he assumptions are met is explicitly included in the model 
building process. Thus, \fte r each particular model was specned and 
estimated, the residuals were examined to ensure that they were «Mte 
noise <t.e. independent!.' distributed with cons* *nt variance*. (1 0  The 
assurance that the ast met ions of the model were met was an import m l 
fac*or increasing tn« statistica l conclusion validity o* the study 
findings.

After an optimal A PIMA model of the series was identified, 
transfer functions repress**v\g "he h) ‘ ithestxed effects c* the drinking 
K *  chenges were *dded to the ARIMA noise <~cPel. T»e g m ea l f-rm  of the 
tr ms fe r fvmcttrn is



whar# wq to ug and ! 1 tod r  specify the mannrr in which the 
"input* or independent variable ^  influences tha "output" or dependent 
variable Y c , 3  it  the backshift optrator such that B (:t > equals 
I t  »* either a sttp function with the value zero before tha intervention 
and or* thereaftc ’ , or a pulsa function with tna valua cna fo r tha month 
in which tha intarvsntlan begins and zaro otherwise, end a is a dal a/ 
paramatar indicating tha langth o f lag cr "daad tima" between tha 
intarvantion ard tha Initia l affacts o f tha intarvantion (Hibbs,
I >77114*1.

Tha two main intarvantions o f intarast in tha prasant 
lnvastigation war# tha lowaring of tha lagal drinking aga in January of 
1*72 and tha raising o f tha drinking aga in Dacampar 1*78. In addition, 
sinca it hat baan astablishad that the fual thcrtag*. national minimum 
lagal spaad limit reduction, and related factors o f aarly 1*74 rasultad in 
a reduction in motor vehicle crashes (Borg at a!.. 1*76? Bu rn t: at al.,
1*7TJ Carpenter, 1*74, |* r ? ‘ Q H j and Himn. P761 Cart, I*77J Kahana. 1*7?; 
Klain at al., I*?* : O Day at al., 1 >73; Set la at al., l*77 j Tofany, 1*7?;
Vn ite J  Statas Capartmant o f Trans* ortaticn. ’. J"3; Vfiorkowski and Had. »ard, 
1*771. a tran tfa r function representing tha affacts of this aajcr 
exogenous influence on tha frequency o f tra ffic  accidents « a i included in 
tha * ia l/s a t  o< thosa variables exhibiting a Jaaaaaa in f r i  ,w#ncy .n 
aarly 1*74. i | ] i  Each of tha eic^encut factors was modeled with a simple 
form of tha janaral transfar function medal shown in aquation 2.



Two spedfic forms o f the general transfer function model were 
considered fe r the drinking age change* a gradual permanent impact model 
(h)/l~B4 j with It defined as a step function)* and an abrupt 
permanent impact model <u lc with ! c defined as a step function). (12) 
Using the Eox-Jenkins nomenclature* these models are labeled as rsb 
(1*0*0) and rsb (0*0*0)* where r is the order o f the auto-regressive 
component, s is the order o f the sh ift or change in level component* and b 
is the amount o f dels/ or dead time a ftt • the beginning o f the 
intervention before any impact is expected. No delay pa ram iter b was 
Included in the analyses because the in itia l effects o f the legal changes 
were expected in the month immediately following the drinking age change. 
The impact patterns assessed by the models are shown in Figures 3.1 
through 3.4. tVel;minary analyses revealed that the effect o f the raised 
drinking age was adequately represented by an abrupt permanent impact 
model. Two factors influenced the decision to use tne abrupt permanent 
impact model. F irst, the effects o f the raised drinking age on crash 
frequencies were evident soon a fter the legal change went into er ect; 
that is. no gradual impact was observed. Second* the small number o f 
observations <12 months) after the raised drinking age was insufficient to 
adequately estimate the gradual impact transfer fvmctton model.

Two forms o f the general transfer function model (equation 2) 
were also considered to acccvmr for the fuel shortage ahd related factors. 
Existing literature on the impact o f the everts o f early 1*74 re .ta led  an 

abrupt reduction in crashes, with a substantial portion o f the impact 
dissipating over tune, although a demonstrable permanent crash rr fs ta i lt /  
reduction was evident .0  Day et aI.. 147*; Seila et 4l..l*77* United



Figure 3.1 Negative Impact Pattern Estimated by the 
rsb (1,0,0) Transfer Function Model with 
a Step Function Input

Figure 3.2 Positive Impact Pattern Estimated by the
rsb (1,0,0) Transfer Function Model with
a Step Function Input
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Figure 3.3 Negative Impact Pattern Estimated by the 
rsb (0,0,0) Transfer Functon Model with 
a Step Function Input
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Figure 3. 4 Positive Impact Pattern Estimated by the
rsb (0,0,0) Transfer Function Mccel with
a Step Function Input



States Department of Transportation, 1973! Wiorkowski and Heckhard, 1977), 

As a result, both the abrupt permanent impact model (Figures 3.3 and 3.4) 

and the abrupt temporary impact model (Figures 3.5 and 3.6) were 

considered to account for the effect of the fuel shortage. In the 

analyses of each dependent variable, the model with the best fit to the 

data was selected to represent the effects of the fuel shortage and 

related factcrs of early 1974,

The transfer functions representing hypotnesned intervention 

effect^ were combined with the identified A R I M A  model appropriate for a 

particular dependent variable and the combined model parameters were 

simultaneously estimated using a non-linear iterative computer estimation 

program developed by Eox and Jenkins (1970, 1976) and marketed by National 

CSS, Incorporated (1974), (13) The general form of the combined 

ARIMA/transfer function model (depicting only one transfer function) 

applied to each dependent time-serie* variable is

M t m M l n i i  H f 
NslM  tMJHA) aortal r« * c ilo a l m»«»l

(3) [“ ■ y ’ - ••• - -  y V .  • •

[<» - r ,« ' • . . .  r f s, r >« - #|« - . .  * «Pm i • s V u  •

t * • I • ... a •*) 
_2---1_______ i
o - »,• • ... • V i

The estimation results of the combined model were evaluated on 

the basis of the same criteria used to evaluate the preliminary noise 

model. Additional criteria were applied to the transfer function 

parameters. First, estimates of d had to be within the limits rt<\uir»a 

for syst-*m stability (Box and Jenkins, P76J346). Seccno, the parameter 

estimates had to be interpretable in terms of theoretical expectations and 

known characteristics of the dependent variable. For example, the



| Figure 3.5 Negative Impact Pattern Estimated by the
rsb (1,0,0) Transfer Function Model with 
a Pulse Function Input
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Figure 3.6 Positive Impact Pattern Estimated by the
rsb (1,0,0) Transfer Function Model with
a Pulse Function Input



estimate o f should not be negative, indicating an oea lla tlng impact 
pattern. The estimate o f 5j also should not be extremely dose to unity 
in an rsb (1,0,0) model with a step function input, since such a result 
implies a permanent change In slope o f the dependent variable associated 
with the Intervention. An estimateo intervention Impact o f a change from 
a positive or zero slope to a negative slope, fo r example, would imply 
that at some point a fte r the intervention no more accidents would occur, 
since a line with a negative slope eventually crosses the x-axis.

Inadequacies in the combined model, detected when evaluating the 
estimation resu lts, were used to guide ra-specification o f the model. The 
specification, estimation, and evaluation process was continued until an 
adequate model was obtained, The values o f the transfer function 
parameter estimates o f the fina l model, along with unbiased estimates o f 
their standard e rrors , were used to determine the existence o f any effects 
o f the interventions, and, where intervention effects were evident, to 
assess the direction and magnitude o f the impact in terms o f the number of 
crashes apparently caused by or prevented by the intervention.

In summary, the data analysis analysis strategy was as fo llows. 
F irst, an ARIMA noise model was built by repeating the specification, 
estimation, end evaluation process until an adequate model was obtained. 
Second, transfer functions fo r the raised dnntung age and the 1*74 fuel 
shortage were added to the noise model and the cambiited noise and 
intervention model was estimated. The combined model was evaluated and 
tN* re -sp ea f ication, estimation, and evaluation process was repeated 
cm*til an adequate model was obtained. The statistica l significance a'd 
magnitude o f the transfer function parameter estimates were used t j



identify the impa.*t of of the raised legal drinking age on that particular 

time-series dependent variable. This data analysis strategy was repeated 

for each dependent variable, and the results of these analyses were 

compared across experimental age groups (16-17 and 13-20) and comparison 

age groups (21-24 and 27-45) as called for in the research design.



Notes to Chapter 3.0

1. The Michigan State Police master files contained 
approximately 625,000 cases (vehicles) per year. The selection of a 20 
percent random sample reduced the number of cases to about 125,000 per 
year.

2. Traffic units excluded from the time-senes included busses, 
farm or construction equipment, pedalcydes, pedestnar s, and other 
miscellaneous motor vehicles and non-motor vehicles included in the 
original Michigan State Police files.

3. The results of chemical tests for blood alcohol 
concentration was another potential measure of alcohol-related acddents. 
However, since more than 75 percent of all crash-involved drivers in 
Michigan reported as "had been drinking” were not tested for blood alcohol 
concentration (Flora et al., 1973), this measure was of limited utility
for the present investigation.

4. As with the crash files, only drivers of passenger cars, 
trucks, and motorcycles were included in the fatal crash variables.

5. Reid provided evtdence of the superiority of the Box-Jenkins 
methodology by applying five different time-senes analysis and 
forecasting techniques to 113 different series. In the great majority of 
the applications, the Box-Jenkins techniques produced the smallest 
residual error variances. The Box-Jenkins techniques performed especially 
well with long series characterized by seasonal components (cited in 
Kendall, 19735125-127). Other assessments of time-senes analysis 
techniques generally support the superiority of the Box-Jenkins methods 
(see Vigderhcut, 1*77 for a brief review).

6. See Glass, Willson and Gottman (1*75:44) for a description 
of possible intervention effect patterns.

7. Range-mean plots can also be used to check for non-constant 
variance.

8. The program used for this stage of the analysis is 
BSADrriME. developed by The University of Michigan, School of Business 
Administration.

*. Differencing refers to the calculation of the differnce or 
charge between adjacent observations m  the series. For example, the 
first difference of a series \  is Yt - Y t_ the second difference of 
a series is the first difference uf the first differences.



10. A more general discussion of the importance of examining 
residuals to ensure that assumptions were not violated was provided by 
Draper and Smith (1966).

11. Similar effects of fuel shortages and reduced speed limits 
have been found in other developed countries such as Australia (Road 
Safety and Traffic Authority of Victoria, Australia, 1978), Great Britain 
(Scott and Berton, 1976), and N e w  Zealand (Toomoth, 1975).

12. Techniques for specifying the form of the transfer function 
model on the basis of the cross correlations between the input and output 
series (following similar principles as outlined above for the 
specification of A R I M A  models), have been proposed (Box and Jenkins, 1976! 
Haugh and Box, 1977). However, these procedures require the variance of 
the input series to be similar in magnitude to the variance of the output 
series. Since this investigation involves dummy input variables and 
outnut accident variables with large variances, such empirical transfer 
function indentification procedures could not be used. Instead, transfer 
function models were specified a priori on the basis of theoretical 
expectations, and assessed within an hypothesis testing framework.

13. Those models which were linear in the parameters were 
estimated using a conventional OLS regression program.

\Y
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Flg«re 4.1 Frequency o f  Three-factor-surrogate Crash Involvement Amomj 
10 -  20 Year Old Orlvers In Michigan, 1972 -  1970



18-20 year old drivers in Michigan From January 1972 through December 

1978.

Based on the plot of the raw data series for the baseline 1972 

through 1973 period (Figure 4.1), it appeared that there was no dominant 

trend or other ncn-stationaritiss in the level of the series. A  strong 

seasonal component was evident, with the frequency of 3FS collisions 

regularly high in the summer months and low in the winter months. The raw 

data plot does not reveal any systematic changes in the variance of the 

series over time, obviating the need for data transformations.

The second step in the A R I M A  model identification process is the 

examination of the autocorrelation function of the data senes, shown in 

Figure 4.2. Significant autocorrelations were evident at lags 1, 11, 12, 

and 2 4 . The first two autocorrelations appeared to decay exponentially, 

indicating the presence of a first-order auto-regressive component. The 

seasonal autocorrelations at lags 12, 24, and 36 also exhibited a decaying 

pattern, indicating the presence of a first-order seasonal auto-regressive 

component.

In addition to the autocorrelation function, the partial 

autocorrelation function was used to identify a preliminary noise model 

for each w a s h  frequency time-senes. The partial aul-:ccrre«ation 

function for 3FS crash frequency among 13-20 year o.d drivers supported 

the identification of he A R I M A  <1,0,0X1,0,0)12 model. (1) The partial 

autocorrelation function (Figure 4.3) had spikes at lags 1 and 12, with a 

drop off after the first lag and a drop off at the seasonal lags after lag 

12, the pattern theoretically expected from an A R I M A  (1*0,0X1,0,0)12 

model.
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After the order of the A R I M A  noise model was determined by 

examining the autocorrelations and partial autocorrelations, preliminary 

estimates of the identified model's parameters were calculated on the 

basis of the estimated autocorrelations using the formulae and charts 

provided by Box and Jenkins (1976), (2) The preliminary estimates were 

then input into an iterative maximum likelihood estimation computer 

program, the results of which are presented in Table 4.1

The results of the A P J M A  model estimation were used to assess 

the adequacy of the specified model on the basis of several criteria.

First, the parameter estimates were examined to ensure that the values of 

the estimates were within acceptable limits determined by the 

stationarity-invertability requirements of the particular model iflox and 

Jenkins. 1*76). Second, the residual correlogram was examined for the 

resence of significant autocorrelations, especially at the first few lags 

or the seasonal lag. A ncn-signficant Q-statistic indicated that the 

overall residual autocorrelation function was "flat,” that is, did not 

deviate from rero autocorrelation mere than would be expected by chance 

alone. In those cases where a significant O-statistic was obtained and/or 

significant autocorrelations remained in the residuals, the residual 

autoco'relaticn function was used to re-specify the model, and the revised 

model was then re-estimated and re-evaluated.

Model adequacy is also indicated by parameter estimates that are 

significantly different f r tm  zero. Table 4.1 reveals that the seasonal 

•uto-regresswe parameter and the first-order auto-regressive parameter 

were significant. A fourth criterion for mcde! adequacy is the 

correlation matrix of the parameter estimates. Very hign correlations
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between the parameters may be an indication of redundancy in the model

that could be reduced by simplifications in the specified model. Gne

consequence of high parameter correlations, according to McCleary and Hay

(1980:303), is that the num of squares function

.. . may not have une clearly defined minimum, but rather 
several minima, each associated with a particular 
configuration of the 'edundant parameters. When the 
(non-linear estimation) algorithm attempts to solve a 
function of this sort, it may oscillate between several 
minima without ever converging.

Although the correlation between the seasonal auto-regressive and the

constant terms was relatively high (-.76), the decision was made to retain

the constant term in the preliminary noise model and reassess the need for

the constant term when the combined ARIMA/transfer function model was

evaluated.

For several o f the variables examined in the present study, an 
examination o f the autocorrelations and partia l autocorrelations for the 
appropriately transformed and differenced data revealed that more than one 
model could plausibly be specified to account for the observed pattern o f 
serial correlations. In such cases maximum likelihood parameter estimates 
were obtained fer each plausible model. Each model was assessed using the 
criteria d’ scussed above and any modified models that appeared necessary 
were also evaluated. I f  more than one resulting ARIMA mcdel met a ll o f 
the evaluative criteria, the model with the lowest sum o f squares was 
selected to represent the basehne series.

The second major stage o f the Box-Jenkins intervention analysis 
strategy is the identification, estimation, and evaluation o f a transfer 
function mcdel to describe the nature of the intervention impact on the



criterion variable. The Form of the initial transfer functions for each 

of the accident series was selected on the basis of the hypothesized 

intervention effects. The major exogenous factor of interest* the raised 

legal drinking age, was represented by an abrupt, permanent impact pattern 

transfer function model.

A  second major exogenous factor influencng the frequency of 

motor vehicle crashes between 1972 anr 1979 was the fuel shortage and 

maximum legal speed limit reduction of early 1974. To reduce the residual 

error variance and more accurately assess the impact of the raised 

drinking age, a first-order dynamic transfer function was included to 

account for the changes in crash frequency associated with the events of 

early l°74,

In summary, the complete model included: (A) a transfer 

function for the determination of the raised drinking age impact, (B) a 

dynamic transfer function controlling for the effects of the fuel 

shortage/speed limit reduction of P74, and (C) a parsimonious A R I M A  model 

controlling for trends, seasonality, and other autocorrelation components 

in the criterion time-senes. The parameters of this combined model were 

simultaneously estimated.

The estimation results are presented in Table 4.2. Since the 

estimate of the constant term was net significantly different from zero, 

it was likely that a more parsimonious model, without a constant term, 

would also adequately account for the pattern of crash frequency over 

time. The moderately high correlations between the constant and the 

auto-regressive parameters noted earlier <Table 4,1), indicated that the 

sum squares function might not have a steep depression Put rather a
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shallow trough. Based on these considerations! the model's parameters 

were re-estimated without a constant term included. The results, 

presented in Table 4.3, indicated that the model adequately and 

parsimoniously accounted for the frequency of 3FS crasnes amor vers 

aged 18-20 over the 1972 through 197? time period (Figure 4,4 ,t,

the noise model parameters and the auto-regressive parameter *, ,e fuel

shortage transfer function met the requirements for system stability. 

Second, the noise model parameters were significantly different from zero.

Third, none of the residual autocorrelations were significantly different 

from zero (the O-statistic was 13.01 for lags one through 24| p>.03).

Fourth, all of the parameter correlations were .37 or less. Finally, the 

full model accounted for about 67 percent of the variance of the raw 

time* series. The goodness of fit of the model to the data can be seen in 

Figure 4.3, where the actual crash frequency and the frequency predicted 

by the final model are plotted on the same graph.

On the basis of the criteria discussed above, it was dear that 

an adequate model of the frequency of 3FS crashes among drivers 13-20 had 

been achieved, and the model could therefore be used to assess the changes 

in crash frequency associated with raising the legal minimum drinking age. 

The estimation results indicated that after the drinking age was raised in 

December of 1^73, there was an average reduction of 27.3 crashes per month 

in the time-senes analyzed (Table 4.3>I this effect was statistically 

significant with p<C.0l. The average monthly reduction of 27.3 crashes over 

the first 12 months after the drinking age was raised represents a 17.74 

percent reduction tn late-night, single-vehide, male, 13-20 year old 

driver crash involvements when compared to the frequency of such crashes
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Figure 4.4 Frequency of Three-factor-surrogate Crash Involvement Among 
10 -  20 Year Old Orlvers In Michigan, 1972 -  1979
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expected had there been no change in the drinking age. The 17.74 percent 

reduction in crashes can be interpreted as the net effect associated with 

the raised drinking age, controlling for the effects of (A) the fuel 

shortage/speed limit reduction of early 1974, (3) trend and seasonal 

variation in crash frequency, and (C) random variation in the frequency of 

motor vehicle crashes.

However, the drinking age transfer function estimate of -27.5 

crashes cannot be directly used as a point estimate of the actual number 

of 3FS crashes prevented by raising the drinking age, since the mcdel was 

estimated using a time-series based on a random 20 percent sample of all 

reported crashes. The best point estimate of the actual number of crashes 

prevented by the legal change is obtained by multiplying the transfer 

function point estimate (i.e., -27.5) by the inverse of the sampling 

fraction (i.e., 5), resulting in the estimate of 137.5 crash involvements 

per month prevented by the legal change. Over the first twelve months 

after the drinking age was raised, therefore, an estimated 1650 3FS 

crashes among 19-20 year old drivers were prevented.

Although not the focus of the present investigation, the full 

model results presented m  Table 4.3 also provide information concerning 

changes in 3FS crashes associated with the fuel shortage/speed limit 

factors. The results indicated that a statistically non-significant, 

temporary reduction in 3FS crashes occurred in early 1^74. It should be 

noted, however, that the fuel shortage/speed limit effect estimates based 

on the analysis of 1972 through 1^7* crash frequencies should be 

interpre* d with caution, since the po nt estimates were based on a short 

baseline series. As discussed m  Chapter 3,0, the main purposes for



including the transfer function for the fuel shortage/speed limit effects 

in the analyses were! (A) to determine the effects associated with the 

modifications in the legal drinking age independent of the well 

established impact of the fuel shortage and speed limit reduction, and (B) 

to reduce the residual error variance (and consequenctly increase the 

precision of the drinking age parameter estimates) by accounting for this 

major exogenous shock to the system causing the crash time-senes.

In summary, the iterative specfu... ion, estimation, and 

evaluation strategy of modeling time-series suggested by Box and Jenkins 

resulted in an A R I M A  model that adequately represented the autocorrelation 

structure of the monthly frequency of 3FS crashes among 13-20 year old 

drivers. The A R I M A  model was combined with two transfer functions, 

representing the effects of the 1974 fuel shortage/speed limit reduction 

and the hypothesized effects of raising the legal minimum drinking age.

The iterative speaficaton, estimation, evaluation process was repeated 

for the combined ARIMA/transfer function model. The fin*l resulting model 

revealed a highly significant reduction in 3F3 crash frequency associated 

with raising tne drinking age, with a magnitude of appro'cim itely 18 

percent, or 137.5 crash involvements per month.

4.2 Time-series Models of Michigan Total Crash Frequence*, 1 *72 - l°79

The iterative model building strategy was applied to earr of the 

time-series Included in the full design matrix (see Table 3.1). 1 e 

estimation results for each of the variables based on 20 pet z*n* 

random sample file are presented below. Included for each variable are!

(A) a plot o f the raw series (Figures 4.6 to 4.15), and (B) the final



combined ARIMA/transfer function model estimation results (Tables 4,4 to 

4.14), (3) The full complement of diagnostic statistics are included for 

each model, verifying its appropriateness for estimation of the effect of 

the raised drinking age,

The first hypothesis of this investigation was that raising the 

legal minimum drinking age would result in reduced alcohol-related traffic 

crashes among 18-20 year old drivers. The time-series modeling results, 

summarze-J in Table 4,15, revealed highly significant reductions both in 

police-reported had-been-drinking crashes and three-factor-surrogate 

alcohol-related crashes among 13-20 year old drivers after the drinking 

age was raised. Police-reported H B D  crashes dropped by 30.72 percent, and 

3FS crashes were down by 17.75 percent from what would have been expected 

had there been no drinking age change. (4)

The m a m  "control" series specific to 13-20 year old drivers was 

the frequency of police-reported "had not been drinking" crashes. A  small 

reduction in H N B D  crashes was evident, but it was not statistically 

significant and small in magnitude compared to the drop in the frequency 

of K B D  or 3F5 crashes (Table 4,15>. The observed ubstantial reductions 

in H B D  and 3FS alcohol-related crash frequencies, rnd no significant 

change in H N B D  non-alcohol-related crashes, provided strong support for 

hypothesis cne, that is, that the raised legal drinking age caused a 

reduction in alcohol-related traffic accidents among drivers aged 13-20.

It was also hypothesized that the raided legal drinking age 

would cause a reduction m  alcohol-related crash involvement among drivers 

aged 16-17. Analyses of 3FS crashes among drivers of this age group 

revealed a significant reduction associated with the raised legal age
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Figure 4.6 Frequency of llad-been-drlnklng Crash Involvement Among 10 -  20 
Year Old Orlvers In Michigan, 1972 -  1979
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Figure <1.7 Frequency of Three-factor-surrogate Crash Involvement Among 
16 -  17 Year Old Drivers 1n Michigan, 1972 -  1979
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d r i n k i n g  C r a s h  F r e q u e n c y  A m o n g  D r i v e r s  A g e d  16 - 17

N o i s e  Mo de l:  A R I M A  (1,0,0) ( 1, 0, 0 )1 2  w i t h  no
t r a n s f o r m a t i o n s

Fuel S h o r t a g e  T r a n s f e r  F u n c t i o n :  rs b  (1,0,0) w i t h  p u l s e
f u n c t i o n  inpu t

R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h
s t e p  f u n c t i o n  input

P a r a m e t e r  E s t i m a t e s  S t a n d a r d  E r r o r s
F u e l  S h o r t a g e  « . - 7 . 0 8  5 . 1 0

« ■ .90 .13
R a i s e d  D r i n k i n g  A g e  u - - 3.40 3 . 3 6

♦ t -  .19 .12
1*1“ .54 .10
a - 4.5 6 2.82

R e s i d u a l  V a r i a n c e  ■ 75 

R e s i d u a l  A u t o c o r r e l a t i o n s :
i . 0 1 2: .05 3:
6 : - . 1 7 7 : - . 0 2 8 :

11: .15 1 2 : - . 1 7 13:
1 6 : - . 1 2 1 7 : - . 0 6 18:
2 1 : - . 0 3 2 2 : - . 0 1 23:

R-sqr • .57 Q  - 22. 38

Ap pr ox . s t a n d a r d  error » .11
.04 4: .05 5 : - . 0 2
.09 9 : - . 1 5 1 0 : .15
.15 14: .10 15: .06
.04 1 9 : - . 2 2 2 0 : - . 0 9
.04 24: .10



Figure  4.9 Frequency o f  H ad -n o t -b een -d r in k ln g  Crash Involvement Among 10 -  20 
Year Old O r lve rs  In M ich igan , 1972 -  1979



Table 4.7 Final Estimation Results for C o m b i n e d
A R I M A / T c a n s f e r  Function Model of Reported H a d - n o t - b e e n
drink i n g  Crasn Frequency Among Drivers Aged 18 - 28

N o i s e  M o d e l :  A R I M A  ( 1 , 0 , 0 ) ( 1 , 0 , 0 ) 1 2  w i t h  no
t r a n s f o r m a t i o n s

Fu el S h o r t a g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h  st ep
f u n c t i o n  i np u t

R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h
s t e p  f u n c t i o n  i n pu t

P a r a m e t e r E s t i m a t e s S t a n d a r d  Error
F ue l  S h o r t a g e w ■ - 0 6 . 0 5 73 .13
R a i s e d  D r i n k i n g  Age «*» * - 9 2 . 0 5 6 5 . 5 9

♦l- .33 .11
Ti- .74 .08

Re s idual V a r i a n c e  ■ 22,7 2 8  R-sqr ■ . 66 0 - 25.9

R e s i d u a l A u t o c o r r e l a t i o n s :  A p p r o x . s t a n d a r d e r r o r  ■ .1
1: .01 2 : - . 1 3 3: .19 4 : - . 0 5 5: .00
6: .02 7: .08 8: .02 9 :-.09 10: .05

11: .16 1 2 : -. 17 13: .20 14: .20 1 5 : - . 1 9
16: .07 17: .04 18: -. 1 1 19: .02 2 0 : - . 1 0
2 1 . - . 0 7 2 2 : - . 1 0 23 :- .1 0 24: .13
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Figure 4.10 Frequency of Had-not-been-drinklng Crash Involvement Among 16 - 17
Year Old Drivers In Michigan, 1972 - 1979



N o i s e  M od e l:  A R I M A  (0^0,0) (1,1,0)12 w i t h  no
t r a n s f o r m a t i o n s
Fuel S h o r t a g e  T r a n s f e r  Fu n ction:  rsb (0/0,8) w i t h  step
f u n c t i o n  i n pu t
R a i s e d  D r i n k i n g  Age T r a n s f e r  F un c ti on : rsb (0/0,0) w i t h
st ep  f u n c t i o n  input

Table 4.8 Final Estimation Results for Combined
ARIMA/Transfer Function Model of Reported Had-not-been-
drinking Crash Frequency Among Drivers Aged 16 - 17

P a r a m e t e r E s t i m a t e s S t a n d a r d Error
Fuel S h o r t a g e w * - 4 1 . 9 2 26.50
R a is e d D r i n k i n g  A ge u = - 5 5 . 9 8 27.16

r!» -.27 .13

R e s id ua l V a r i a n c e  - 8300 R-sqr - .68 Q - 16.4

Re s id u al A u t o c o r r e l a t i o n s :  Approx. s t a n d a r d error ■ . 1
1: .05 2: .13 3: .21 4: .05 5 : .04
6:-. 0 4 7 :-.05 8 : - . 06 9: .09 10 :-.03

11: .10 1 2 : -. 05 13: .14 14: .05 15 :-. 09
16: .07 1 7 : -. 03 18 :-. 06 1 9 : - . 1 0 20 :-.06
21 : -. 1 0 2 2 : - . 2 0 2 3:-.16 24 :- .04
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T ab l e 4.9 Final E s t i m a t i o n  R e s u l t s  for C o m b i n e d  
A R I M A / T r a n s f e r  F u n c t i o n  Model of T h r e e - f a c t o r - s u r r o g a t e  
C r a s h  F r e q u e n c y  A m on g  D r i v e r s  Aged 21 - 24

N o i s e  Model: A R I M A  ( 0 , 0 , 2 ) ( 0 , 1 , 1 ) 1 2  w i t h  no
t r a n s f o r m a t i o n s
Fuel S h o r t a g e  T r a n s f e r  Fu nction: rsb (0,0,0) w i t h
step f u n c t i o n  input
R a is e d D r i n k i n g  A g e  Tra n s fe r Fu n ction : rsb (0,0,0) wi tn
s t e p  f u n c t i o n  input

(

Pa ra m et e r E s t i m a t e s S t a n d a r d Err or s
Fuel S h o r t a g e <D * 7.07 6.14
R a i s e d  D r i n k i n g  Age w a 2.96 6.69

01 = -.10 .12
02 - -.33 .12
Ai- -50 .13

R e s i d u a l V a r i a n c e  « 241 R-sqr - .66 Q - 20.63

Re si d ua l A u t o c o r r e l a t i o n s : A p p r o x . s t a n d a r d error - .11
1: -.02 2:-.0 9 3 .12 4 :- . 12 5 .01
6: .18 7: .04 8 .09 9: .11 10 -.29

11: .03 12:-.0 2 13 -.01 14: .16 15 .08
16: .03 17 :-.03 18 -.12 1 9: -. 03 20 .14
21: .03 22: .06 23 .15 24 :- . 14

C





Table 4.13 Final E s t i m a t i o n  Results for Combined
A RIMA/Tr a n s f e r  F u n c t i o n  Model of Reported Had-been-
drinking Crash F r e quency Among Drivers Aged 21 - 24

N o i s e  M o d e l :  A R I M A  (0 ,0 ,0) ( 1 , 1 , 0) 1 2 w i t h  log
t r a n s f o r m a t i o n
R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h
s te p  f u n c t i o n  i n p u t

P a r a m e t e r E s t i m a t e s S t a n d a r d  E r ro r
R a i s e d  D r i n k i n g  A g e u « .09 .05

Ti- .002 .009

R e s i d u a l V a r i a n c e  - .0247 R-sqr - .52 Q - 26.6

R e s i d u a l A u t o c o r r e l a t i o n s : A p p r o x . s t a n d a r d e rr o r ■ .1
1: .06 2 : - . 0 9 3 : .10 4: .08 5 : - . 0 2
6: .02 7: .18 8 : .03 9: .00 10: .10

11: .05 1 ? : - . 3 6 13 : - . 0 6 14: .17 1 5 : - . 0 4
16: .03 17: .06 18 .06 1 9 : - . 2 2 2 0 : - . 0 6
21: .05 2 2 : - . 0 5 23 :- .10 24:- .03
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T a b l e  4.11 Final E s t i m a t i o n  R e s u l t s  for C o m b i n e d  
A R I M A / T r a n s f e r  F u n c t i o n  M o d e l  of T h r e e - f a c t o r - s u r r o g a t e  
C r a s h  F r e q u e n c y  A m o n g  D r i v e r s  A g e d  25 - 45

N o i s e  Mode l : A R I M A  t2,0 ,0) (1 ,1 ,0)12 w i t h  no
t r a n s f o r m a t i o n s
R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u n c ti o n:  rsb (0,0,0) w i t h
* t e p  f u n c t i o n  input

P a r a m e t e r E s t i m a t e s S t a n d a r d  Erro r s
R a i s e d  D r i n k i n g  A g e b) ■ 3.00 12.22

♦l “ .09 .12

♦2 " .35 .12

Ti " -. 44 .11

R es i d u a l V a r i a n c e  * 613 R-sqr - .68 Q  - 2 1.39

Re si d ua l A u t o c o r r e l a t i o n s : Ap pr ox . s t a n d a r d error - .11
T : -. 10 2 :-.05 3: .02 4:-.14 5 .04
6: .00 7: .03 8: -. 0 2 9 : - . 1 1 10 -.0 1

11: -. 0 9 1 2 : - . 0 7 13: .04 1 4: -. 1 0 15 .07
16: -. 1 8 1 7 : - . 0 6 18: .03 19 :- .0 6 20 .09
21: .02 2 2 : - . 1 1 23: .33 24 :-.24



Figure 4.14 Frequency of llad-been-drlnklng Crash Involve*,., t Among 25 - 45
Year Old Drivers In Michigan, 1972 - 1979



Table 4.12 Final Estimation Results for C o m bined
A R I M A / T r a n s f e r  Function Model of Reported Had - b e e n -
drinking C r a s h  Frequency Among Drivers Aged 25 - 45

N o i s e  M o d e l :  A R I M A  (1,0,0) (1,0 ,0) 12 w i t h  no
t r a n s f o r m a t i o n s

F u e l  S h o r t a g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h  step
f u n c t i o n  i n p u t
R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h

stej. f u n c t i o n  in pu t

P a r a m e t e r  E s t i m a t e s  S t a n d a r d  Er ro rs
Fuel S h o r t a g e ut ■ - 46.49 '9.02
R a i s e d  D r i n k i n g  A g e a ■ 21.12 1 6 . 9 2

. ♦l- .36 .10
Tl- .73 .08

R e s i d u a l V a r i a n c e  - 1401 R-sqr - .66 Q - 17.6

R e s i d u a l A u t o c o r r e l a t i o n s : A p o r o x . s t a n d a r d e r r o r ■ . 1
1 :-.02 2 : - . 0 4 3 .25 4: .02 5 .05
6: .11 7: .00 8 -.05 9: .02 30 .19

11: .04 1 2 : - . 1 6 13 -. 03 14: .12 15 -.07
1 6 : - . 6 5 J": .05 18 - . 1 2 1 9 : - . 0 2 20 .07
2 1 : - . 0 7 . .-.12 23 .05 24: .04
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Figure 4.15 Frequency of llad-not-beon-drlnklny Crash Involvement Among 
21 - 24 Year Old Drivers In Michigan, 1972 - 1979



Table 4.13 Final E s t i m a t i o n  Results for Comb ined

ARI M A / T r a n s f e r  F u n ction Model of Reported H a d - n o t - b e e n -
drinking Cra s h  Fr e q u e n c y  Among Drivers Aged 21 - 24

N o i s e  M o d e l :  A R I M A  (1,0,0) (1,0,0) 12 w i t h  no
t r a n s f o r m a t i o n s
Fuel S h o r t a g e  T r a n s f e r  F u n c t i c n :  rsb (0,0,0) w i t h  st e p
f u n c t i o n  i n p u t
R a i s e d  D r i n k i n g  A g e  T r a n s f e r  ‘unc t i o n :  rsb (0,0,0) w i t h
s t e p  f u n c t i o n  i n p u t

P a r a m e t e r  E s t i m a t e s  S t a n d a r d  E r r o r s
F ue l  S h o r t a g e  u> » - 6 0 . 4 1  78 .36
R a i s e d  D r i n k i n g  A g e  w ■ -4 2 . 3 2  69 .24

♦i - .37 .11
I*j * .74 .09

R e s i d u a l  V a r i a n c e  ■ 23 , 2 4 4  R-sqr - .69 Q ■ 17. 8 2

R e s i d u a l  A u t o c o r r e l a t i o n s :  A p p r o x .  s t a n d a r d  e r r o r  ■ .11
1: .00 2: -.04 3: .15 4 : .05 5 -.04
6: -.01 7: .05 8: -.02 9 : - . 0 3 10 .07

11: .18 12: -.10 13: .26 14: .14 15 -.13
16: -.01 17: .02 18: -.06 19:--.05 20 -.0 9
21: -.0 2 22: -.07 23: -.06 24: .38
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Figure <1.16 Frequency of Had-not-bcon-drlnklng Crash Invc lvcmcnt Among 25 - 45
tear Old Drivers In Michigan, 1972 - 1979



T a b l e  4. 1 4  F in a l E s t i m a t i o n  R e s u l t s  for C o m b i n e d
A R I M A / T r a n s f e r  F u n c t i o n  M o d e l  of R e p o r t e d  H a d - n o t - b e e n -
d r i n k i n g  C r a s h  F r e q u e n c y  A m o n g  D r i v e r s  A g e d  25 - 45

N o i s e  M o d e l:  A R I M A  ( 1 , 3 , 0 ) ( 1 , 0 , 0 ) 1 2  w i t h  no

t r a n s f o r m a t i o n s
Fue l S h o r t a g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h  st e p
f u n c t i o n  i np ut
R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h
st e p f u n c t i o n  input

P a r a m e t e r  E s t i m a t e s  S t a n d a r d  Err ors
Fu el  S h o r t a g e  w • - 5 7 . 1 7  1 6 3 . 0 8
R a i s e d  D r i n k i n g  A g e  w • — 147.34 1 7 9 . 4 6

.32 .11
fj * .80 .18

R e s i d u a l  V a r i a n c e  ■ 145 , 9 7 9  R-sqr » .72 0  ■ 23.89

R e s i d u a l A u t o c o r r e l a t i o n s :

1: .80 2 : - . 0 3 3:

6: - . 0 2 7: .03 8:

11: .27 1 2 : - . 1 4 13:
16: -. 0 9 1 7 : - . 0 2 18:
21: - . 0 2 2 2 : - . 0 2 23:

A p p r o x .  s t a n d a r d  e rr or  • .11
16 4: .09 5: .01
08 9 : - . 0 1 10: .06
19 14: .19 1 5 : - . 1 0
06 1 9 : - . 0 8 2 0 : - . 0 6
17 24: .14



T ab l e 4.15 S u m m a r y  of T r a n s f e r  F u n c t i o n  E s t i m a t e s  of the Impact of the R a i s ed  Legal 
Dr in ki ng Age on a 20 P e r c e n t  R a n d o m  S a m p l e  of Motor V e h i c l e  C r a s h e s  in M i c h i g a n

Age of Driver
16 - 17 18 - 20 21 - 24 25 - 45

H N B D  C r a s h e s  - 5 6 . 0  (27.2)* - 92 . 0 (65.6) - 4 2 . 3  (69.2) - 1 4 7 . 3  (179.5)
-7.11 - 6 .0 1 - 3 . 3 %  - 4 . 5 %

HBD C r a s h e s  -3.4 (3.4) - . 3 7 6  (.063)** .09 (.05)* 21.1 (16.9)
-7.4% - 3 0 . 7 %  4 9 . 4 %  45.4%

3PS C r a s h e s  -9 . 5  (3.1) •• - 2 7 . 5  (8.1) •• 3.0 (6.7) 3.0 (12.2)
- 1 4 . 7 %  - 1 7 . 7 %  42.3% 41 . 3%

Notcot 1. S t a n d a r d  e r r o r s  a ro  in p a r e n t h e s e s  f o l l o w i n g  e a c h  po i nt  e st i m a t e .
2. Point e s t i m a t e s  s i g n i f i c a n t  at the .05 level are i d e n t i f i e d  w i t h  a s ingle

a s t e r i s k ,  th os e s i g n i f i c a n t  at the .01 level are i d en ti f i e d  w i t h  d o u b l e
asterisk s,  u s i n g  a o n e - t a i l e d  test.

3. P e r c e r t a g e  c h a n g e  f i g ur e s are i n cl ud ed b e l o w  the transfer f un c t i o n
est imates



(Table 4,15). The frequency of 3FS crash-involved drivers was down an 

average of 47.25 crashes per month aver the first year after the drinking 

age was /aised. Theestimatea reduction of 567 crash involvements over 

the first 12 months following implementation of the raised drinking age 

(i.e. 47.25 per month for 12 months), represents a 14,74 percent decrease 

from what one would have expected on the basis of the 7 year baseline 

period.

Analyses of police-reported H B D  16-17 year old crash-involved 

drivers, however, indicated no significant change in frequency asscaated 

with the raised drinking age change (Table 4,15). Although not 

statistically significant, the raised drinking age transfer function 

parameter estimate was in the expected direction, with an estimated 

reduction of 17 IIBD driver involvements per month associated with raising 

the legal drinking age.

Analyses of police-reported K N B D  crash involvement of drivers 

aged 16-17 identified a significant reduction in crash frequency 

concomitant with the raised drinking age (Table 4,15). The estimated 

average reduction of 280 crash involvements per month represents 7.12 

percent fewer police-reported H N B D  crash-involved drivers in P 7 9  than one 

would have expected given the P 7 2  through 1978 baseline trends.

The finding of a significant dr ip in H N B D  crash involvement and 

no significant change in H B O  crashes tmong 16-1? year old drivers appears 

to indicate that raising the drinking ag » caused non-alcohol-related 

crashes to increase with no effect on alcohol-related crashes. However, 

it is important to remember that the H B D  and K N B D  variables were only 

indicators of the underlying concepts. In Appendix B the threats to



in te rn a l v a lid ity  o f in strum entation  anc se le c iio n - in stru m e n ta tio n  

in te ra c tio n , and the th re a ts  to construct v a lid ity  o f "m ono-operation 

b ia s" and "mono-method b ia s" a re  d iscu ssed . In  sh o rt , a l l  o f these 

v a lid ity  th re a ts  a re  concerned w ith  the ex ten t to which the in d ica to r used 

( t .s , H BD /H N BD ) is  a co n s is te n t and va lid  m easure o f the concept 

"a lco h o l-re la ted  crash  invo lvem ent." T h ese  th re a ts  to va lid  cau sa l 

conclusions concerning the impact o f the drinking  age on you th fu l c rash  

invo lvem ent were reduced by the inclusion  o f the 3FS  m easure o f 

a lco h o l-re la ted  acc id en ts .

In  the p resen t ca se , a s ig n if ica n t drop in HNBD crash  

involvem ent and no s ig n if ica n t change in  H BD  crash es  was found. A t face 

va lu e , th ese  find ing s suggest that there  w as a s ig n if ic a n t drop in 

n on-a lcoh o l-re la ted  c rash  involvem ent among d r iv e rs  aged 16-17 a fte r  the 

drinking  age was ra ise d . A general reduction in crash  involvem ent o f the 

age group due to some fa c to r unrelated  to the drinking  age may account fo r 

the s ig n if ica n t drop in both HNBD and 3FS crash  invo lvem ent. H ow ever, the 

reduction in a lco ho l-re la ted  crash es  as measured by the 3FS va r ia b le  was 

tw ice  as la rge  as  the reduction in HNBD c ra sh e s , perhaps ind icating  that 

the reduction in HNBD c rash es  w as a re s u lt  o f a decrease in th at 

p roportion o f the HNBD s e r ie s  rep resenting  a lco ho l-re la ted  c rash es  that 

w ere reported as  H N 5D . A proportion o f a lco ho l-re la ted  c rash es  among 16-17 

yea r o lds m ay, in fa c t , have been included in the HNBD s e r ie s  because of 

re luctance on the p art o f the in vestig a tin g  police o f f ic e r  to report the 

p resence o f alcohol in a c ra sh  invo lv ing  an underage d r iv e r . In  any 

e ve n t , support fo r the h yp o thesis  was provided by a n a ly se s  o f the more 

re lia b le  3F5 m easure , and i t  was cau tio u s ly  concluded th at the ra ised



drinking  age may have had some e f fe c t  on a lco h o l-re la ted  co llis io n  

invo lvem ent among d r iv e rs  aged 1S—17.

I t  w as a lso  hypothesized th a t the e f fe c t  o f the drinking  age on 

d r iv e rs  aged 16-17 would be le s s  than the impact on the focal 13-20 age 

group. Com parisons o f the a n a ly se s  o f the more re lia b le  a lco ho l-re la ted  

c rash  in d ica to r, the th re e - fa c to r-su rro g a te , fo r the two age groups 

revealed  th at the percentage reduction in crash  frequency was somewhat 

sm a lle r fo r the 16-17 group than fo r 13-20 yea r old d r iv e rs  (Tab le  4 .15).

In  add ition , the decrease in H BD  crash es  fo r d r iv e rs  aged 16-17 was much 

sm a lle r than the decrease id e n tif ie d  fo r d r iv e rs  aged 18-20. The find ings 

fo r the 16-17 age group, although in d ic a t iv e  o f some e ffe c t  o f the ra ised  

d rinking  age, w ere more ambiguous than the d e a rcu t e f fe c ts  observed fo r 

the 18-20 age group, and the e f fe c t  as measured by the 3FS va riab le  was 

sm a lle r in magnitude fo r d r iv e rs  aged 16-17 than fo r those ageo 13-20.

The r e s u lt s  were consonant w ith  the hyp o thesis  th at a ra ise d  le^al 

drinking age has le s s  e f fe c t  on underage d r iv e rs  than those d irec tly  

a ffected  by the leg a l change.

In  addition  to exam ining the e f fe c t  o f the ra ise d  drinking  age 

on the frequency o f a lco h o l-re la ted  c rash es  among 16-20 year old d r iv e rs , 

the same m easures o f both a lco h o l-re la ted  and non-a lcoho l-re la ted  

accidents w ere examined fo r o lder d r iv e rs . C o m p ariso n s  between the c rash  

experience o f young d r iv e rs  w ith  the c rash  experience o f older d r iv e rs  

con tro ls  fo r the p o s s ib il ity  that ooserved s h if t s  in  c rash  involvem ent 

among young d r iv e rs  were s im p ly due to general downward s h if t s  in 

co llis io n  freq uencies  among a ll d r iv e r s . Summary re s u lts  o f the ite ra t iv e  

t im e -se n e s  modeling p rocess fo r the 3FS and H ED  m easures o f



a lco h o l-re la ted  c rash es  and the HNBD m easure o f non-a lcoh o l-re la ted  

crashes* fo r d r iv e rs  aged 21-24 and 25-45* are a lso  p resen tea  in Tab le  

4 ,15 . A s ig n if ic a n t in c re ase  o f about 9 percent (p<*05) in H BD  crash  

invo lvem ent w as id e n tif ie d  fo r d r iv e rs  aged 21-24 . A lthough the other 

m easures o f a lco h o l-re la ted  acc iden ts fo r the com parison groups aged 21-24 

and 25-45  revea led  no s ig n if ic a n t changes, i t  w as in s t ru c t iv e  to note th at 

they a l l  had p o s it iv e  c o e ff ic ie n ts , compared to the c o n s is te n t ly  n egative  

c o e ff ic ie n ts  fo r the H BD and 3FS  m easures fo r d r iv e rs  under 21, The 

d iffe re n c e s  between the younger and o lder d r iv e rs  can be e a s ily  seen by 

comparing the p lot o f H BD  frequency fo r 18-20 yea r o lds (F ig u re  4.6) w ith  

the p lo t o f H BD  frequency fo r 21-24 yea r o lds (F ig u re  4 ,12 ). A c lea r drop 

occurred in 1979 fo r the 18-20 group, w h ile  the frequency fo r the 21-24 

group in cre ased . Such a p atte rn  o f fin d in g s  fu rth e r supports the 

hyp o thesis  th a t the reductions in a lco ho l-re la ted  c rash  involvem ent fo r 

d r iv e rs  under 21 was caused by some fa c to r sp e c if ic  to th at age group,

i .e . ,  the leg a l d rink ing  age, and not a re s u lt  o f genera l red uao ns in 

a lco h o l-re la ted  crash  involvem ent fo r a l l  d r iv e rs .

No s t a t is t ic a l ly  s ig n if ic a n t changes in HNBD crash  involvem ent 

w ere id e n tif ie d  fo r d r iv e rs  over the age o f 21. Fu rthe rm o re , an 

exam ination  o f n o n -a lco h o l-re la ted  c ra sh  involvem ent acro ss  the four age 

groups, revea led  neg ative  param eter e s t im a te s  fo r a ll age groups (Tab le 

4 .15). A lthough only the estim ated  reduction in  HNBD cra sh  involvem ent 

fa r  d r iv e rs  aged 16-17 w as s ta t is t ic a l ly  s ig n if ic a n t , the co n s is te n tly  

n eg ative  e s tim a te s  a cro ss  a ll  age groups indicated that there  was a sm all 

reduction in general c ra sh  involvem ent in  1^7°, The raw frequency p lo ts  

o f HNBD crash  involvem ent (F ig u re s  4 ,o , 4 .10 , 4 .15 , and 4.16) dem onstrated
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the reduced HNBD frequency fo r a l l  o f the age groups in 1979 as compared 

to  p rev io u s y e a rs . The economic recess io n  in  M ich igan , increased  motor 

fu e l p r ic e s , and a moderate fu e l shortage may account fo r the sm all 

reduction  in  o ve ra ll c rash  invo lvem ent. The number o f HNBD crash  

invo lvem ents fo r a ll o f the age groups appeared p a r t ic u la r ly  low er than 

expected fo r November and December o f 1979. The u n u su a lly  mild w in te r 

w eath e r, w ith  the concom itant la ck  o f snow and asso c ia ted  d riv ing  hazards, 

may have caused the su b s ta n tia l reduction in c rash  fre q u e n c e s  in la te  

1979.

The  im p lica tio ns fo r a determ ination  o f the cau sa l e ffe c t o f the 

ra ise d  d rink ing  age w as th a t a sm all p a rt o f the reduction in HBD and 3F3 

a lco h o l-re la ted  crash  involvem ent may be due to the genera l reduction in 

c ra sh  involvem ent in 1979. I t  w as d e a r  from the p atte-n  o f find ings 

shown in T ab le  4 .IS ,  how ever, th a t the genera l reduction in 

non-alcohol-re lated^ crash  involvem ent could account fo r only a sm all 

portion o f the s ta t is t ic a l ly  s ig n if ica n t and su b s ta n t ia l reductions in 3FS 

and H BD c rash es  among d r iv e rs  under 21 .

4.3 T im e -se r ie s  M odels o f M ichigan F a ta l C ra sh  F re q u e n c e s , P 6 3  -  197^ 

D ata  cn M ichigan f a t a l i t ie s  were a va ila b le  fo r the e n tire  1963 

through P 7 *  period indud ing  se ve ra l ye a rs  p rio r to the lowered lega l 

d rink ing  age in 1972, the seven ye a rs  during which the d rink ing  age was 

18, and one year a fte r the re tu rn  to a d rink ing  age at 21. A s was 

d iscu ssed  m Section 3 .2 , the fa ta ) c rash  freq uencies were not s t ra t if ie d  

by the po lice reported K B D 'K N B C  va riab le  because of instrum ent changes and 

data  co llection  problem s over the 1°68 to 1 373 tim e period . A s a re s u lt ,



the to ta l frequency o f fa t a l i t ie s  and the frequency o f a lco ho l-re la ted  

fa t a l i t ie s  as measured by the th re e - fa c tc r-su rro g a te  were examined fo r 

each o f the four age groups.

The o rig in a l design called  fo r the e x p lic it  te stin g  o f 

hypotheses concerning the d if fe re n t ia l e f fe c t  o f the lowered and ra ise d  

leg a l d rinking  age using the t im e -se r ie s  a n a ly s is  methods d iscussed  in 

Section 3 .4 . T r a f f ic  f a t a l i t ie s  are re la t iv e ly  ra re  e ve n ts , however, and 

the fa ta l c rash  t im e -se r ie s  had low m onthly counts, e sp e c ia lly  when 

s t ra t if ie d  by age and the 3FS in d ice s , compared to the t im e -se r ie s  

v a r ia b le s  ^ased on a 20 percent sam ple o f a ll  c rash es  presented in the 

p revious sec tio n . One consequence o f the V'w monthly frequency was a 

la rg e r random e rro r component in the s e h e s . The v o la t i l it y  o f the 

f a t a l i t y  t im e -se r ie s  could be seen by comparing the p lo ts  o f the to ta l 

c rash  s e r ie s  (F ig u res  4 .6  through 4.16) w ith  those of the fa t a l i t y  s e r ie s  

(F ig u re s  4, t7  through 4 ,24 ). The co n trast was most dram atic fo r the 

v a r ia b le s  o f p rim ary in te re s t , i .e . ,  underage d rin k e rs  involved in 3FS 

fa ta l c rash es  (compare F ig u re s  4.4 *nd 4,7 w ith  4.17 and 4 .19). The 

u n p red ic tab ility  o f the fa t a l i t y  t im e -se r ie s  w as a lso  evident m the 

p re lim inary  modeling o f 3FS f a t a lt i t ie s  fo r d r iv e rs  under 21. The 

percentage o f to ta l va rian ce  in the fa ta l it y  va r ia b le s  accounted for was 

le s s  than h a lf the percentage accounted fo r by the to ta l c rash  models 

p resented in Section 4 ,2 . A s a re su lt  o f th ese  c h a ra c te r is t ic s  o f the 

fa t a l i t y  v a r ia b le s , s t a t is t ic a l  t im e -se r ie s  in te rven tio n  models were not 

constructed . Suggestive  re s u lts  were based on a v isu a l exam ination o f the 

12 year fa ta l it y  t im e -se r ie s  v a r ia b le s .

The t im e -se r ie s  p lot o f the frequency o f 3FS  fa ta l crash
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   M t lH im it l   ...... .
iw e | 1969 | 19/0 | 19/1 | 1972 | I97J | 1974 | 197$ | 197* | 19/7 | 1978 | 1979
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Figure 4.19 Frequency of Three-factor-surrogate Fatal Crash Involvement Among
16 - 17 Year Old Drivers In Michigan, 1968 - 1979
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Figure 4.20 Frequency of Total Fatal Crash Involvement Among 16 -  17 Year Old 
Drivers in Michigan, I960 -  1979
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21 - 24 Year Old Drivers In Michigan, I960 - 1979
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invo lvem ent among d r iv e rs  aged 13-20 (F ig u re  4.17) .e vea led  increased 

m onthly frequencies in  i° 7 2  a f te r  the drink ing  age w as lowered and 

decreased frequencies in 1979 a f t e r  the lega l age w as returned to i t s  

p re-1972 le v e l . One m ight argue th at a s im ila r  p atte rn  w as evident fo r 

to ta l fa t a l  c ra sh  involvem ent among 18-20 year o lds (F ig u re  4 .13). No 

o b v io u s  s h if t s  in the frequency o f 3FS  or to ta l fa t a l c rash  involvem ent 

fo r d r iv e rs  aged 16-17 w ere asso c ia ted  w ith  the lowered drink ing  age in 

197*. or the ra ise d  d rink ing  age in  1978 (F ig u re s  4 .19 and 4 .20). 

T n re e -fa c to r-e u rro g a te  fa t a l  c ra sh  involvem ent fo r d r iv e rs  aged 21-24 and 

29-47 did not change appreciab ly  when the drinking  age w as changed The 

frequency o f to ta l fa ta l c ra sh  invo lvem ent among the 21-24 and 29-45 

groups, how ever, appeared to decline  s lig h t ly  in 1979 compared to p revious 

ye a rs  (F ig u re s  4.22 and 4 .2 * ) .

The observed changes in ratal crash frequencies baaed on a 

visual examination of the 12 year time-series plots should be interpreted 

very cautiously because of the large amount of “noise'' or random error in 

the time-series. Irregul** fluctuations in the frequency of 

alcohol-related fataliti«c among young drivers in Michigan made it 

difficult to detect small changes in the extent of the drinki.ig-dnving 

problem among youth using the fatal crash involvement time-series. Given 

the available data, it must be tentatively concluded that there was no 

demonstrable effect of the raised drinking age on the frequency of 

alcohol-related fatalities in Michigan. Further analyses of the fatality 

data, using yearly aggregates and alternative analysts techniques, were 

underway at the time this was written. <9)



A p lau s ib le  exp lanation  fo r  the la ck  o f a s ig n if ic a n t change in 

a lco h o l-re la ted  fa ta l c rash  involvem ent assoc ia ted  w ith  the ra ised  

d rink ing  age, in  co n tra st to the fin d ing s fo r to ta l a lco ho l-re la ted  crash  

invo lvem ent, m ight be suggested . F a ta l a lco h o l-re la ted  c rash  invo lved 

d r iv e rs  tend to have the h ighest blood alcohol concentrations o f a l l  

d rink ing  d r iv e rs . A s a re s u lt , fa t a l a lco h o l-re la ted  crash  involved 

d r iv e rs  a re  l ik e ly  to be h eav ie r d r in k e rs  than d rink ing  d r iv e rs  involved 

in  n o n -fa ta l c ra sh e s . I t  i s  reasonable- to argue that the h eav iest 

d r in k e rs  among the yo u th fu l d r in k in g -d n ve r population ( i .e . ,  those w ith  

the h ighest chance o f being invo lved  in a fa ta l c ra sh ), are the le a s t 

l ik le y  to be in fluencec by the a lte red  drink ing  norm s, in d u stry  m arketing 

p ra c t ic e s , and alcohol a v a ila b il it y  re su lt in g  from  a change in the leg a l 

d rink ing  age (see F ig u re  2 .9 ). In  c o n s t ra s t , yo u th fu l so c ia l d rin k e rs  are 

le s s  l ik e ly  to have ex trem ely  high blcod alcohol concentrations when 

d riv in g  a fte r  d rink ing , and th e re fo re  are  more l ik e ly  to be invo lved  m a 

n o n -fa ta l a lco ho l-re la ted  c o llis io n . Y o u th fu l so c ia l d rin k e rs  at e a lso  

l ik e ly  to be more influenced by a v a ila b il it y  and leg a l norms concerning 

d rink ing  than heavy d r in k e rs . In sh o rt , i f  a lco ho l-re la ted  fa ta l c rash  

involvem ent is  viewed as an ind ica to r o f a lco h o l-re la ted  problem s among 

heav ie r d r in k e rs , and a lco h o l-re la ted  n o n -fa ta l c rash  involvem ent is  

view ed as an ind icato r o f a lco h o l-re la ted  problem s among more m oderate 

d r in k e rs , one could c rn d u d e  that changes in the lega l drinking  age have a 

la rg e r e ffe c*  on the incidence o f a lco h o l-r Mated problem s among m oaerate 

d rin k e rs  than on the incidence o f a lco h o l-re la ted  p• oblems among hea . 

d r in k e rs .

In  summary, s ince  the m cnth ly frequency o f fa t a l i t ie s  was much



le s s  p red ictab le  than the frequency o f to ta l c ra sh e s , i t  was more 

d if f ic u lt  to id e n tify  s ig n if ica n t changes in  the frequency o f fa ta l 

c rash es  assoc ia ted  w ith  exogenous fa c to rs  such as m od ifications in the 

minimum drink ing  age. A lthough seme changes in  a lco ho l-re la ted  fa ta l i t y  

frequency associated  w ith  the lega l drinking age were noted, they could 

not be con fiden tly  a ttribu ted  to the lega l drinking  age changes. Because 

o f th e ir  reduced u se fu ln ess  fo r leg a l impact a n a ly s is  using t im e -se r ie s  

m ethods, and because fa t a l i t ie s  rep resen t only a sm all frac tio n  of to ta l 

you th fu l a lco ho l-re la ted  crash  invo lvem ent, l i t t le  em phasis has been 

placed on the re s u lts  o f the sep ara te  an a lyse s o f that subset o f a ll 

c rash es  invo lv ing  one or more fa t a l i t ie s .



N otes to Chapter 4,0

!• See Section 3 .4  fo r a d e fin itio n  o f each term  in the “ A R IM A  
( 1,0 ,OKI 0 ,0 )12" nom enclature.

2 . The param eter s ta rt in g  va lu es a re  based on the th eo re tica l 
re la t io n sh ip s  between au to co rre la tio n s  a model p aram eters , su b stitu tin g  
sam ple au tocorre la tion  e s tim a te s  fo r the corresponding population va lu e s .

3 . The f in a l re s u lt s  o f the A R IM A  modeling stage fo r each 
s e r ie s  can be found in the Appendix.

4. Percentage fig u re s  fo r those va r ia b le s  not log transform ed 
were ca lcu lated  as  fo llo w s : percent change equals ( 12x i / x 3 >100, where 
X j equals the tra n s fe r  function  point estim ate  o f change in monthly 
number o f crash  invo lvem ents asso c ia ted  w it) the in te rve n tio n , x 2 equals 
sur u f  actua l 20 percent sam ple crash  involvem ent frequency fo r the 12 
months o f 197?, and x 3 equals x 2 -  12x j , tnat i s ,  the expected
number o f 20 percent sam ple crash  invo lvem ents fc r  197? had there  been no 
d rink ing  age e f fe c t . Percentage fig u res  fo r those va r ia b le s  th a t were log 
transform ed were ca lcu lated  as fo llo w s (M cCleary and H ay , 1980117 4)! 
percent change equals (ew -  1)100 .

5 . The aggregation o f the frequency o f fa ta l c rash  involvem ent 
fo r on# yea r before^nd one yea r a fte r  the ra ised  drink ing  age, and 
a ssessm e n ts  o f the e ffe c t  o f the ra ise d  drinking  age using a lte rn a tiv e  
data a n a ly s is  techniques w ere underway at The U n iv e rs ity  o f M ichigan, 
H ighway S a fe ty  R esea rch  In s t itu te  a t the tim e th is  was w r it te n . The 
p rinc ip a l authors o f an eva lu atio n  o f the e ffe c t  o f the low ered drinking 
age on fa ta l c rash  involvem ent (F lo ra  et a l . ,  P73> jse d  t) e same m ethccs 
to e va lu a te  the e ffe c t  o f the ra ised  u rink ing  age on fa t a l i t ie s . Although 
the method does not contro l fo r long term p atte rn s in the outcome 
v a r ia b le s , it  avo ids some o f the problems encountered when analyzing 
fa t a l i t ie s  in a t im e -s e n e s  design .



5.0 T H E  R A IS E D  L E G A L  D R IN K IN G  A G E AND A G G R E G A T E  A LC O H O L 
CONSUM PTION IN  M ICH IG AN

Although assessm e n ts  o f the e f fe c ts  o f changes in the lega l 

drinking  age have la rg e ly  been concerned w ith  the incidence o f motor 

veh ic le  c o llis io n s  among youth , a major in terven ing  va ria b le  between lega l 

drinking age m od ificatio ns and changes in the frequency o f a lco ho l-re la teo  

t r a f f ic  c o llis io n s  i s  the amount and p attern  o f youth fu l alcohol 

consumption (see F ig u re  2 .9 ). In  th is  chap ter, the lim ited  research  on 

changes in yo u th fu l alcohoi consumption fo llow ing reductions in  minumum 

age o f purchase s ta tu te s  is  rev iew ed , and changes in aggregate beverage 

alcohol s a le s  in M ichigan associa ted  w ith  the ra ised  drinking age are 

exam ined.

5.1 L ite ra tu re  R^/iow

E x is t in g  l ite ra tu re  on the e ffe c ts  o f charging the drinking  age 

on you th fu l alconol consumption has focused on th ree main types o f alcohol 

consumption d a ta : (A> se lf- re p o rte d  consumption, (B ) perceptions of 

youth fu l consumption p a tte rn s  reported by school o f f ic ia ls ,  and <C> 

aggregate s a le s  vo lum es. W olfe and Chapman (1975a, 1 v7'b) surveyed 

Michigan high school s tu d en ts  in 1971 before  the d rink ing  age was low ered , 

and again in 1°73 a fte r the reduction in the drinking age, and found 

su b s ta n t ia lly  increased  frequency o f d rink ing , and increased q uan tity  

consumed per occasion . According to the au thors , the in cre ase s  were 

co n sis te n t w ith  p re -e x is t in g  trends in  youthfu l alcohol u se , and th e re fo re
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could not be unam bigously a ttrib u ted  to the lowered leg a l d rink ing  age.

Sm art and Schmidt (1975) conducted a s im ila r  before and a fte r  

su rve y  o f Toronto  jun io r and senior high school s tu d e n ts . A fte r  a 

reduction in th e  d rink ing  age. 41 percent o f the stu den ts  reported no 

change in  d rink ing  p a t te rn s . 20 percent reported drinking  more. J  percent 

reported  d rink ing  le s s , and 9 percent ind icated  that they had sta rtec . 

d rink ing  s ince  the d rink ing  age had been reduced. Sm art and Schmidt a iso  

su rveyed  co llege s tu d e n ts , the m ajo rity  o f whom reported *>o change in 

frequency or q u an tity  o f alcohol consumption, although 55 percent did 

rep o rt in creased  p atro n izatio n  o f public drinking estab lish m en ts  since the 

leg a l change.

McFadden and M esch ler (197°) surveyed  M assachu setts  teenagers in 

1965. 1970, and 1°74 . Y o u th fu l alcohol consumption increased  between 1965 

and 1970, when th e re  w as no change in the drinking  age. as w e ll as between 

1*70 and 1974, when th e re  was a reduction in the leg a l age from 21 j  13.

(1) The au tho rs a lso  surveyed  New England co llege students m 1977, and 

found th a t s tu d e n ts  from  s ta te s  w ith  a low lega l d rink ing  age consumed 

alcohol more freq u e n tly  than students from s ta te s  w ith  a high d rink ing  

age.

Rooney and Sw artz  ( P 7 7 )  surveyed high school stu den ts in th ree  

se lected  s ta te s  w ith  minimum lega l drinking  ages at 13. and two se lected  

s ta te s  w ith  d rink ing  ages at 20 and 21, re sp e c tiv e ly . The sam ples were 

not dem onstrab ly re p re se n ta t iv e  o f the high school aged population in the 

s ta te s  exam ined . They found th at 42 percent o f the students in s ta te s  

w ith  *he d rink ing  ages at 20 or 21, and 47 percent in s ta te s  w ith  the 

d rink ing  age at 18, reported  <r t  jm ing beer once a week or m ore.



Fu rtherm o re , s tu d e n ts  in s ta te s  w ith  a high drink ing  age had a low er 

p revalence o f a b s ta in e rs  (19 v e rsu s  24 percent), and a h igher incidence o f 

a lco ho l-re la ted  problem s. The authors concluded th a t a high drinking  age 

has no b en e fic ia l e f fe c t  in con tro lling  alcohol consumption among young 

people, and th a t i t  may a' en have adverse  e f fe c t s ,

O pposite re s u lt s  w ere obtained by M aisto  and P.achal (1930) in 

th e ir  a n a lyse s  o f a nationw ide p ro b ab ility  sam ple o f high school s . jd e n t s . 

They found th at stu d e n ts  in  s ta te s  w ith  a higher leg a l d rink ing  age were 

more l ik e ly  to be a b s ta in e rs , le s s  l ik e ly  to be heavy d r in k e rs , and 

experienced in to x ica tio n  le s s  freq u e n ctly  than stu den ts  in  s ta te s  w ith  a 

low er d rink ing  age. The authors concluded th at the leg a l a v a ila b il it y  o f 

beverage a lcohol, as  re fle c te d  in  the d rink ing  age, is  a sso c ia ted  w ith  the 

drink ing  p rac t ice s  o f young people.

Percep tions o f school o f f ic ia ls  have a lso  been used a s  an 

ind icato r o f changes in yo u th fu l alcohol consumption concom itant w ith  

low ering th« d rink ing  age. Hammond (1973), question ing 354 K .ch ig an  high 

school p r in c ip a ls , found th a t the m ajo rity  reported more drink ing  among 

15-17 yea r old stu d e n ts  a f te r  the drink ing  age was low ered . A s im ila r 

su rvey  in the Toronto  a rea  found that v lc e -p r in a p a ls  reported  more 

drink ing  among stu d en ts  a t school functions a fte r  the d rink ing  age w as 

lowered (Smart and Schm idt, 1975).

The th ird  major type o f data  th at has been used to a s s e s s  the 

impact o f reduced d rink ing  ages on a lco to l consumption p a t te .n s  is  

aggregate sa le s  v o lu m  i .  Sm art and S .h m ia . ( 1 ° 7 5 ) ,  in  a com parison o f 

O ntario  beverage alcohol sh ipm ents b e fo re  and a fte r  a reduction *n the 

legal age. found that consumption in the f i r s t  f iv e  months a fte r  the leg a l



change w as h igher than expected on the b a s is  o f the pre-change f ig u re s . 

In creased  alcohol s a le s  w ere p a rt ic u la r ly  o b v io u s  fo r on-prem ise s a le s , 

strengthen ing  the argument th at the lowered drinking  age w as at le a s t  a 

p a r t ia l cause o f the observed  changes.

B a rsb y  and M arsh a ll (197'7), exam ining aggregate d is t il le d  

s p ir i t s  s a le s  in  25 s ta te s , did not id e n t ify  any s ig n if ica n t impact o f 

lowered leg a l purchase ages on s p ir i t  s a le s . The authors temper th e ir 

conclu sions, how ever, by noting fo ur lim ita t io n s  o f th e ir  s tu d y . F i r s t ,  

any change in d is t i l le d  s p ir i t s  consumption by youth fo llow ing  drinking 

age changes would have to be su b s ta n tia l before the impact would be seen 

in the aggregate s t a t i s t ic s .  Second, ve ry  l i t t le  is  known about changes 

in consumption p a tte rn s  a fte i leg a l changes) a change in location  or 

q uan tity  consumed per occasion re su lt in g  from the lowered drink ing  age, 

fo r exam ple, could have s ig n if ic a n t ad verse  health  consequences, 

independent o f the to ta l q u an tity  consumed. T h ird , the an a lyse s  were 

applied only to d is t i l le d  s p ir i t s ,  not beer or w ine , which are more 

popular beverages among young d r in k e rs . Fo u rth , the tim e-span covered by 

the study was sh o rt , includ ing only one yea r before and one year a fte r  the 

leg a l changes.

D oug lass and Freedm an (1977) avoided the la s t  two design 

lim ita t io n s  o f B a rsb y  and M a rsh a ll's  study by exam ining the m onthly 

aggregate s a le s  o f draught b ee r, packaged beer, w ine , and d is t i l le d  

s p ir it s  in M ichigan over an e ight year period . A s t a t is t ic a l ly  

s ig n if ica n t in crease  in  draught beer sa le s  was asso c ia ted  w ith  low ering 

the drink ing  age. The au tho rs  a ttrib u ted  the s h if t  in draught beer sa le s  

to the lowered d rink ing  age, s ince  no other confounding fa c to rs  were
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id e n tif ie d  th at could have p lau s ib ly  accounted fo r the observed 

re la t io n sh ip , No s ig n ifican t- s h if t s  were id en tif ied  fo r any o f the other 

beverage ca teg o rie s .

Sm art and Goodstadt (1977) d iscussed  a study conducted by Sm art 

and F in le y  in  which per cap ita  beer consumption in  ten Canadian provinces 

was exam ined . E ig h t p rovinces that lowered th e ir drinking ages were 

compared w ith  two th at hac net changed during the study period . Although 

increased  beer s a le s  were ev ident in the p re-p ost com parisons fo r th ree 

provinces experiencing  a reduction in the drinking  age, the in c re a se s  were 

s im ila r  in magnitude to  the experience o f the two contro l p rov inces. 

Moreover* beer s a le s  decreased in the o ther five  p rov in ces. Sm art and 

Goodstadt conclude th a t the s tu d y 's  find ings do not a llow  any general 

conclusion as to the e ffe c t  o f lowered drinking ages on to ta l beer s a le s .

F in a l ly ,  Sm art (1977) compared s a le s  u f b eer, w ine , and 

d is t il le d  s p ir i t s  in 25 s ta te s  which reduced the drink ing  age w ith  25
4

s ta te s  w ith  unchanged drink ing  ages. Although no s ig n if ica n t d iffe re n ce s  

between the s ta te s  w ere id en tif ied  for w ine or d is t i l le d  s p ir i t s ,  

in cre ase s  in beer s a le s  were about s ix  percent g reate r in  the s ta te s  w ith  

lowered d rink ing  ages than s ta te s  w ith  an unchanged lega l age.

The e x is t in g  l ite ra tu re  concerning the e ffe c t of reduced legal 

drinking  ages on beverage alcohol wcnsumpticn among >outh has s ig n if ica n t 

m ethodological lim ita t io n s  and provide* in co n s isten t r e s u lt s . Even le s s  

Is  known about the e ffe c t o f ra is in g  the drinking age, in sp ite  o f a 

d e fin ite  trend toward a higher minimum alcohol purchasing age in recent 

y e a rs . To help f i l l  the gaps in p resent knowledge, an exam ination o f 

monthly aggregate beer and wine d is trib u tio n  volumes in the S ta te  o f



Michigan w as conducted.

5.2 Method

D ata  obtained from  the M ichigan B eer and Wine W ho lesa le rs 

A sso c ia tio n  were used to  construct m onthly tim e- :a -rie s  o f the aggregate 

volum es o f packaged beer* draught b eer, and wine d is tr ib u ted  in the S ta te  

o f M ich igan . These  data  were cb ta in tw  j r  the e leven yea r period from  

Ja n u a ry  o f 1969 through Feb ru ary  o f 1980 (see F ig u re s  3 .1 , 3 .2 , and 7*3)* 

Long s e r ie s  o f o b se rva tio n s  w ere required to a s se s s  the degree to which 

beverage d is tr ib u tio n  volum es in 1979, a fte r  the d rink ing  age w as ra ise d , 

were d if fe re n t from  what would have been expected g iven the long term  

p a tte rn s  in  apparent alcohol consumption.

S h if t s  in the volume o f beverage alcohol d is tr ib u te d  in M ichigan 

at the tim e the d rink ing  age w as ra ised  could have been s t a t is t ic a l ly  

te sted  using  the B o x - Je n k in s  in te rven tio n  a n a ly s is  tect/uques d iscus- *d in 

Section 3 .4 . H ow ever, because o f confounding eve n ts  t£ in c d e n t w ith  tne 

ra ise d  d r in lin g  age, and because o f the lack  o f age sp e c if ic  alcohol 

consumption d ata , s im p le  s h if t s  in aggregate alcohol s a le s  a sso c ia ted  w ith  

the ra ise d  d rink ing  age were not expected . W ithout age-specific  alcohol 

consumption d ata , conclusions concerning the e ffe c t of the drink ing  age on 

the d rink ing  p ractice s o f youth mc.st be made ca u tio u s ly . I f  changing the 

drink ing  age does in flu ence  consumption among young people, such an  e ffe c t  

would have to  be la rg e  before  it  would be evident in the aggregate sa le ' 

d ata . T h e re fo re , ra th e r than a hypothesis te stin g  a n a ly s is , such as  w as 

reported in C hapter 4 .0 , an exp lo ra to ry  exam ination of changes in alcohol 

d is tr ib u tio n  during 1̂ 7*> and e a r ly  l^gO was conducted.



' The data  a n a ly se s  began w ith  a ca re fu l exam ination o f each

tim e -se n e s  p lot fo r changes in  the aggregate sa le s  o f a lcoho lic  beverages 

associa ted  w ith  ra is in g  the leg a l drinking age. In  addition  to v is u a l 

exam inations o f the raw data  p lots* the general m u lt ip lic a t iv e  seaso na l 

Auto R e g re ss ive  In teg ra ted  Moving A verage (A R IM A ) ^ m e -se n e s  modeling 

s tra te g y  developed by Box and Je n k in s  (1976) was used to build a 

parsim onious model th a t adequate ly accounted fo r the p atte rn  o f 

au tocorre la tion  in each v a r ia b le . The ite ra t iv e  sp e c if ic a t io n , 

e stim a tio n , and eva lu atio n  modeling s tra te g y  was applied to the 1963 

through 1973 b ase lin e  period o f each t im e -s e n e s . The  re su lt in g  models 

were used to fo rc a s t beverage d is  .rib u tion  fo r 1979 and e a r ly  1930 and the 

actua l d is tr ib u tio n  f ig u re s  were compared to the fo recasted  v a lu e s .

( S u b sta n tia l d e v ia tio n s  o f the actua l d is tr ib u tio n  volum es from the

forecasted values based on previous distributor patterns were considered 

indicative of the effects of exogenous factors such as the increase in the 

legal drinking age, the ban on non-returnable beverage containers, and the 

Michigan economic downturn of 1979. (21

5.3 Results

A Seasonal Auto-Regressive-Integrated-Moving-Average model was 

identified as the best description of wholesale packaged beer shipments 

from l«69 through 1973 (Figure 5.1). The identified ARIMA .node!, shown in 

Table 5.1, was used to forecast packaged beer distribution for the 

subsequent I * months. A comparison of the forecasted and actual values 

(Table 5.2), indicated that the actual packaged beer distribution for 10 

of the U  pest drinking age change months were 5 to 20 percent lower than
\
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Figure 5.1 Wholesale Distribution of Packaged Deer In the State of Michigan: 
January 1969 through February 1900



Table 5.1 Estimated Baseline Model c 'ackaged Beer Distribution: 
January 1969 Through Dece/u. .r  1978

Model Form: ARIMA (1 ,0 ,0 )(1 ,1 ,0 )12 with no transformatlc'S

Parameter Estimates 95 Percent Confidence Interval

■ -2576 .0661 to .4491

^  * **4022 -.6000 to -.2044

Q-statist1c • 16.54 with 18 degrees of freedom 

R2 ■ .65



Table 5.2 Comparison of Forecasted and Actual Packaged Beer Distribution: January 1979 Through
February 1980

Month Percent Change Actual Value Forecasted Value 95 Percent Confidence

January ♦18.77 500,590 421,480 324,130 - 518,830
February ♦1.56 467,930 460,720 360,190 - 561,250
March -9.37 530,220 585,030 484,290 - 685,770
April -17.93 464 ,500* 565,980 465,230 - 666,740
May -13.87 555,220 644,600 543,850 - 745,360
June -12.13 578,620 658,530 557,770 - 759,200
July -13.78 546,980 634,440 533,690 - 735,200
August -7.45 557,570 602,480 501,720 - 703,230
September -12.01 454,620 516,700 415,940 - 617,450
October ♦24.71 503,320 403,590 302,030 - 504,340
November -6.71 450,190 482,680 381,920 - 583,430
December -17.42 4*4,990 514,650 413,900 - 615,410
January -.70 407,490 410,370 294,050 - 526,690
February -7.41 429,640 464,030 346.750 - 581,310

‘Significantly different from forecasted value with p s .05.
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expected given the b ase lin e  d a ta .

Important deviations from the overall pattern of lower than 

expected packaged beer distribution were present. F irst, the actual 

distribution for October 1«7° was about 23 percent higher than forecasted 

The forecasted value for October 1979 was low because of the unusually 

low volume for October 1978. Since the year immediately prior to the 

forecasts (i.e. the last year of the baseline period) has a 

disproportionate influence on the forecast values, the unusually low 

volume for October 1978 caused a low forecast for October P79, As a 

result, the actual October l *>7« distribution was 23 percent higher than 

the forecast.

A second deviation from the overall reduction in packaged beer 

distribution was a 19 percent higher than forecasted volume for January 

197°, The distribution volume in February 1*7? was also higher than 

predicted, although only marginally (14 percent). As a result of the 

higher than expected distribution valunes for *he early months of 1979, 

and the lower than predicted distribution »u »he summer months, the 

variation in packaged beer distribution was substantially less m |*79 

comoared to the baseline years.

In short, two changes in the volume of packaged beer 

distribution in Michigan were found when comparing the fust 14 months 

after the drinking age was raised to the previous 10 year period. Fu st, 

an overall reduction in packaged beer distribution was evident. Second, 

higher than forecasted distribution for the first two months of !97r» 

combined with lower than forecasted distribution vckme for the summer 

months, resulted in a reduction in the sea ion al variation in apparent



packaged beer consumption.

Th* aggregate distribution of draught beer (Figure 3.2) from 

1969 through 1*78 m s s  slso modslsd Mlth s  specific form of the gsnsrsl 

seasonal multlpllcstivs ARIMA modsl. Th* identified bsssline model (Table 

5.3) wss used to generate the forecasts presented in Table 3.4. An 

examination of the time-series plot and the 'percent change* column of 

Table 3-4 indicated that there m s s  an overall increase in draught beer 

distribution in the first 14 months after the legal drinking age m s s  

raised. (3) Only three months deviated from the pattern of increased 

draught beer sales! sales were lower than forecasted in February, March, 

and November of 197*. The deviations from the pattern of increased 

draught beer consumption were small, however, and were attributed to 

random error.

A first-order moving average model was identified as the best 

description of wine distribution in Ml higan from 1**9 through 1978 

(Figure 3.3). Using this baseline nodel (Table 3*3), the forecasts 

presented in Table 3 4  were generated. The actual values were generally 

lower than forecasted, indicating a reocction in wine distribution from 

what one would have •  * peeled given previous trends. An initial 

examination of the time-series plot (Figure 3.)) might lead one to 

conclude that there was no change in total win# distribution after the 

drinking age was raised m Decamp** of 1 >’ 4. The reduction in wine 

distribution was evident in Table 3 4  because the model on which the 

fo*era«ts were based included a significant constant arm (equal to 5«0f 

gallons per month*, representing the slope of the baseline trend. Since 

the *orecesti% odel as.v» <ed the baseline t/*nd widen* o*e* the
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Figure S .2 Wholesale Distribution of Drauoht Beer In the Stete of Michigan: 
January 1969 through February i960



Table 5.3 Estimated Baseline Model of Draught Beer Distribution: 
January 1969 Through December 1978

Model Form: ARIMA «2,1,0)(1,1 ,0 )^  with no transformations

Parameter Estimates 95 Percent Confidence Interval

#1 ■ -.6783 -.8546 to -.5020

♦2 • -.4463 -.6204 to -.2723

• -.2314 -.4303 to -.0325

Q-stat1st1c • 22.*6 *1th 1/ degrees of freedom

R2 - .57



Table 5.4 Comparison of Forecasted and Actual Draught Beer Distribution: January 1979 Through
February 1900

Month Percent Change Actual Value Forecasted Value 95 Percent Confidence Interval

January ♦18.13 67,816 57,409 46.883 - 67,935

February -7.25 57,427 61,918 50,800 - 73,036

March -1.25 73,698 74,631 62,933 - 86,329
April ♦9.24 76,690 70,205 56,780 - 83,630

May ♦20.97 97,437* 80,548 56,352 - 94,744

June ♦5.52 97,346 92,252 77,315 - 107,190

July ♦12.41 99,107 88,165 72,256 - 104,070

August ♦18.33 98,727 83,434 66,783 - 100,080

September ♦21.92 92,339 75,740 58,375 - 93,105

October ♦20.11 81,571 67,915 49,800 - 86,031

November -1.46 75,532 76.650 57,857 - 95,443

December ♦6.02 74,351 70,130 50,682 - 89,579

January ♦14.72 70,825 61,738 38,422 - 85,054

February ♦ 9.59 72,929 66,546 41,999 - 91.093

•S1gn1flcantly different from forecasted value with pf .05.



SN
O

TJW

no/vw

1 9 6 9  I I  9 7 0  I 1 9 7 1 1 1 9 7 2 1 1 9 7 3 *  1 9 7 4 |  1 9 7 5 1  1 9 7 6 I 1 9 7 7 1 1 9 7 8  1 9 7 9

Figure 5.3 Wholesale Distribution of Wine 1n the State of Michigan: 
January 1969 through February 1980



Table 5.5 Estimated Baseline Model of W1ne Distribution: 
January 1969 Through December 1978

Model Form: ARIMA (0,1,1)(0,0.0) with no transformations

Parameter Estimates 95 Percent Confidence Intervals

■ .9027 .8171 to .9882

a • 5608 2936 to 8281

Q-stat1st1c ■ 23.32 on 18 degrees of freedom



Table 5.6 Comparison of Forecasted and Actual Wine Distribution: January 1969 Through February 19Q0

«M
U1

Month Percent Change Actual Value Forecasted Value 95 Percent Confidence Interval

January -21.59 960.830* 1,225,400 962,120 1,488,700

February -19.23 994.280 1,231,000 966,490 1,495,500

March -.89 1.225.600 1,236,600 970,860 1,502,400

April -21.10 980.130 1,242,200 975,230 1,509,200

May -2.70 1.214.100 1,247,800 979,620 1,516,000

June -3.00 1.215.800 1,253,400 984,000 1,522,900

July -18.39 1.027,400 1,259,000 988.400 1,529,700

Augus t -8.68 1,154,900 1,264,700 992,800 1,536,500

Septeatoer -20.51 1,009,700 1,270,300 997.200 1,543,300

October ♦23.90 1,580.800* 1,275,900 1,001,600 1 ,5 : 0.100
November ♦20.98 1,550,400 1,281,500 1,006,000 1.556,900

December -3.92 1,236,700 1,287,100 1,010,400 1,563,700

January •23.87 984.140* 1,292,700 1,014,900 1,570,500

February -22.29 1,008,900* 1,298,300 1,019,300 1.577.300

•Significantly different from forecasted value with p * .05.



through 1978 period would continue, most o f the fo recasted  va lu es were 

la rg e r than the actua l v a lu e s , which did not fo llow  the upward trend , The 

d ev ia tio n s  o f the actua l va lu es from the fo re c a sts  ind ica ted , th e re fo re , 

that th ere  apparently was a change in slope s ta rt in g  a t the beginning o f 

1979, w ith  the upward trend id en tif ied  during the b ase lin e  period no 

longer ev id e n t.

Tw o months d ev ia te  from the o ve ra ll p atte rn  o f low er than 

expected w ine d is tr ib u tio n  In 1979 and e a r ly  1980. Wine d is tr ib u tio n  in 

October and November 1979 was 24 and 21 percent h igher than fo reca sted , 

re s p e c t iv e ly . Excep t fo r th ese  two m onths, w ine d is tr ib u tio n  a fte r  the 

d rink ing  age was ra ise d  was co n s is te n tly  low er than predicted using the 10 

year b ase lin e  period .

9 .4  D iscu ss io n

In summary, packaged beer distribution for January 1979 through 

February ! *90 was clearly lower than expected, and draught beer was 

dearly high#' than expected given the trends evident over the previous 10 

years. Wine distribution fell somewhat for most of 197*, but rebounded 

late in the year. A portion of the decrease in packaged beer sales may 

have been due to t*w raised drinking age. but other factors were also 

present. A main confounding factor was the ban on non-returnable beverage 

containers in Michsgar, which was implemented in the same month the 

drinking age was raised The resulting increase in packaged beer prices 

(Michigan State Legislature, P7*>i may have caused a shift to the less 

expansive draught beer by those who consumed bottled beer in public 

drinking establishments. (4» The increased price cf bottled bear and the



inconvenience o f re tu rn ab le  con ta iners may have caused consumers res id ing  

near bordering s ta te s  w ith  non-re tu rnab le  co n ta ine rs  to purchase th e ir 

packaged beer acro ss s ta te  l in e s .

The s u b s ta n t ia lly  increased  sa le s  o f draught beer was contrary 

to the h yp o thesis  th a t the ra ised  drinking  age would reduce on-prem ise 

draught beer consumption by reducing the population o f leg a l d r in k e rs . I t  

is  im portant to note , how ever, th a t only a sm a ll proportion o f to ta l 

draught beer d is tr ib u tio n  rep re se n ts  consumption by 18-20 year old 

d r in k e rs . The increased  d is tr ib u tio n  volum es may re f le c t  changes in 

consumption among d rin k e rs  21 and o ve r. A p la u s ib le  e x p la n a t .jn  o f the 

increased  draught beer s a le s  is  that t i e  economic recess io n  in  Michigan 

Increased  draught beer consumption among unemployed w o rke rs . Another 

consid eration  is  th a t draught beer is  not so le ly  consumed on-prem ise .

P a rt  o f the increased  draught beer sa le s  in 1*79 may be a re s u lt  o f an 

increased  number o f "kegger" p a rt ie s  among 19-20 yea r o ld s , where a lega l 

d rin ke r purchases a keg o f draught beer fo r consumption o f f  p rem ise at a 

p a rty  attended by underage d r in k e rs .

F in a l ly , the low er than expected d is tr ib u t io n  o f wine fo r most 

o f 1* 7 °  could be in te rp re ted  as a re su lt  o f the ra ised  d rink ing  age. 

H ow ever, th# high win# d is trib u tio n  f ig u re s  fo r October and November 1*7* 

com plicate such an in te rp re ta tio n .

One can on ly specu la te  as to the cau sa l s tru c tu re  underly ling  

th# observed changes in beverage alcohol d is tr ib u tio n  in  M ichigan in  1*7° 

and e a r ly  1*80. W ithout age tp e a f ic  consumption d « ia  the e ffe c t o f the 

' i t t e d  d rink ing  age could not be ir  ambiguously determ ined. Furtherm ore , 

de* a iled  in fo rm ation  or the drinking  p ra c t ice s  o f va rio u s  lubpopulations



w ith in  the s ta te  as  id e n tif ie d  by s t ra t if ic a t io n  v a r ia b le s  such as  income 

le v e l and employment s ta tu s  is  n ecessa ry  fo r an assessm en t o f the re la t iv e  

in flu ence  o f economic co n d itio n s, p rice  changes in va rio u s  beverage 

c a te g o rie s , and the leg a l drinking  age, on in d iv id u a l d rink ing  p a tte rn s .
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N otes to C hapter 7 .0

1 . The leg a l d rink ing  age in  M assach u se tts  w as lowered from 21 
to  18 in 1973.

2 . See M cC leary and Hay (19801222*224) fo r a d iscu ss io n  o f the 
lim ita t io n s  o f using u n iv a r ia te  fo re c a s ts  fo r an assessm e n t o f the e f fe c t s  
o f exogenous fa c to rs  on t im e * sc n e s  m easu res .

3 . The percent change f ig u re s  rep re se n t the d iffe re n ce  o f the 
actu a l v a lu e  f c r  a p a rt ic u la r  month from  the fo recasted  va lue  exp ressed  as 
a percentage .

4 . In  pub lic  d rink ing  e sta b lish m en ts  in M ich igan , draught beer 
is  c o n s is te n t ly  the lo w est priced a lcoho lic  beverage (D oug lass e t a l . .
!<>80).

(



6.0 SUMMARY AND CONCLUSIONS

The present study has investigated a complicated relationship 

between a legal change and a major public health problem. Discussed below 

are (A) the findings and conclusions of this research* (B) recommendations 

for further research, and <C) implications and recommendations for public 

health policy.

6.1 Summary of Findings

The most important hypothesis of this research was that the 

raised legal minimum drinking age (from 13 to 21) caused a reduction in 

alcohol-rfla*ed motor vehicle crash involvement among drivers aged 18-20 

(see Section 2.4). The ita on crash involvement in Michigan clearly 

supported this hypothesis. Controlling for trends* seasonality, and other 

patterns in the frequency of police-reported “had been drinking" (HBD) 

crash involvement arrcng .3-20 year old drivers* a reduction of 31 percent 

occurred in the first 12 months after the drinking age was raised from 13 

to 21 in December of 1*73.

To control for potential unreliability in police-reported 

alcohol-involvement, a "three factor surrogate" <3FS) measure of 

alcohol-related crash involvement was also used. Analyses of late-ntgnt* 

single-vehtde crashes with a male driver, of which a majority have been 

consistently identified as mvolvirg a drinking driver* revealed » 

statistically significant reduction of 18 percent among drivers aged 1 3 -2 0  

af'er the htgne» legal drinking age was implemented. In terms of the

1 5 7



actua l reduction in the frequency o f co llis io n  invo lvem ent, an estim ated  

reduction o f 133 a lco ho l-re la ted  crash  invo lvem ents per month occurred 

a fte r  the drinking age was ra ise d . O ver the f i r s t  12 months a fte r 

im plem entation o f the higher drinking age in M ichigan, th e re fo re , an 

estim ated  1650 few er a lcu no l-re la ted  crash  invo lvem ents occurred than 

would have been expected , g iven the trend s evident during the 1972 through 

1978 b ase lin e  period .

A n a ly se s  o f non-a lcoho l-re la ted  c rash  involvem ent among 13-20 

year o lds id en tif ied  a n o n -s ig n ifican t 7 percent drop in 1979. Since the 

s ig n if ica n t crash  reductions fo r 13-20 year o lds were not found for 

general non-a lcoh o l-re la ted  c ra sh e s , one cannot a ttr ib u te  the observed 

red u ctio r in HBD and 3FS crash  involvem ent to increased  fu e l p r ic e s , 

economic re ce ss io n , and other such confounding fa c to rs . I f  one deducts 

the (n o n-stg m f:can t) 7 percent reduction in "had not been dr*nking“

(HNBD) c rash  involvem ent from  the more co n se rva tive  d rink ing  age impact 

e stim ated , i .e . an 18 percent reduction in  3FS  crash involvement, an 11 

percent reduction in alcohol-related crash involvement remain*, even after 

the (non-significant) effects of other factors are subtracted. It is 

clear that general reductions in crash involvement Joe to potential 

ccnfour ling factors cannot exp la in  away the substantial reduction in 

alcohol-related crash involvement among drivers aged 13-20 after the 

drinking age was raised.

In addition to analyses of all alcohol-related crash uwol' rmc'it 

(including property damage, injury, and fatal collsions), separate 

analyses cf fatal crash involvement were conducted. Preliminary analyses 

did not reveal cubstantul charges in 3FS fatal crash invclvam*nt that



could reliably be attributed to the raised drinking age. See Section 4.3 

for a discussion of the limitations on eparate analyses of fatalities.

The second hypothesis was that lowering the legal drinking age 

from 21 to 15 in 1972 caused an increase in alcohol-related crash 

involvement. Inconsistencies in the recording of non-fatal crash 

involvement in several Michigan jurisdictions prior to 1972 precluded the 

use of those data for an evaluation of the lowered drinking age in the 

present study. Accurate counts of fatal crash involvement were available 

for the 1°68 through 197° period. Examination of the time-senes plots of 

fatal crash involvement provided some evidence that the lowered drinking 

age was associated with increased alcohol-related fatal crash frequencies, 

but the small monthly count of age-specific fatalities precluded any 

reliable andusions. The best estimate of the effect of the lowered 

drinking age on alcohcl-related crash involvement remains that of Douglass 

and Freedman <P77 ) ,  They analyzed a set of Michigan Jurisdictions with 

complete accident reporting over the 1^*3 through 1*73 pencd. using a 

time- tries des.gn. The results revealed a 17 percent <p-.*.Q6) increase in 

total tngn-fatal and fatal) alcohol-related oath  involvement (as measured 

by the ?FS indicator) among drivers agad Id -2 0  associated with the lowered 

drinking age. Since total crash involvement among 13-20 year old drivers 

was '4> only 3 percent, and since alcohol related crash moUememt of 

drivers over 21 was up only 3 percent, the 17 percent increase in 

alcohol-related crash involvement among ye mg drivers was attributed to 

the raised drinking age.

Hypotheses three through five stated that the raised and lowered 

dnnkmg age would cause ch« jes in alcoh I-related crash involvement of



d r iv e rs  aged 16 17, although w ith  a sm a lle r magnitude o f impact than the 

fo ca l 18-20 age group. The re s u lts  o f the cu rren t resea rch  provided some 

support fo r th ese  hyp o theses. F i r s t ,  w ith  regard to the e ffe c t  o f the 

ra ise d  d rink ing  age, a s t a t is t ic a l ly  s ig n if ic a n t IS percent reduction in 

3F5  c ra sh  invo lvem ent occurred a t the tim e the d rink ing  age w as ra ise d .

An estim ated  reduction o f 47 crash  invo lvem ents per month was associa ted  

w ith  the ra ise d  d rink ' yq age. The re s u lts  were more ambiguous than the 

re s u lt s  fo r the 18-20 age group, how ever, s ince  only a sm a ll, 

n o n - s ta t ls t ic a l ly  s ig n if ic a n t reduction in "had been drinking '' crash  

invo lvem ent w as id e n tif ie d  ror d r iv e rs  aged 16-17.

The ex«ct reasons for this discrepancy are unknown. However, 

the three-factor-surrogate is generally considered the more reliable 

measure, because the subjective "had been Irinking" measure may be 

influenced by numerous uncontrolled influences, particularly for underage 

youth. As a result, it is  cautiously concluded that alcohol-related 

crashes among 16-17 year old drivers did decease subsequent to the higher 

legal drinking age. Since “had not been drinking* o r ash involvement also 

experienced a significant 7 percent decrease, part »r ,<€ IS percent 

decease in alcohol-related ( I* ., 3FS) crash involvement may have been 

caused by factors unrelated to the drinking age. The remaining 3 percent 

<!.e., IS less 7) decrease in 3FS crash involvement can be considered the 

drinking age effect, supporting the hypr hests that the raised drinking 

age hat an effect on drivers aged 16-17 that is smaller in magnitude than 

the effect on drivers aged 18-20.

With regard to the effect of the lowered drinking age cn drivers 

aged 16-17, examination of the >*quency of fatal 3F3 crash involvement



did not re ve a l any s ig n if ic a n t  e f fe c t s . D oug lass and Freedm an's (1977) 

a n a lyse s  o f both fa ta l and n o n -fa ta l a lco ho l-re la ted  crash  involvem ent fo r 

M ichigan ju r isd ic t io n s  w ith  co n s is te n t ly  reported crash  involvem ent data 

a lso  found no s ig n if ica n t e ffe c t  o f the lowered drinking age on d r iv e rs  

aged 16-17 .

In  sh o rt , the low ered drinking  age did not have a dem onstrable 

e ffe c t  on a lco ho l-re la ted  c rash  invo lvem ent o f underage d rin k e rs . There  

is  some evidence th at the ra ise d  d rink ing  age may be associa ted  w ith  

reduced a lco ho l-re la ted  co lls io n  invo lvem ent among 16-17 year old d r iv e rs . 

H ow ever, in co n s iste n t re s u lt s  acro ss the H BD  and 3FS m easures, and the 

s ig n fica n t drop in  non-a lcoh o l-re la ted  c rash  involvem ent fo r the age 

group* in d ica te  th at one cannot unequivocably conclude th at the ra ised  

drinking  age caused reduced a lco ho l-rp la ted  c rash  involvem ent among 

d r iv e rs  aged 16-17,

The f in a l hyp o thesis  proposed m Section 2 .4 was that the 

lowered leg a l d rink ing  age had a g rea te r e ffe c t  on co llis io n  involvem ent 

than the ra ise d  drink ing  age. T h is  hypothesis was not supported by the 

fin d in g s . D ouglass and Freedman (1*977:46) reported a 25 percent in crease  

in to ta l ( i .e . f a t a l ,  in ju ry , and property damage) H3D  crash  invo lvem ent, 

and a 17 percent in crease  in 3FS c rash  involvem ent among d r iv e rs  aged 

18-20 a fte r  the drinking  age w as low ered in 1972. The p resent resea rch  

id en tif ied  a 31 percent reduction in to ta l H BD  crash  involvem ent and an 13 

percent reduction in 3FS c rash  involvem ent among 13-20 year old d r iv e rs  

a fte r  the drm km g age was ra ise d  in 1973. The m agnitudes o f  the tvo  

estim ated  legal im pacts were rem arkab ly s im ila r , w ith  the ra ised  drinking  

age from 13 to 2 i apparently re ve rs in g  the e ffe c t  o f tne e a r lie r  reduction



o f the leg a l age from 21 to 13.

S ince alcohol consumption i s  the major in te rven in g  va riab le  

between changes in the leg a l d rink ing  age and changes in a lco ho l-re la ted  

c rash  invo lvem ent, the aggregate d is tr ib u tio n  o f a lco ho lic  beverages in 

M ichigan was exam ined fo r 1969 through e a r ly  1930. Packaged beer s a le ?  

w ere low er than expected in 1979, draught beer sa le s  were higher than 

expected , and wine s a le s  w ere down s lig h t ly  from  what one would have 

expected g i n the b ase lin e  tre n d s . No conclusion a s  to the e ffe c t o f the 

ra ise d  drink ing  age on beverage consumption could be made, however, 

because o f se v e ra l o ther fa c to rs  th a t w ere lik e ly  to have influenced 

beverage sa le s  in 1979, and because a g e -sp e c if ic  alcohol consumption data 

were not a v a ila b le .

6 .2 Recommendations fo r R esearch

A g e -sp e c if ic  im pact a sse ssm e n ts  o f the u s e d  lega l drinking age 

should be conducted. A n a ly se s  should be conducted o f ind iv id u a l ages in 

addition to the 13-20 aggregation used in  the cu rren t re se a rch . A lthough 

the co sts  invo lved  in sep ara te  impact a n a ly se s  o f 13, 19, and 20 year old 

c rash  invo lved youth would be su b s ta n t ia lly  g rea te r than aggregated 

a n a ly se s , the increased  p rec is io n  o f the -e su lts  w. >id be highly u se fu l.

Eva lu a tio n  o f the r a is e * le g a l d rink ing  ace should a t  rep ea t:d  

in two to fnnr /o a rs . The p resen t study has eva luated  the in it ia l  e f fe c ts  

o f the change o f M ich igan 's leg a l d rink ing  age to 21 on t r a f f ic  s a fe ty .

The M ichigan Departm ent o f P u b lic  H e a lth , O ffic e  o f Substance Abuse 

S e rv ice s  has p rev io u s ly  sponsored re sea rch  to a s s e s s  the long term  e f fe c ts  

o f the P 7 2  change to an 13 yea r old drinking age! such a commitment to



fo llowup eva luation  should be continued, i t  w il l  not be known i f  the 

e f fe c ts  id e n tif ie d  in th is  research  are  la st in g  or tem porary i f  the 

p resen t a n a lyse s  a re  not rep lica ted  w ith  data fo r a longer tim e period 

a fte r  the drinking  age was ra ise d .

Fu tu re  a n a lyse s  should focus on a l l  a lco ho l-re la ted  c rash es and 

not e x c lu s iv e ly  on f  atal a lco ho l-re la ted  c ra sh e s . H e lia -ce  on fa ta l 

c rash es  as the p rinc ip a l dependent va ria b le  in an eva luation  o f a change 

in  tne leg a l drinking age i s  not advised , The problem w ith  basing 

d ec is ion s so le ly  on fa ta l accidents is  that more than c rash  causation  

fa c to rs  in fluence the d is tin c tio n  between any a lco ho l-re la ted  crash  and a 

fa ta l a lco ho l-re la ted  c ra sh . The p roxim ity  and q u a lity  o f emergency 

m edical ca re , s e a t-b e lt  usage, crash w o rth in ess o f the veh ic le , and other 

fa c to rs  a re  as im portant as the causes o f the crash  in determ ining whether 

a c ra sh  i s  to be labeled " fa ta l ."  Many o f the fa c to rs  that determ ine 

whether a crash  w il l  be fa ta l are independent o f c rash  cau satio n , and 

th -re fo re , add unnecessary v a r ia b il it y  to the d ata . The pub lic hea lth  

is su e  is  not so le ly  fa t a l i t y  production, i .e . m o rta lity , but a ll 

a lco ho l-re la ted  c ra sh e s  m which in ju r ie s  have occurred e ., to ta l 

a lco no l-re la ted  t r a f f ic  c rash  m orb id ity .

R e lia b le  m easures of a lco ho l-re la ted  crash  fr'-?ju .?naes should be 

used m fy tg ro  eva lu atio n s of he l - is i l  d rink ing  ace c i t h e r  changes in  

alcohol a v a ila b il ity . The su b je c tiv ity  and unknown in flu en ces on 

o f f ic ia l ly  reported "had been d rinking" alcohol involvem ent in Michigan 

o f f ic ia l c rash  records i s  not a problem that w ill soon be reso lved  fo r a ll 

le v e ls  o f c rash  s e v e r it y . T h e r e fo r e , i t  la  reconnendetl



that in addition to officially reported alcohol 

involvement, alterrative measures

continue to be used as in d ica to rs  o f a lco h o l-re la ted  t r a f f ic  crash  

invo lvem ent. In  addition to the th re e - fa c to r-su rro g a te  m easure used in 

the p resen t stu d y , sep ara te  a n a ly se s  o f we kend acc id en ts , and sep ara te  

a n a ly se s  o f accidents s t r a t if ie d  by s e v e r ity  would provide add itional 

in s ig h ts  in to  the e f fe c ts  o f changes in alcohol a v a ila b il ity  on 

a lco ho l-re la ted  t r a f f ic  s a fe ty  problem s,

The p re-d riv in g  drink ing  environm ent and drinking 3 ra d ic e s  or 

youth should be in v e s t ig a te d . R esearch  on the drinking  p rac tice s  o f 

youth , w ith  an em phasis on b ehavio ra l p a tte rn s  preceeding d riv in g , should 

be conducted. These  p re -d riv in g  drinking  p rac tice s  should be examined for 

loca tio n , so c ia l environm ent, peer s tru c tu re , demographic, and other 

c h a ra c te r is t ic s  which would provide a b e tte r understanding o f the linkages 

between drink ing  behavior and d riv ing  b ehavio r, These  stu d ie s  could 

become the b a s is  fo r fu tu re  changes in a lco h o l-sp o c ific  la w s and p o lic ie s , 

as  w e ll as other p revention program developm ent.

6 .3  Recommendations for P u b lic  P o licy

A lcohol contro l p o licy and le g is la t io n  has h is to r ic a lly  been 

used to accom plish many p urposes. In  addition  to protecting  the public 

h ea lth , th ese  law s have been used to re f le c t  so c ia l, m oral, or p o lit ic a l 

s ta n d a rd s , to ensure a s ta b le  m arket fo r beverage a lcoho l, and to crea te  

mechanism s fo r governm ental revenu es . The domain o f th is  research  was



e x c lu s iv e ly  th a t o f pub lic h ea lth , A lthough other consid erations en te r 

in to  a determ ination  o f the minimum age a t which a lcoho lic  beverages can 

be le g a lly  purchased , the recommendations below are based so le ly  on the 

pub lic hea lth  im p lica tio ns o f the resea rch  find ings concerning the e f fe c t  

o f the drink ing  age on a lco ho l-re la ted  motor veh ic le  c rash  invo lvem ent.

The leg a l d rink ing  age at 21 should be su sta in e d . R a re ly  in the 

fie ld  o f pub lic hea lth  is  i t  p o ssib le  to id e n tify  a lega l or po licy change 

which has a dem onstrable e ffe c t  on a major cause o f m orb id ity . Few 

t r a f f ic  s a fe ty  p revention program s th a t have been evaluated  s c ie n t if ic a lly  

have been found to have prevented s ig n if ica n t numbers o f a lco ho l-re la ted  

t r a f f ic  acc iden ts among young d r iv e rs . The change in M ich igan's leg a l 

drinking  age in December, 1973 from 13 to 21 produced a s ig n if ica n t 

improvement in  the pub lic  hea lth  o f 13-20 y< \r old youth . T h is  research  

has provided c le a r evidence th at the higher lega l drinking  age has le d  to 

a s ig n if ic a n t reduction in a lco h o l-re la ted  t r a f f ic  accidents among 13-20 

year old d r iv e r s , w h ile  o lder d r iv e rs , during the same tim e period , 

experienced no changes or s lig h t ly  increased  frequency o f a lco ho l-re la ted  

t r a f f ic  c o ll is io n s . The higher drinking age can be considered a 

s cce ss fu l pub lic nea lth  counterm easure against a lead ing cause of 

m orb id ity among youth . I f  the b a s is  fo r a determ ination  o f the minimum 

age o f purchase fo r a lcoho lic  beverages is  the public hea lth  consequences 

o f a lte rn a t iv e  drink ing  ages, one must conclude th at the 21 year old 

d rink ing  age should be su sta in e d . ( 1)

Qttar tVd'.Q! chanasa in ilsshQl x i& A & iliii should Ut evikAtsJ

for public hea lth  lin ce  1*76 the O ffic e  o f Substance Abuse

c e rv ice s  has supported ongoing resea rch  on the re la tio n sh ip s  between



alcohol a v a ila b il it y  and a lco ho l-re la ted  socia l* h ea lth , and s a fe ty  

problem s in M ichigan. T h ese  s tu d ie s  have been concerned w ith  the low ering  

and ra is in g  of  e leg a l d rink ing  ane, licen sin g  and reg u la to ry  a c t iv it ie s

o f the M ichin L iq u o r C ontro l Com rr.sion , and the v a r ia b il it y  o f r e ta i l

p rice s  o f a l ic  b everag es . Governm ental a c t io n s , e ith e r through

ad m in istr o lic y  or reg u la to ry  changes, or le g is la t io n , freq u e n tly

have d ire c t in p lica t io n s  fo r alcohol a v a ila b il it y . Fo r exam ple, 

degregulation o f d is t i l le d  s p ir i t s  p r ic e s , changes in s ta te  alcohol ta x  

fo rm ulae , and zoning and other loca l ordinance m od ificatio ns should be 

adequate ly eva luated  regard ing th e ir  consequences fo r a lco h o l-re la ted  

m orb id ity and m o rta lity . R esearch  conducted since 1976 on the M ichigan 

experience has revea led  th at m od ifica tio ns in alcohol a v a ila b il it y  w ere 

asso c ia ted  w ith  changes in the incidence o f acute a lco ho l-re la ted  

problem s. The O ff ic e  o f Substance Abuse S e rv ice s  is  encouraged to 

continue to take advantage o f o p p ortun ities to m easure the e f fe c ts  o f t ew 

le g is la t io n  and re g u la tio n s , and to use the re s u lts  to guide the 

fo rm ulation  o f pub lic p o lic ie s  designed to prevent alcohol abuse and other 

a lco ho l-re la ted  problem s.



, N otes to C hapter 6 .0

! ;
1. The "protection  o f l i f e  a n j lim b" w as found by the courts to 

be the ra tio n a l b a s is  fo r the 1973 change in M ich igan 's leg a l d rinking  age 
\ (G uy, 1973:51).
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Table A.l ARIMA Model Estimation Results for the Frequency of Had-been-dr1nk1ng Crash
Involvement Among 18 - 20 Year Old Drivers in Michigan

E S T IM A T IO N  SUMMARY T E R M IN A T IO N :S S Q  C O N V ER G EN C E

V A R I A B L E :  7
D I F F E R E N C I N G : 0 L A B E L : H B D 1 0 . C
S E A S O N A L D I F F E R E N C I N G : 0 C A S E S :  1 -  84
S E A S O N A L S P A N : 1 2 A D JU S T E D  S S Q : 0 . 1 7 6 8 4 E + 0 1
T R A N S F O R M A T I O N S : LOG

P A R A M E T E R P A R A M E T E R B E G I N N I N G E S T I M A T E D 9 5  P E R  C E N T
NUM BER T Y P E  O R D ER V A L U E V A L U E LO W ER L I M I T  U P P E R  L I M I T

1 D E L T A 0 . 1 0 8 3 6 E + 0 1 0 . 9 4 1 8 4 E + 0 0 0 . 3 9 5 3 4 E + 0 0  0 . 1 4 8 U 3 E + 0 1
2 A R  1 0 . 5 8 2 7 6 E + 0 0 0 .  6 6 1 7 8 E + 0 0 0 . 4 8 4 5 O E + 0 0  0 . 8  3 8 9 8 E  + 0H
3 A R S  I 0 . 4 8 6 0 3 E + 0 0 0 .  -1547 6 E + 0 0 0 . 2 3 7 7 0 E + 0 0  0 . 6 7 1 0 2 E  + 00

R E S I D U A L  A U T O C O R R E L A T I O N S :  C A S E S  DF  Q S I G
1 -  8 4 1 7 0 . 1 9 6 7 4 E + 0 2 . 2 9 1 2

1 -  10 - 0 . 1 7 0 . 0 9 0 . 2 3 - 0 . 0 4 - 0 . 0 2 0 . 1 2 0 . 0 7 0 . 0 2 - 0 . 0 9 0 . 1 6
S T . E . 0 . 1 1 0 . 1 1 0 . 1 1 0 . 1 2 0 . 1 2 0 . 1 2 0 . 1 2 0 . 1 2 0 . 1 2 0 . 1 2

1 1 -  20 0 . 0 9 - 0 . 1 0 0 . 2 5 - 0 . 0 6 0 . 0 2 0 . 0 1 0 . 0 8 0 . 0 3 - 0 . 0 1 0 . 0 6
S T . E . 0 . 1 2 0 . 1 2 0 . 1 3 0 . 1 3 0 . 1 3 0 . 1 3 0 . 1 3 0 . 1 3 0 . 1 3 0 . 1 3

P A R A M E T E R  C O R R E L A T I O N  M A T R I X

1 2 3
1 1 . 0 0 0 0
2 - 0 . 7 4 2 2 1 . 0 0 0 0
3 - 0 . 4 0 6 4 - 0 . 2 2 2 5 1 . 0 0 0 0



T a b l e  A . 2 A R I M A  M odel E s t i m a t i o n  R e s u l t s  f o r  t h e  F r e q u e n c y  ot T h r e e - f a c t o r - s u r r o g a t e  C r a s h  

I n v o l v e m e n t  A m o n g  16 - 17 Y e a r  O l d  D r i v e r s  1n M i c h i g a n

E S T I M A T I O N  SUMMARY T E R M I N A T I O N : S S Q  C O N V ER G EN C E

D I F F E R E N C I N G :  0
S E A S O N A L  D I F F E R E N C I N G :  1 
S E A S O N A L  S P A N :  12
T R A N S F O R M A T I O N S :  NONE

V A R I A B L E :  6
L A n E L : F . , S 1 6 . C  
C A S E S :  1 -  84

A D JU S T E D  S S Q : 0 . 9 2 2 6 0 E + 0 4
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DESIGN VALIDITY



DE S I G N  V A L I D I T Y

There are numerous potential threats to the validity of the 

conclusions reached in the present investigation, These potential threats 

to the validity of conclusions can be categorized in a number of ways, the 

most popular being the dichotomizaticn of internal and external validity 

originally presented by Campbell and Stanley (1966), However, the present 

discussion is structured after the more comprehensive discussion of 

validity presented in Cook ar.d Campbell's (1979) recent volume. Cook and 

Campbell present four major categories of research design validit (A) 

statistical conclusion validity, (B) internal validity, (C) construct 

validity, and (D) external validity. Each of the*® types of validity is 

discussed below.

Statistical Conclusion Validity. Statistical conclusion 

validity is concerned with the possibility that random errcr and/or the 

inappropriate use of statistical tests may invalidate research 

conclusions. Statistical conclusion vJidity is essential to establish 

that there is in fact a true covariation between the operationalizations 

of the concepts . tder investigation. Since covariation is the most basic 

prerequisite for establishing a causal relationship, one must first 

establish a valid covariation or statistical relationship prior to 

conducting a causal analysis.

There are a variety of threats to statistical conclusion 

validity. First, inadequate power of the statistical tests used may 

invalidate one's conclusion that no covariation is present. This threat 

to statistical conclusion validity was minimized by a number of design
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features in the present investigation. Since there is a direct 

relationship between sample sire and power, a large number of observations 

over an extended period of time surrounding the intervention points was 

used in estimating the statistical rel. lonships. Power .s also increased 

by refraining from the use of very low levels of Type I error as the 

criterion for a statistically significant relationship, since power is 

directly related to the level of Type I error chosen.

Statistical conclusion validity was strengthened by the use of 

the most powerful statistical methods available that could be 

appropriately applied to the data. For this reason, the present study was 

designed to meet the requirements of the recently developed Box-Jenkins 

transfer function methods (Box and Tiao, 19751 Box and Jenkins, 1°76).

Finally, statistical - inclusion validity can often be 

substantially increased by explicitly taking into account in the data 

analyses all systematic components of the total variance in the dependent 

measures, and thus reduce the error variance. As is discussed in Section 

3.4 on the data analysis methods, extensive effort was expended to 

identify all of the systematic components of the total variance in each 

dependent time-senes prior to an assessment of the statistical 

significance or magnitude of the drinking age effects.

A second inreat to statistical conclusion validity is the 

violation of the assump ions of the procedures used. This threat to 

validity was minimized jy explicitly noting the assumptions accompanying 

the statistical procedures used, the robustness of the procedure to a 

violation of rhose assumptions, and an assessment of tne extent to which 

the assumptions were violated. Further discussion of the assumptions



underlying the procedures used in this investigation, and an analysis of 

the extent to which the assumptions were met can be Found in Section 3,4,

A third threat to statistical conclusion validity is the 

analysis of multiple tests, Examining multiple tests increases the 

probability of making a Type I error} that is, it increases the 

probability of falsely concluding that covariation exists. (1) This 

threat to validity can be avoided either by explicitly making adjustments 

in the critical significance levels (for example, using Bonferrcm 

multiple t-tests} Dunn and Clark, 1974), or by concluding that true 

covariation exists only or. the basis «f a pattern of results rather than 

on tna basis of one or two "significant" findings among a large number of 

tests conducted. In the present investigation, conclusions were maoe on 

the basis of the pattern of results over a number of tests, 'ather than 

one or two isolated statistically "significant" results.

A low level of reliability in the measures used crnstitutes a 

fourth threat to statistical conclusion validity. The result of low 

levels of reliability is an inflation of standard errors and a consequent 

reduction ,n the ability to detect covariations that may exist. In other 

words, low reliability reduces the power of the statistical procedures 

used. The main control over this threat in the present study was the use 

of aggregate outcome measures, rather than measures based on particular 

drivers, accidents, cr data collection sub-systems (such as a single 

community or county). The impact of random irregularities over time in 

the data collection systems of particular local jurisdictions was 

minimized when the data were aggregated at the state level. The result of 

the statewide aggregation was the canceling out of numerous randcm



measurement errors occurring at the local level) consequently, the 

sytematic patterns in the series were more easily discernable in th” 

aggregated data.

Low reliability in the implementation of the intervention is a 

fifth potential threat to statistical conclusion validity. If the 

intervention is not implemented in a uniform fashion, with a high degree 

of random error in the manner in which it is implemented from month to 

month, one is less likely to observe the true covariation that may be 

present between the intervention and the dependent series. Implementation 

unreliability was minimized as a threat to the validity of the present 

study because the interventions of interest, namely changes in t^e legal 

drinking age, were simply and clearly defined interventions. The major 

source of intervention implementation unreliability was the differential 

levels of enforcement of the drinking age across local jurisdictions and 

over time. Since adequi^e information on the nature of enforcement 

efforts was not available, variations in the level of enforcement could 

not be explicitly incorporated into the analyses. As a result, 

inconsistencies in enforcement efforts reduced the power of this 

investigation to detect effects of the drinking age changes.

The sixth threat to statistical conclusion validity is 

identified by Cook and Campbell (1*79)44) ** "random irrelevanaes in the 

experimental setting." It is the random error in the observations due to 

all of the other influences upon the frequency of accidents that are not 

explicitly brought into the analyses. It should be noted that a large 

number of these other causes cf crash frequency, although not explicitly 

identified, were controlled in the analyses by the specification of



systematic trend, seasonal, and ether autocorrelation components present 

in the dependent variables. In addition to these systematic trend, 

seasonal, and autocorrelation components of the series that reflect causal 

influences, there was a random component in each series due to other 

omitted causal influences on the series. (2) The differential operation 

of these other factors across jurisidictions was controlled by using 

aggregate data across a large number of jurisdictions. As in any 

research, there always remains, however, a random component due to omitted 

causes of the phenomenon under study. This random error over time, along 

with other random error due to measurement and sampling error, provided 

the basis for an assessment of the statistical significance of the effects 

of the legal interventions.

The final threat to statistical conclusion validity identified 

by Cook and Campbell (1979544) is "random heterogeneity of respondents," 

or, in rther words, the random error associated with the sampling of 

subjects from the population of interest. Since the present research did 

not use a sample of fatal accidents, but ratMr a census of fatal 

collisions for the entire state, sampling error was not a threat to 

statistical conclusion validity in the analyses of the fatality 

variables.(3) Sampling error was present in the measures of traffic crash 

frequencies, which were based on a 20 percent random sample of all 

reported crashes. In the analyses of these variables, the sampling error 

was part of the total residual error used to assess tne statistical 

signficance of intervention effects.

Internal Validity. Aft' a high degree of statistical 

conclusion validity has been achieved, that is, after the existence of



covariation between operationalizations of the concepts of interest has 

been established, the question as to whether the covariation is plausibly 

indicative of a truly causal relationship has to be addressed.

Establishing the causal nature of observed covariations between 

operationalizations is the domain of internal validity. There are a large 

number of potential threat*, to the internal validity of an investigation 

and each threat should be explicitly considered and ruled out as a 

plausible explanation of the observed covariation. Through the sucsssr e 

ruling out of potential alternative explanations for observed 

covariations, one's confidence in inferring a causal relationship on the 

basis of the observed covariation is strengthened. Although from an 

epistemolcgical point of view one can nev^r actually prove the existence 

of a causal relationship, demonstrating the impossibility of potential 

alternative explanations, for all practical purposes, functions to 

establish the causal hypothesis as true until it can be disproved by new 

evidence, For these reasons, as many potential alternative explanations 

for the observed relationships between the measure of beverge alcohol 

availability (i.e. the legal drinking age) and measures of motor vehicle 

accidents as possible were analyzed and dismissed as implausible 

explanations for the observed covariation.

Ihe first potential al ative explanation of an observed 

relationship between legal drinking age changes and measures of accidents 

is that the proposed causal relationship is reversed, that is. changes in 

accident frequency bring about changes in the legal drinking age rahtar 

than vice-versa. This threat to internal validity was ruled out in the 

present design by the time-ordered nature of the measurements. A cause



188

must precede in time its effects, and since the measures of the changes in 

the legal drinling age precede the measures of accidents, the argument 

that the causal relationship is reversed was discarded.

The secord major threat to internal validity is history, a 

comtemporaneous event that may be the true cause of the observed effect. 

For example, one micht argue that any downward shifts in accidents among 

Michigan youth af sr the raise in the lega. drinking age in 1973 were due 

to the moderate g isc'.ine shortage (and increased gasoline prices) of 1979, 

and the resultant drop in miles driven. Similarly, one might argue that a 

reduction in alcohci -related traffic accidentj was due to reduced 

consumption of alcohol after Michigan's ban on non-returnable beverage 

containers caused a significant increase in the price of packaged beer.W) 

Such explanations of observed shifts in the dependent series were ruled 

out by specific features in the research deshn. The use of 

quasi-control groups, consiitwg of the affected age group's alder peers 

not affected by the drinking age interventions, permits an assessment of 

the validity of alternative explanations, of which the gasoline shortage 

and beverage price increases ate two examples. Such contemporaneous 

historical events would most likely affect all age gruups, not ;ust the 

13—20 year olds, and would therefore be seen in the acudent measures for 

the comparison age groups.

Alternative historical event', were also ruled out as 

explanations of a covariation between the interventions and the dependent 

variables by the fact that two interventions were examined, one of which 

was the reverse of the other, In such a situation any contemporaneous 

historical event that is suggested as an explanation of observed shifts



must op rate in opposite directions at different times, or two historical 

events must be postulated which operate in opposite directions. Since 

such multiple historical confounds were unlikely, the research design as 

here formulated was robust against contemporaneous history as a threat to 

internal validity. Moreo\er, the major event with known effects on crash 

frequency, the fuel shortage and related factors of early 1974, was 

explicitly controlled in the data analyses.

The third threat to internal validity is maturation, gradual 

devlopmental changes in the dependent variables simply due to the passage 

of time. The time-series design ruled out this threat by providing a 

series of observations prior to the intervention, permitting a 

determination of whether the post-intervention observations were simply 

the continuation of a pre-intervention maturational trend. It should be 

noted that a gradual trend in the dependent series ran be attributed to 

maturational effects or to the effects of some omitted variables such as 

economic or population growth; in any case, observed trends in the 

dependent variable series were explicitly taken into acccunt in the data 

analyses.

The testing threat to internal validity refers to the impact 

repeated testing may have on the system under investigation, and the 

possibility that testing effects may be the true cause of an observed 

relationship. This threat was eliminated in the present design by the 

unobtrusive nature of the measurement process. This is, the measurement 

process was an institutionalued feat re of the social system, rather than 

an artifact of the experimental situation. Secondly, this potential 

threat was minimired in the time-senes design by the long



pre-intervention series which made it highly improbable that a testing 

effect would suddenly emerge at the point of the intervention.

The fifth potential threat to internal validity is 

instrumentation, a change in the measuring instrument occurring co'. L^ent 

with the intervention. That is, the process by which acadert frequence s 

were measured may have changed at the same time point as the legal ch - ges 

in the drinking age, and may account for any observed shifts in the series 

at the point of the legal changes. This argument was not a plausible 

alternative explanation of the proposed causal relationship for several 

reasons. First, the presence of comparision groups that would also have 

experienced basic changes in the measurement process ruled out 

instrumentation as a validity threat. Such changes in the measurement 

process cannot be used to explain the differential shifts in the frequency 

of accidents for the 18-20 age group as compared to the aged groups 

presumably unaffected by the legal t* iking age changes. This threat to 

validity was also minimized by the analysis of two interventions, one the 

reversal of the other, since two instrumentation changes, causing opposite 

shifts in the dependent series, must be postulated. Finally, the threat 

was reduced simply by the time-senes nature of the design. With a large 

number of observations over an extended period of time .or to the 

intervention, a substantial instrumentaion change exactly at the point of 

the intervention became less plausible. (?)

Statistical regression or regression to the mean is another 

often mentioned threat to internal validity. Regression to the maean 

occurs if an intervention is implemented exactly at a point at which the 

deoendent series if at a very high or a try low point, since the



subsequent observation will tend to be closer to the mean of the series 

simply by chancer regardless of any intervention effect. For example, if 

the drinking age was raised at precisely the point in time when 

alcohol-related traffic accidents among youth were at their highest level 

in years, one would expect the level of accidents to fall somewhat after 

that unusually high point. Such a regression effect could be mistaken as 

the effect of the drinking age change. Such an argument was not a threat 

to the interval validity of the present design for several reasons.

First, a long series of obsevations was available prior to the 

interventions, facilitating the determination of the atypicality of the 

observations immediately prior to the interventions. Seccnd. and perhaps 

more important, the data analysis techniques used to assess shifts m  the 

series were based on all of the observations in the series, rather than 

relying only on the observations immediately prior to and immediately 

after the interventions. Furthermore, the analysis methods took into 

account seasonality and autocorrelation regularities m  the series, 

ensuring that the intervention effect identified was independent of 

effects due simply to the particular time points at which the 

interventions were implemented.

The seventl and eighth potential threats to internal validtiy 

are selection and mortality. That :s, particular characteristics n* tne 

subjects selected for study, and particular characteristics of these 

subjects who drcp out of the study, may invalidate the study results. One 

type of selection threat occurrs when differences in the Vinds of subjects 

in the experimental and control groups account for differences in the 

post-intervention measures between the two groups, rather than an impact



of the intervention. This alternative explanation w*.s not a threat in the 

present design because the criterion for establishing an intervention 

effect was not simply differences in the post-interventicn observations 

between experimental and comparison groups, but rather differences in the 

shifts found within the experimental and the control dependent series. 

However, when intervention effects were assessed by examining shifts 

within each of the series, selection and mortality may have threatened 

internal validity if the composition of the experimental group changed 

substantially at the points at which the interventions were implemented, 

thus, providing a plausible alternative explanation of observed shifts in 

the certes. The composition of the experimental grcup dees change over 

time with the addition of new individuals who attain the age of 13 and 

dropping out of individuals who attain the age of 21. This change in the 

composition of the group, however, occurs gradually, with only a small 

proportion of the total experimental population changing from month to 

month. Furthermore, these changes in the composition of the experimental 

groups were primarily due to a stable aging process that cannot be 

influenced by the intervention or extraneous factors. Thus, it was highly 

implausible that the changes in the composition of experimental groups 

accounted for observed shifts in the dependent variables.

There are three threats to internal validity which involve the 

interaction with selection of particular threats already discussed.

First, selection-maturaticn refers to a differential maturational trend 

across the experimental and control groups. This was not a threat to 

internal validity in the present design for the same reasons that the main 

effect cf maturation was not a threat, namely, the long series of



observations availab.s prior to the interventions, and the data analysis 

methods used, which explicitly took into account any maturational trends 

in each group's series of observations.

The second interaction threat to internal validity is the 

interaction of selection and history. It was possible that each of the 

experimental groups experienced a different "local" history, and this 

differentially experienced contemporaneous event was actually the cause uf 

the shifts observed in the series concomitant with the drinking age 

interventions. For example, two contemporaneous events, the moderate 

gasoline shortage and price increases c c 197? and the ban on 

non-returnable oeverage containers (increasing the cost of alcoholic 

beverages), may have had a differs al impact on the various age groups. 

One could conceivably argue that both i ’ these contemporaneous events had 

an mfluenr* upon youth that was not true for adults. Since youth may 

have less discretionary disposable income available, and since these 

contemporaneous events increased the cost of both driving and of drinking, 

the ban cn ncn-retumable beverage containers and the 1?7? fuel 
shortage/price increases may explain why there were reduced 
alcohcl-r«?ut*<j acadents for youth and no such ahifts for older age 
cohorts during 1>7°. I f  it is true that the increased cost of fuel and 
alcoholic be •*»ages influenced the drinking and driving patterns o f youth 
more than the drinking and driving patterns o f older cohorts, the majcr 
fuel shortage and price i tcreases of early I >74 should also have had a 
greater impact cn young crivers. However, the data analyses presented in 

Chapter 4,0 rev»sl that the !<>74 fuel ahortage'pncs increases did not 
affect young drivers more than older drivers. This finding reduced the



plausibility of the argument that the increased fuel prices of 1979 

account for the larger reductions in acadents observed for young drivers 

than older drivers.

The final interaction with selection that is a potential threat 

to internal validity is selection-instrumentation. This threat could 

obtain if alterations in the procedures for the reporting of 

aloohol-related acadents occurred only for acadents involving youth.

The instrumentaion change could then account for the shifts in accident 

frequencies speafic to this age group. This threat to internal validity 

is the argument most frequently used by those who favor lower drinking 

ages, to discredit observed covariations between drinking age changes and 

the frequency of collisions among young drivers. The argument is that 

with a lowered legal age police officers are more vigilant in reporting 

the presence of alcohol in crashes involving young drivers, and 

conversely, officers report fewer crash-involved young drivers as "had 

been drinking" when a high drinking age is in effect. Although the extent 

of any such police reporting bias has not been documented, the 

selection-instrumentation challenge to internal validity was controlled 

through the use of the three factor surrogate measure of alcohol-related 

crashes as discussed in Section 3.2. It is highly unlikely that reporting 

of the driver's se«. the time of the crash, or the number of vehicles 

involved, would change at the time of the drinking age modifications, 

either for yoimg drivers or for older cohorts.

Cook and Campbell (1979) also point out th# potential threat to 

internal validity of the "diffusion or imitation of treatments." where 

there is contamination of the comparison groups as a result of their



experiencing a portion of the intervention. Diffusion of the 

interventions was possible in the present design for the 16-17 age group, 

since a major change in the level of availability of alcoholic beverages 

for the 18-20 age group indirectly changes the level of alcohol 

availability for the. 16-17 age group, as discussed in Chapter 2.0. As a 

result, the interventions may have an impact on the 16-17 year old cohort 

as well as the focal 18-20 age group. The diffusion of the intervention 

to 16-1? year olds was no threi.t to the present investigation since other 

comparison groups (aged 21-24 and 25-45), whose levels of alcohol 

availability were not affected by the interventions, were included in the 

design. The effects of the drinking age changes cn the 16-17 age group 

were directly assessed along with the impact upon 13-20 year olds.

The last three threats to internal validity are potential 

"reactive effects" of experimentation. The first reactive effect Cook and 

Campbell <1°7°:54) discuss is "compensatory equalization of treatments," 

which occurs when the providers of the treatment recognize that the 

control groups not receiving the treatment may feel discriminated against: 

as a result, the providers work to obtain a portion of the treatment for 

the control groups. In the present investigation, the older age cohort 

control groups were not affected by changes in the legal drinking age, 

regardless of whether the legal age was 13 or 21, those over 21 had 

alcoholic beverages legally available to them.

The second reactive effect potentially threatening internal 

validity is "compensatory r.valry by respondents receiving less desirable 

treatment" (Cook and Campbell, l‘>7',^4), and refers to action taken by 

control group subjects to obtain a portion of the treatments (which *re



perceived as being desirable). The third reactive threat is "resentful 

demoralization of respondents receiving less desirable treatments" (Cook 

and Campbell, 1979J54). This threat to internal validity occurs if the 

treatments are perceived as desirable and the no treatment control groups 

retaliate by lowering productivity or efforts, or otherwise distort the 

differences between treatment and control groups. These two effects were 

not threats to the internal validity of this investigation because the 

present study examined natural experiments that occurred as part of normal 

on-going policy-making processes in the State of Michigan, and tnus were 

not subject to the reactive effects that are often present in artifically 

contrived experimentation, which is an atypical presence in the social 

system under investigation.

In summary, the goal in designing this research was to obtain 

valid conclusions as to whether changes m  the availability of beverage 

alcohol, as reoresented by changes in the drinking age, caused substantial 

changes in alcohol-related accident frequences. The first step was to 

establish that there was a true covariation between changes in 

availability and changes in accident frequency, achieved by assuring ie 

statistical conclusion validity of observed shifts m  the accident 

time-senes. The second step was to rule out extraneous hypotheses, those 

other than the causal hypotheses under investigation, that could plausibly 

explain the covariations observed. The result was high internal validity 

and a high level of confidence that the covariation observed represents a 

causal relationship between the particular cperaticnalizaticns of alcohol 

availability and alcohol-related aicdents. The next validity issue was 

whether the causal relationship established between the particular
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' measures used was, in fact, indicative of a causal relationship between

the broader constructs of interest, namely, alcohol availability and 

alcohol-related traffic accidents. The relationship between the 

operationalizations or measures used and the theoretical constructs of 

interest is in the domain of construct validity.

Construct Validity. Construct validity answers the question, 

given the established causal relationship between the operationalization 

used (i.e. high internal validity), do the operationalizations adequately 

reflect the concepts of interest? The first thi eat to construct validity 

is inadequate explication of constructs prior to their operationalization. 

Clear specification of the concepts of interest, as is found in Chapter 

2.0, is an important aid for obtaining measures that are appropriate to 

 ̂ the concepts under study.

The second threat to construct validity is labeled 

"mono-op oration bias" by Cook and Campbell (1979&5). Mono-operation bus 

refers to the use of only a single operationalized measure of each 

concept. The use of single indicators prevents an assessment of 

convergent validity, that is, the extent to which different measures of 

the same concept produce the same result. Mono-cperaticn b u s  was not a 

threat in the present design because multiple indicators of each concept 

w*»r» use<t. As discussed in Section 3.2, the traffic crash dependent 

var able measures include the frequency of police reported "had not been 

dnnk.ng" crash-involved drivers, the frequency of police reported 

acndent-snvolvod drivers where the driver "had been drinking," and an 

empirically derived three factor surrogate measure of alcahcl-reUted 

acadents. Furthermore, two categories of crash involvement were
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examined, "he total frequency of crash involvement and the frequency of 

fatal crash involvement. The use of such multiple indicators of traffic 

acadents and alcohol-related traffic accidents permitted an assessment of 

convergent validity. The measure of the changes in alcohol availability 

was based on the effective date of the legal changes and was accepted as a 

valid measure on the basis of face validity, obviating the need for 

multiple indicators.

A threat to construct validity closely related to mono-operation 

bias is "mono-method bias" (Cook and Campbell, 1979;66). It refers to the 

reduction in construct validity that occurs if all the measures of a 

concept are based on the same data collection technique. The most 

difficult concept to measure in the present investigation, alcohol-related 

acadents, was measured using two methods. The "had been drinking" 

measure was based on the judgements of the investigating police officer, 

while the three factor surrogate was empirically constructed on the basis 

of objective information concerning the driver and arcumstances 

surrounding the collision.

There are three theats to construct validity that are potential 

reactive effects of the experimental situation. The first threat occurs 

if the sutjects within the various experimental conditions guess what the 

researcher's hypothesis is and act in such a manner to confirm (or 

disconfirm) that hyothesia. The second threat is "evaluation 

apprehension" (Cook and Campbell, 1979(67) on the part of the experimental 

subjects, where, as a result of the subjects' awareness of being 

evaluated, behave in a scaally desirable manner. The third reactive 

effect that may threaten construct validity is the expectations of the



experimenter. If the experimenter's expectations are communicated to the 

subjects under investigation or those who collect data, distortions in the 

subjects' behavior or the data collected may result. All three of these 

potential threats to construct validity, resulting from reactive effects, 

were eliminated in the present investigation by the unobtrusive nature of 

the experiment. The experiment was a natural part of the social 

environment, not imposed on the social system by outside researchers, and 

thus was unlikely to create reactive effects. However, a form of the 

third threat, experimenter's expectations, could threaten construct 

validity if the expectations of police offficers, who are responsible for 

the collection of data on traffic accidents, influenced the reported 

frequencies of crashes. This threat was minimized by the use of measures 

that the police had little control over and thus were unlikely to be 

distorted by such subjective factors. The three factor surrogate measure 

of traffic fatalities, in particular, was virtually impossible to distort 

by police accident investigators.

Another threat to construct validity was somewhat obscurely 

labeled "confounding constructs and levels of constructs" by Cook and 

Campbell (197^;67). This source of invalidity occurs when there is 

implementaticn of only a small number of all possible levels of the 

intervention variable, and, or tne measurement of only a subset of all 

possible levels of the outcome variable. Invalid conclusions may result 

if the effect (or lack of effect) observed is due to the fact that only 

particular levels of the intervention were administered, or only a portion 

of the potential range of the outcome variables were measured. This 

potential source of invalidity was minimized in the present design because



the measurement of the outcome variables was continuous and because the 

independent variable was a dichotomy (beverage alcohol legally available 

to an age group versus beverage alcohol not legally available to that age 

group). One could argue, however, that the concept of alcohol 

availability is continuous and the present design only examined two of 

many possible levels of alcohol availability. If one accepts this very 

reasonable argument, it must be noted that the two levels of availability 

examined were at widely divergent points of the availability continuum. 

Although a detailed examination of the pattern of impact of marginal 

changes in the availability of beverage alcohol was not possible, 

conclusions concerning the impact of a major change in availability upon 

motor vehicle accidents, the purpose of the present investigation, could 

be validly achieved.

The interaction of various interventions also could reduce 

construct validity. Since this study evaluated the impact of two 

interventions, any impact observed for the second intervention may only 

obtain when the second intervention is preceded by the first intervention.

Thus one could argue that the effect of the second intervention, raising 

the drinking age, only occurs if raising the drinking age follows, cy 

seven years, a drop in the legal drinking age. The threat that the two 

interventions may interact to produce the observed effects was avoided by 

the nature of the two interventions, one being the reverse of the other. 

Obviously, one expects a law establishing the legal drinking age at a 

particular age to have an effect of shifting the level of accident 

time-senes only if the drinking i^e was something other than that age 

prior to the new law. The interaction of different drinking age



interventions, therefore, did not reduce construct validity because the 

two interventions were, in a sense, only one treatment, with the 1973 

drinking age change simply the reversal of the 1972 intervention, 

restoring the drinking age to its pre-1972 level.

One type of interaction effect that cannot be controlled by the 

design is the interaction of the focal intervention, i.e. drinking age 

changes, with other planned or unplanned "interventions," such as changing 

economic conditions or the implementation of a ban or. non-returnable 

beverage containers. Such factors may have interacted with the drinking 

age changes to produce shifts m  crash frequency among youth and .ue only 

way to avoid invalid inference is cognizance of such confounding 

"interventions" when interpreting the results of the data analyses.

The last threat to the construct validity of the present 

investigation is the interaction of testing and the interventions, that 

is, the possibility that the intervention effects observed may only occur 

if there is pre-testiny. The measurement of the outcome variables prior 

to the intervention implementation did not reduce design validity because 

the pre-testing utilized here was a continuous, institutionalized data 

collection system, rather than an artifact of the experimental situation.

External Validity. External validity answers the question, 

given that one can confidently conclude that there is a causal 

relationship between the focal constructs, to what extend is this causal 

relationship generalizable across persons, settings, and times'* The first 

major threat to external validity is the interaction of selection and 

treatment. That is. the plausibly causal relationship that has teen 

established may only apply to the particular atypical sample analyzed.



The selection of a target population of all accident involved youth in 

Michigan, with the analysis of a census of fatalities and a random sample 

of reported crashes, reduced this constraint on generalizability.

There are two major limitations on the populations to which the 

findings could safely be generalized. First, since the analyses were 

limited to the aggregate of all reported crash involved youth in Michigan, 

no generalizations could be made to particular subpapulations of Michigan 

youth. For example, without specific analyses of particular subgrous 

based on saaodemographic or social-psychological variables, one could not 

determine the differential impact of the changes in the legal availability 

of beverage alcohol upon particular types of youth. Although the overall 

impact w.-.s Jitermined, this overall impact may be the result of differing 

impacts on particular subgroups of the total population of youth. Secor.u, 

because the analyses were based solely on the Michigan population, the 

generalizability of the results was, strictly speaking, limited to the 

State of Michigan. It must be recognized that generalizing to other 

states is based on one's judgement as to the similarities betweeen those 

states and Michigan, rather then based on explicit features of the 

research design. <o)

The interaction of setting and treatment is the second basic 

threat to external validity. This limitation on generalizability occurs 

when the intervention effects observed are due to the implementation of 

the interventions in a particular soao-cultural setting, Since the 

present investigation assessed the effects of changing the legal drining 

age in only one soao-cultural setting, one cannctgeneralize the results 

to widely different states or countries. However, the experimental
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setting was not substantially atypical of a number of industrialized 

states, and some generalization can plausibly be made# if it is done with 

caution, recognizing that one is generalizing by inference# not on the 

basis of explicit features of the research design.

The third major threat to external validity is the interaction 

of history and treatment. If intervention effects occur only under the 

particular historical arcjmstances present when the interventions were 

mplemented, the generalizability of the findings are severely limited.

The analysis of two intervention? changing the legal availability of 

beverage alcohol at different time points, substantially reduced this 

threat to external validity. Since impact of a change in the drinking age 

in 1972 and the impact of another change in 1*73 was examined, the 

plausibility of the argument that particular historical circumstances 

interacted with the intervention both in 1972 and 1973# bringing about 

both observed shifts# was greatly reduced. However, tte drinking aye 

changes were implemented in a particular historical period# and the extent 

to which similar results would occur during different time periods is 

unknown. For example, the Vietnam war, the draft, and associated youth 

protest activities or the late 1960s and early 1970s may have facilitated 

the move to a lower age of majority including the drinking age). The 

movement to raise the drinking age may be affected by the frequently 

discussed conservative drift of the United States in the late l*7Gs. One 

can only speculate as to the effect of larger soao-histcrical 

developments on the Interaction between drinking age public policy and 

motor vehicle accidents.

In summary, it is evident that a number of features of the
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design of this investigation! such as (A) the appropriate use of powerful 

statistical procedures# (B) the use of long series of observation* for 

multiple measures# <C) the analysis of multiple comparison groups# and <D) 

the examination of two policy interventions# one the reverse of the other, 

function to provide conclusions of high validity concerning the impact of 

changing the legal minimum drinking age on measures of motor vehicle 

accidents. The establishment of such causal relationships is among the 

most important goals of theory-oriented hypothesis-testing research and 

policy-oriented evaluation research. Identifying causal relationships 

allows one to move on to an assessment of the generalizability of the 

causal conclusion to broader concepts. The high levels of statistical 

conclusion validity and internal validity of th.s study facilitate the 

establishment of a c«u*al relationship between changes in the legal 

availability of beverage alcohol# as measured by modifications in the 

drinking age. and traffic accidents# as reasured by the frequency of 

collisions and fatalities. The levels of design validity for construct 

and (especially) external validity are somewhat lower# however, and broad 

generalizations to related concepts and other populations and settings 

should be made wi»h care. It should be noted that, as Cook and Campbell 

<!'>?'>) pointed ou*. construct and external validity are, m  the final 

analysis# matters of replication. Therefore, the replication of the 

present invesugatlon in other states# using various measures of the 

ccncepts and jsing the powerful design and data analysis features used 

here# would strengthen the conclusion that there exists a general causal 

relationship between beverage alcohol availability and the frequency of 

alcchol-related acadents.

(
f

I
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Notes to Appendix B

1. For example# if cne sets the critical significance level at 
.05# one would expect to find five "significant" results in any 100 ‘esta 
conducted# simply as a result of chance.

2. The major exogenous factor with a knot . impact on the 
frequency of crashes was the fuel shortage and .aticnal maximum legal 
speed limit reduction of early 1974. The effect of the fuel 
shortage/speed limit reduction were explicitly i antrolled in the data 
analyses assessing the effect of the drinking ag* changes.

3. Some may argue that without probability s< mpling from a 
defined population# any use of statistical testing is inappropriate. 
However, the model of statistical inference used here is an econometric or 
time-series model where the statistical significance of an .ntervent*ur 
parameter was assessed by comparing its size with the size of the tota. 
random component in the dependent variable. The purpose of statistic*, 
inference in this investigation was to separate the systematic effects 
from the random component, not generalizations to specified population. 
For add t<onal discussion of this issue see Berk and Brewer (1973).

4. The proposed ban on non-returanable soft drink and beer 
containers was submitted 1i and approved by the people of the State of 
Michigan at the general election held on November 2# 1976# and took effect 
on December 3# 1978 (Michigan Compiled Laws of 1970# Sections 445.571 
through 445.576, as amended by Initiated Law of 1976, Section 2# and 
Public Acts of 1977, Number 270). Available evidence indicates that# 
after the effects of inflation were controlled, packaged beer prices 
increased by about 10 percent in the first year after the law took effect 
'Michigan State Legislature, 197°).

5. As was discussed in Section 3.2# variables characterized by 
major instrumentation changes (such as the had been drinking/had not been 
drinking measure in the late 1960s and early 1*70*) were excluded from the 
analyses.

6. Cne important difference between states, potentially 
limiting generalizability# identified in previous research (Douglass#
1*74), is the degree to which the state is isolated from contiguous states 
with different drinking ages. For example* •» raised drinking age is 
likely to have less impact in a state with a long border with a state that 
retains a lower drinking age because young drinkers may drive to the 
neighboring state to obtain alcohol. Such a situation is an example of 
the operationalized measure, a legal change in tne drinking «ge, not 
reflecting a .major change in the construct of interest, alcohol 
avtilabillty. Since only a marginal change in alcohol availability cc urs 
af*er a legal drinking age charge in such circumstances# less effect on 
alcohol-related collision* might be expected.





REFERENCES

Eako, G., W. C. MacKenzie, and E. S. O. Smith. "The Effect of Legislated 
Lowering of the Drinking Age on Total Highway Accidents Among 
Young Drivers in Alberta, 1970-1972." Canadian Journal -jj 
Public Health. 67C2)J161-163, March/April 1976.

Barsby, S. L. and G. L. Marshall. "Short-term Consumption Effects of a 
Lower Minimum Alcohol Purchasing Age." Journal of Studies on 
Aicohol. 33(9)51665-1679, 1977.

Eerk, R. A. and M. Brewer. "Feet of Clay in Hobnail Boots! An Assessment 
of Statistical Inference in Applied Research." Fp. 1°0-214 in 
T. D. Look et al. (eds.), Evaluation Studies Review Ann^,.:.
V o l u m e  Three. Eeve-ly Hills, California! Sage Publications,

1973.

Plane, H. T. " liddle-aged Alcoholics and Young Drinkers." Fp. 5-38 in H.
T. Blane and M. E. Chafetz (eds.), Youth. Alcohol, and Social 
Policy. N e w  York! Plenum Press, 1979.

Blane, H.T. and L. E. Hewitt. Alcohol and Youth! An Analysis of the 
Literature. 1960-1975. Report prepared for the National 
Institute on Alcohol Abuse and Alcoholism. Pittsburg,
Pei nsylvania! The University of Pennsylvania, 1977.

Bolger, J. A Study of the Lena! Drinking Aoe Policy ;n Ontario. Toronto, 
Canada: Univsersity of Toronto, Center for Urban and Community 
Studies, 1979,

Bonnie, P.. J. "Discouraging Unhealthy Personal Choices through Government 
Regul aon! Some Thoughts About the Minimum Drinking Age." Pp. 
3^-58 in H. Wechsler (ed.), Mimmum-Dnnkino-Aqe Laws.
Lexington, Massachusetts: D. C. Heath and Co., 1980.

Borg, T. M.» H. L. Michael, A. A. Gadallah, and G. K. Stafford.
"Evaluation of the 55 M P H  Speed Limit." Pp. 160-134 in D. G.
Shurig <ed.), Proceedings of the 61nd Annual P-J*d School, held 
at Purdue Univsersity, March 9-11, 1976.

Box, G. E. P. and G. M. Jenkins. Time Series Analysta! Forecasting ind 
Control. San Francisco! Holden-Day, 1970.

 • Time Series Analysis; Fgrecaitinc »rd Cor.traL P t ix i t a :
Edition. San FranascoJ Hclden-Day, P 7 6 .

207



Box, G. E. P. and D. A. Pierce. "Distribution of Residual
Autocorrelations in Autoregressive-integrated Moving Average 
Time Series Models." Journal of the American Statistical 
Assocation. 6451509-1526, 1970.

Box, G. E. P. and G. C. Tiao. "Intervention Analysis with Applications to 
Economic and Environmental Problems." Journal of the American 

Statistical AssoaatlOPi 70(349)570-79, 1975.

Bowen, B. D. and M. R. Kagay. Rgccrt to the Hfcte Houss CanfgrgP.es an
Youth; The Imc^c. of Lowering the Ane of Maiont/ tj 13. June, 
1977.

Bruun, K., G. Edwards. M. Lumio and others. Alcohol Control Polaes in 
Pjblic Health Perspective. The Finnish Foundation for Alcohol 
Studies, Volume 25, 1975.

Burritt, B. E.. A. Moglir^bi, and J. S. Matthias. "An Analysis of the
Relationships Between Accidents and the 55 M P H  Speed Limit on 
the Arizona Highway System." Paper presented at the 
Transportation Research Board 55th Annual Meeting, Washington, 
D. C<, January 19—23, 1^75.

Cahalan, D. and R. Room. Pra&lgn Drinking Afflcna Airarican IlflP* New 
Brunswick, N e w  Jersey! Rutgers Center for Alcohol Studies,
1«74.

Cameron, T. 'Alcohol and Traffic." Pp. 120-288 in M. Aarens et al.
(eds.), Alcohol. Casualties and C o m e . Berkeley! Soaal 
Research Group, School of Public Health, University of 
California, 1977.

Campbell, D. T. and J. C. Stanley. Experimental and Ouasi-expenmental 
D e s ig n s  for Research. Chicago! Rand McNally, P66.

Carpenter, J. F. "Traffic Fatalities and the Energy Crisis! Four Month 
Analysis, January-Aprll 1°74,' Warren, Michigan! General 
Motors Technical Center, 1«74,

 . "Traffic Fatalities and the Energy Crisis! A Second Four
Month Analysis, May-August P74." Warren, Michigan: General 
Motors Technical “enter, 1975.

Chafetz. M. E. Liquor! Th-> Servant o f Man. Boston! L itt le , Brown and 
Co., 1^6?.

Chafetz, M. E. and H. T. Blane. "K'.gh School Drinking Practices and 
P r o b le m s . "  P s y c h i a t r i c  C p u  i o n . 1 6 (3 )5 1 7 -1 9 , M a rc h , 1 * 7 9 .

Chu, B. and G. E. Nunn. "An Analysit of the Decline in California Traffic 
Fatalities During the Energy Crisis." Armdont analysts ird



Prevention. 8<d)!145-150, 1976.

Cook, T. D. and D. T. Campbell. “The Design and Conduct of
Ouasi-experiments and True Experiments in Field Settings." Pp. 
223-326 in M. Dunnette (ed.)» Handbook of Industrial and 
Organizational Psychology. Skokie, IUinois! Rand McNally,
1976.

 . Ouasi-excennentation; Design and Analysis Issues for Field
Settings. Chicago! Rand McNally, 1979.

• Council, F. M., L. Pitts, M. Sadof, and 0. K. Dart. An Examination of the 
Effects of the 55 M P H  Soeed Limit on N orlth Carolina Accidents. 
Chapel Hill! University of North Carolina, Highway Safety 
Research Center, 1975.

Cucchiaro, S., J. Ferreira, Jr., and A. Sicherman. The Effect of the 
larv-ear-old Drinking Aae cn Auto Acadents. Cambridge: 
Massachusetts Institute of Technology, Operations Research 
Center, 1*74.

Dart, O. K. “Effects of the 88.5 km/h (55 mph) Speed Limit and Its
Enforcement cn Traffic Speeds and Acadents." Transportation 
Research Record. 643523-32. 1977.

Detroit Free Press. "The Roll Call." Page SA, July 9, 1930.

Distilled Spirits Ceunal of the United States. "Public Attitudes
Changing! Minimum Age Laws." DISCUS Newsletter, number 326, 

June/July, 1°73.

 . “Survey of Minimum Age Law Experience on Drinking/Driving."
DISCUS Newslet*er. number 330, December, 1973.

 . “Teen Fatalities Rise After Minimum Age Hike." DISCUS
f!ew«let*gr. number 386, December, 197°.

Douglass, R. L. The Effect of the Lower .gfljl DriEiUna AflS m  Y g U l H S n i n  
Invcl/eggn*. Ph.D. dissertation, Public Health Administration 
(School c«f Public Health), Packham School of Graduate Studies,
The University of Michigan, 1974.

Douglass, R. L., L. D. Filkins, and F. A. Clark. The Effect of Lower
Leo>l P m V i n o  Aoes cn Youth Crash Invclv«g«». Report prepared 
for the U. 5. Depa'tment of Transportation, National Highway 
Traffic Safety Administration, Office of Alcohol 
Countermeasures. Ann Arbor! The University of Michigan,
Highway Safety Research Institute, 1974.

Pcuglats, R. L. and J. A. Freedman. Alcohol-related Casualties and 
Alcc»ol Bevrsne Mariet ?«r;pcnse to Beverage Alcchci 
AvAilibili*/ Policies :n MicNaan. Ann Arbor! The University



of Michigan, Highway Safety Research Institute, August, 1977,

Douglass, P.. L., P. M. Barkey, A, C. Wagenaar and P. DeBiasi, Retail

P n «  PiatriSutian of .Alcgholic Sayeraflgs fai-Cn-jramsp
Consumption «.n Michigan. Report prepared for the Michigan 
Department of Riblic Health, Office of Substance Abuse Services.
Ann Arbor, The University of Michigan, Highway Safety P.esearch 
Institute, 1980.

rouglass, R.L., A.C. Wagenaar, and P.M. Barkay. Alcohol Availability, 

Consunpticn, and the Incidence of AlchQl-rglated Social and 
Hsilth. ftcblgms IT Michigan* Report prepared for the Michigan 
Department of Public Health, Office of Substance Abuse Services.
Ann Arbor: The University of Michigan, Highway Safety Research 
Institute, May, 1979.

Draper, N. R., and H. Smith. Applied Repression A nalysis. Mew York! John 
Wiley, M b .

Dunn, O. J., and V. A. Clark. Applied Statisti-s? Analysis of Variance 
and Reo esslcn. H e w  York! John Wiley, 1974.

Eshler, J. M. and Reynolds Metals. "Filtering of Fatal Acadent Rates." 

TrarafigfUtisp Riitirch fitiard. M3iio-i:t i«77.

Ewing, J. A. and B. A. Rouse (eds.). DrinklPQ? Alcohol in American 
Soc«t>"liius« and C u n  m l  Rgiaa/ifl. Chicago: Me leon-Hal),
1979.

Farris. R., T. B. Malone, and H. L ilhe fore . A Gam »ri«nn nf airnhcl 
Involvement in Eiocied and Inured Drivers. Alexandria,
Virginia: tssex Corporation, P 7 ? ,

Ft I kins, L. D.. C. D. Clark, C. A. Rosenblatt, W. L. Carlson, M. W,
Kerlan. and H. Man son, Alcohol Abuse and Traffic Safsiy l A 
Study ef Fa*t it le s . D. H. I .  O ffenders. AIl-.aI ica. and 
C o u r t T r e a t m e n t  Approaches. Ann Arbor! The University 
o f Michigan, Highway Safety Research Institute, l*7u.

Flora. J . D., L. D. Filkins, and C. P. Compton. A'.:chfll Inrol.ement in 
Michioin Fatal Acadenta: Ann Arbor! The
University o f Michigan, Highway Safety Research Institute,
March, 1«78.

Flynn, L. T raffic Safety E ffects o f Fuel Shot .a ie and Saeed Limits. A 
c,rh;a«-» Washington, D. *.J National Highway
Traffic Safety Administration, I*?* .

G lass, 0 . 7 .  L. Willson, and J . M. Gottman. ^xa^u. .* i.. ••
T'.Te-serits Ftqar«-*n»«. Sculder, Colorado! Colorado 
Associated University Press, P73.



Guttorp, P. and H. H. Song. "A Note on th* Distribution of Alcohol 
Consumption.- Drinking and Drug Practices Surveyor. 1357-3,
1977.

 . "A Note on the Distribution of Alcohol Consumption! A
Rejoinder to Skog." Drinking and Drug Practices Surveyor. 14!6, 
29-30. 1979.

Guy. Hon. Ralph, Jr. Opinion. Ref. Civil No. 8-73013 and Civil No. 
8-73159, U. S. District Court, Eastern District of Michigan, 
Southern Division, Detroit, Michigan, December 22, 1978.

Hammond, R. L. "Lsgal Drinking at 13 or 21 - Dees it Make Any
Difference7" Journal of Alcohol and Drug Eduction, 18<3>!9-13, 
Spring, 1973.

 . "Legal Drinking at 13 or 21 - Does it Make Any Difference?"
The Catalyst, 1(2)87-90, 1979.

Haugh, L. D., and G. E. P. Eox. "Identification of Dynamic Regression 
(Distributed Lag) Models Connecting Two Time 5enes." Journal 
of »h» American Statistic^ Association. 7:(337)!l2i-130, 1977.

Hibbs. D. A. Jr. "On Analyrlng the Effects of Policy Interventions! 
Box-Jenkins and Box-Tiao Versus 5t->ictural Equation Models," 
Pp. 137-179 in D. R. Heise, (ed.J, Soaoi^. -al Methodology 
t°77. San Francisco! Jotsey-Bass, 1°77.

Horton, D. "The Functions of Alcohol in Primitive Societies! A
Cross-cultural Study. Quarterly Journal of Studies cn Aicohal. 
4!19«-?20, P43.

Hur . t ,  P. M. "Epidemiological Aspects of Alcohol in Driver Crashes ana 
C itations," Journal of £af-t / Re search. 5(3)!130-148. 1973.

I llin o is  Department o f Transportation, D ivision of T raffic Safety. 
As«e«?ment of the E ffect on T raffic Safety af Luwerir.a the 
L c c il Dr inking Age in lU in iis . November, 1977.

In s t it jte  for .earch in Public Safety. Tn- levei Stud , t ie  Camas oi 
T rsffio  Acadents. Volume !■ ?.»«• arc.". Findings. Bloomington! 
Indiana University . 1973.

Johnston. L. D.. J. G. Bachman, and P. M. O’Malley. Drugs and the C la is
of 711 EgM'tari* indfLuar/. T:«cd>.
Washington, D. C.! United States Government Printing Office, 
|97*a.

 . I *7* H ighlights. Druoi ird  ^ e  Nation s Schcol ituden ts .
Five Year N i t i m l  T-rrda. Washington, D. C.! United States 
Government Printing O ffice,



Jones, R. K. and K. B. Joscelyn. Alcohol and Hiqhway Safety; A  Review of 
the State of Knowledge. Ann Arbor? The University of Michigan, 
Highway Safety Research Institute, 1978.

Kahane, C.J. Lower Sceed Limits, Reduced Speeds, Fewer Deaths. 
Washington, D. C.? National Highway Traffic Safety 
Administration, Office of Statistics and Analysis (DOT HS 801 
662), 1973.

Kendall, M. Time-senes. Second Edition. New Tork? Kafner Press, 1976.

Klein, D. "Adolescent Driving as Deviant Behavior." Pp. 2-19 in P. F. 
Waller (ed.>, The Young Drivers? Reckless or Unoreoareo?
Chapel Hill? North Carolina Symposium on Highway Safety, Volume 
3, Fall, 1971.

Klein, T. M., P. Levy, and R. B. Voas. Effect of the Fuel Crisis and the 
33 M P H  Limit on Futilities in Utah. Washington, D. C.?
National Highway Traffic Safety Administration, Office of Driver 
and Pedestrian Programs, Demonstration Evaluation Division (DOT 
HS 801 834), 1976.

Maisto, S. A. and J. V. Rachal. "Indications cf the Relationship Among 
Adolescent Drinking Practices, Raised Behaviors, and Drinking 
Age Laws." Pp. 133-176 in H. Wech .ler <ed.), Minimum Dnnkino 
Aoe Laws. Lexington, Massachusetts? D. C. Heath and Co.. l4̂ .

Makela, K. "Consumption Level and Cultural Dru ang Patterns as
Determinants of Alcohol Problems." Paper presented at the 30th 
International Congress on Alcoholism and Drug Dependence, 
September 9, P 7 2 .

 . "Level of Consumption and Social Consequences of Drinking."
Pp. 303-343 u> Y. Israel et al. (eds.), Research Advances in 
Alee he 1 ard Drug Problems, Volume 4, N e w  York? Plenum Press,
1978.

McFadden, M. and H. Wechsler. "Minimum Drinking Age Laws and Teenage 
Drinking." Psychiatric Opinion. l6t3>?22-23, 26-28, March, 
l«7«.

McCleary, R. and R. A. Hay, Jr. Apt lied Time Series Analysts f^r 129 
Secia! Beverly H ills , California? Sage Publications,
1*90.

Michigan Council on Alcohol Problems. tL u u JL em . number 33, Auc *st 14, 
1«7J.
. rM number  41, November 30. 1«7«.
. M ; n -  dumber 8, June 17, 1*S0.



Michigan Licensed Beverage Association. "Critical Review of Effect of Ape 
of Majority on Michigan Traffic Statistics." Correspondence to 
Chairperson, Governor's Task Force on Drinking Driver Problems. 

July 2, 1973.

Michigan State Legislature. Aoe of Maioritv Act of 1971. Michigan Public 
Acts of 1971, number 79. Lansing! State of Michigan, 1971.

 . Michigan's Deposit Law! First Year, An Interim Heoort of the
Special Joint C o m m i t s  to 5tudy the Impact of the Beverage 
CoPt«iner_DecQSiiJ.awt Senator Stephen Mcnsma, Chairperson. 
Lansing! State of Michigan, 1979.

Mosher, J. F. “The History of Youthful-Drinking Laws! Implications for 
Current Policy. Pp. 11-33 in K. Wechsler ied.), Minimum 
Drinking Aae L a w s . Lexington, Massachusetts! D. C. Heath and 
Co., l°30.

Nelse», C.R. Applied Time Series Analysis for Managerial Forecasting.
San Francisco! Holden-D iy, 1973.

Hoar, E. M. and R. D. Mashold. "Teenage Driver Fatalities Following 
Reduction in the Legal Drinking Age." Journal of safety 
Research. 7(2)174-79, June, 1975.

National Clearinghouse for Alcohol Information. "Minimum Drinking Age." 
Alcohol T opics in 3 n e * . Volume 1, number 4, Mi/, 1976.

, "Minimum Drinking Age." Alcohol T c p ic s  in Brie*. November,
1973.

National CSS, Incorporate . SPX'Time User's Guide. Norwalk, Connecticut, 
1074

National Institute or Alcohol Abuse and Alcchrlism. Third Special Repcrt 
to the U. S. C ongress or Aleak >1 and Health. Washington, D. C.! 
United States Government Printing Cffice, 1®78.

National Safety Council, ftceiierit Facts . 197"- E J it ic n . Chicago! 197®.
O'Day, J., C. J. Minahan. and D. Colcomo. The Effects af th# Energ,

Crian in'! SI.S&Ki iossd I m i - m l l  ichi/xi. Ann Arbor! The 
University of Michigan. Highway Safety Research Institute, l®75.

Organisation for Economic Cooper aticn and Development. Y q u p i Dri.er 

Acr.denti^ Parir, France, l®75.

Parker, D. A. and M. S. Harman. "The Distribution of Consumption Mcoei of 
Prevention of Alcohol Proclens! A Critical Assessment."

J:u-*alof Studies AlcchQl. 391377-3®®, 1973.



Pelz, D. C. and S. H. Schuman. "Motivational Factors in Crashes and
Violations of Young Drivers." Presented at the American Public 
Health Association Annual Meeting, Minneapolis, Minnesota,
October 13, 1971.

Perrine, M. W., J. A. Waller, and L. S. Harris. Alcohol and Highway 
Safety*. B e havioral and Medical Aspects. Burlington!
University of Vermont, 1971.

Plaut, T. Aicahol Problems! . A  P.eoort to the Nation by the Cooperative 
Commission in the Study of Alcoholism. N e w  York! Oxford 
University Press, 1967.

Pcpham, R. E., W. Schmidt, and J. deLint. "The Effects of Legal Restraint 
on Drinking." Pp. 579-626 in B. Kissin and H. Begleiter (eds.),
The SioIoQv of Alcoholism, Volume 4; Social Aspects of 
Alcoholism. N e w  York! Plenum Press, 1976.

 . "Government Control Measures to Prevent Hazardous Drinking."
Pp. 239-266 in J. A. Ewing and B. A. Rouse (eds.), Dnnkino!
Alcohol in American Sect tv— Issues and Current Research.
Chicago! Nelson-Hall, 1978.

Preusser, F. F.# J. F. Gates, Jr., and M. S. Orban. Identification, of
Ccunte^measures for the Youth Crash Problem Related to Alcohol!

Rsvig* af-Eiislaiq Literature flnti-fraliimnyy Kygothesga*
Darnen, Connecticut: Dunlap and Associates, 1973,

Fublicom, Incorportated. "Summary of the Report of the Committee to Study 
the Fffect of Proposal D  in Michigan.' Lansing, Michigan,
November, 1®7®.

Read Safety and Traffic Authority. The Effect of the Absolute 
Speed Limit of 100 km/h on Acadents m  Victoria, Summary 
R eo o r» .  Prepared fo the Office of Road Safety, Commonwealth 
Department of Transport, Victorica, Australia, 1978.

Room, R. "Evaluating the Effect or Drinking Laws on Drinking." Pp. 
267-306 in J. A. Ewing and B. A. Rouse (eds.), Drinking!
Alcohol in American Society— Issue and CurrealJl^earc!).
Chicago! Nelson-Hall, 1®73.

Rooney, J. F. and S. M. Schwartz. "The Effects of Minimum Drinking Age 
Laws Upon Adolescent Alcohol Use and Problems." Contemporary 
Druo Problems. 6!56®-333. Winrer, 1977.

Reuse. 3. A. and J. A. Ewing. "An Overview of Drinking Behaviors and 
Social Policies.- Pp. 33®-482 in J, A. Ewing and B. A. Rouse

<ed«.), Crinhnai,. Alcatel in Am«ficin.SfiQ«lv-:iiiL’ci.iftd 
Current Research. Chicago! Nelson-Hall. 1973,



Roy, M. B. and E. Greenblatt, "Driving Under the Influence cf Liquor!
Followup Study of Age, Sex, ar.'i Simultaneous Offenses." Boston! 
Commonwealth of Massachusetts, Office of Commissioner of 
Probation, November 27, 1979.

Schmidt, W. and A. Kornaaewski. "The Effect of Lowering the Legal 
Drinking Age in Ontario on Alcohol-related Motor Vehicle 
Accidents. Pp. 763-770 in Alcohol, Druos. and Trafcic Safety. 

f*flggtftofls.Qf the Sixtt International .Can far gr.ca.gn Alcahol,
Druos, and Traffic Safety. Toronto, September 8-13, 1974.
Toronto! Addiction Research Foundation, 1973.

Schmidt, W. and R. E. Popham. "The Single Distribution Theory of Alcohol 
Consumption! A  Rejoinder to the Critique of Parker and Harman." 
Journal of Studies on Alcohol. 39!400-419, 1978.

Scott, P. P. and A. J. Barton. The Effects on Road Accident Rates of the 
Fuel-Shortaoe of November 1^7? and Consequent Legislation. 
Crowthore, Eerkshire, United Kingdom! Transport and Road 
Research Laboratory, Safety Department, Acddent Investigation 
Division, 1976.

Seiia, A. F.. M. A. Entsminger, and C. 2. Silva. An Examination of the
Eff<»cts of the Lowered Maximum Soeed Limit and Fuel Shortages in 
North Carolina. Chapel Hiii! University of North Carolina,
Highway Safety Research Center, 1977.

Shattuck, D. and P. C. Whitehead. "Lowering the Drinking Age in
Saskatchewan! The Effect on Collisions Among Young Drivers." 
Saskatchewan Department of Health, May, 1976.

Skog. 0-7. "A Note on the Distribution of Alcohol Consumption! G a m n u  vs. 
Lognormal Distributions— A Reply to Guttorp and Song." Drinking 
and Drug Practices Surveyor, 1453-6, l°79a.

 , "The Distribution of Alcohol Consumption! A Further Reply to
Guttorp and Song." Drinking and Drug ^aitices Surveyor.
13523-34, l°79b.

Smart. R. G. "Changes m  Alcoholic Beverage Sales After Reductions in the 
Legal Drirking Age." American Journal of Drug and Alcohol 
Abuse. 4U)!101-103, 1977.

 . "Priorities in Minimizing Alcohol Problems Among Young
People." Pp. 229-262 in H. T. Blane and M. E. Chafet: (eds.),
Youth, Alcohol, imc Social Policy. New York! Plenum Press,
P7*.

Smart, R. G. and W. Schmidt. "Drinking and Problems From Drinking Arter a 
Reduction in the Minimum Drinking Age. Bnti;r T-urna!
Addiction. ‘T0(4)J34?-333. December, 1*73.



Smart, R. G. and M, S, Goodstadt. "Effects of Reducing the Legal
Alcohol-Purchasing Age on Drinking and Drinking Problems! A 
Review of Empirical Studies." Journal of Studies on Alcohol. 
33(7)!1313-1323, July, 1977.

Snyder, C. R. Alcohol and the J a w s. New Brunswick, N e w  Jersey! Rutgers 
Center of Alcohol Studies, 1953.

 . "Culture and Jewish Sobriety! The In group-out group Factor."
Pp. 188-22T in D. J. Pittman and C. R. Snyder (eds.), Society.
Culture, m d  Drinking Patterns. Carbcndale, Illinois! Southern 
Illinois University Press, 1962.

Tofany, V. L. "Factors Contributing to the Reduction of Motor Vehicle 
Fatalities in 1974," Journal of Safety Research, 7(3)5100-103,
1975.

Toomoth, J . B. The 50 M.P.H. Soeed Limit. Wellington, New Zealand!
Ministry of Transport, Road Transport Division, Traffic Research 
Section, 1°75.

Treat, J. R. "Tri-level Study of Causes of Traffic Acadents! An
Overview of Final Results." Pp. 391-403 in D. F. Huelke (ed.), 
Proceedings o* the American Assoaation for Automotive Mediane. 
Vancouver, British Columbia, September 15-17, 1977.

Ullman, A. D. "Sociocultural Backgrounds of Alcoholism." The Annals of 

th.s African Academy at Pali t m l  and 5caal Sagr.a, 135:43-54, 
1°58.

United States Department of Transportation, National Highway Traffic 
Safety Administration, National Center for Statistics and 
Analysis. Fatal Acader.t Rsccrt.-a System. 1<>77 Annual lleoort. 
Washington, D. C., 1977.

United States Department of Transportation, National Highway Traffic 
Safety Administration, Office of Driver and Pedestrian programs. 
Enforcement and Emergency Services Division. 55 M P H  Fact Book. 
Washington, D. C., 1°78,

Vigderh.ous, J. "Forecasting Soaological Phenomena! Application of 
Bor-Jenkini Methodology to Suicide Rates." Pp. 20-51 in K. F. 
Schuessler (ed.), goaolooical Methodology P 7 3. San Franasco! 
Jossey-Bass, 1977.

Warren, R. A., H. M. Simpson, L. Page-Valm, and D. Collard. Point Zer^

Eight inti tht Chinas in DnnhmAasl C.)g StM Fsrwird.ifld-I.wn 
Steos Backward'* Ottawa, Ontario! Traffic Injury Research 
Foundation of Canada, P77,

Wechtler, H. "Patterns of Alcchol Consumption Among the Young! K:gh 
School, College, and General Population Studies." Pp. 39-58 in



H. T. Blane and M. E. Chafetz (eds.), Youth, Alcohol, and Social 
Policy. N e w  York! Plenum Press, 1979.

Whitehead, P. C. Alcohol and Young Drivers! Impact and Implications of 
Lowering the Drinkino Aoe. Ottawa, Ontario! Department of 
National Health and Welfare, Health Protection Branch,
Non-medical Use of Drugs Directorate. Research Bureau, 1977,

Whitehead, P. C „  J. Craig, N. Langford, C. MacArthur, E. Stanton, and R.
G. Ferrence. "Collision Behaior of Yeung Drivers! Impact of 
the Change? in the Age of Majority." Journal of Studies on 
Alcohol, 36(9)! 1208-1223, September 1975.

Wilkinson, R. The Prevention of Drinking Problems! Alcohol control and 
Cultural Influences. N e w  York! Oxford Univenty Press, 1970.

Williams, A. F.« R. F. Rich, P. L. Zadcr, and L. S. Robertson, The Legal 
Minimum Drinking Age and Fata] Mctgr Vehicle Crashes. 
Washington, D. C.J Insurance Institute for Highway Safety,
1974.

Wiorkowski, J. J. and R. F. Heckard. "The Use of Time Series Analysis and 
Intervention Analysis to Assess the Effects of External Factors 
on Traffic Indices! A Case Study of the Effects of the Speed 
Limit Reduction and Energy Crisis in the State of Texas."
Accident Analysis and Prevention, 9(4)1229-247, December, 1977.

Wolfe, A . C. "Characteristics of Alcohol-impaire** Drivers." Presented at 
the St nety of Automotive Engineers, Automobile Engineering 
Meeting, Detroit, Michigan, October 13-17, 1975.

Wolfe, A. C. and M. M. Chapman. 1 ^ 1  and l?7? A S A P  Surveys! Washtenaw 
County High School Sti »nts. Ann Arbor! The University of 
Michigan, Highway Safety Research Institute, 1473a.

, • "High School Student D n n k w q  and Driving Behavior." Hit Lab
Peoor^s. 4(4116-13. Ann Arbor! The University of Michigan,
Highway Safety Research Institute, l 4 7vt).

Works, D. A. "Statement on 18 Year Old Drinking." Journal of Alcohol ant 
Druo Education. 10(2)114, P73.

Zylman, R. "Age is More Important than AlcotKl ;n the Collision 
Involvement of Young and Old Drivers." Journal cf Traffic 
Safety. 20(1)1 7-8, 34, P72.

   . . "When » t  Is Legal to Drink at 10! Wnat Should W e  Expect*”
J o u rn a l o f  T r a f f i c  S a fe ty  E duc tion , 20 (4»19-10 , J u r e ,  P 7 3 .

j "Fatal Crashes Among Michigan You'h Following Reduction of 
Legal Drinking Age." Quarterly Jclt*al cf StLdies cn Alcohol.



33:233-236, 1974a.

- "A Critical Evaluation of the Literature on 'Alcohol
Involvement' in Highway Deaths." Accident Analysis and 
Prevention, 65163-204, February, 1974b.

 . "When it Became Legal to Drink at 13 in Michigan} What
Happened'’" Journal of Traffic Safety Education. 21(3)515-16, 
April, 1974c.

 • "Drinking and Driving After its Legal to Drink at 135 Is the
Problem Real?" Journal of A l a N l  y j  Drug fidwgtjqn, 
20(1)543-32, Fall, 1974d.

_______ , "Drinking and Driving After its Legal to Drink at 13."
Police Chief, 41(11)513, 20-21, November, 1974e.

> "When it Eecame Legal to Drink at 18 in Massachusetts and 
Maine? What Happended’" Police Chie*. 43(1)536-5^. Ja n u a ry .  
1976a.

_______• "Collision Beh • 'tor of Young Drivers: Comment on the Study
by Whitehead et ai." Journal of Studies on Alcohol. 
37(3)5393-401, March, 1976b.

 • "The Consequences of Lower Legal Drinking Ages on
Alcohol-related Crash Involvement of Young People. Rebuttal to 
Dr. Richard Douglass." Journal jf Traffic Satetv Eduction. 
24(2)513-15, January, 1977.

Zylman, R. and S. D. Bacon. "Police Records and Acadents Involving 
Alcohol." Quarterly Journal of Studies cn Alcohol Supplement. 
45173-211, May, l«68.


	HHES81 HB 112



