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1.0 INTRODUCTION 

After the repeal of prohibition in 1933, all states established 

minimum legal ages for purchase and czmsumption of alcoholic beverages; 

most states set the minimum drinking age at 21, while a few chose 

drinking ages between 18 and 20. Little attention was given to these 

laws over the subsequent three and a half decades. The controversy 

surrounding the drinking age began in 1970 with passage by the Congress, 

and subsequent ratification by the states, of the 26th amendment to the 

U.S. Constitution extending the right to vote in federal elections to 

citizens between 18 and 21 years of age. A movement to extend the 

rights and pr ivi leges of adulthood to youth aged 18 and over began, and 

within three years all 5 0  states extended the right to vote in state 

elections to 18-year-olds. Our ing this period, 29 states reduced their 

minimum legal drinking ages (Table 1 . 1 )  .l 

Following the reductions in drinking age, considerable controversy 

emerged in academic, law enforcement, political, and industry circles 

concern i ng the wi sdom of lower i ng the dr i nk i ng age (Mi ch i gan L i censed 

Beverage Association, 1973; Works, 1973; Distilled Spirits Council of 

the United States, 1973a, 1973b; Bowen and Kagay, 1973; Zylman, 1973, 

1974; Dougl ass, 1974) . Uncontrol 1 ed analyses of ear l y data were used by 

some partisans in the political debate to argue that huge increases in 

youthful alcohol-related motor vehicle crashes occurred after the 

reduction in drinking age (Michigan Council on Alcohol Problems, 1973). 

Others argued that the observed crash increases were a result of changes 

lPublished literature on legal drinking age has provided 
conflicting information on the number of states that have changed the 
drinking age, Information on legal drinking age changes provided here 
was based on a comprehensive survey of all 5 0  states conducted by 
Wagenaar ( I  98 I) . 



TABLE 1. 1  

States Lowering the Minimum Legal Drinking Age: 1970-1975 

State 

A l abama 

A 1 aska 

Ar i zona 

Connecticut 

Del aware 

Florida 

Georg i a 

Hawa i i 

l daho 

I 1  1 inois 

l owa 

l owa 

Ma i ne 

Mary 1 and 

Massachusetts 

Michigan 

Mi nnesota 

Montana 

Montana 

Nebraska 

New Hampshire 

New Jersey 

Effective 
Date 

7/75 

9/70 

8/72 

10/72 

7/72 

7/73 

7/72 

3/72 

7/72 

9/73 

4/72 

7/73 

6/72 

7/74 

3/73 

1 /72 

6/73 

7/7 1 

7/73 

6/72 

6/73 

1 /73 

Description of Change 

21 to 19 - all beverages 
21 to 19 - all beverages 

21 to 19 - all beverages 
21 to 18 - all beverages 
2 1 to 20 - a 1 1 beverages 

2 1 to 18 - a 1 1 beverages 

21 to 18 - all beverages 
20 to 18 - a I 1  beverages 

21 to 19 - wine and distilled 
spirits; 20 to 19 - beer 
21 to 19 - beer and wine only 
21 to 19 - all beverages 
19 to 18 - a 1 1 beverages 

20 to 18 - a 1 1 beverages 

21 to 18 - beer and light wine only 
2 1 to 18 - a 1 1 beverages 

21 to 18 - all beverages 
2 1 to 18 - a I 1  beverages 

21 to 19 - all beverages 

19 to 18 - all beverages 

20 to 19 - all beverages 
21 to 18 - a1 1 beverages 

21 to 18 - all beverages 



in police reporting practices, growth in the population of young 

drivers, and long-term trends in the incidence of traffic accidents 

(Zyliman, 1974). By the mid-1970s, controlled studies of the effects of 

lowered drinking ages began to appear both in the United States and 

Canada. Most of these investigations found significant increases in 

alcolhol-related motor vehicle accidents among young drivers attributable 

to the lowered drinking age. Several studies also reported increased 

cons~~mption of alcoholic beverages after the lowered drinking ages went 

into effect. As the evidence documenting the adverse effects of the 

lowered drinking age on alcohol-related problems accumulated, the trend 

toward reducing the drinking age reversed. No states have lowered their 

drinking age since 1975, and at least 15 states raised their drinking 

State 

Rhode Island 

South Dakota 

Tennessee 

Texas 

Vermont 

Virginia 

West Virginia 

W i scons i n 

Wyomi ng 

Effective 
Date 

3/72 

7/72 

517 1 

8/73 

7/7 1 

7/74 

6/72 

3/72 

5/73 

Description of Change 

21 to 18 - all beverages 

19 to 18 - 3.2 beer only 

21 to 18 - all beverages 
2 1 to 18 - a1 1 beverages 

21 to 18 - all beverages 
21 to 18 - beer only 
21 to 18 - distilled spirits (beer 
and wine were 18 since 1935) 

2 1 to 18 - a 1 1 beverages except beer 
which has been 18 since 1933 

21 to 19 - all beverages 



ages between 1976 and 1981 (Table 1.2). Current legal minimum drinking 

ages in the 50 states as of April 1981 are listed in Table 1.3. 

TABLE 1.2 

States Raising the Minimum Legal Drinking Age: 1976-1981 

The purpose of this study was to evaluate the effects of returning 

to higher drinking ages. Maine and Michigan were selected as primary 

study states because both lowered their drinking age in the early 1970s 

Description of Change 

18 to 19 - a 1 1 beverages 

18 to 19 - a 1 1 beverages 

19 to 21 - beer and wine only 
18 to 19 - all beverages 

18 to 20 - a 1 1 beverages 

18 to 20 - a 1 l beverages 

18 to 2 1 - a 1 1 beverages 

18 to 19 - all beverages 
18 to 19 - a1 1 beverages 

19 to 20 - all beverages 
18 to 20 - a1 1 beverages 

18 to.19 - all beverages 
18 to 19 - a 1 1 beverages 

19 to 20 - all beverages 
18 to 19 - all beverages 

18 to 19 - off-premise beer only 

State 

Florida 

Georg i a 

Illinois 

l owa 

Ma i ne 

Massachusetts 

Mi chi gan 

Mi nnesota 

Montana 

Nebraska 

New Hampshire 

New Jersey 

Rhode Island 

Rhode Island 

Tennessee 

Virginia 

Effective 
Date 

10/80 

9/80 

1 /80 

7/78 

10177 

4/79 

12/78 

9/76 

1 /79 

5/80 

5/79 

1 /80 

7/80 

7/8 1 

6/79 

7/8 1 



TABLE 1.3 

Current Minimum Legal Drinking Ages: A p r i l  1981 



O i s t i  1 l e d  
S p i r i t s  

2 0 

2 1 

19 

2 1 

2 1 

19 

2 0 

2 1 

2 0 

19 

2 1 

18 

2 1 

2 1 

2 1 

2  1 

2 1 

2 1 

20 

2 1 

2 1 

19 

I 8 

S ta te  

Massachusetts 

Mich igan 

M i  nneso t a  

M i s s i s s i p p i  

M i  ssour i 

Montana 

Nebraska 

Nevada 

New Hampshire 

New Jersey 

New Mexico 

New York 

Nor th  Ca ro l i na  

Nor th  Dakota 

Ohio 

0k 1 ahorna 

0 r egon 

Pennsylvania 

Rhode I s l and  

South Ca ro l i na  

south Dakota 

Tennessee 

f exas 
i 

L i g h t  

2 0 

2 1 

19 

18 

2 1 

19 

2 0 

2 T 

20 

19 

2 1 

18 

18 

2 1 

2 1 

2 1 

2 1 

2 1 

2 0  

18 

2 1 

19 

18 

Wine 
. 

F o r t i f i e d  

20 

2  1 

19 

2 1 

2 1 

19 

2 0  

2 1 

20 

19 

2 1 

18 

2 1 

2 1 

2 1 

2 1 

2  1 

2 1 

2 0 

18 

2 1 

19 

18 

Beer 

3.2% o r  
less a l coho l  

2 0 

2 1 

19 

181 

2 1 

19 

2 0 

2 1 

2 0 

19 

2 1 

18 

18 

2 1 

18 

182 

2 1 

2 1 

20 

18 

18 

19 

18 

over 3.2% 
a lcoho l  

2 0  

2 1 

19 

2 1 

2 1 

19 

2 0 

2 1 

2  0 

19 

2 I 

18 

18 

2 1 

2 1 

2 1 

2 1 

2 1 

20 

18 

2 1 

19 

18 



' D r i nk i ng  age i s  18 f o r  beer o r  wine t h a t  i s  4% o r  less  a lcoho l  by 
weight.  

2Pr i o r  t o  December 1976, t he  age was 18 f o r  females and 21 f o r  
males. Th i s  sex d i s c r i m i n a t i o n  was r u l e d  u n c o n s t i t u t i o n a l  by the  U.S. 
Supreme Court ,  having the  e f f e c t  o f  l ower ing  the age t o  18 f o r  males 
[Cra ig  v. Boren, U . S .  Okl. 97 S .  C t .  451 (1976)]. 

jE ighteen f o r  on-premise consumption, n ine teen  f o r  o f f -p remise  
consumption. 

' E f f e c t i v e  June 1980; beer over 3.2% was i l l e g a l  i n  West V i r g i n i a  
be fo re  t h a t  date.  

and re tu rned  t o  t h e i r  o r i g i n a l  h igher  age i n  the  l a t e  1970s. As noted 

i n  Table  1 . 1 ,  Maine lowered i t s  d r i n k i n g  age from 20 t o  18, e f f e c t i v e  

June 9, 1972, and re tu rned  the  l ega l  age t o  20, e f f e c t i v e  October 23, 

1977. S i m i l a r l y ,  Michigan lowered i t s  d r i n k i n g  age from 21 t o  18, 

e f f e c t i v e  January 1,  1972, and re tu rned  the  lega l  age t o  21, e f f e c t i v e  

December 23, 1978. When the  d r i n k i n g  age was ra ised ,  n e i t h e r  s t a t e  

inc luded a "grandfather  c lause" whereby young people who cou ld  l e g a l l y  

d r i n k  p r i o r  to the increase i n  d r i n k i n g  age would con t inue  t o  possess 

S t a t e  

Utah 

Varmon t 

V i r g i n i a  

Washington 

West V i r g i n i a  

W i scans i n  

Wyom i ng 

L 

t h a t  r i g h t .  A f t e r  the  r a i s e d  d r i n k i n g  ages went i n t o  e f f e c t ,  young 

D i s t i l  l ed  
S p i r i t s  

2 1 

18 

2 1 

2  1 

18 

18 

19 

Beer Wine 

3.2% o r  
less  a lcoho l  

2  1 

18 

1 8 3  

2  1  

18 

18 

19 

L i g h t  

2  1 

18 

2  1 
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people who previously had the right to purchase alcoholic beverages no 

longer were legally allowed to do so. 

The goals of this investigation were twofold. First, to provide 

objective information concerning the effect of the legal drinking age to 

policy-makers and voters who must continue to deal with this issue. A 

major concern in discussions of public policy on the legal drinking age 

is the extent to which modifications in the drinking age cause changes 

in the motor vehicle accident experience of young drivers. Therefore, 

this investigation emphasized the use of a research design with a high 

degree of interval validity, and included consideration sf potential 

alternative explanations of the observed relationship between the 

drinking age and traffic accidents. In addition to the primary focus on 

motor vehicle accidents, the relationship between drinking age changes 

and aggregate beverage alcohol sales was also explored. The second goal 

of the present study was to use naturally occurring experiments with the 

minimum legal drinking age to test propositions based on emerging 

theories concerning the impact of beverage alcohol availability on 

alcohol consumption and alcohol-related public health problems, 



2.0 ALCOHOL AND HIGHWAY S A F E T Y  

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

impact of modifications of drinking age on alcohol-related motor vehicle 

collision experience of youth. Recent trends in youthful drinking 

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

reference to young drivers, are discussed below. 

2.1 Drinkins Patterns 

It is well established that most 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 18) 

conducted since 1941. They concluded that the prevalence of youthful 

drinkers (i .e., "have you ever had a drink") was increasing prior to the 

mid-1960s, and that about 70 percent of junior and senior high school 

students were consistent1 y identified as drinkers over the 1966 through 

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

intoxication (i.e., "have you ever been drunk"), which increased from 19 

percent prior to 1966 to 45 percent during the 1966 to 1975 time period, 

remaining stable during the latter ten-year period. Prevalence of self- 

reported month 1 y i ntox i cat i on (i .e., "how of ten do you become drunk") 

similarly increased from 10 percent before 1966 to about 19 percent 

dur i ng the 1966 to 1975 per iod, a 1 though 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 various surveys. Their best estimate of average 



drinking frequency among teenage drinkers age 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, 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 adolescents drink regularly and a 

substantial number also frequently become intoxicated. 

The above discussion has been restricted to drinking practices of 

junior and senior high school youth. The literature on college 

students, also reviewed by Blane and Hewi tt (1977), is even more 

limited. Existing surveys of college students indicate that the 

prevalence of dr i nkers (i .e., "have you ever had a dr i nk") has been 

continually increasing since World War I I .  It is estimated that about 

89 percent of a1 1 col lege students are drinkers. There are indications 

that the frequency of intoxication among college students has increased 

in the past quarter century. Furthermore, those age 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, 1977; National Institute on Alcohol Abuse and 

Alcohol ism, 1978). 

The most recent information concerning youthful drinking practices 

was provided by the ongoing longitudinal nationwide probability surveys 

be i ng conducted by Johns ton, Bachman and 0 ' Ma 1 1 ey (Johns ton et a 1 . , 
1979a, 1979b) . They reported that 88 percent of high school seniors 

surveyed in 1979 were at least occasional users of alcohol, 7 2  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 a1 . , 1979b) . 
These recent 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 80 

to 90 percent identifying themselves as drinkers. However, the 

prevalence of young people who frequently become intoxicated appears to 

be increasing, with current data indicating that more than one-third of 

young people in the United States become intoxicated at least once every 

14 days. The experience of frequent intoxication by a sizeable 

proportion of American adolescents creates the potential for serious 

mortiality and injury outcomes if young drinkers operate motor vehicles 

while i n  an alcohol-impaired state. 

2.2 Traffic Accidents 

Motor vehicle accidents are the leading cause of death among youth 

aged 15 to 24, claiming 18,900 lives in the United States in 1979 

(National Safety Council, 1980). A large number of interacting factors 

have been identified as causes of traffic accidents. 

'These high prevalence rates of frequent intoxication were also 
found by Wechsler (1979), in his recent surveys of youthful drinking 
practices. 



Intensive investigations of random samples of accidents conducted 

at Indiana University by the Institute for Research in Public Safety 

have revealed that vehicular factors (e.g. brake fai 1 ures, ti re 

blowouts) were a definite cause of the coll ision in about 5 percent of 

the cases, and environmental factors (e.g, slick roads, reduced 

visi bi 1 i ty, roadway defects) were a definite cause in about 20 percent 

of the accidents examined (Institute for Research in Pub1 ic Safety, 

1975) . Human d i rect causes (e. g . excess i ve speed, ta i 1 gat i ng, dr i ver 

inattent ion) , on the other hand, were documented as a definite cause of 

the col 1 i s ion in over 80 percent of the accidents. The researchers 

emphasized the dominant role of human factors in accident 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. 

Human errors that cause most collisions are often a direct result 

of human conditions at the time of the crash (e.g. driver inexperienced, 

emotionally upset, fatigued, impaired by drugs). The multidisciplinary 

investigations of causes of traffic collisions mentioned above have 

revealed that, for samples of all accidents at all times, alcohol- 

impairment is the human condition most frequently identified as a causal 

factor in the crash; alcohol impairment was identified as a definite or 

probable cause in about 7 percent of the collisions investigated (Treat, 

1977). It should be emphasized that the accident sample included ail 

motor vehicle accidents at all times of the day/week; as a result, the 

great majority of the investigated collisions were relatively minor 

property-damage accidents occurring during daytime rush hours. 



The epidemiological literature on the role of beverage alcohol in 

traffic accidents demonstrates that the role of alcohol increases as the 

severity of the accident increases. Although only about 10 percent of 

the drivers in minor property-damage accidents have blood alcohol 

concentrations (BACs) over .05 percent, about 15 percent of drivers 

involved in extensive property-damage accidents have BACs of .05 percent 

or greater, approximately 25 percent of drivers involved in serious 

injury accidents have BACs of .10 or greater, and the most serious 

accidents, fatalities, have the highest rates of alcohol impairment, 

with about one-half of the drivers having a BAC of at least .10 percent 

(Cameron, 1977; Jones and Joscel yn, 1978) . The f i nd i ngs of these 

studies are supported by studies that include control groups, matched in 

time and place to samples of accidents. Such studies have found that 

the relative risk of being involved in a crash accelerates rapidly at 

BACs over .O8 percent (Cameron, 1977; Jones and Josceiyn, 1978) . 
A variety of individual characteristics (e.g. socio-demographic, 

att i tudinal , personal i ty, socio-envi ronmental) predispose one to human 

conditions that often lead to driver error, which consequently results 

in a collision. Of all of the predisposing characteristics, age and sex 

of driver are consistently among the best predictors of accident 

involvement (Cameron, 1977) . Young drivers (15 to 24) , espec i a1 1 y 

males, are overrepresented in all types of traffic accidents in most 

developed countries. Young drivers have accident rates from 2 to 10 

time:; the rates for drivers of other age groups (Organization for 

Econom i c Coopera t i on and Deve 1 opmen t , 1 975) . 

'Relative risk is the probability of crash involvement at a 
particular BAC divided by the probability of crash involvement with a 
BAC of zero. 



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: (1) driving at more hazardous times/locat ions (for example, night- 

t ime and weekends) ; (2) more frequent driving wi th passengers present 

(increasing the probabi 1 i ty of distraction) ; (3) driving vehicles that 

are in poorer condition; and (4) more frequent use of two-wheeled 

vehicles. Although much work remains to be done concerning the effects 

of differential exposure, studies to date indicate that the 

overrepresentation of young drivers in the accident-involved population 

remains, even after a variety of controls on accident exposure 

(Organ i tat i on for Economic Cooperation and Development, 1975; Preusser 

et al., 1975). 

In addition to their overrepresentation in all collisions, young 

drivers also have the highest rates of alcohol-related crashes of any 

age group (Cameron, 1977; Flora et a]., 1978) .' The high rates of 

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

increased driving after drinking. In fact, roadside breath test surveys 

have revealed that the proportion of youthful drivers with elevated BACs 

is the same as, or lower than, the proportion of drivers in their 30s or 

40s with elevated BACs (Preusser et a1 . , 1975; Wolfe, 1975) . 
An important explanation of the excessive rates of alcohol-related 

collision experience of young drivers is the finding that the relative 

risk of crash involvement at various BAC levels is higher for youth than 

the relative risk of crash involvement at the same BAC levels of middle- 

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



age drivers (Perrine et al., 1971; Zylman, 1972; Farris et al., 1975). 

Thus, a young driver with a given BAC level is more likely to be 

involved in an accident than an older drlver at the same level, and the 

risk of a crash increases more sharply with increasing BAC 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 BAC levels may be due to the 

lack of extensive experience with drinking and driving after drinking 

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

(1973) who reported that, among drinkers of a1 1 ages, those who drink 

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

BAC level than frequent drinkers. Thus, although youth have been 

characterized as frequent heavy drinkers (Blane, 1979) , thei r recent 

initiation into regular drinking may not have afforded them sufficient 

experience with drinking effects and driving after drinking for the 

development of compensatory actions that reduce the risk of an alcohol- 

related collision. A second explanation for the particularly serious 

effelct of an elevated BAC on the risk of crash involvement among youth 

is that alcohol exacerbates the pre-existing impulsiveness and 

propensity toward risk taking behavior characteristic of adolescents and 

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

2.3 Summary and Conclusions 

The literature on motor vehicle accidents has revealed that, of the 

multiple environmental, vehicular, and human causes of collisions, human 

error is the central cause of most traffic accidents. These human 

errors are frequently a result of the alcohol-impaired condition of the 

driver. Drinking patterns of young people, characterized by a high 



prevalence of drinkers who regularly consume large quantities of 

alcoholic beverages per occasion, and increased sensitivity to 

impairment at a given B A C  level of young drivers as compared to older 

drivers, c ~ m b i n e  to make them particularly susceptible to alcohol- 

related crash involvement. The combination of (1) high rates of motor 

vehicle col1isions regardless of $lcohol involvement (reflecting 

inexperience with driving), with (2) the highest proportion of all 

accidents i nvolvi ng a1 coho1 of any age group (ref 1 ect i ng i nexper i ence 

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 accidents. The legal minimum drinking age 

has been identified as one potential mechanism that can be used as part 

of these prevent ion efforts. 



3.0 ALCOHOL AVAILABILITY A N D  THE MINIMUM LEGAL DRINKING AGE 

3.1 Alcohol Availability 

Laws and regulations affecting the availability or accessibility of 

alcoholic beverages, of which the minimum drinking drinking is one 

example, have attracted increasing attention in recent years as a 

strategy for the prevention of alcohol-related problems. As discussed 

i n cons i derab 1 e deta i 1 by Beauchamp (1 980) , s i nce the repea 1 of 

prohibition, alcohol-related problems have been viewed as symptoms or 

consequences of a specific disease called alcoholism. With the 

emergence of a medical treatment establishment and groups like 

Alcoholics Anonymous focusing on those addicted to alcohol, individuals 

experiencing alcohol-related health and social problems were viewed as 

alcoholic or pre-alcoholic. While the specific etiology of alcoholism 

remained poorly understood, it was' generally thought that those 

experiencing alcohol-related problems possessed a particular 

constellation of physiological or psychological traits that made them 

susc~eptible to the disease. The concept of alcoholism, by implication, 

proclaimed alcohol to be non-problematic for society at large, and for 

most beverage alcohol consumers. 

One result of the dominance of the disease concept of alcoholism 

was i3 lack of attention to the role of laws and regulations in 

controlling alcohol use and associated social and health problems. If 

all alcohol-related problems are a result of the disease of alcoholism, 

which strikes certain individuals because they have particular traits 

that most people do not have, then public policy affecting alcohol 

availability is simply irrelevant when attempting to reduce the 

preva 1 ence or i nc i dence of a1 coho1 -re1 ated problems. I f acute pub1 i c 



health problems such as accident morbidity and mortality are seen as 

symptomatic of alcoholism, solutions are focused on defining, 

identifying, and treating alcoholics, not investigating the effects of 

controls on alcohol availability. As a result, very little empirical 

research on the effects of alcohol control laws was conducted in the 

United States between 1930 and 1970. 

One important exception to the absence of inquiry into the alcohol 

control law area was a series of papers produced by the Moreland 

Commission of New York State in 1963 (New York State, 1963, 1964; Bacon, 

197 1) . The Commi ss i on concluded that, in general, extant beverage 

control laws did not have beneficial effects in reducing alcohol 

problems, and recommended relaxing restrictions on the marketing of 

alcoholic beverages. Although of limited scientific merit, and with 

admittedly poor data, the Commission's conclusions were accepted for 

several years, with the result that little detailed examination of 

beverage control laws was conducted during the subsequent decade. 

During the 1970s and early 1980s, alcohol availability issues 

received increasing research attention, particularly in Europe and 

Canada, but also in the United States (Bruun et al., 1975; Wong, 1979 

Harford et al., 1980; Moser, 1980; Frankel and Whitehead, 1981). 

Although U.S. studies in the 1970s focused on effects of specific 

availability changes such as the drinking age, by late in the decade the 

role of general alcohol availability was receiving more attention. 

Reports by the federal government discussed the potential of alcohol 

beverage control laws as one strategy for the prevention of alcohol- 

related problems (Nttional Institute on Alcohol Abuse and Alcoholism, 

1978; Alcohol, Drug Abuse, and Mental Health Administration, 1981). As 



a result, the role of alcohol availability and alcohol beverage control 

laws is receiving increasing attention among researchers and policy 

makers. 

Although research on alcohol availability is increasing, a focus on 

alcoholism and chronic heavy drinking continues. Most recent research 

on relationships between public policy, alcohol availability, alcohol 

consumption, and alcohol-related public health problems has used 

cirrhosis mortality as the dependent variable. The effects of changing 

alcohol availability by lowering or raising the legal minimum age for 

purchase of alcoholic beverages is one area where the focus has been on 

acute alcohol problems, particularly traffic accidents. 

3.2 Recent Research on Effects of Changes in Legal Drinking & 

As a result of the drinking patterns of young people, characterized 

by frequent intoxication, and the high rate of alcohol-related traffic 

accidents among young drivers, a major issue in the controversy 

surrounding drinking age has been the impact of changes in legal 

drinking age upon the incidence of motor vehicle accidents among young 

drinkers. After many states and Canadian provinces lowered the legal 

drinking age in the early 1970s, numerous evaluations were conducted of 

the impact of legal changes on the frequency of involvement in motor 

vehicle collisions among young drivers. Most of the investigations were 

based on comparisons between indices of youthful crash involvement 

before and after a reduction in 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 drinking age, numerous studies included an assessment of 

pre-and-post- 1 ega 1 -change crash i nvolvement for (A) compar i son age 



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

age 21), or (8) comparison jurisdictions that had not experienced a 

contempsraneous change in legal drinking age. 

3.2.1 Lowered Drinking b e  and Traffic Accidents. Williams et 

al. (1974) examined fatal traffic accident frequencies among 15-17 and 

18-20-year-old drivers in Michigan, Wisconsin, and Ontario, where the 

legal drinking age had been lowered. Fatal accident frequencies for 

three years prior to and one year after the legal changes 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. 

Significant increases in fatal crash frequencies were found for 

both the 15-17 and 18-20 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 analyses of 

all fatal crashes. The observed increases in fatal crash involvement 

among youth were substantially larger for Michigan and Ontario than for 

Wisconsin. The smaller effect for Wisconsin was most likely a result of 

the less drastic change in the legal availability of alcohol. In 

Wi scons i n pr i or to the 1 egal change, 18-20-year-olds could 1 egal 1 y 

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

alcoholic beverages. 

Naor and Nashold (1975) also studied the impact of the Wisconsin 

legal change upon highway fatalities. Although the frequency of 

alcohol-related fatalities did increase concomitant with the legal 

change, the proportion of all fatally injured drivers having elevated 



blood alcohol levels did not change signifi~antly.~ Naor and Nashold 

used the latter finding to argue that the reduced drinking age had no 

effect on traffic accidents among youth. However, since beer, the 

beverage of choice among young people, 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 of reduced drinking 

age in Massachusetts using monthly time-series of traffic accidents. 

Traffic accident time-series were examined for the age groups 15-17, 

18-20, 21-23, and 24 and over. The 18-20-year-old driving population 

experienced significant increases in total fatal crashes, alcohol- 

related fatal crashes, and alcohol-related property damage accidents, 

after the drinking age was lowered. None of the accident measures 

changed s i gn i f i cant 1 y for the 2 1-23 and 24-and-over dr ivers. 

Douglass (1974), also using monthly time-series of motor vehicle 

crash involvement, assessed the impact of reduced drinking ages in 

Maine, Michigan, and Vermont. Collision involvement of 18-20 or 18-19- 

year-old drivers in these states was compared with collision involvement 

of 21-45-year-old drivers within the same state, and wi th 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 in any of the comparison states, nor were there any 

=Only fatalities for which a blood alcohol concentration test was 
administered were used in these analyses. 



s i g n i f i c a n t  s h i f t s  f o r  21-45-year-old d r i v e r s  w i t h i n  the experimental 

s ta tes .  Douglass suggested t h a t  the lack o f  s i g n i f i c a n t  changes i n  

t r a f f i c  crash frequency i n  Vermont, which a l s o  lowered i t s  d r i n k i n g  age, 

may have been a r e s u l t  o f  the  r e l a t i v e  ease w i t h  which 18-20-year-oids 

i n  Vermont could ob ta in  a l c o h o l i c  beverages p r i o r  t o  the  reduced 

d r i n k i n g  age by d r i v i n g  t o  New York, which has had a d r i n k i n g  age o f  18 

s ince 1934. 

Douglass and Freedman (1977) rep1 i ca ted  some o f  the ear1 i e r  

analyses, us ing  four  years o f  observat ions a f t e r  the lega l  change. 

According t o  the  authors, the  r e s u l t s  demonstrated t h a t  the  increase i n  

a l coho l - re la ted  crash involvement among Michigan youth, i d e n t i f i e d  i n  

the 1974 research, pe rs i s ted  over the fou r  years a f t e r  the reduced 

d r i n k i n g  age took e f f e c t  ( i  .e., 1972 through 1975) . Evaluat ion o f  the 

Michigan exper ience cont inued w i t h  F lo ra  e t  a l . ' s  (1978) analyses o f  

f a t a i  acc idents i n M i c h i g a n  from 1968 through 1976. Although these 

authors d i d  no t  use the same a n a l y t i c a l  techniques as Douglass, the 

impact o f  the 1972 reduct ion  i n  lega l  d r i n k i n g  age upon a lcoho l - re la ted  

t r a f f i c  acc idents among youth was again demonstrated. 

An increase i n  a l coho l - re la ted  c o l l i s i o n s  was a l s o  repor ted by 

Schmidt and Kornaczewsk i (1 975) , who exami ned year l y acc ident  data f o r  

Ontar io  from. 1967 through 1971. Although lack o f  monthly data and the 

i n a b i l i t y  t o  analyze separate ly  on ly  18-20-year-old d r i v e r s  made t h i s  

study a conservat ive t e s t  o f  the  e f f e c t s  o f  a reduced d r i n k i n g  age, the 
I 

researchers found a s i g n i f i c a n t  increase i n  crash involvement among 

16- 19-year-old dr  i vers  a f t e r  the law changed. 

Whitehead e t  a1 . (1975) examined the crash involvement o f  16-20 and 

24-year-old d r i v e r s  i n  London, Ontar io, f o r  the 1968 through 1973 t ime 



per iod.  Increases o f  150 t o  300 percent i n  a lcoho l - re la ted  crashes 

among d r i v e r s  age 18-20 were ev ident  a f t e r  On ta r i o ' s  d r i n k i n g  age was 

lowered.' I n  cont ras t ,  24-year-old d r i v e r s  experienced on ly  a 20 

percent increase i n  a lcoho l - re la ted  crashes f o r  the f i r s t  year a f t e r  the 

legal  change, w i t h  t h e i r  c o l l i s i o n  frequency r e t u r n i n g  t o  the pre-change 

leve l  the second year a f t e r  the reduced d r i nk ing  age took e f f e c t .  I n  a 

f o  1 1 owup study , Wh i tehead (1 977) exam i ned an add i t i  ona 1 two years of 

c o l l i s i o n  data. A t o t a l  o f  four  years o f  crash involvement data a f t e r  

the reduct ion  i n  d r i n k i n g  age demonstrated the permanence o f  the 

increased alcohol -re1 ated col  1 i s ion  frequency documented i n  the 1975 

i nves t i ga t i on .  

Warren e t  a l .  (1977) evaluated the impact o f  reduced d r i n k i n g  ages 

i n  Alberta, Manitoba, New Brunswick, and Saskatchewan on t r a f f i c  

f a t a l i t i e s  between 1968 and 1975. Only those f a t a l i t i e s  f o r  which a 

blood alcohol concentrat ion t e s t  was administered were included i n  the 

analyses. Frequency o f  a lcoho l - re la ted  f a t a l i t i e s  f o r  15-20-year-old 

d r i v e r s  be fore  and a f t e r  a reduc t ion  i n  d r i n k i n g  age were compared 

w i t h ~ i n  each province. Some increases i n  f a t a l i t i e s  among 15-20-year-old 

d r i v e r s  were observed w i t h i n  the study j u r i s d i c t i o n s  a t  the t ime the 

d r i n ~ k i n g  age was lowered. However, s ince b lood a lcohol  concentrat ion 

lega l  l y  def ined as drunk d r i v i n g  was reduced t o  .08 percent a t  about the 

same t ime t h a t  d r i n k i n g  ages were lowered, Warren e t  a l .  po inted out  

t ha t  the e f f e c t s  o f  the .08 l e g i s l a t i o n  were confounded w i t h  the e f f e c t s  

o f  lower lega l  d r i n k i n g  ages. Furthermore, i n s u f f i c i e n t  numbers o f  pre- 

change observat ions were a v a i l a b l e  t o  con t ro l  adequately f o r  the 

s tochast ic  e r r o r  i n  t r a f f i c  f a t a l i t y  t ime-series. According t o  Warren 

6Po l i ce  repo r t s  were used as i nd i ca to r  o f  alcohol involvement. 



et al., although increases in fatalities among youth occurred after the 

drinking age was lowered, one is not able to conclude that the increases 

were due to drinking age changes. 

One of the provinces investigated by Warren et al., Saskatchewan, 

was a1 so studied by Shattuck and Wh i tehead (1976) . After the drinking 

age was lowered from 21 to 19 in April 1970, 16-20-year-old drivers 

exhibited 20 to 50 percent increases in alcohol-related crashes.? 

After drinking age was lowered from 19 to 18 in June 1972, 16-18 year 

old drivers experienced further increases in alcohol-related collision 

involvement. 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 a1 . (1976) examined the frequency of drivers wi th blood 

alcohol concentrations of .08 percent or greater among those fatal ly 

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

observed in 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 legal drinking age for beer and wine in Illinois 

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

Transportation (1 977) . Compar i sons between fatal i ty i nc i dence i n 

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

conclusion that the lowered drinking age in Illinois caused a 1.6 

percent increase in fatalities among drivers age 19 and 20. 

?Police reports were used as indicator of alcohol involvement. 



The Nat iona l  I n s t i t u t e  on Alcohol Abuse and Alcohol ism's  Alcohol 

Epidemiologic Data System (1980) examined annual t r a f f i c  f a t a l  i t y  counts 

i n  the 50 s ta tes  from 1970 through 1978. The authors  concluded t h a t  

". . .d i f f e rences  i n  highway f a t a l i t i e s  w i t h  the change i n  d r i n k i n g  laws 

do n o t  appear s i g n i f i c a n t l y  large."  The authors  r e a d i l y  admit, however, 

that  t h e i r  analyses d i d  n o t  adequately c o n t r o l  f o r  the e f f e c t s  of  

several  confounding f a c t o r s  t h a t  occurred i n  the 1970s (e.g. f u e l  

shortages, speed l i m i t  reduc t ions ,  e t c . ) .  

A f t e r  Alabama lowered i t s  d r i n k i n g  age from 21 t o  19 i n  1975, 

a lcohol  - r e l a t e d  crashes increased s i g n i f i c a n t l y  among d r i v e r s  age 18-20, 

accord ing t o  Brown and Maghsoodloo (1981) . Koch (1981) p o i n t s  ou t  the  

methodological  l i m i t a t i o n s  o f  Brown and Maghsoodloo's study, and argues 

t h a t  i t  does n o t  e s t a b l i s h  a causal connect ion between the  d r i n k i n g  age 

and crashes, because t he  study d i d  no t  inc lude  adequate comparisons 

between a l coho l - r e l a ted  and non-a lcohol - re la ted crashes and between 

s t a t e s  t h a t  changed the d r i n k i n g  age and those t h a t  d i d  no t .  However, 

the  assoc ia t i on  between lowered d r i n k i n g  age and increased a lcoho l -  

r e l a t e d  crashes i n  Alabama i s  cons i s ten t  w i t h  the r e s u l t s  from s tud ies  

o f  o ther  s ta tes ,  and prov ides a d d i t i o n a l  support  f o r  the  conc lus ion t h a t  

lower d r i n k i n g  ages increase a l coho l - r e l a ted  t r a f f i c  crashes. 

Lynn (1981) analyzed annual counts o f  a l coho l - r e l a ted  crashes i n  

V i r g i n i a  from 1969 through 1979. D r i ve rs  age 16-20 experienced an 

i d e n t i f i a b l e  increase i n  a l coho l - r e l a ted  crash involvement beginn ing i n  

1974 when the d r i n k i n g  age f o r  beer was lowered t o  18. I n  con t ras t ,  

d r i v e r s  25 and over experienced a decrease i n  a l coho l - r e l a ted  crashes 

du r i ng  the same per iod .  The author concluded t h a t  the lowered d r i n k i n g  

age was respons ib le  f o r  increased a l coho l - r e l a ted  crashes among young 



drivers in Virginia in the late 1970s, and recommended a gradual return 

to the 21-year-old drinking age. 

It is evident from the literature reviewed here that most of the 

investigations of the impact of lowered legal drinking ages on motor 

vehicle collision involvement have found significant increases in crash 

involvement frequencies among previously underage drivers who acquired 

the right to drink under the new laws (usually 18-20-year-old drivers). 

A number of studies have also demonstrated substantial increases in 

crash involvement among underage drivers (usually 16 and 17 years old) 

following reductions in minimum drinking age. Consistency of the 

results leads to the conclusion that lowered drinking ages result in 

increased highway safety problems among youth. 

The view that lower legal drinking ages cause increased youthful 

crash involvement is not universally held, with Zylman a well-known 

opponent of a causal interpretation of the observed relationships. 

Zylman (1973, 1974, 1976, 1977) has criticized several of the studies 

reviewed above. He argues 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 (1 )  

random fluctuations in traffic accident time-series, (2) the 

continuation of trends of increasing alcohol consumption (and alcohol- 

related accidents) among youth evident prior to the legal changes, or 

(3) i ncreased attent ion to a1 coho1 -re1 ated traffic offenses by 1 aw 

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 based on pol ice reports) have been observed using 

a1 ternative measures of a1 coho1 - involvement not i nf luenzed by pol ice 

reporting practices, such as analyses of single-vehicle, nighttime, and 

weekend crashes. 

3.2.2 Raised Drinking & fi Traffic Accidents. In addition to 

the evaluations of the lowered drinking age, there are several early 

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

(1979) compared the number of teenagers charged with driving under the 

i nf 1 uence of 1 i quor (DU I L) appear i ng i n Massachusetts courts before the 

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

drinking age change.' Small increases in youthful D U l L  arrests were 

used to conclude that the raised drinking age led to increased drinking- 

driving problems among youth. This study, however, does not merit 

serious attention because of the following serious flaws in its design 

and data analyses: (1) D U l L  arrests are an inadequate measure of 

alcohol-related highway safety hazards because young drivers are more 

likely than older drivers to be involved in an alcohol-related crash, 

but less .likely to be arrested for D U l L  (organization for Economic 

Cooperation and Development, 1975) ; ' (2) the design is 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) ; (3) related to the basic 

'The Massachusetts legal drinking age was raised from 18 to 20 on 
Apr i l 16, 1979. The pre-post compar i son was the number of DU l L arrests 
in February 1979 versus the number in October 1979. 

'In addition, subjective considerations are more likely to 
influence whether a particular drinking-driver is arrested than whether 
a drinking-driver is crash-involved. 



inadequacy of the design is the lack of any statistical control on time- 

ordered trends, seasonality, or random fluctuations in the frequency of 

DUlL arrests. As a result, this study provides little useful 

information concerning the effects of a raised drinking age. 

Another study of the higher drinking age in Massachusetts, with 

substantially better design and analysis methods, was conducted by 

Hingson et a1 . (1981). Analyses of fatal crashes among young drivers 

revealed no permanent effect of the higher drinking age. Self-reports 

(via telephone interviews) of quantity of alcohol drunk and driving- 

after-drinking behavior among young people did not change substantially 

as a result of the new law. 

Fi lkins and Flora (1981), using a partitioned chi-square 

statistical analysis technique, analyzed youth crash involvement and 

frequency of arrest for Driving Under the Influence of Liquor (DUIL) in 

Michigan. Significant reductions both in crash involvement and DUIL 

arrests among 18-20-year-old drivers were found after the drinking age 

was raised. The authors concluded that the minimum legal drinking age 

"clearly influences" the drinking-driving patterns of young people. 

Wagenaar (1980, 1981) analyzed a 20% random sample of all reported 

motor vehicle accidents in the State of Michigan between January 1972 

and December 1979. Using a multiple time-series design, the frequency 

of alcohol-related crashes among young drivers was compared to the 

frequency of non-alcohol-related crashes, and the crash involvement of 

young drivers was compared with that of older drivers. Results showed 

an estimated 18% reduction in alcohol-related crash involvement among 

young drivers was associated with Michigan's increase in drinking age. 



Wi l l i ams e t  a l .  (1981) analyzed f a t a l  crash involvement i n  n i ne  

s t a t e s  t h a t  r a i s e d  the  d r i n k i n g  age, comparing them t o  ad jacent  s t a t e s  

w i t h  unchanged d r i n k i n g  ages d u r i n g  t h e  pe r i od  s tud ied .  E igh t  o f  the  

n i n e  s t a t e s  exper ienced decreases i n  youth f a t a l  c rash  involvement a f t e r  

t he  d r i n k i n g  age was ra ised.  The authors  concluded t h a t  r a i s i n g  t he  

d r i n k i n g  age i n  any g iven  s t a t e  should  r e s u l t  i n  a  28% reduc t i on  i n  

n i g h t t i m e  f a t a l  c rash involvement among the age group a f f e c t e d  by the  

l ega l  change. 

I n  summary, o f  t he  s t ud ies  conducted t o  da te  on the e f f e c t  o f  

r e t u r n i n g  t o  h igher  d r i n k i n g  ages, most found s i g n i f i c a n t  reduc t ions  i n  

d r i n k i n g - d r i v i n g  o r  a l coho l - r e l a ted  crash involvement a f t e r  s t a t e s  

r a i s e d  the  d r i n k i n g  age. The two s tud ies  t h a t  found no e f f e c t  o f  a  

h igher  d r i n k i n g  age bo th  examined t he  exper ience i n  Massachusetts. 

Furthermore, i n  W i l l  iams e t  a l .  (1981) study o f  f a t a l  crashes i n  n i ne  

s ta tes ,  t he  est imated f a t a l  crash r e d u c t i o n  i n  Massachusetts was o n l y  

6%, a non-s ign i f  i c a n t  d i f f e r e n c e .  Without f u r t h e r  research, i t  i s  no t  

c l e a r  why t h e  Massachusetts exper ience w i t h  a  r a i s e d  d r i n k i n g  age was 

d i f f e r e n t  f rom t h a t  i n  a l l  o f  t he  o t h e r  s t a tes  examined t o  date.  

3.2.3 D r i n k i n g  b e  and Alcohol  Consumption Amona Youth. E x i s t i n g  

l i t e r a t u r e  on t he  e f f e c t s  o f  changing t he  d r i n k i n g  age on y o u t h f u l  

a l coho l  consumption has focused on th ree  main types o f  a l coho l  

consumption data:  (1) s e l f - r e p o r t e d  consumption, (2) percept  ions o f  

you th fu l  consumption pa t t e rns  r epo r t ed  by school o f f  i c i  a1 s, and (3) 

aggregate sa les  volumes. Wol f e  and Chapman (l973a, 1973b) surveyed 

Michigan h i gh  school s tudents  i n  1971 be fo re  t he  d r i n k i n g  age was 

lowered, and again  i n  1973 a f t e r  t he  r educ t i on  i n  d r i n k i n g  age, and 

found s u b s t a n t i a l l y  increased frequency o f  d r i n k i n g ,  and increased 



quantity consumed per occasion. According to the authors, the increases 

were consistent with pre-existing trends in youthful alcohol use, and 

therefore could not be unambiguously attributed to the lowered legal 

drinking age. 

Smart and Schmidt (1975) conducted a simi lar before and after 

survey of Toronto junior and senior high school students. After a 

reduction in the drinking age, 41 percent of the students reported no 

change in drinking patterns, 20 percent reported drinking more, 4 

percent reported drinking less, and 9 percent indicated that they had 

started drinking since the drinking age had been reduced. Smart and 

Schmidt also surveyed college students, the majority of whom reported no 

change i n frequency or quant i ty of a 1 cohol consumption, a 1 though 55 

percent did report increased patronization of public drinking 

establishments since the legal change. 

McFadden and Wechs 1 er (1979) surveyed Massachusetts teenagers i n 

1965, 1970, and 1974. Youthful a1 cohol consumption i ncreased between 

1965 and 1970, when there was no change i n the drinking age, as we1 1 as 

between 1970 and 1974, when there was a reduction in the legal age from 

21 to 18. The authors also surveyed New England col lege. students in 

1977, and found that students from states' with a low legal drinking age 

consumed alcohol more frequently than students from states with a high 

drinking age. 

Rooney and Swartz (1977) surveyed high school students in three 

selected states with minimum legal drinking ages at 18, and two selected 

states with drinking ages at 20 and 21, respectively. The samples were 

not demonstrably representative of the high school age population in the 

states examined. They found that 42 percent of the responding students 



i n  s t a tes  w i t h  the  d r i n k i n g  ages a t  i0 or  21, and 47 percent  i n  s ta tes  

w i t h  the  d r i n k i n g  age a t  18, repor ted  consuming beer once a  week or 

more. Furthermore, students i n  s ta tes  w i t h  a  h igh d r i n k i n g  age had a  

lower prevalence o f  absta i  ners (1 9 versus 24 percent)  , and a  higher 

inc idence o f  a l coho l - r e l a ted  problems. The authors concluded t h a t  a  

h igh  d r i n k i n g  age has no b e n e f i c i a l  e f f e c t  i n  c o n t r o l l i n g  a lcohol  

consumption among young people, and t h a t  i t  may even have adverse 

e f f e c t s .  

Opposite r e s u l t s  were obta ined by Maisto and Rachal (1980) i n  t h e i r  

analyses o f  a  nat ionwide p r o b a b i l i t y  sample o f  h igh  school students.  

They found t h a t  students i n  s ta tes  w i t h  a  higher lega l  d r i n k i n g  age were 

more l i k e l y  t o  be abs ta iners ,  less l i k e l y  t o  be heavy d r inkers ,  and 

experienced i n t o x i c a t i o n  less f r equen t l y  than s tudents  i n  s ta tes  w i t h  a  

lower d r i n k i n g  age. The authors  concluded t h a t  the l ega l  a v a i l a b i l i t y  

o f  beverage a lcoho l ,  as r e f l e c t e d  i n  the d r i n k i n g  age, i s  associated 

w i t h  the  d r i n k i n g  p rac t i ces  o f  young people. 

Percept ions o f  school o f f i c i a l s  have a l so  been used as an i nd i ca to r  

o f  changes i n  you th fu l  a lcohol  consumption concomitant w i t h  lowering the 

d r  ink i ng age. Hammond (1973) , ques t ion ing  354 Mich igan h igh school 

p r i n c i p a l s ,  found t h a t  the  m a j o r i t y  repor ted  more d r i n k i n g  among 15-17 

year-o ld  students a f t e r  the d r i n k i n g  age was lowered. A s i m i l a r  survey 

i n  the Toronto area found t h a t  v i c e - p r i n c i p a l s  repor ted  more d r i n k i n g  

among students a t  school f unc t i ons  a f t e r  the d r i n k i n g  age was lowered 

(Smar. t and Schm i d t ,  1975) . 
The t h i r d  major type o f  data t h a t  has been used t o  assess the 

impact o f  reduced d r i n k i n g  ages on alcohol consumption pa t te rns  i s  

aggregate sa les volumes. Smart and Schmidt (1975), i n  a  comparison o f  



Ontario beverage alcohol shipments before and after a reduction in the 

legal age, found that consumption in the first five months after the 

legal change was higher than expected on the basis of the pre-change 

figures. Increased alcohol sales were particularly noticeable for on- 

premise sales, strengthening the argument that the lowered drinking age 

was at least a partial cause of the observed changes. 

Barsby and Marshall (1977), examining aggregate distilled spirits 

sales in 25 states, did not identify any significant impact of lowered 

legal purchase ages on spirit sales. The authors temper their 

conclusions, however, by noting four limitations of their study. First, 

any change in distilled spirits consumption by youth following drinking 

age changes would have to be substantial before the impact would be seen 

in the aggregate statistics. Second, very little is known about changes 

in consumption patterns after legal changes; a change in location or 

quantity consumed per occasion resulting from the lowered drinking age, 

for example, could have significant adverse health consequences, 

independent of the total quantity consumed. Third, the analyses applied 

only to distilled spirits, not beer or wine, which are more popular 

beverages among young drinkers. Fourth, the time-span covered by the 

study was short, including only one year before and one year after the 

1 ega 1 changes. 

Douglass and Freedman (1977) avoided the last two design 

limitations of Barsby and Marshall's study by examining the monthly 

aggregate sales of draft beer, packaged beer, wine, and distilled 

spirits in Michigan over an eight year period. A statistically 

significant increase i r  draft beer sales was associated with lowering 

the drinking age. The authors attributed the shift in draft beer sales 



t o  the lowered d r i n k i n g  age, s ince no other  confounding fac to rs  were 

i d e n t i f i e d  t h a t  could have p l a u s i b l y  accounted f o r  the observed 

re la t i onsh ip .  No s i g n i f i c a n t  s h i f t s  were i d e n t i f i e d  f o r  any o f  the 

other  beverage categor ies,  

Smart and Goodstadt (1977) discussed a study conducted by Smart and 

F in ley  i n  which per cap i ta  beer consumption i n  ten  Canadian provinces 

was examined. E igh t  provinces t h a t  lowered t h e i r  d r i n k i n g  ages were 

compared w i t h  two tha t  had not  changed dur ing  the study period. 

Although increased beer sales were ev ident  i n  the pre/post comparisons 

f o r  three provinces experiencing a reduct ion  i n  the d r i n k i n g  age, the 

increases were s i m i l a r  i n  magnitude t o  the experience o f  the two cont ro l  

provinces. Moreover, beer sales decreased i n  the other f i v e  provinces. 

Smart and Goodstadt conclude t h a t  the s tudy ' s  f i nd ings  do no t  a l low any 

general conclus ion as t o  the e f f e c t  o f  lowered d r i n k i n g  ages on t o t a l  

beer sales. 

F i n a l l y ,  Smart (1977) compared sales o f  beer, wine, and d i s t i l l e d  

s p i r i t s  i n  25 s ta tes  which reduced the d r i n k i n g  age w i t h  25 s ta tes  w i t h  

unchanged d r i n k i n g  ages. Although no s i g n i f i c a n t  d i f fe rences between 

the s ta tes  were i d e n t i f i e d  f o r  wine o r  d i s t i l l e d  s p i r i t s ,  increases i n  . 

beer sales were about s i x  percent greater  i n  the s ta tes  w i t h  lowered 

d r i n k i n g  ages than s ta tes  w i t h  an unchanged lega l  age. 

3.2.4 Summary and Conclusions A review o f  the l i t e r a t u r e  on 

e f f e c t s  o f  changed legal  d r i n k i n g  ages c l e a r l y  ind ica tes  tha t  there i s  

an inverse r e l a t i o n s h i p  between the minimum age f o r  purchase and 

consumption o f  a l coho l i c  beverages and a lcoho l - re la ted  motor veh i c le  

crash involvement among young d r i v e r s .  I n  cont ras t ,  the l i t e r a t u r e  

concerning e f f e c t s  o f  changing the legal  d r i n k i n g  age on beverage 



alcohol consumption among youth has significant methodological 

limitations and provides inconsistent results. 

3.3 Model of Effects of the Legal Drinkinq & 

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 i,n 

legal drinking age cause changes in traffic crash involvement is 

presented in Figure 3.1. It is proposed that changes in legal drinking 

age influence drinking behavior and alcohol-related crash involvement by 

caus i ng: (A) changes i n soc i a1 norms concern i ng youthful dr i nk i ng, (6) 

changes in marketing activities of the beverage alcohol industry, and 

(C) changes in avai labi 1 i ty of alcohol to the target age group. Drinking 

norms change due to the symbol ic function of the law (Bonnie, 1980; 

Mosher, J. F., 19809; that is, a reduction in legal drinking age may be 

perceived as an indicator that alcohol use is acceptable or even 

encouraged for young people. As a result, new 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. Such changes in drinking 

norms, according to the model, result in increased drinking among 18-20- 

year-olds after a reduction in drinking age. A higher drinking age i s  

expected to have opposite effects, symbolizing society's disapproval of 

youthful drinking, causing the reduction or elimination of certain 

drinking patterns (bar and tavern drinking, for example), and causing a 

reduction in social pressure to drink, since alcohol is present in fewer 



social situations. Empirical support for these propositions is provided 

by Maisto and Rachal (19801, who analyzed data on a nationwide sample of 

high school students and found that youth in states with higher legal 

drinking ages report less peer approval of drinking and less perceived 

drinking among peers than students in states with lower drinking ages. 

Marketing activities of the beverage alcohol industry are also 

expected to depend on 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 additional establishments with entertainment near 

col 1 ege campuses) . A higher drinking age i s expected to reduce such 

marketing practices designed to encourage youthful drinking. 

Changing the legal drinking age also results in altered 

availability of beverage.alcoho1 to the affected population. The concept 

of beverage alcohol availability has numerous dimensions and has been 

def i ned i n many ways (for examp 1 e, phys i ca 1 ava i 1 ab i 1 i ty , economic 

availability, and legal availability). For present purposes availability 

will be broadly defined as the ease with which alcoholic beverages can 

be obtained. On an individual level, availability of alcohol is an 

i nverse function of tota 1 costs (monetary and non-monetary) of 

physically obtaini.ng alcohol. These costs include: (A) nominal price of 

alcoholic beverages, (B) search costs involved in obtaining alcohol, 

such as value of the time expended and costs of any transportation 

required, and (C) 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 disutilities. 





Social policy at the aggregate level, such as a change in legal 

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

components of total cost of obtaining alcohol by underage 

individuals. 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 suppl iers) , and 

increase the risks associated with 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 influence 

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. Support for this proposition is 

provided by cross-sectional surveys of high school students, which have 

revealed that young people residing in states with lower legal drinking 

ages are more likely to report that they can "obtain alcoholic beverages 

- when they want them" than youth in states with higher drinking ages 

(Ma i s to and Racha I, 1980) . 
Returning to the overall model in Figure 3.1, increased or 

decreased frequency of alcohol consumption and quantity consumed per 

drinking occasion, caused by changed social norms, marketing activities, 

and alcohol availability, are expected to increase or decrease the 

amount of alcohol-impaired driving, and consequently, increase or 

decrease the frequency of alcohol-related collision involvement among 

drivers in the affected age group. Mai sto and Rachal (1980) provide 



preliminary findings concerning the effect of such factors intervening 

between a legal drinking age change and alcohol-related crash 

involvement outcomes. Their analyses led to the conclusion that there 

was less alcohol consumed less frequently by students in states with 

higher drinking ages than in states with lower drinking ages. 

Furthermore, questions on driving after drinking revealed that students 

in states with higher drinking ages report less frequent driving after 

drinking than students in states with lower drinking ages. 

In addition to the impact of changes in availability of alcohol on 

the quantity-frequency of alcohol consumed, changes in availability 

resulting from legal drinking age modifications are also likely to lead 

to important changes in the situations in which drinking takes place.. 

Lowering the drinking age results in increased drinking in bars and 

taverns by the age group. Since private automobiles are likely to be 

the usual mode of transportation to and from such public drinking 

places, lowering the drinking age can be expected to increase the 

frequency of driving after drinking among the 18-20 age group. Wi th 

regard to the effect of a raised drinking age, supporters of the lowered 

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

replacement of bar and tavern drinking with drinking in automobiles 

while driving, increasing the alcohol-related crash risk of the age 

group. An alternative plausible hypothesis is that a raised drinking age 

wi 1 l result in a larger proportion of the drinking by 18-20-year-olds 

occurring at private parties. Since, in contrast to 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 a raised drinking age has no impact 

on the overall quantity-frequency of alcohol consumed. 

In short, changes in legal drinking age, according to the model 

presented in Figure 3.1, are expected to result in changes in drinking 

norms, industry marketing practices, alcohol availability, and the 

situations in which drinking takes place, all of which influence 

drink ing-dr ivi ng behavior of the 18-20-year-old age group. Note that 

this model illustrates plausible mechanisms by which the legal drinking 

age influences alcohol-related crash involvement frequencies. Several 

other socio-cultural, political, social-psychological, and situational 

exogenous variables are likely to have a causal impact on all of the 

variables in the system depicted in Figure 3.1. The purpose of the 

model is not to provide a comprehensive theory concerning drinking 

behavior and driving behavior, but only to indicate the potential causal 

factors mediating the impact of legal drinking age changes on the 

frequency of traffic accidents among youth. Although empirical evidence 

for the specific intervening variables postulated here is scant, early 

results of surveys of youthful drinking practices generally support the 

model (Maisto and Rachal, 1980). Further research examining the 

specific causal mechanisms through which legal changes influence crash 

outcomes is necessary. 

3.4 Specific Research Questions 

The core purpose of this investigation was to determine the effect 

of rlaising the minimum legal alcohol purchasing age on the frequency of 

alcohol-related crash involvement among young drivers. It could be 

argued that the raised drinking age also affected alcohol-related crash 

involvement among underage dr ivers (16-17) , since the a1 tered norms, 



marketing practices, and availability of beverage alcohol resulting from 

a changed drinking age may also influence drinking behavior of the 

proximal peers of the directly affected age group. It is reasonable to 

suppose that changed marketing practices and social norms concomitant 

with changes in drinking age would alter the visibility and 

acceptabi 1 i ty of using a1 coho1 among 16-17-year-olds as we1 1 as 18-20- 

year-olds. Furthermore, theavailability of alcohol to 18-20-year-olds 

is likely to influence the ease with which youth age 16-17 obtain 

alcoholic beverages, since a prime source of alcohol for 16-17-year-old 

drinkers is likely to be older friends and associates with greater 

access to alcohol. Therefore, the effect of the raised drinking age on 

alcohol-related crash involvement of 16-17-year-old drivers was also 

analyzed. Because of the indirect nature 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 

smal ler 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 legal changes on underage 

drinkers is due to prior changes in drinking norms and practices among 

18-20-year-o l ds , 

A differential effect magnitude was also expected between a lowered 

and raised drinking age. It is usually much easier to change a person's 

pattern of behavior (here, alcohol consumption and drinking-driving) 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 



pat terns.  Consequently, one would expect a  lowered d r i nk ing  age, 

a l low ing (and perhaps encouraging) new d r ink ing  pa t te rns  t o  supplement 

p re -ex i s t i ng  d r i nk ing  or non-drinking pat terns,  t o  have a  not iceably 

greater  e f f e c t  than a  ra ised d r i n k i n g  age, r e s t r i c t i n g  already 

establ ished d r i n k i n g  pat terns t h a t  have become a  p a r t  o f  one's day-to- 

day a c t i v i t i e s .  I n  shor t ,  i t  i s  easier  t o  learn a  new behavior than t o  

unlearn an o l d  one. Therefore, r e s u l t s  o f  t h i s  research, i n  conjunct ion 

w i t h  r e s u l t s  o f  pr&ious research on e f f e c t s  o f  the lower d r i nk ing  age, 

were used t o  determine whether r a i s i n g  the d r i nk ing  age has the same 

magnitude o f  e f f e c t  as lowering the legal  age; t ha t  i s ,  whether r a i s i n g  

the d r i nk ing  age reduced a lcoho l - re la ted  crash involvement as much as 

lowering the d r i nk ing  age increased crash involvement. 

A major in tervening va r iab le  between legal  d r i n k i n g  age change and 

crash involvement shown i n  F igure 3.1 i s  d r i n k i n g  behavior. One 

mechanism by which the d r i nk ing  age i s  expected t o  in f luence a lcohol -  

r e l a t e d  crash involvement i s  by reducing the t o t a l  quan t i t y  of a l coho l i c  

beverages consumed by young d r i ve rs ,  and as a  r e s u l t  reducing a lcohol -  

impaired d r i v i n g .  Therefore, another goal of the present i nves t i ga t i on  

was an assessment of the extent  t o  which the ra ised d r i nk ing  age 

a f fec ted  aggregate sales o f  a l coho l i c  beverages. 





4.0 METHODS 

This chapter describes the methods selected to measure effects of 

changes in legal drinking age in Maine and Michigan. Methodological 

i ssues d i scussed i nc 1 ude: ( 1 )  the quas i -exper i menta 1 des i gn used, (2) 

operationalization of the dependent variables e l  traffic crash 

i nvolvement and alcohol consumption) , (3) overall design va 1 id i ty of the 

study, and (4) time series statistical data analysis techniques. 

4.1 Research Des i qn 

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 young drivers randomly assigned to a condition of 

legal ava i 1 ab i 1 i ty of beverage a 1 cohol (lower dr ink i ng age) , to young 

drivers randomly assigned to a condition of no legal availability of 

bevelrage a 1 cohol (h i gher dr i nk i ng age) . S i nce such random ass i gnment 

was i mposs i b 1 e, a quas i -exper imenta i des i gn had to be used (Campbe 1 1 and 

Stan 1 ey, 1966; Cook and Campbell, 1976, 1979) . Of the numerous quas i - 
experimental designs in use, the nonequivalent multiple time-series 

design rules out the largest number of plausible alternative 

explanations for a postulated causal relationship. The design involves 

a comparison of a series of observations over time expected to be 

affected by the intervention, with comparison series not expected to be 

affected. In this research, the postulated causal relationship is 

between changing alcohol availability (i.e., changing the legal drinking 

age) and traffic accidents. The design, as implemented in the present 

investigation, can be diagramed in its simplest form as shown in Figure 

4.1, where each Oi represents the number of crash involvements in a 



particular month, I represents raising the drinking age, nl is the 

number of monthly observations before the drinking age was raised, and 

n is the number of monthly observations after the drinking age was 
2 

raised. The second row in the design diagram represents a comparison 

time series, not influenced by the intervention included in the first 

row. 

Although the simple diagram shown in Figure 4.1 depicts only one 

exper imenta 1 and one compar i son ser i es, mu1 t i pl e measures of motor 

vehicle crash involvement and multiple comparison groups were included 

in the design. The broadest of the three levels of comparison included 

in the design was analyses of four different states (Figure 4.2), two 

that had raised the drinking age in the late 1970s (Maine and Michigan), 

and two with no such legal changes (New York with a consistent drinking 

age at 18 and Pennsylvania with a consistent drinking age at 21). 

Within each state comparisons were made between young drivers directly 

affected by the drinking age change and their proximal peers not the 

focus of the legal change (Figure 4.3) . Since in Maine the drinking age 

was increased from 18 to 20, the crash involvement experience of 18-19- 

year-olds was compared to that of 20-21-year-olds, the two-year age 

cohort most similar to the focal 18-19 group, and yet were legally 

enfranchised drinkers throughout the study period. Similarly in 

Michigan, drivers age 18-20, the focus of the drinking age increase from 

18 to 21, were compared to the three-year cohort 21-23. 

In addition to the core experimental and comparison age groups, 

dr ivers age 16-17 were exami ned to assess any possible "tr i ck 1 e-down" 

effect of raising the drinking age. Finally, the crash involvement 

experience of older drivers (22-45 in Maine and 24-45 in Michigan) was 



Figure 4.1 Non-equival ent Mu1 t i p l e  T ine-series Des iqn 



Experimental States 
Raising the Drinking Age 

Comparison States 
with Unchanged Drinking Age 

Maine Michigan New York Pennsylvania 

Figure 4.2  Firs t  Level of Research Design Comparisons 



Figure 4.3 Second Level of Research Design Comparisons 

16-17 Maine 
16-17 Michigan 
16-l7NewYork 
16 - 17 Pennsylvania 

18-19 Maine 
18 -20 Michigan 
18-20NewYork 
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20-21 Maine 
21 - 23 Michigan 
21 - 23 New York 
20-21 Pennsylvania 

22-45 Maine 
24-45 Michigan 
2 4 - 4 5  New York 
22 -45 Pennsylvania 
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Figure 4 . 4  Third Level of Research Design Corcparisons 



analyzed to provide further comparisons with the crash experience of 

young drivers. The four age groups were analyzed for both the states 

that changed the drinking age as well as those that did not. 

Within each state-age group combination, alcohol-related crash 

involvement was compared with non-alcohol-related crash involvement 

(Figure 4.4) . Since the raised drinking age was expected to affect the 

frequency of alcohol-related crashes and have no effect on the frequency 

of non-alcohol-related crashes, comparison of these two classes of 

accidents indicated whether observed changes in crash frequencies were 

due to the drinking age changes or other coincident factors. 

In short, the full tri-level hierarchical design involved the 

fol lowing comparisons: (1)  states that raised the drinking age were 

compared with states with unchanged drinking ages; (2) within each 

state, crash involvement experience of young drivers was compared to 

that of older drivers; and (3) within each state and agegroup 

combination, the frequency of alcohol-related crash involvement was 

compared to the frequency of non-alcohol-related crash involvement. 

Each dependent variable in the full design matrix was analyzed for an 

extended time series of observations, using the statistical modeling 

methods described in section 4.4, 

4.2 Operationalization and Data Collection 

4.2.1 Definition of Variables. The core dependent time-series 

variables were measures of the monthly frequency of alcohol-related and 

non-alcohol-related motor vehicle crash involvement for the states and 

age groups included in the research design. Two indicators of alcohol- 

related crashes and non-alcohol-related crashes were analyzed. The 

first is based on information provided by police officers investigating 



traffic accidents. Accident report forms in many states include an 

indication of the officer's judgement concerning whether or not the 

driver had been drinking at the time of the crash. Some states, for 

example Michigan, include a separate dichotomous forced-choice item on 

the statewide standardized accident report requiring the investigating 

officer to identify the driver as non-drinking or drinking. The data 

resulting from such an item is a reasonably good indicator of the 

involvement of alcohol in a crash. In contrast, other states, such as 

New York, have police officers identify factors contributing to the 

crash, selected from a list of possible factors, of which alcohol 

consumption is one of 40 possible choices, The resulting data are a 

less adequate indicator of alcohol-related crash involvement because, 

although alcohol use interacts with many other crash causes, an officer 

must select one factor as the primary cause of the crash. For example, 

an officer might select "driver fell asleep'' or "unsafe speed" as 

factors contributing to a crash, rather than "alcohol involvement," when 

in fact heavy drinking may have been the prior cause of falling asleep 

or speeding. 

To provide a consistent indicator of alcohol-related crashes for 

comparison across states, and to control for reliability and validity 

problems in police-reported alcohol-involvement in some states, an 

indirect indicator of alcohol-related crashes was also analyzed. The 

alternative indicator involved separate analyses of male drivers 

involved in single-vehicle nighttime crashes. Previous research has 

shown that a majority of single-vehicle nighttime male crashes involve 

drinking drivers (Douglass, 1974) . Daytime crashes were used as an 



indirect indicator of non-alcohol-related crashes for comparison with 

single-vehicle nighttime male crashes. 

4.2.2 Crash File Construction. Data collection efforts were aimed 

at the acquisition of complete crash records for all crash-involved 

drivers reported to police authorities in each of the four states 

between January 1972 and December 1979. A census of all reported 

crashes was successfully obtained for Maine, Michigan, and Pennsylvania. 

Files for the State of New York were subset prior to acquisition. Two 

subset files were obtained; the first included ail crashes occurring 

between January 1975 and December 1979 in which alcohol was reported (by 

the i nvest igat i ng pol ice officer) to have been a contr i but i ng factor; 

the second New York subset file contained all single-vehicle crashes 

involving male drivers, also for the 1975-1979 period. Thus, both 

indicators of alcohol-related crashes were available, but no indicators 

of the frequency of non-alcohol-related crashes were analyzed for the 

State of New York. 

Variables used from the original crash data files acquired from the 

states included: (1) police officer's judgement concerning whether or 

not the driver had been drinking; (2) type of vehicle (i .e. automobi le, 

pickup truck, motorcycle, heavy truck, etc.) ; (3) age of driver; (4) sex 

of driver; (5) time of day the crash occurred; (6) severity of the crash 

i e., seriousness of injuries and property damage resul ti ng from the 

crash) ; (7) and number of vehicles involved in the crash. The 

operational definition of most of these variables, for example age/sex 

of driver and time of crash occurrence, is straightforward and 

comparable across states. However, there were some differences in the 

definition of type of vehicle, number of vehicles involved in the crash, 



and reported alcohol-involvement. The definitions desired for this 

investigation are briefly discussed here, and specific items in each 

state's datasets are discussed in sections 4.2.2.1 through 4.2.2.4. 

The vehicle type variable was simply used to exclude a variety of 

miscellaneous traffic units included in comprehensive crash files. The 

goal was to. include drivers of automobiles, pickup trucks, and 

motorcycles, but exclude from the dependent variables drivers of a 

variety of miscellaneous traffic units such as farm tractors, 

snowmobiles, busses, and heavy trucks. 

A single-vehicle crash for the purposes of this study was defined 

as a crash involving one vehicle in transport. Thus, one moving vehicle 

striking an automobile stopped in traffic is not a single-vehicle crash, 

while one vehicle striking a parked vehicle is a single-vehicle crash. 

Moving vehicles striking pedestrians or bicyclists were also not 

considered single-vehicle crashes, since pedestrians and bicyclists are 

moving traffic units and frequently cause the crash. 

The desired operational definition of police-reported drinking 

behavior was the officer's simple judgement whether or not the driver 

had been drinking at the time of the crash, not a much more complex 

judgement by the officer concerning the extent to which alcohol 

consumption was a primary or contributory cause of the crash. 

Furthermore, results of chemical tests for the presence of alcohol in a 

drivers body were not used as an indicator for the incidence of alcohol- 

related crashes because only a small fraction of all drinking drivers 

involved in crashes are chemically tested for alcohol. 



The datasets  acqu i red  from the  severa l  s t a tes  had a v a r i e t y  o f  data 

s t r u c t u r e s  and f i l e  formats,  and t h e r e f o r e  requ i red  d i f f e r e n t  process ing 

p ro toco l s .  D e t a i l s  f o r  each s t a t e  f o l l o w .  

4.2.2.1 Michigan. The S ta te  o f  Michigan, Department o f  S ta te  

P o l i c e  has r o u t i n e l y  supp l ied  The U n i v e r s i t y  o f  Michigan Highway Safety  

Research I n s t i t u t e  (HSRl) w i t h  comprehensive crash da ta  f i l e s  s i nce  

1964. The da ta  were o r i g i n a l  l y  fo rmat ted  i n  a  h i e r a r c h i c a l  s t r u c t u r e ,  

and were re fo rmat ted  i n t o  rec tangu la r  f i l e s ,  w i t h  one record  f o r  each 

motar v e h i c l e  occupant, f o r  use on t he  H S R l  Automated Data Access and 

Ana lys is  System (ADAAS) . Because almost t h ree  qua r te r s  o f  a  m i  1 1  i o n  

d r i v e r s  a re  invo lved  i n  repor ted  motor v e h i c l e  crashes i n  Michigan each 

year, 2O%,random samples o f  a1 1 crashes were se lec ted  f o r  each year from 

1972 through 1977, f o r  use i n  HSRl's e a r l i e r  research on Mich igan 's  

l ega l  d r i n k i n g  age. To reduce da ta  process ing costs ,  these a v a i l a b l e  

f i l e s  were used f o r  t h e  Michigan base l i ne  t ime pe r i od  f o r  t he  present  

i n v e s t i g a t i o n .  For 1978 and 1979, census f i l e s  o f  a l l  repor ted  crashes 

i n  Michigan were cons t ruc ted  and used as the bas i s  f o r  the  dependent 

v a r i a b l e s  used i n  t h i s  study. Because the  19.72-1977 f i l e s  conta ined 

on l y  20% o f  a1 1 crashes, t he  res-ul t i n g  crash f requencies f o r  these years 

were mu1 t i p 1  ied  by f i v e  t o  make them comparable t o  t he  1978 and 1979 

census data.  

A l l  o f  t he  Mich igan datasets  were f i l t e r e d  t o  inc lude  on l y  d r i v e r s  

o f  passenger cars,  t r ucks ,  and motorcycles.  Excluded from ana l ys i s  were 

t he  d r i v e r s  o f  busses, farm and c o n s t r u c t i o n  machinery, and o ther  

miscel laneous v e h i c l e s .  

The Michigan crash f i l e s  inc luded nominal m iss ing  da ta  r a t e s  on 

such v a r i a b l e s  as po l i ce - repo r ted  d r i n k i n g ,  age o f  d r i v e r ,  and type o f  



vehicle. Missing data rates for the 1978 Michigan file are shown in 

Table 4.1. 

TABLE 4.1 
Missing Data Rates for State of Michigan: 1978 

Driver records with missing data on any of the variables required 

by the research design were excluded from analysis. As noted earlier, 

the drinking involvement item on the statewide Michigan accident report 

form requires the investigating officer to make a decision about 

drinking for every driver of every crash-involved vehicle. As a result, 

the missing data rate is low compared to other states. The exact 

phrasing of the "had been drinking'' item on the Michigan accident report 

form i s: "Dr iver had taken a1 coho1 or drugs" or "Driver had not taken 

alcohol or drugs1'. "Unknown" is coded in the data f i les only when the 

investigating officer leaves this item blank. 

4.2.2.2 Maine. The State of Maine, Department of Transportation 

provided state accident data in a hierarchical format which was 

reformatted for use on the HSRl system. Unfortunately, the original 

Maine files did not contain the necessary information to link specific 

driver records with the corresponding record containing information on 

Variable 

Police-reported 
Had Been Drinking 

Dr iver Sex 
Dr i ver Age 
Vehicle Type 
Time of Crash 
Month of Crash 

Percentage 
Missing 

8.7% 
0 .o% 
2.9% 
4 .7% 
0.0% 
0.0% 



the vehicle they were driving at the time of the crash. As a result, 

miscellaneous vehicles could not be filtered out, and the Maine data 

used in the time-series analyses included all types of vehicles recorded 

in the original files. 

The condition-of-driver variable was coded using the following six 

categories: (1 )  Apparently Normal, (2) Had Been Drinking, (3) Under 

I nf 1 uence-L i quor, (4) Under I nf 1 uence-Drugs , (5) As 1 eep, and (6) 

Fatigued. Any driver identified and "had been drinking" or "under 

influence-liquor" was considered a drinking driver for this study. 

No unusual missing data problems were identified for the variables 

required for this research (see Table 4.2). Those casesmissing 

information or with code values undefined for any of the required 

variables were excluded from subsequent analyses. 

TABLE 4.2 
Missing Data Rates for State of Maine: 1979 

4.2.2.3 New m. New York motor vehicle crash involvement data 

were obtained from the New York Division of Alcohol Abuse and 

Alcoholism. Two sets of files were obtained for the 1975 through 1979 

period. The first contained all crash involved drivers for which the 

investigating police officer indicated that alcohol was a contributing 

Variable 

Condition of Driver 
Driver Sex 
Dr i ver Age 
Time of Crash 
Month of Crash 

Percentage 
Missing 

0.0% 
0.6% 
1.2% 
0 .O% 
0.0% 



causal factor in the crash. The second set of files included all 

single-vehicle crashes involving male drivers. As a result, time series 

of police-reported alcohol-related crashes and single-vehicle nighttime 

male crashes were analyzed, but the frequency of all daytime crashes or 

crashes with no police-reported drinking were not available. The 

frequency of daytime single-vehicle male crashes was used as an 

indicator of non-alcohol-related crashes. 

The frequency of police-reported alcohol-related crashes was 

relatively low in these New York data. About 3% of all 1979 New York 

crash-involved drivers were coded with alcohol as an apparent factor in 

the accident, whi le about 9.5% of a1 1 1979 Michigan crash-involved 

drivers were coded as "had been drinking." Part of the difference is 

due to the nature of the item used to code alcohol involvement. As 

noted earlier, in Michigan the question put to the officer filling out 

the accident report is simply whether the driver had been drinking at 

all. In New York the investigating officer must make the more complex 

judgement that alcohol involvement was a contributory cause of the 

crash. Alcohol-involvement is one of 40 possible causative factors from 

which the officer must select two which he/she believes are the most 

important causative factors in the crash. Frequently immediate causes 

such as "excess speed" or "fai lure to yield" are coded rather than the 

alcohol-impaired condition of the driver, which often is the underlying 

cause of immediate driver errors that result in crashes. 

Information on the type of vehicle involved in reported crashes was 

not included in the data files provided by N.ew York. As a result, all 

vehicle types were included in the final time-series variables. 

Inclusion of all vehicle types in the analyses was not expected to 



affect the results since over 92% of a1 1 crashed vehicles in New York 

were automobi les, 1 ight trucks, or motorcycles (vehicle types which were 

the focus of this investigation). 

An important change in crash reporting procedures in New York 

affected interpretation of the data. In September 1978 the minimum 

dollar amount of property damage for mandatory crash reporting was 

increased from $250 to $400. As a result, the number of recorded 

property damage crashes decreased. 

Missing data rates for the New York crash variables are shown in 

Figure 4.3. Note that the lack of any missing data on the drinking 

variable was due to the nature of the variable. The choice "None" 

(i .e., no apparent causative factors) precludes the need for a missing 

data code. About 65% of a1 1 crash-i nvolved drivers in New York had no 

apparent causal factor recorded. 

TABLE 4.3 
Missing Data Rates for State of New York: 1979 

Finally, since New York City is an unusual crash reporting 

jurisdiction, the final time-series variables were constructed in two 

sets. The first set of variables consisted of crashes occurring in the 

entire state, as was done for the other three states. The second set of 

Variable 

Police-reported Alcohol 
as a Causative Factor 

Dr iver Sex 
Dr i ver Age 
Time of Crash 
Month of Crash 

Percentage 
Missing 

0 .o% 
4 4% 
4.5% 
0 .O% 
0.0% 



var iab les  were constructed excluding a l l  crash repor ts  from New York 

C i t y .  

4.2.2.4 Pennsylvania. A census o f  z11 repor tedmotor  v e h i c l e  

accidents i n  the s t a t e  o f  Pennsylvania from January 1972 through 

December 1979 was obtained from the Pennsylvania Department o f  

Transportat ion.  An important c h a r a c t e r i s t i c  o f  the Pennsylvania data 

was changes i n  the c r i t e r i a  f o r  repo r t i ng  a crash which occurred between 

1972 and 1979. P r i o r  t o  June 30, 1977, l oca l  pol  i ce  departments were 

no t  requi red t o  use a statewide standardized accident repo r t  form, nor 

were they requ i red  t o  submit the repo r t s  t o  the State Department o f  

Transportat ion.  Beginning Ju ly  1, 19779 a uni form statewide repo r t i ng  

form was adopted and loca l  p o l i c e  departments were requ i red  t o  submit 

these repor ts  t o  the Pennsylvania Department o f  Transportat ion.  A t  the 

same time the minimum repo r t i ng  c r i t e r i a  f o r  d r i v e r s  involved i n  an 

accident a lso  changed. Before June 30, 1977, d r i v e r s  involved i n  any 

crash r e s u l t i n g  i n  damage amounting t o  $200 or  more had t o  repo r t  the 

crash t o  the l oca l  p o l i c e  department. A f te r  t h i s  date only  accidents 

r e s u l t i n g  i n  a v e h i c l e  being towed from the scene o f  the crash requ i red  

repor t ing .  Personal i n j u r y  accidents always requi red repor t ing ,  both 

be fore  and a f t e r  these changes. 

As a r e s u l t  o f  these data c o l l e c t i o n  system changes, the frequency 

o f  repor ted i n j u r y  crashes increased ( a l l  i n j u r y  crashes were now 

repor ted t o  the s t a t e  o f f  i c e  on standard forms) , and the frequency o f  

repor ted proper ty  damage crashes decreased substant ia l  1 y  (because 

proper ty  damage crashes were on ly  repor ted i f  a veh ic le  was towed from 

the scene). Such e f f e c t s  o f  repo r t i ng  system changes were c o n t r o l l e d  i n  

the t ime-series analyses repor ted i n  Chapter 5. 



Since the data received from Pennsylvania contained all reported 

accidents, the data were subset to include only drivers of passenger 

cars, 1 ight trucks (pickups, vans, etc.) , and motorcycles. Due to 

incompatibilities between computer systems approximately 5 crashes per 

year were deleted from analyses. Since this very small data loss was a 

random occurrence it was not expected to affect the results. 

As was the case in the other states, rates of missing data for 

Pennsylvania were quite low; the ra-tes for calendar 1979 are shown in 

Table 4.4. 

TABLE 4.4 
Missing Data Rates for State of Pennsylvania: 1979 

The police-reported drinking variable in Pennsylvania was coded 

much like New York. The investigating officer must identify alcohol as 

a causative factor in the accident, selected from a list of 91 possible 

causes. As a result, the percentage of all crashes reported as alcohol- 

involved was very low (2.6% in 1979). Also, note that the alcohol item 

in the Pennsylvania data indicated that the officer judged alcohol to be 

a causal factor in the accident; this alcohol item could. not be linked 

to a particular driver involved in the accident. As a result, time- 

1 

Variable 

Alcohol as 
Causative Factor 

Dr i ver Sex 
Dr i ver Age 
Vehicle Type 
Time of Crash 
Month of Crash 

Percentage 
Missing 

0.6% 
1.3% 
4.6% 
3.6% 
0.7% 
0.0% 



series were constructed of the frequency of Pennsylvania drivers 

involved in alcohol-related accidents, not the frequency of drinking 

drivers involved in crashes, as was done for the other three states in 

the present investigation. 

4.2.3 Beveraae Sales and Beverane Control Enforcement. In 

addition to the primary emphasis on traffic crash dependent variables, 

additional analyses were conducted of aggregate alcoholic beverage sales 

and data on the enforcement of the higher drinking age. Data on 

aggregate monthly beer, wine, and distilled spirits wholesale 

distribution in the State of Maine were obtained from the Maine Bureau 

of Alcoholic Beverages. The figures for monthly wholesale distribution 

of wine, draft beer, and package beer in the State of Michigan were 

obtained from the Michigan Beer and Wine Wholesalers Association. Data 

on wholesale monthly draft and package beer distribution in the State of 

New Hampshire and the United States as a whole, used for comparison with 

the Maine and Michigan results, were obtained from the U. 5 .  Brewers 

Association. In addition to the analyses of aggregate beverage sales, 

annual frequencies of citations for selling or allowing minors to 

consume alcoholic beverages were briefly examined. Annual frequencies 

of such citations brought before the Administrative Court in the State 

of Maine from 1971 through 1979 were provided by the Maine Department of 

Public Safety, Bureau of Liquor Enforcement. Similar data for the State 

of Michigan for the period from 1970 through 1980 were provided by the 

Michigan Liquor Control Commission. 

4.3 Research Desiqn Validity 

There are numerous potential threats to the validity of conclusions 

reached in any research. These can be categorized in a number of ways, 



the most frequent being the dichotomization 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 and Campbell's (1979) recent 

volume. Cook and Campbell present four major categories of research 

design validity: (1) statistical conclusion va1 idity, (2) internal 

val idi ty, (3) construct val idi ty, and (4) external val idi ty. 

4.3.1 Statistical Conclusion Validity. Statistical conclusion 

validity is concerned with the possibility that random error and/or the 

inappropriate use of statistical tests may invalidate research 

conclusions. Statistical conclusion validity is essential to establish 

that there is in fact a covariation between the operationalizations of 

the concepts under 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 

features in the present investigation. Since there is a direct 

relationship between sample size and power, a large number of 

observations over an extended period of time surrounding the 

intervention point were used in estimating the statistical 

relationships. Power was also increased by refraining from the use of 

very low levels of Type I error probability as the criterion for a 



statistically significant relationship, since power is directly related 

to the level of Type I error probability chosen. 

Statistical conclusion validity was strengthened by the use of the 

most sensitive 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, 1975; Box and Jenkins, 1976) . 
Finally, statistical conclusion validity can often be substantially 

increased by explicitly taking into account in the data analyses as many 

systematic components of the total variance in the dependent measures as 

possible, and thus reducing the error variance. As is discussed in 

Section 4.4 on the data analysis methods, extensive effort was expended 

to identify systematic components of the total variance in each 

dependent time series prior to an assessment of the statistical 

significance or magnitude of drinking age effects. 

A second threat to statistical conclusion validity is the violation 

of the assumptions of the procedures used. This threat to validity is 

minimized by explicitly noting the assumptions accompanying the 

statistical procedures, the robustness of the procedures to a violation 

of those assumptions, and an assessment of the extent to which the 

assumptions are 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 

4.4. 

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 to account for the number of tests conducted (for 

example, using Bonferroni multiple t-tests; Dunn and Clark, 1974), or by 

concluding that true covariation exists only on the basis of a pattern 

of results rather than on the basis of one or two "significant" findings 

among a large number of tests conducted. In the present investigation, 

conclusions were made on the basis of the pattern of results over a 

number of tests, rather than one or two isolated statistically 

significant results. Furthermore, the significance criterion chosen for 

this study was the more conservative .01 probability level, rather than 

.05. 

A low level of reliability in the measures constitutes a fourth 

threat to statistical conclusion validity. The result of low levels of 

reliability is an inflation of standard errors and a consequent 

reduction in the ability to detect covariations that may exist. In 

other words, low reliability reduces the power of the statistical 

procedures. 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, or data col lection 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 decreased when the data were aggregated at the state level. The 

result of statewide aggregation was a reduction in the effect of 

numerous random measurement errors occurring at the local level; 

1°For example, if one sets the critical significance level at -05, 
one would expect to find five "significant" results in any 100 tests 
conducted, simply as a result of chance. 



consequently, systematic patterns in the series were more easily 

discernable in the aggregated data. 

A fifth threat to statistical conclusion validity identified by 

Cook and Campbell (1979: 44) i s "random i rrel evanc i es in the exper imental 

setting," that 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.ll It should be noted that a large 

number of other causes of crash frequency, a1 though not expl ici tly 

identified, were controlled in the analyses by specification of 

systematic trend, seasonal, and other autocorrelation components in the 

dependent variables. In addition to the components of the series that 

reflect causal influences, part of the random component in each series 

is due to other omitted causal influences. The differential operation 

of these other factors across jurisdictions is suppressed 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 error, provides 

the basis for an assessment of the statistical significance of the 

effects of the legal interventions.12 

llMajor exogenous factors with known effects on reported frequency 
of crashes include the fuel shortage and national maximum legal speed 
limit reduction of early 1974, and changes in criteria for reporting 
crashes. Known effects of such factors were explicitly controlled in 
the time-series models before assessing the drinking age impact. 

"The model of statistical inference used in this research was an 
econometric or time-series model, where statistical significance of an 
intervention parameter is assessed by comparing its size with the size 
of the total random component in the dependent variable. The purpose of 
statistical inference was to separate the systematic effects from the 
random component, not generalizations to a specified population. For 
additional discussion of this issue, see Berk and Brewer (1978). 



4.3.2 Internal Validity. After 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 threats 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 

successive 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 

epistemological point of view one can never actually prove the existence 

of a causal relationship, demonstrating the implausibility 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 

of observed relationships between the measure of beverage alcohol 

avai labi 1 i ty (i .e., legal drinking age) and measures of motor vehicle 

accidents as possible were analyzed before dismissing them as 

implausible explanations of observed covariations. 

One potential alternative 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 rather 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 

must precede in time its effects, and since the measures of the changes 

in legal drinking age precede the measures of accidents, the argument 

that the causal relationship is reversed was discarded. 

A second major threat to internal validity is history, a 

contemporaneous event that may be the true cause of the observed effect. 

For example, one might argue that any downward shifts in accidents among 

youth after the increase in legal drinking age were due to the moderate 

gasol i ne shortage (and i ncreased gasol i ne pr i ces) of the late 197Qs, and 

the resultant decrease in miles driven. The plausibility of such 

explanations of observed shifts in the dependent series was reduced by 

specific features of the research design. The use of quasi-control 

groups, consisting of the affected age group's older peers not affected 

by the drinking age change, and comparison states that have not altered 

their drinking age, permitted an assessment of the validity of 

alternative explanations, of which the gasoline shortage is one example. 

Such contemporaneous historical events would most likely affect all age 

groups in all four states, not just 18-19 or 18-20-year-olds in Maine 

and Michigan, and the effects of such factors would be observed in the 

comparison dependent variables. 

A third threat to internal validity is maturation, gradual 

developmental changes in the dependent variables simply due to the 

passage of time. The time-series design used in the present research 

rules out this threat by including 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 can be attributed to maturational effects 

or to the effects of some omitted variables such as economic or 

population growth or decline; in any case, observed trends in the 

dependent variable series were explicitly taken into account in the data 

ana 1 yses . 
A fourth potential threat to internal validity is instrumentation, 

a change in the measuring instrument occurring coincident with the 

intervention. That is, the process by which accident frequencies are 

meas#ured may have changed at the same time point as legal changes in 

drinking age, and may account for any observed shifts in the series at 

the point of the legal changes. This argument is not a plausible 

alternative explanation of the proposed causal relationship because 

mu1t.iple comparison groups were included that would also have 

experienced basic changes in measurement process. Such changes in 

measurement process cannot be used to explain differential shifts in 

frequency of accidents for the 18-19 or 18-20 age groups as compared to 

age groups presumably unaffected by legal drinking age changes. The 

time-series nature of the design also reduces the plausibility of 

attributing observed changes in crash involvement at the time the 

drinking age was raised to instrumentation changes. With a large number 

of observations over an extended period of time prior to the 

intervention, a substantial instrumentation change exactly at the point 

of t,he intervention is less plausible. 

Regression to the mean is another often mentioned threat to 

internal validity. Regression to the mean is a particular problem if an 

intervention is implemented exactly at a point at which the dependent 

series is at a very high or a very low point, since the subsequent 



observations will tend to be closer to the mean of the series simply by 

chance, regardless of any intervention effect. For example, if the 

drinking age was raised at precisely that 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 is not a 

threat to the internal validity of the present design for several 

reasons. First, a long series of observations was available prior to 

the interventions, facilitating determination of the exceptionality of 

the observations immediately prior to the interventions. Second, and 

perhaps more important, the data analysis techniques used to assess 

shifts in the series were based on all of the observations in the 

series, rather than relying only on observations immediately prior to 

and immediately after the intervention. Furthermore, the analysis 

methods take into account seasonality and autocorrelation regularities 

in 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 sixth and seventh potential threats to internal validity are 

selection and mortality. That is, particular characteristics of the 

subjects selected for study, and particular characteristics of those 

subjects who drop out of the study, may invalidate the results. One 

type of selection threat occurs when differences in the kinds 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 was not a 



threat in the present design because the criterion for establishing an 

intervention effect was not simply differences in the post-intervention 

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 are assessed by 

examining shifts within each of the series, selection and mortality may 

threaten internal validity if the composition of the experimental group 

changes substantially at the point at which the intervention was 

implemented, thus providing a plausible alternative explanation of 

observed shifts in the series. The composition of the experimental group 

does change over time with the addition of new drivers who attain the 

age of 18 and dropping out of individuals who attain the age of 20 or 

21. This change in 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 composition 

of the experimental groups are primarily due to a stable aging process 

that cannot be influenced by the intervention or extraneous factors. 

Thus, it was highly implausible that changes in the composition of 

experimental groups accounted for observed shifts in the dependent 

variables. 

There are three threats to internal validity which involve 

interaction with selection of particular threats already discussed. 

First, selection-maturation refers to a differential maturational trend 

across the experimental and control groups. This was not a threat to 

internal validity for the same reasons that the main effect of 

maturation was not a threat, namely, the long series of observations 

available prior to the interventions, and the data analysis methods 



used, which explicitly take into account any maturational trends in each 

group's series of observations. 

The second interaction threat to internal validity i s  the 

.interaction of selection and history. It is possible that each 

experimental group experienced a different "local" history, and this 

differentially experienced contemporaneous event is actually the cause 

of shifts observed in the series concomitant with drinking age 

i ntervent i ons. For example, two contemporaneous events, the moderate 

gasoline shortage and price increases of the late 1970s, and the ban on 

non-returnabl e beverage containers i n Michigan and Maine (i ncreas i ng the 

cost of a 1 coho1 i c beverages) , may have had a d i f f erent i a 1 impact on the 

various age groups. One could conceivably argue that both of these 

contemporaneous events had an influence upon youth but not adults. 

Since youth may have less discretionary disposable income available, and 

since these contemporaneous events increased the cost of both driving 

and drinking, the ban on non-returnable beverage containers and the 1979 

fuel shortage/price increases may explain why there were reduced 

alcohol-related accidents for youth and no such shi,fts for older age 

cohorts during 1979. If it is true that the increased,cost of fuel and 

alcoholic beverages influenced the drinking and driving patterns of 

youth more than the drinking and driving patterns of older cohorts, the 

major fuel shortage and price increases of early 1974 should also have 

had a greater impact on young drivers. However, the time-series 

analysis results presented in Appendix B reveal that the 1974 fuel 

skor tage/pr i ce i ncreases did not affect young dr i vers more than 01 der 

drivers. This finding reduces the plausibility of the argument that the 



increased fuel prices in the late 1970s account for the larger 

reductions in accidents 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 reporting alcohol-related 

accidents occurred only for accidents involving youth. The 

instrumentation change could then account for shifts in accident 

frequencies specific 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 a second, indirect indicator of 

alcohol-related crashes as discussed in Section 4.2 (i .e., single- 

vehicle nighttime male crashes). It is highly unlikely that reporting 

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

involved, would change at the time of the drinking age modifications, 

either for young drivers or for older cohorts. 

Cook and Campbell (1979) also point out the potential threat to 

internal validity of the "diffusion or imitation of treatments," where 

there is contamination of comparison groups as a result o f  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 18-19 or 18-20 age group indirectly changes the level 

of alcohol availability for the 16-17 age group. As a result, the 

i ntervent i ons may have an impact on the 16- 17-year-o 1 d cohort as we1 l as 

the focal 18-19 or 18-20 age groups. Diffusion of the intervention to 

16-17-year-olds was no threat to the present i nvest i gat ion since other 

comparison age groups, whose levels of alcohol availability were not 

affected by the interventions, were included in the design, Effects of 

drinking age changes on the 16-17 age group were directly assessed along 

wi th the impact upon 18-19 or 18-20-year-olds. 

In summary, the goal in designing this research was to obtain valid 

conclusions as to whether reductions in availability of beverage 

alcohol, as represented by raising the drinking age, cause substantial 

reductions in the frequency of alcohol-related accidents. The first 

step was to establish that there was a true covariation between changes 

in availability and changes in accident frequency, achieved by assuring 

the statistical conclusion validity of observed shifts in the accident 

time series. 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 

operationalizations of alcohol availability and alcohol-related 

accidents. The next validity issue was whether the causal relationship 

established between the particular measures 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 

val idi ty. 

4.3.3 Construct Validity. Construct validity answers the 

question, given the established causal relationship between the 

~per~ationalizations used e ,  high internal validity), do the 

operationalizations adequately reflect the concepts of interest? The 

first threat to construct validity is inadequate explication of 

constructs prior to their operationalization. Clear specification of 

the concepts of interest is an important aid for obtaining measures that 

are appropriate to the concepts under study. 

A second threat to construct validity is labeled "mono-operation 

bias" by Cook and Campbell (1979:65) . Mono-operat ion bias 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-operation bias was reduced in the present 

research through the use of multiple indicators of each concept. As 

discussed in Section 4.2, the traffic crash dependent variable measures 

include frequency of police-reported "had not been drinkingi' crash- 

involved drivers, frequency of police-reported accident-involved drivers 

where the driver "had been drinking," and an indirect measure of 

alcohol-related accidents based on previous research (i l , single- 

vehicle nighttime male crashes) . Furthermore, two categories of crash 

involvement were examined, frequency of property damage crash 

involvement and frequency of injury or fatal crash involvement. Use of 



such multiple indicators of traffic accidents and alcohol-related 

traffic accidents permitted an assessment of convergent validity. The 

measure of 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. 

A threat to construct validity closely related to mono-operation 

bias is "mono-method bias" (Cook and Campbell, 1979:66) . I t 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 accidents, was measured using two methods. The "had been 

drinking'' measure is based on judgements of investigating police 

officers, while the single-vehicle nighttime male indicator was 

empirically constructed on the basis of demographic characteristics of 

the driver and circumstances surrounding the collision. 

There are three threats to construct validity that are potential 

reactive effects of the experimental situation. The first threat occurs 

if subjects within the various experimental conditions guess what the 

researcher's hypothesis i s and act in such a manner to conf i rm (or 

contradict) that hypothesis, 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 socially desirable manner. The third 

reactive effect that may threaten construct validity is the expectation 

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. The experiment examined here 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 expectations of police officers, who are responsible for 

collection of data on traffic accidents, influence reported frequencies 

of "had been drinking" crashes. This threat is minimized by use of 

measures over which the police had little control and were thus unlikely 

to be distorted by such subjective factors e . ,  single-vehicle 

nighttime male crashes). 

Another threat to construct validity is somewhat obscurely labeled 

"confounding constructs and levels of constructs" by Cook and Campbell 

(1979:67) . This source of inval idi ty occurs when there is 

implementation of only a small number of all possible levels of the 

intervention variable, and/or 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 are administered, or only a 

portion of the potential range of the outcome variables is measured. In 

the present design, the full range of possible values for the outcome 

variiables was examined and the independent variable was a dichotomy 

(beverage a1 coho1 1 egal 1 y ava i 1 able to an age group versus beverage 

alcohol not legal 1 y avai lable to that age group) . One could argue that 

the concept of alcohol availability is continuous and the present design 

only examines 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 are at widely divergent points of the 



availability continuum. Although a detailed examination of the pattern 

of impact of marginal changes in 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 reached. 

4.3.4 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 extent 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 been 

established may only apply to the particular atypical population 

analyzed. The selection of a target population of all accident involved 

youth in four states, analyzing a census of all reported crashes, 

reduced this constraint on generalizability. 

There are two major limitations on the populations to which 

findings can safely be generalized. First, since the analyses were 

limited to the aggregate of all reported crash involved youth in the 

four states, no generalizations .can be made to particular youth 

subpopulations. -For example, without specific analyses of particular 

subgroups based on,socio-demographic or social-psychological variables, 

one cannot determine the differential impact of changes in legal 

availability of beverage alcohol upon particular types of youth. 

Although the overall impact was determined, this overall impact may be 

the result of differing impacts on particular subgroups o.f the total 

youth population. Second, because the analyses were based solely on the 

population in Maine, Michigan, New, York, and Pennsylvania, the 



general izability of the results is, strictly speaking, limited to these 

states. It must be recognized that generalizing to other states is 

based on one's judgement as to the similarity between those states and 

the states examined here, rather than based on explicit features of the 

research design. Since the jurisdictions studied include large 

heterogeneous states, generalization to numerous similar states and 

provinces can reasonably be made.13 

The interaction of setting and treatment is a second basic threat 

to external validity. This limitation on generalizability occurs when 

the intervention effects observed are due to implementation of the 

inte,rventions in a particular socio-cultural setting. Since the present 

investigation assessed the effects of changing legal drinking age in 

only one socio-cultural setting, one cannot necessarily generalize the 

results to widely different states or countries. However, the 

experimental 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. 

A third major threat to external validity is the interaction of 

history and treatment. If ' intervention effects occur only under the 

part.icular historical circumstances present when the interventions were 

='One important difference between states, potentially limiting 
generalizability, is the degree to which the state is isolated from 
contiguous states with different drinking ages. For example, a ra.ised 
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 drinking 
age, not reflecting a major change in the construct of interest, alcohol 
availability. Since only a marginal change in alcohol availability 
occurs after a legal drinking age change in such circumstances, less 
effect on alcohol-related collisions might be expected. 



implemented, the generalizability of the findings is limited. Comparing 

the results of this investigation of the raised drinking age with 

earlier studies of the lowered drinking age substantially reduced this 

threat to external validity. Since the differential impact of lowered 

drinking age in the early 1970s and raised drinking age in the late 

1970s was examined, the plausibility of the argument that particular 

historical circumstances interacted with the drinking age intervention 

in both cases, bringing about both observed shifts, was greatly reduced. 

However, the drinking age 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 military draft, and associated youth protest activities of the late 

1960s and ear 1 y 1970s may have f ac i 1 i tated the move to a lower age of 

majority (including drinking age). The movement to raise the drinking 

age may be affected by the frequently discussed conservative drift of 

the Un i ted States in the 1 ate 1970s and ear 1 y 1980s. One can on 1 y 

speculate as to the effect of larger socio-historical 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 design 

of this investigation, such as (1 )  appropriate use of sensitive 

statist i ca1 procedures, (2) use of long series of observations for 

multiple measures, and (3) analyses of multiple comparison groups, 

increase the validity of the findings. The high levels of statistical 

conclusion validity and internal validity of this study facilitate the 

establishment of a causal relationship between changes in the legal 

availability of beverage alcohol, as measured by modifications in t he  



drinking age, and traffic accidents, as measured by the frequency of 

collisions. The levels of design validity for construct and external 

validity were somewhat lower, however, and broad generalizations to 

related concepts and other populations and settings should be made with 

care. In particular, the conceptualization and measurement of alcohol- 

involvement in traffic crashes requires further development. As Cook 

and Campbell (1979) pointed out, construct and external validity are, in 

the final analysis, matters of replication. Therefore, replication of 

the present investigation in other states, using various measures of the 

concepts and using the sensitive 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 

alcohol-related public health problems. 

4.4 Data Analysis Methods 

Ordinary least squares regression and other commonly used 

statistical procedures assume independent observations, that is, no 

serial correlation between the observations. Since a series of 

observations on the same unit over time are very likely to be 

autocorrelated, violating the assumption of independence required for 

the use of standard statistical procedures, alternative data analysis 

strategies are necessary. One such approach is the modeling strategy of 

Box and Jenkins (1976) and Box and Ti ao (1975) . The Box-Jenk i ns 

approach involves modeling the autocorrelation in time-series variables 

to produce unbiased estimates of error variance in the presence of 

serially correlated observations.14 Recent methodological developments 

"Reid provides evidence of the superiority of the Box-Jenkins 
methodology by applying five different time-series analysis and 



in the use of transfer functions along with the Auto-Regressive 

l ntegrated Movi ng Average (AR I MA) model i ng strategy make these 

techniques the best currently available for the analysis of time-series 

quasi -experiments (Box and Tiao, 1975; Hi bbs, 1977; McCleary and Hay, 

1980) . The techniques identify a wide variety of patterns in dependent 

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

and allow for the analysis of a variety of intervention effect 

patterns." 

The first step in the Box-Jenkins intervention analysis strategy is 

the identification or specification of a parsimonious Auto-Regressive 

I ntegrated Mov i ng Average (AR I MA) model for each dependent t ime-ser i es 

variable. The ARlMA model is commonly called the "noise model" since 

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

autocorrelation structure of the series, and provide a benchmark for the 

assessment of intervention effects. The ARIMA model accounts for the 

variance in the dependent series that is due to identifiable trend, 

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 Kendal 1 , 1973: 125-1 27) . Other assessments of t ime-ser i es 
analysis techniques generally support the superiority of the Box-Jenkins 
methods (see Vigderhous, 1977 for a brief review) . 

lSSee Glass, Willson and Gottman (1975:44) for a description of 
possible intervention effect patterns. The purpose of the data analyses 
in this investigation was to determine the impact of changes in legal 
drinking age on each dependent variable. After the effects of legal 
changes on each variable were determined through the statistical 
procedures described below, the effects were compared across those 
measures expected to be influenced by the legal change and those not 
expected to be influenced by the intervention. The present section 
discusses procedures used to determine the effect on each isolated 
dependent time-series; the comparison of these effects across 
experimental and comparison age groups, as called for in the design, i s  
discussed in Chapter 5.0 on results of the statistical analyses. 



seasonal, and other autocorrelation patterns in the data. The residual 

"white noise" or random error variance then permits a sensitive test of 

the statistical significance of intervention effects. 

Since traffic accident time-series often contain large seasonal 

components, the general multiplicative seasonal model was applied to 

each dependent series. The general seasonal ARlMA model is shown in 

equation one, 

where p is the order of the auto-regressive process, d is the degree of 

non-seasonal differencing, q is the order of the moving-average process, 

P is the order of the seasonal auto-regressive process, D is the degree 

of seasonal differencing, Q is the order of the seasonal moving average 

process, s is the seasonal span, r l  to r are the seasonal auto- 
P 

regressive parameters, c p l  to mp are the regular auto-regressive 

parameters, A l  to Ap are the seasonal moving-average parameters, 81 

to 8  
9 

are the regular moving-average parameters, ut is the random 

(white noise) error component, a is a constant, and B is the backshift 

operator such that B (zt) equals zt-, . I t is important to real ize that 

the ARlMA model is not based on a theory concerning the causes of the 

dependent series. It is a model to describe the nature of the ongoing 

regularities in the series due to any number of (most likely 

un i dent i f i ed) causes. The AR I MA model for each var i abl e, therefore, 

must be empirically determined by an examination of a series of 

observations of that particular variable. 



Initial specification of an ARlMA model for a particular series was 

made on the basis of a visual examination of a plot of the raw series 

and the autocorrelation and partial autocorrelation functions estimated 

from the series observations. The raw time-series plot provided initial 

information as to trend and seasonal characteristics of the series, 

facilitating the identification of differencing factors and the seasonal 

span. Differencing refers to the calculation of a new series by 

subtracting each observation from a previous one in the same series. 

For example, the first difference is 4 - z t - , ,  the first seasonal 

difference with a seasonal span of 12 is 4 - ~ ~ - , ~ :  the second difference 

is the first difference of the first differences. Differencing is used 

to obtain a series with a constant mean or overall level, an assumption 

of ARMA models. The plot of the raw series was also visually examined 

for constant variance across the series; if the variance appeared non- 

constant, appropriate transformations were performed before 

proceeding." 

Theoretical autocorrelation and partial autocorrelation functions 

corresponding to various ARlMA models have been described by Box and 

Jenk i ns ( 1  976) . In the present study, a preliminary ARlMA 

(p,d,q) (P,D,Q)s model was identified for each series on the basis on an 

examination of the estimated autocorrelations and partial 

autocorrelations, assessing the degree to which the actual 

autocorrelations fit one of the theoretically expected patterns. The 

simplest model that could plausibly account for the behavior of the 

series was selected. 

='Range-mean plots can also be used to check for non-constant 
var i ance. 



A first-order moving average, first-order seasonal moving average 

model on the seasonally differenced series was identified for the 

majority of the dependent variables.'' In terms of the general model in 

equation one, the specific baseline model for most of the series is 

shown in equation two. 

The variance of several series was roughly proportional to the mean; 

therefore, they were logar i thmi call y transformed before proceed i ng wi th 

model identification. 

After an ARIMA model of the series was identified, transfer 

functions representing hypothesized effects of the raised drinking age 

were added to the ARlMA noise model. The general form of the transfer 

function is shown in equation three, 

where wg to oS and 6 1  to 1 3 ~  specify the manner in which the "input" 

or independent variable I t  influences the "output" or dependent variable 

y t  B i s the backshi f t operator such that B (5) equals z t - ,  , I t  i s 

either a step function with the value zero before the intervention and 

1 7 A  plot of each time series and the final identified model is 
shown in Appendices A, B, C, 0, G, I ,  J, and K.  



one thereafter, or a pulse function with the value one for the month in 

which the intervention begins and zero otherwise, and b is a delay 

parameter indicating the length of lag or "dead timef' between the 

intervention and the initial effects of the intervention (Hibbs, 

1977: 149) 0 

The main intervention of interest in the present investigation was 

the increase in drinking age. In addition, since several reports found 

that the fuel shortage, national maximum legal speed limit reduction, 

and related factors of early 1974 resulted in a reduction in motor 

vehicle crashes (Borg et a1 ., 1976; Burri tt et a1 ., 1975; Carpenter, 

1974, 1975; Chu and Nunn, 1976; Dart, 1977; Kahane, 1975; Klein et al., 

1976; O'Day et a1 ., 1975; Seila et a1 ., 1977; Tofany, 1975; United 

States Department of Transportat ion, 1978; Wiorkowski and Heckhard, 

1977), a transfer function representing the effects of this major 

exogenous influence on the frequency of traffic accidents was included 

in the analyses of those variables exhibiting a substantial decrease in 

frequency in early 1974. Other major shifts in the dependent variables, 

due to reporting changes or other historical events, were controlled by 

including additional transfer functions where appropriate. A l l  of the 

exogenous factors were modeled with simple forms of the general transfer 

function model shown in equation three. 

Two specific forms of the general transfer function model were used 

in the present investigation, a temporary impact model ( Ap 
1 - S B  t 

where is the shift or change in level component,6 is the auto- 

regressive "memory" component, and Pt  is defined as a pulse function) , 

and an abrupt permanent impact model ( w  l with I defined as a step t t 



function) .I8 Using the Box-Jenkins nomenclature, these models are 

labeled as rsb (1,0,0) and rsb (0,0,0), where r is the order of the 

auto-regressive component, s is the order of the shift or change in 

level component, and b is the amount of delay or dead time after the 

beginning of the intervention before any impact is expected. No delay 

parameter b was included in the analyses because the initial effects of 

the legal changes were expected in the month immediately following the 

change in drinking age.&' The impact patterns assessed by the models 

are shown in Figures 4.5 through 4.10. A1 1 of the major changes in the 

dependent time series variables were modeled with simple shift transfer 

functions (Figures 4.7 and 4.8) except the increase in draft beer sales 

in Michigan following the 1972 reduction in drinking age, which was best 

e~pl~ained by a temporary impact model (Figure 4.10) . 
After the order of the ARIMA component was identified on the basis 

of a plot of the raw data and autocorrelation and partial 

autocorrelation functions, and the appropriate transfer function 

components were added, preliminary estimates of the parameters of the 

identified model were calculated on the basis of the raw data plot and 

the estimated autocorrelations. These preliminary estimates were input 

18Techniques for specifying the form of the transfer function model 
on the basis of cross correlations between input and output series 
(following similar principles as out1 ined above for the specification of 
AR I MA model sf , have been proposed (Box and Jenk i ns, 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 involved dummy input variables and output 
accident variables with large variances, such empirical transfer 
function identification 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. 

191mmediate effects of the higher drinking ages were hypothesized 
because previous research had identif'ied immediate effects of both 
1 owered (Doug l ass, 1974) and ra i sed (Wagenaar , 1980) dr i nk i ng age. 



Intervention Start 

Figure 4 . 5  Negative Impact Pattern Estimated by the 
rsb (1,0,0) Transfer Function Model with 
a Step Function Input 

lnterventfon Start 

Figure 4 . 6  Positive Impact Pattern Estimated by the 
r s b  (1,0,0) Transfer Function Model w i t h  
a Step Function Input 
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Figure 4 .7  Negative Impact Pattern Estimated by the 
rsb (0,0,0) Transfer Function Model w i t h  
a Step Function Input 

Time 

Figure 4.8 Posit ive Impact Pattern Estimated by the 
rsb (0,0,0) Transfer Function Model w i t h  
a Step Function I n p u t  
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I f ime 

Figure  4 .9  Negative Impact Pa t te rn  Est imated by t h e  
rsb (1,0,0) Trans fer  Funct ion Model w i t h  
a Pulse Funct ion I n p u t  

Time 

F igure  4.10 P o s i t i v e  Impact P a t t e r n  Est imated by the  
r s b  (1,0,0) Trans fer  Funct ion Model w i t h  
a Pulse Funct ion I n p u t  



as starting values for the computer estimation program BHDQZT (Liu, 

1979). Since the models are intrinsically non-1 inear, BMDQZT uses the 

Gauss-Marquardt method to obtain maximum likelihood estimates of the 

parameters. The unconditional least squares (i .e. backcasti ng) 

estimation algorithm was used rather than conditional least squares 

because seasonal moving average models were being estimated; Box and 

Jenk i ns (1 976) recommend uncond i t i ona 1 1 east squares es t i mat i on for such 

mode 1 s . 
Perhaps the most important step in the Box-Jenkins modeling 

strategy follows the initial estimation of a model. The estimated model 

must be evaluated with regard to its parsimony and its ability to 

account for all of the autocorrelation patterns in the original series. 

There are several considerations in assessing model adequacy. First, 

the estimated parameters should meet the conditions of stationarity- 

invertibility required for the particular model under consideration (Box 

and Jenkins, 1976) . Second, the estimated parameters of the ARlMA 

component should be significantly different from zero. Third, the 

correlations among the parameters should not be excessive, indicating 

redundancy in the model specified. Fourth, the overall "flatness" of 

the autocorrelation function of the residuals should be documented by a 

non-significant Q-statistic (Box and Pierce, 1970; Ljung and Box, 1976). 

Fifth, the autocorrelation function should not reveal significant 

correlations at the first few lags or the first seasonal lag. Sixth, 

parameter estimates should be interpretable in terms of theoretical 

expectations and known characteristics of the dependent variable. 

Inadequacies in the combined ARIMA/transfer function model, 

detected when evaluating the estimation results, were used to guide re- 



s p e c i f i c a t i o n  o f  the model. A f t e r  re -spec i f i ca t i on ,  maximum l i k e l i h o o d  

est imates were obtained, and the rev ised model was evaluated according 

t o  the  above c r i t e r i a .  I f  the model was s t i l l  inadequate, the 

s p e c i f i c a t i o n ,  est imat ion,  and eva lua t ion  steps were repeated again; i f  

more than one model was adequate by these c r i t e r i a ,  the model w i t h  the 

lowest sum o f  squared dev ia t i ons  from the f i t t e d  model was selected. 

The values o f  the t rans fe r  f u n c t i o n  parameter estimates, along w i t h  

unbiased est imates o f  t h e i r  standard e r ro rs ,  were used t o  determine the 

ex is tence o f  e f f e c t s  o f  the in te rvent ions ,  and where i n te rven t i on  

e f f e c t s  were ev ident ,  t o  assess the d i r e c t i o n  and magnitude o f  the 

impact i n  terms o f  the number o f  crashes apparent ly  caused by or  

prevented by the  i n te rven t i on .  

A l l  o f  the s p e c i f i c  models f i t  t o  the se r ies  were v a r i a t i o n s  o f  the 

under ly ing  model which views a  p a r t i c u l a r  t ime se r ies  as a  r e a l i z a t i o n  

o f  a  general d  i screte 1 i near s tochas t i c  process (Nelson, 1973: 30-33) . 
I n  modeling a  t ime-ser ies as a  r e a l i z a t i o n  o f  a  d i s c r e t e  l i nea r  

s tochas t i c  process, one assumes t h a t :  (1)  the t ime-ser i es i s  s ta t i ona ry  

and charac ter ized by a  constant  mean, i.e., the ser ies  does no t  e x h i b i t  

a  subs tan t i a l  t rend or  change i n  o v e r a l l  l e v e l ,  (2) a1 1 random e r ro rs  

(ut i n  equat ion one) a re  drawn independently from the same d i s t r i b u t i o n  

over t ime and thus are charac ter ized by constant var iance, and (3) the 

autocovariances are constant  over time, depending on ly  on the extent  o f  

lag  between the observat ions. I f  one adds the assumption o f  normal ly 

d i s t r i b u t e d  er rors ,  what i s  r e f e r r e d  t o  as s t r i c t  s t a t i o n a r i t y  i s  

achieved. The assumption o f  a  s ta t i ona ry  mean or  l eve l  i n  the o r i g i n a l  

ser ies  i s  no t  s t r i c t l y  requi red,  because the model remains appropr iate 

provided s t a t i o n a r i t y  i s  obtained a f t e r  us ing the  appropr iate 



differencing factors on the original series. If a stationary level is 

obtained after differencing, the series is said to exhibit "homogeneous 

non-stet ionary behavior'' (Box and Jenkins, 1976: 11) , 

An important strength of the Box-Jenkins modeling strategy is that 

an assessment of the extent to which the assumptions underlying the 

analyses are met is explicitly included in the model building process. 

Thus, after each particular model was specified and estimated, the 

residuals were examined to ensure that they displayed the 

characteristics of white noise (i.e., were independently and identically 

distributed with constant variance).20 Evidence that the assumptions of 

the model were met increased the validity of the findings. 

In summary, the data analysis strategy was as follows. First, an 

ARlMA noise model was specified on the basis of a plot of the raw series 

and the estimated auto- and partial autocorrelation functions. Second, 

transfer functions for the major exogenous factors were added to the 

noise model and the combined noise and intervention model was estimated. 

The combined model was evaluated and the specification, estimation, and 

evaluation process was repeated until an adequate model was obtained. 

The statistical significance and magnitude of the transfer function 

parameter estimates were used to identify the impact of a legal change 

in drinking age on that particular time series dependent variable. The 

data analysis strategy was repeated for each dependent variable, and the 

results, as called for in the research design, were compared across (1)  

indicators of alcohol-related accidents and indicators of non-alcohol- 

related accidents, (2) experimental age groups (youth under 20 or 21) 

1°A more general discussion of the importance of examining 
residuals to ensure that assumptions are not violated is provided by 
Draper and Smith (1966) . 



and comparison age groups (drivers over 20 or 2 1 ) ,  and (3) states that 

changed their drinking age (Michigan and Maine) and states that did not 

(New York and Pennsylvania) . 



5.0 FINDINGS 

Results a re  presented i n  th ree  sect ions. Sect ion 5.1 presents the 

f i nd ings  o f  the main study, the e f f e c t  o f  the d r i n k i n g  age on t r a f f i c  

crashes. Sect ion 5.2 discusses analyses o f  aggregate a l c o h o l i c  beverage 

sales i n  several s tates,  where the e f f e c t s  o f  the d r i n k i n g  age and other  

p u b l i c  p o l i c y  changes were evaluated. F i n a l l y ,  sec t i on  5.3 examines 

data on beverage con t ro l  law enforcement a c t i v i t i e s  and the r o l e  o f  

enforcement when using the minimum d r ink ing  age as an a lcoho l - re la ted  

problem prevent ion s t ra tegy .  I n  each o f  these sect ions,  the main 

f i nd ings  are  discussed and summarized i n  tabular  form. Addi t ional  

in fo rmat ion  on the data and s t a t i s t i c a l  models used i s  provided i n  the 

appendices. 

5.1 E f fec ts  of the Raised Dr ink ing  Age on 
Motor Vehicle Crash Involvement - 

Results o f  the t ime-series modeling o f  crash involvement i n  

Michigan, Maine, New York, and Pennsylvania are summarized i n  Tables 5.1 

through 5.12 below. Shown f o r  each dependent v a r i a b l e  i s  the estimated 

average change i n  monthly frequency o f  d r i v e r  crash involvements a f t e r  a  

change i n  d r i n k i n g  age was implemented. As noted i n  the tables, some 

ser ies  were l o g a r i t h m i c a l l y  transformed t o  reduce heteroscedast ic i ty ,  

t h a t  i s ,  v a r i a t i o n  over t ime i n  the ser ies  variance. I n  such cases, the 

parameter estimates r e f e r  t o  the log  o f  crash frequency, and cannot be 

d i r e c t l y  in te rpre ted  as the change i n  number o f  crash-involved d r i v e r s  

per month. I n  add i t i on  t o  the t ime-series model estimates, the summary 

tab les  inc lude the t - r a t i o  f o r  the estimates, and the estimates 

ca lcu la ted  as percentage change between actual  crash involvement 



frequencies after the implementation of the raised drinking age and the 

frequency expected had there been no change in drinking age.ll 

The reader is encouraged to concentrate on the percent figures, 

comparing changes in alcohol-related crash involvement with changes in 

non-alcohol-related crash involvement, and comparing changes in crash 

involvement for young drivers with the figures for older drivers. The 

t-ratios identify those shifts in crash involvement that are 

statistical ly significant (indicated in the tables with footnotes). 

Note that the results summarized in Tables 5.1 through 5.12 were 

extracted from comprehensive models for each time-series dependent 

variable. The estimates, therefore, represent the net change in crash 

involvement associated with raising the drinking age, controlling for 

the effects of long-term trends, seasonal cycles, and other major 

factors affecting the frequency of reported crash involvement, including 

motor fuel shortages, maximum speed limit changes, and modifications in 

criteria for reporting a crash. Taking into account these factors 

produced models which in most cases explained we1 1 over 50% of the 

variance in the dependent variables. A plot of each time series, the 

complete model developed for each series, and an estimate of goodness of 

fit between each model and the data ( i  .e. the adjusted R-square 

statistic) are shown in the appendices. - 

llPercent change figures were based on the first 12 months after an 
increase in drinking age, and were calculated as follows: 

1 2 w  (100) -- = percent change 
(iglfi) - 12u 

where w is the shift in the frequency of driver crash involvement 
estimated by the time-series model, and fi is the actual monthly 
frequency of crash involvement. 



5.1.1 Michigan. Net changes in property damage crash involvement 

associated with the December 1978 increase in drinking age in Michigan 

are summarized in Table 5.1. The following findings emerge. First, 

alcohol-related crash involvement decreased significantly for drivers 

age 18-20, the target of the increase in drinking age (see Appendix B ,  

Figure 10); non-alcohol-related crash involvement also decreased 

significantly for this age group, but the magnitude of the decrease is 

only half as large as the decrease in alcohol-related crashes. 

Subtracting the percent decrease in general non-alcohol-related crash 

involvement from the percent decrease in alcohol-related crashes 

produces a net reduction of 1 1  to 22 percent in alcohol-related property 

damage crash involvement attributable to implementation of the higher 

drinking age. The 1 1  to 22 percent reduction represents 725 to 1,617 

fewer young Michigan drivers involved in alcohol-related property damage 

crashes over the first 12 months with the higher legal age than would 

have been expected had the drinking age not been increased. The 

conclusion that the raised drinking age is responsible for these 

observed crash reductions is strengthened by the results for the older 

age groups; drivers age 2 1-23 and 24-45 exh i b i ted no s i gn i f i cant change 

in crash involvement, in contrast to 18-20-year-olds, the target of the 

drinking age change. 

A second major finding was that there was no observed effect of the 

raised drinking age on the frequency of property damage crashes among 

16- and 17-year-old drivers. Al though pol i ce-reported alcohol -related 

crashes decreased significantly, crashes with no police-reported 

drinking decreased by about the same amount; as a result, the decrease 



TABLE 5.1 
Time-series Model Estimates of Changes in Property- 

damage-only Crash Involvement Associated With Raising 
the Legal Minimum Drinking Age in Michigan 

'P<0.01, two-tailed test. 
'Series logarithmically transformed to reduce 

heteroscedasticity; estimate based on transformed series. 

J 

in alcohol-related crashes cannot be attributed to the drinking age 

I ncrease. 

A third trend evident in Table 5.1 is that the parameter estimates 

for non-alcohol-related crash indicators for all age groups are negative 

Type of Crash 

Alcohol-related 
Indicators 
Police-reported 
Drinking 

Estimate 
T-rat io 
Percent 

Single-vehicle 
Nighttime Male 

Estimate 
T-ratio 
Percent 

Non-alcohol-related 
lndicators 
No Police-reported 
Drinking 

Estimate 
T-ratio 
Percent 

Day t i me 
Estimate 
T-ratio 
Percent 

and have relatively large t-ratios, even if not significant at the .O1 

16- 17 

-21.4 
3.0' 

-14.7 

-34.9 
2.6 

-15-5 

-400.2 
3 7 

-13.3 

-324.2 
3.4l 

-13-3 

Age of 

18-20 

-208.2 
7.2' 

-34.0 

-129.4 
5.1 

-24.0 

-0.l2 
3 .O1 

-12.2 

-539.9 
2.9' 

-12.8 

Driver 

2 1-23 

-7.6 
0.5 
-1.7 

-31.2 
2-3 
-8.8 

-0.1 2 

2.4 
-10.4 

-315.5 
2.0 

-9.6 

24-45 

44.9 
1.2 
3.8 

-20.7 
0.5 
-2.5 

-0.1 
2.3 
-9-5 

- 1  186.7 
2.4 

-10.0 



level. Furthermore, all of these estimated crash reductions are in the 

10 to 13% range. Reduced economic activity in Michigan in 1979 is the 

likely cause of the uniform reduction in general non-alcohol-related 

crash frequency across all age groups. 

The effect of a raised drinking age was also evident from analyses 

of injury and fatal crash involvement in Michigan (Table 5.2). Pol ice- 

reported alcohol -re1 ated accidents among 18-20-year-olds decreased 28 

percent when the drinking age was raised; single-vehicle nighttime male 

crashes decreased 22 percent. Daytime injury and fatal accidents also 

decreased significantly for this age group but the magnitude of the 

decrease was only half as large as the decrease in nighttime crashes. 

If one subtracts the 1 1  percent decrease in daytime accidents from the 

22 percent decrease in single-vehicle nighttime male crashes, an 1 1  

percent reduction in alcohol-related accidents remains attributable to 

the raised drinking age. Since there was no significant change in 

crashes with no pol ice-reported drinking, the 28 percent reduct ion in 

police-reported alcohol-related accidents also can be considered an 

estimate of the effect of the drinking age change. In short, raising 

the drinking age resulted in an 1 1  to 28 percent reduction in alcohol- 

related injury/fatal motor vehicle crash involvement. This 1 1  to 28 

percent reduction represents 373 to 1,726 fewer young dr ivers i nvolved 

in injury/fatal crashes over the first 12 months after the drinking age 

increase than would have been expected had the law not been changed, 

The conclusion that these reductions are due to the drinking age is 

strengthened by finding no significant reductions in alcohol-related or 

non-alcohol-related crashes among drivers age 21-23 or 24-45. In fact, 

results for drivers age 24-45 indicate increased alcohol-related crash 



involvement, in contrast to the decreases evident for 18-20-year-old 

drivers. A 1  though the increases among drivers age 24-45 were not 

significant at the .01 level, examination of the time-series plots 

reveals higher alcohol-related injury/fatal crash involvement in 1979 

than previous trends would lead one to expect (see Appendix B ,  Figures 

25 and 27). 

TABLE 5.2 
Time-series Model Estimates o f  Changes in Injury/Fatal Crash Involvement 

Associated With Raising the Legal Minimum Drinking Age in Michigan 

- - 

Type of Crash 

Alcohol-related Indicators 
Police-reported Drinking 

Estimate 
T-rat io 
Percent 

Single-vehicle 
Nighttime Male 

Estimate 
T-ratio 
Percent 

Nan-alcohol-related Indicators 
No Police-reported Drinking 

Estimate 
T-rat i o 
Percent 

Daytime 
Estimate 
T-rat i o 
Percent 

Age of Driver I 

'P<0.01, two-tailed test. 



As was the case for property damage crashes, no significant effect 

of the raised drinking age on injury and fatal crash involvement among 

Michigan drivers age 16-17 was found, 

5.1.2 Maine. Effects of the raised drinking age on less serious, 

property damage crashes in Maine are shown in Table 5.3. Drivers age 

18-19 experienced a significant 16.8 percent reduction in police- 

reported alcohol-related property damage crash involvement, and a 21.5 

percent reduction in single-vehicle nighttime male crashes (the 

significant decreases are evident in Appendix A, Figures 10 and 12, 

where the 12-month moving average levels off after the drinking age was 

raised, in contrast to the previous long-term upward trend) . In 

contrast, drivers age 18-19 showed no significant change in non-alcohol- 

related property damage crash involvement, measured either by police 

reports or daytime crashes. In addition, no significant changes in any 

of the four crash time series were observed for drivers age 21-22 or 

22-45 in Maine. A significant reduction in alcohol-related property 

damage crashes for young drivers in Maine at the time the drinking age 

was raised, with no comparable reductions in either non-alcohol-related 

crashes among young drivers in Maine, or alcohol-related crashes among 

older drivers in Maine, indicates that raising the drinking age 

apparently caused the observed reduction in alcohol-related property 

damage crash involvement. The 16.8 to 21.5 percent reduction represents 

61 to 90 fewer young drivers involved in alcohol -re1 ated property damage 

accidents the first year with the higher drinking age than expected on 

the basis of previous trends. 

Although the time-series model estimates indicate reductions in 

alcohol-related property damage crashes among drivers age 16 and 17, the 



TABLE 5.3 
Time-Series Model Estimates of Changes in Property-damage-only Crash 
Involvement Associated With Raising the Legal Minimum Drinking Age in 

Ma i ne 

lP<0.01, two-tailed test. 
ZSer i es logarithmically transformed to reduce 

heteroscedasticity; estimate based on transformed series. 

Type of Crash 

Alcohol-related lndicators 
Police-reported Drinking 

Estimate 
T-rat io 
Percent 

Single-vehicle 
Nighttime Male 

Estimate 
T-rat i o 
Percent 

Non-alcohol-related Indicators 
No Police-reported Drinking 

Estimate 
T-rat i o 
Percent 

Day t i me 
Estimate 
T-rat io 
Percent 

estimates were not significant using the .O1 probability level chosen 

for this study. However, the small monthly crash counts for 16-17-year- 

olds in Maine, and the resulting large random component in the time 

series may mask the effect of the raised drinking age on underage 

drinkers. Examination of the raw frequency plots (Appendix A, Figures 2 

and 4) indicated a decl ine in crash involvement among underage drinkers 

7 

Age of Driver 

22-45 

-7.0 
1 .8 

-6.9 

1.1 
0.2 
14.9 

-28.8 
0.3 
-1.9 

-31.4 
0 3 
-2.3 

20-21 

-3.0 
1 *5 

-10.5 

-0.9 
0.5 
-3.6 

-12.5 
0.6 

-4.8 

-8.0 
0.5 
-3.6 

16-17 

-0 3" 
1.4 

-24.4 

-2.8 
2.2 

-15.9 

5.8 
0.5 
3 -0 

3.5 
0.3 
2.2 

18-19 

-5.1 
3 4 7' 

-16.8 

-7.5 
3 e 5 l  

-21.5 

-19.8 
1,2 

-6.4 

-10.8 
0 7 
-4.3 



for the first year after the drinking age was raised; however, the crash 

frequency series resumed the long-term upward trend in 1979. 

Analyses of serious crashes, that is, those involving at least one 

injury or fatality, revealed no significant shifts in alcohol-related 

crash involvement among Maine drivers age 18-19 (Table 5.4). Similarly, 

there were no measurable changes in the frequency of serious crashes for 

Maine drivers age 22-45, and no changes in non-alcohol-related serious 

crash involvement among Ma i ne dr i vers age 20-2 1. However, 18- 19-year- 

old drivers were involved in 24% more daytime serious crashes after 

October 1977 than previous trends indicate would be expected.22 Maine 

drivers age 20-21 experienced a significant increase in alcohol-related 

crashes, averaging 4.9 drivers per month (21.4%) for the pol i ce-reported 

drinking series, and 2.4 drivers per month (14.2%) for the single- 

vehicle nighttime male series. 

A significant increase in serious daytime crash involvement among 

18-19-year-old drivers in Maine, with no significant change in serious 

single-vehicle nighttime male crash involvement, might indicate that the 

raised drinking age prevented an increase in single-vehicle nighttime 

male crash involvement that would have occurred had there been no legal 

change. Such a conclusion is strengthened by finding a significant 

increase in alcohol-related crash involvement for drivers age 20-21, the 

proximal peers of the focal age group. In addition, although serious 

single-vehicle nighttime male crash involvement among drivers age 18-19 

showed no statistically significant change, the time-series model 

estimation results indicate an 18.4% decrease when the drinking age was 

22Note that daytime crash involvement for 18-19-year-olds and 
20-21-year-olds decreased significantly in 1979, as was the case in 
Michigan (see Appendix A, Figures 15 and 23) . 



TABLE 5.4 
Time-series Model Estimates of Changes in Injury/Fatal Crash Involvement 

Associated With Raising the Legal Minimum Drinking Age in Maine 

lP<0.01, two-tailed test. 

raised. Because the magnitude and dbrection of .the estimated (non- 

Type of Crash 

Alcohol-related Indicators 
Police-reported Drinking 

Estimate 
T-rat i o 
Percent 

Single-vehicle 
Nighttime Male 

Estimate 
T-ratio 
Percent 

Non-alcohol-related Indicators 
No Police-reported Drinking 

Estimate 
T-rat i o  
Percent 

Daytime 
Estimate 
T-rat io 
Percent 

significant) change in si ngle-vehi cle nighttime male crashes among 

drivers age 18-19 is consistent with hypothesized drinking age effects, 

one might interpret the results as evidence that Maine's raised drinking 

age affected serious crash involvement. Given the tenuousness of the 

argument concerning single-vehicle nighttime male and daytime serious 

crashes, and no changes in serious pal ice-reported drinking crashes or 

serious crashes with no police-reported drinking, the safest conclusion 

Age of Driver 

22-45 

3.2 
0.8 
3-5 

2.5 
0.9 
4.4 

-18.3 
0.7 

-3.5 

-26.4 
1 .O 

-5.4 

20-21 

4.9 
2.81 

21.4 

2.4 
2.81 
14.2 

-1.4 
0.2 
-1.4 

5.7 
1.1 
7.2 

16-17 

2.7 
1.6 

30 0 5  

0.4 
0*3 
2.8 

0.8 
0.2 
1.1 

2.1 
0.5 
3.2 

18-19 

1-9 
0.8 
7.9 

-3.2 
1.4 

-18.4 

-1.8 
0.2 

-1.5- 

19.0 
4.4l 
24.0 



is that there was no clearly demonstrable effect of Maine's raised 

drinking age on injury and fatal alcohol-related crash involvement among 

18- and 19-year-old drivers. 

As in Michigan, there was also no effect of the raised drinking age 

on injury/fatal crash involvement among 16-17-year-old Maine drivers. 

5.1.3 New E. The same time-series analysis strategy used for 

Maine and Michigan was applied to New York, to determine whether 

youthful alcohol-related crash involvement in that state decreased 

significantly at the time either Maine or Michigan raised the legal 

minimum drinking age. If New York, which did not change its drinking 

age, showed decreases in crash involvement similar to Maine or Michigan, 

one might conclude that observed crash reductions in the experimental 

states were due to some factor unrelated to the raised drinking age.23 

Estimated changes in New York property damage crash involvement 

beginning November 1977 (when Maine raised the drinking age) are 

summarized in Table 5.5. There were no significant changes in any of 

the crash involvement categor i es for 18-20-year-old dr ivers, in contrast 

to Maine, where 18-19-year-old drivers experienced significant 

reductions in alcohol-related property damage crashes beginning in 

November 1977. Note that the parameter estimates for single-vehicle 

nighttime male and daytime single-vehicle male crashes were negative for 

all age groups, and were significant for drivers 21-23 and 24-45. 

Furthermore, the reported crash reductions were substantial, ranging 

23As noted earlier, the New York crash data were analyzed twice, 
first including the entire state as was done for other study states 
(Appendix C), and second, excluding New York City from the statewide 
totals (Appendix K) . Exclusion of New York City did not appreciably 
change the results, and results discussed here are based on the 
statewide totals excluding New York City. 



from 30 to 52%. This pattern of lower than expected reported property 

damage crash involvement across all age groups for both daytime and 

nighttime single-vehicle male driver crashes was a result of an 

important change in crash reporting criteria, mentioned earlier in 

section 4.2.2.3. After September 1978, any crash causing property 

damage of $400 or more had to be reported; prior to this date, any crash 

causing $250 or more in damage had to be reported. This instrumentation 

change, occurring within the first year after the October 1977 drinking 

age change in Maine, apparently caused the significant reduction in 

repor,ted property damage crashes identified in the New York time-series 

mode 1 s . 
Estimated changes in New York injury and fatal crash involvement, 

concomitant with Maine's increase in drinking age, are shown in Table 

5 . 6 .  As with property damage crashes, there were no significant changes 

in any crash category for 18-20-year-old drivers. The other three age 

groups experienced significant increases in police-reported alcohol- 

involved crashes. Because of the nature of the New York reporting 

system concerning alcohol-related crashes,24 the frequency of reported 

alcohol-related crashes using this indicator is probably quite sensitive 

to increased public interest in the alcohol-related crash problem. In 

recent years, more media and public policy attention has been given to 

the alcohol/highway safety issue, and as a result, observed increases in 

police-reported alcohol-related serious crash involvement may very well 

be due to improved reporting of the involvement of alcohol in New York 

crashes. 

24Refer to section 4.2.2.3 for details. 



TABLE 5.5 
Time-series Estimates of Changes in Property-damage-only 
Crash Involvement in New York After October 1977, When 

Maine Raised the Legal Minimum Drinking Age 

lP<0.01, two-tailed test. 
'Series logarithmically transformed to reduce 

heteroscedasticity; estimate based on transformed series. 

Type o f  Crash 

Alcohol-related Indicators 
Police-reported Drinking 

Estimate 
T-rat io 
Per cent 

Single-vehicle 
Nighttime Male 

Estimate 
T-rat i o 
Percent 

Non-alcohol-related Indicator 
Daytime Single-vehicle Hale 

Estimate 
T-ratio 
Percent 

The New York time-series models also included estimates of shifts 

in crash involvement beginning January 1979, for comparison with the 

Michigan findings. Results for property damage crashes are summarized 

in Table 5.7. No significant reductions in property damage alcohol- 

related crash involvement occurred among New York 18-20-year-old drivers 

in 1979, in contrast to significant decreases in Michigan. This finding 

provided further support for the hypothesis that the crash reductions in 

Michigan were a direct result of the higher drinking age, not other more 

Age of Driver 

16-17 

0.2 
0.2 
3.1 

-0.7 
3-7l 

-52.3 

-0.3' 
2 9 5  

-28.8 

18-20 

3.5 
2.1 
12.7 

-0.3~ 
1.5 

-23.7 

-0. 3' 
1 e g  

-22.9 

21-23 

1.6 
0.9 
6 9 

-0.4 
6.71 

-29.5 

-0.42 
3 7' 

-32.3 

24-45 

12.0 
2.5 
15.3 

-0.7' 
4.1i 

-47.8 

-0.62 
4.7l 

-45.1 



TABLE 5.6 
Time-series Model Estimates of Changes in Injury/Fatal 
Crash Involvement in New York After October 1977, When 

Maine Raised the Legal Minimum Drinking Age 

lP<O.Ol, two-tailed test. 

Type of Crash 

Alcohol-related Indicators 
Police-reported Drinking 

Es t i mare 
T-ratio 
Percent 

Single-vehicle 
Nighttime Male 

Estimate 
T-rat i o 
Percent 

Non-alcohol-related Indicator 
Daytime Single-vehicle Hale 

Estimate 
T-rat i o 
Percent 

general nationwide factors influencing crash involvement during this 

period. 

The only significant time-series model estimates in Table 5.7 were 

for single-vehicle nighttime male crashes among drivers age 21-23, and 

daytime single-vehicle male crashes among drivers age 18-20. In both of 

these cases, the significant positive time-series model estimates were a 

result of the leveling off a pre-existing downward trend in crash 

frequency (see Appendix K, F i gures 18 and 12) . 
Table 5.8 shows estimated changes from pre-exi sting trends in New 

York serious crash involvement in 1979. Again, no significant decreases 

Age of Driver 

16-17 

5.3 
4.01 
18.1 

5.6 
1.7 
10.5 

-3.4 
0.7 

-3 9 

18-20 

5.4 
0.4 
3.1 

-3.4 
0.4 

-1.3 

-0.1 
0.0 

-0.5 

21-23 

21.5 
5.0' 
18.0 

-5.3 
0.6 
-3.0 

- 1  - 0  
0.2 
-0.9 

24-45 

27.5 
2.81 
7.3 

789 
085 
2.3 

-32.7 
7.1' 
-8.9 



TABLE 5.7 
Time-series Model Estimates of Changes in Property-damage- 
only Crash Involvement in New York After December 1978, When 

Michigan Raised the Legal Minimum Drinking Age 

lP<O.O1, two-tailed test. 
2Series logarithmically transformed to reduce 

heteroscedasticity; estimate based on transformed series. 

Type of Crash 

Alcohol-related Indicators 
Police-reported Drinking 

Est imate 
T-rat io 
Percent 

Single-vehicle 
Nighttime Male 

Estimate 
T-ratio 
Percent 

Non-alcohol-related Indicator 
Daytime Single-vehicle Male 

Estimate . 
T-rat io 
Percent 

in injury/fatal crash frequency for 18-20 drivers was found, in contrast 

to the Michigan results, providing further evidence that Michigan's 

crash reductions. among youth were due to the increase in drinking age. 

Significant increases in police-reported alcohol-involved crashes 

for three of the four age groups might be due to improved police 

reporting of alcohol involvement, the suggested explanation of the 

increased frequency of police-reported alcohol-involved property damage 

crashes in New York identified with the November 1977 time-series model 

parameter. Unlike the pattern of results inTable 5.6, however, Table 

Age of Driver 

16-17 

2.0 
1.6 

34.6 

0.O2 
0.1 
3.0 

0.2 
2.0 

21-23 

4.2 
1.9 

16.4 

0,j2 
7.2l 

35.0 

0.02 
0 .O 
4.1 

18-20 

-1.5 
0.8 
-4.7 

0.j2 
1*7 

35.0 

0 . 0 P . 4 4 '  
3 .  l 1  

46.2 

24-45 

2.1 
0.5 
2.6 

0.1' 
0.0 
6.2 

0.1' 
0.6 
7 . 2  



TABLE 5.8 
Time-series Model Estimates of Changes in Injury/fatal 
Crash Involvement in New York After December 1978, When 

Michigan Raised the Legal Minimum Drinking Age 

lP<0.01, two-tailed test. 

Type of Crash 

Alcohol-related Indicators 
Police-reported Drinking 

Estimate 
T-rat io 
T-rat io 
Percent 

Single-vehicle 
Nighttime Male 

Estimate 
T-rat io 
Percent 

Non-alcohol-related Indicator . 
Daytime Single-vehicle Male 

Estimate 
T-rat io 
Percent 

5.8 reveals that the more re1 iable alcohol-related indicator, single- 

vehicle nighttime male crash involvement, also exhibited significant 

increases for the 21-23 and 24-45 age groups, and an estimated increase 

for 18-20-year-olds that was significant at the less conservative .O5 

level. The pattern of consistently positive point estimates, with five 

of the eight significant at the .O1 level, suggests that a real increase 

in injury/fatal alcohol-related crash involvement occurred in 1979 among 

New York drivers. 

5.1.4 Pennsylvania. Crash involvement in Pennsylvania from 1972 

through 1979 was also analyzed, for comparison with the Michigan and 

Age of Driver 

16-17 

11.2 
7.01 
7.01 

33.1 

3.2 
0.9 
5.2 

1.1 
0.2 
1.2 

18-20 

23.7 
2.3 
2,3 
11.9 

32.7 
3.61 

12.2 

7 -0 
1 .O 
4 7 

21-23 

31.1 
6.61 

6.61 

2 1 . 2  

24.3 
2.6 
14.0 

4.0 
1 .O 
3.7 

24-45 

56.8 
5.01 
5.0' 
13.7 

59.6 
4.61 
17.5 

7 06 
1-5 
2.2 



Maine results. The police-reported alcohol indicator was not well 

suited for this research. Few crashes were identified as alcohol- 

related, and for those that were, the alcohol item applied to the 

accident, and could not be linked to particular drivers. As a result, 

frequencies of police-reported alcohol-involved crashes were not 

analyzed in detail, although a plot of each time series is included in 

Appendix D. Instead of detailed analyses of frequencies of crashes with 

no police-reported alcohol involvement, the total frequency of crash- 

involvement was examined. 

Results, shown in Table 5.9, indicated that Pennsylvania drivers 

experienced no change in property damage crash involvement in 1977, at 

the time Maine raised its drinking age and experienced a significant 

decrease in alcohol-related property damage crash involvement among 

young drivers. Again, a state without a drinking age change, 

Pennsylvania, experienced no significant change .in youth crash 

involvement at the time a state that raised its drinking age, Maine, 

experienced significant decreases in alcohol-related crashes. 

Analyses of Pennsylvania injury crashes revealed no significant 

changes beginning in 1977 for any of the crash category/age group 

combinations (Table 5.10). 

When Michigan raised its drinking age and experienced significant 

decreases in alcohol-related property damage crash involvement among 

young drivers, Pennsylvania showed no change in alcohol-related property 

damage crash involvement among youth (Table 5.1 1)  . Daytime property 

damage crashes in Pennsylvania among drivers of all ages were down 9 to 

17% in 1979, however. Simi lar reductions in non-alcohol-related crashes 

across all age groups were found in Michigan, indicating that some more 



TABLE 5.9 
Time-series Model Estimates of Changes in Property-damage- 
only Crash Involvement in Pennsylvania After October 1977, 

When Maine Raised the Legal Minimum Drinking Age 

lSer i es logarithmically transformed to reduce 
heteroscedasticity; estimate based on transformed series. 

Type of Crash 

Alcohol-related Indicator 
Single-vehicle 
Nighttime Male 

Estimate 
T-rat i o 
Percent 

Non-alcohol-related Indicator 
Daytime 

Estimate 
T-rat io 
Percent 

iota 1 
Estimate 
T-rat i o 
Percent 

general factor affecting crash frequencies in multiple states, such as 

reduced economic activity in 1979, may be the cause of reduced non- 

alcohol-related crash involvement. Further support for such an argument 

can be found in the Maine results, where non-alcohol-related property 

damage crash involvement also decreased significantly in 1979 (see 

Appendix A). Of the four states analyzed here, only New York did not 

exhibit obvious decreases in non-alcohol-related property damage crash 

involvement in 1979. 

Age of Or iver 

16-17 

0.2 
0 .O 
0.1 

-0.1' 
1.9 

-12.2 

-0.1' 
1 *7 

-10.6 

20-21 

-12.7 
0.8 
-7.3 

-0.1' 
0 7 
-4.8 

-0.0' 

0:5 
-2.9 

18-19 

-17.2 
0.8 
-8 .9 

-0.0' 
0.5 

-3.4 

-0.1' 
0.8 
-5.0 

22-45 

-77.1 
1.6 

-12.6 

-0.0' 
0 3 
-2.1 

-0.0' 
0 a 3 

-2.0 
i 



TABLE 5.10 
Time-series Model Estimates of Changes in Injury/Fatal 

Crash Involvement in Pennsylvania After October 1977, When 
Maine Raised the Legal Minimum Drinking Age 

Age of 
Type of Crash 

16-17 18-19 

Alcohol-related Indicator 
Single-vehicle 
Nighttime Male 

Estimate 0.1' -0.0' 
T-ratio 0 7 0.1 
Percent -7.5 -0.6 

Non-alcohol-related lndicator 
Day t i me 

Estimate 20.8 31.7 
T-rat i o 0.5 0.5 
Percent 3 *  1 3 . 7  

Total 
Estimate 
T-rat i o 
Percent 

Or  iver I 

- - -- - - - - - p--ppp 

'Ser i es logarithmically transformed to reduce 
heteroscedasticity; estimate based on transformed series. 

Analyses of serious crash involvement in Pennsylvania revealed no 

significant changes in 1979 for any of the crash category/age group 

combinations (Table 5.12). Finding no change in alcohol-related serious 

crash involvement among Pennsylvania youth in 1979, when Michigan had 

significant decreases in youthful serious alcohol-related crash 

involvement strengthens a causal interpretation of the drinking age/ 

crash association observed in Michigan. 

5.1.5 Discussion of Crash Findings. The time-series model 

estimates represent the net shift in the frequency of crash involvement 



TABLE 5.1 1 
Time-series Model Estimates o f  Changes i n  Property-damage-only 

Crash l nvo 1 vement i n  Pennsy 1 van i a  A f te r  December 1978, When 
Michigan Raised the Legal Minimum Dr ink ing  Age 

lP<0.01, two - ta i l ed  t e s t .  
'Set i es l o g a r i t h m i c a l l y  transformed t o  reduce 

heteroscedast ic i ty ;  est imate based on transformed ser ies .  

Type o f  Crash 

A lcoho l - re la ted  Ind i ca to r  
S ing le-veh ic le  
N igh t t ime Male 

Est imate 
T- ra t  i o  
Percent 

Non-alcohol-related l nd i ca to r  
Daytime 

Est imate 
T - ra t  i o  
Percent 

Tota l  
Est imate 
T- ra t  i o  
Percent 

associated w i t h  increases i n  the lega l  minimum d r i n k i n g  age i n  Maine and 

Michigan, independent o f  the e f f e c t s  o f  long-term trends, seasonal 

cyc les,  and other  f ac to rs .  A lcoho l - re la ted  proper ty  damage crash 

involvement among young d r i v e r s  a f t e r  an increase i n  d r i n k i n g  age was 

s i g n i f i c a n t l y  lower than prev ious trends would lead one t o  expect i n  

both Maine and Michigan. S i g n i f i c a n t  reduct ions i n  a lcoho l - re la ted  

proper ty  damage crash involvement were no t  found f o r  o lder  d r i v e r s  

w i t h i n  e i t h e r  experimental s ta te ,  or f o r  young d r i v e r s  i n  the two 

comparison s ta tes  t h a t  d i d  no t  change the d r i n k i n g  age, Furthermore, 

Age o f  Dr iver  

22-45 

42.4 
0.9 
8.4 

-0.1' 
2.1 

-9.1 

-0.1' 
1.3 

-5.5 

20-21 

12.7 
0.8 
8.4 

-0.2' 
. 3.3' 
-16.5 

-0.1' 
2  0 5  

-10.2 

16-17 

-11.8 
0.7 

-11.0 

-0.2 a 

3.81 
-16.6 

-0.2 
3 * 3 l  

-13.9 

18-19 

-20.7 
1 .O 

-10.8 

-0.2' 
3.1' 

-14.4 

-0.1' 
2 - 6  

-10.7 



TABLE 5.12 
Time-series Model Estimates of Changes in Injury/Fatal Crash 

l nvol vement i n Pennsy 1 van i a After December 1978, When 
Michigan Raised the Legal Minimum Drinking Age 

-- 

Age of Driver 

lSeries logarithmically transformed to reduce heteroscedasticity; 
estimate based on transformed series. 

Type of Crash 

Alcoho,l-related lndicator 
Single-vehicle 
Nighttime Male 

Estimate 
T-rat io 
Percent 

Non-alcohol-related Indicator 
Daytime 

Estimate 
T-ratio 
Percent 

Tota 1 
Estimate 
T-rat i o 

identified reductions in non-alcohol-related property damage crashes 

during this period were less than half the magnitude of the decrease in 

Percent I - 1  / -2.2 / -7.4 

16-17 

0 .O1 
0.5 
3 9 

-52.6 
1.2 

-8.5 

-104.0 
1.6 

alcohol-related crashes. The same analyses applied to serious 

(i .e. injury and fatal) alcohol-related crash involvement demonstrated 

18-19 

0.1' 
0.7 
5.1 

-20.3 
0.3 

-2.6 

-27.7 
0.4 

significant reductions among young drivers associated with the higher 

20-21 

0.1' 
1.1 
4.6 

-8.3 
0.2 
-1.2 

-91.3 
1.4 

drinking age in Michigan, with no clear effect observed in Maine. 

Analyses of older drivers in Michigan and young drivers in the 

comparison states revealed no significant reductions in alcohol-related 

serious crashes. The most plausible explanation of this pattern of 



findings is that raising the legal drinking age caused significant 

reductions in alcohol-related property damage crash involvement among 

young drivers in both Michigan and Maine, and caused significant 

reductions in serious crash involvement in Michigan. 

5.2 Effects of Raised Drinking h e  on Beverage Alcohol Sales 

In addition to analyses of crash involvement discussed above, 

aggregate alcoholic beverage sales were examined to identify whether the 

drinking age has a noticeable effect on the beverage alcohol market in 

Maine or Michigan. Beverage sales data for the United States as a whole 

were used as a comparison time-series. Finally, sales data for New 

Hampshire were also examined to assess whether observed reductions in 

Maine beverage sales were due to increased cross-border purchases rather 

than a reduction in actual consumption of alcoholic beverages. 

5.2.1 Michiqan. Results of analyses of aggregate beverage 

distribution in Michigan are summarized in Table 5.13 with a plot of 

each time series and detailed modeling results shown in Appendix H. 

Application of the iterative model building strategy to wine 

distribution in Michigan resulted in the model shown in Appendix H, 

Figure 1. Time-series modeling estimation results show that, 

controlling for the unexplained significant increase in October 1970, 

there were no significant changes in wine sales in 1972, after the 

drinking age was lowered, or 1979, after the drinking age was raised. 

The final model for total beer distribution is shown in Figure H.2. 

From Table 5.13, it is evident that no significant change in total beer 

sales occurred in 1972, and a significant decrease of 5,384 kiloliters 

per month in total beer sales occurred beginning in January 1979, when a 



TABLE 5.13 
Time-ser ies Model Est imates of Changes in Average Month1 y 

Beverage Alcohol Sales in State of Michigan 

Intervention 

Type of Beverage January 1972: January 1979: 
Michigan Lowered Michigan Raised 

Drinking Age Drinking Age 

Draft Beer 
Estimate 
T-rat i o 
Percent 

Package Beer 
Est imate 
T-rat io 
Percent 

Total Beer 
Estimate 
T-rat io 
Percent 

Wine 
Estimate 
T-rat i o 
Percent 

lP<O.Ol, two-tailed test. 

mandatory beverage container deposit law and the raised drinking age 

went into effect. 

Since package beer (Appendix H, F igure 3) accounts for more than 

three-fourths of all beer distributed in Michigan, the time-series model 

is very similar to the model for total beer. Again, no significant 

shift in package beer sales in 1972 was observed. However, a 

significant decrease in package beer sales of 7,659 k i lo1 i ters per month 

occurred over the January 1979 through October 1980 period. 



The large one-month drop in wholesale package beer distribution in 

October 1978, evident in the time-series plot, was most likely a result 

of wholesale and retail dealers reducing their purchases in an attempt 

to eliminate their inventory of nonreturnable containers before the 

December deadline when the mandatory deposit law went into effect. 

The 1979-80 decrease i n package beer d i s tr i but i on i s subs tant i a 1 1 y 

larger than the decrease in total beer sales, leading one to suspect 

that part of the decline in package beer sales was offset by an increase 

in draft beer sales, which is confirmed by separate analyses of the 

draft beer series. Time series analyses produced the model of draft beer 

sales shown in Appendix H, Figure 4. An additional step function for 

1980 was added to the model because draft beer sales increased 

substantial ly in 1980 over and above the increase in 1979. The results 

reveal a significant temporary increase in draft beer sales beginning in 

January 1972, when the drinking age was lowered. The effect dissipated 

by the end of 1972, however, and no significant permanent shift in draft 

beer sales assoc,iated wi th the lowered dr ink i ng age was observed (note 

the pattern of the 12-month moving average in Appendix H, Figure 4) . 
Results for 1979 and 1980 indicate dramatic increases in draft beer 

sales in Michigan. Distribution in 1979 was 1,600 kiloliters per month 

higher than expected given basel ine patterns; the first 9 months of 1980 

exhibited an additional 1,194 kiloliter per month increase. I n  spite of 

the large increases in draft beer distribution, total beer distribution 

was down s i gn i f i cant 1 y for 1979-80 because package beer, which decreased 

in 1979-80, accounts for over three-fourths of a1 1 beer distributed in 

the State of Michigan. 



The s i g n i f i c a n t  increase i n  d r a f t  beer d i s t r i b u t i o n  i n  1972, 

immediately a f t e r  the  d r i n k i n g  age was reduced from 21 t o  18, can be 

i n t e r p r e t e d  as a  r e s u l t  o f  the  sudden expansion i n  the popu la t i on  o f  

l ega l  d r i n k e r s .  Why t he  p o s i t i v e  s h i f t  i n  d r a f t  beer sa les  r a p i d l y  

decayed i s  n o t  c l e a r .  One might  specu la te  t h a t  t he  e f f e c t  o f  t h e  

redulced d r i n k i n g  age was a  sudden exper imenta t ion  w i t h  consumption o f  

d r a f t  beer,  w i t h  the n o v e l t y  wearing o f f  a f t e r  the  f i r s t  year,  fo l lowed 

by a r e t u r n  t o  d r i n k i n g  p a t t e r n s  p r a c t i c e d  be fo re  the  d r i n k i n g  age was 

lowered. Th i s  argument seems l ess  p l a u s i b l e ,  however, g iven  the  

permanent s i g n i f i c a n t  increases i n  a l c o h o l - r e l a t e d  p u b l i c  h e a l t h  

problems, such as t r a f f i c  c o l l i s i o n s ,  f o l l o w i n g  reduc t ions  i n  d r i n k i n g  

age. 

A p l a u s i b l e  hypothes is  i s  t h a t  o ther  exogenous f a c t o r s ,  un re la ted  

t o  t h e  lowered d r i n k i n g  age, caused d r a f t  beer sa les  t o  decrease i n  

1973. S ince youth age 18-20 c o n s t i t u t e  o n l y  a  f r a c t i o n  o f  the  t o t a l  

beer d r i n k i n g  populat ion,  a  s u b s t a n t i a l  increase i n  consumption by t he  

18-20 age group cou ld  be easi  l y  masked by a  small r educ t i on  i n  

c o n s ~ ~ m p t i o n  by a l l  o t he r  d r i nke rs .  Therefore,  the  s i g n i f i c a n t  increase 

i n  aggregate d r a f t  beer sa les i n  1972, concomitant w i t h  t he  lowered 

d r i n k i n g  age, may be o f f s e t  by a  smal l  r e d u c t i o n  i n  consumption among 

a l l  d r i n k e r s  i n  1973, due t o  o ther  u n i d e n t i f i e d  f a c t o r s .  

The substant  i a1 decrease i n  package beer d i  s t r  i b u t  i on i n  1979-80, 

when the d r i n k i n g  age was ra i sed  and non-returnable con ta iners  were 

banned, a l s o  has m u l t i p l e  exp lana t ions .  Although the  r a i s e d  d r i n k i n g  

age may account f o r  a  p o r t i o n  o f  the decrease, the  magnitude o f  the  

decrease suggests t h a t  o ther  f ac to r s ,  a f f e c t i n g  the  e n t i r e  popu la t i on  o f  

package beer consumers, were ope ra t i ng .  One such f a c t o r  i s  the  



mandatory container deposit law implemented in Michigan the same month 

the drinking age was raised. One result of the container law was a 10 

percent increase in the real price of package beer.25 The price jump 

and the inconvenience of returnable containers may explain the decrease 

in sales. In addition to reduced consumption of package beer resulting 

from its increased cost (both direct monetary costs and in terms of 

i nconven i ence) , some consumers res i d i ng near Mi ch i gan ' s borders may have 

shifted their package beer purchases to retailers in bordering states. 

However, .since most of Michigan's population does not reside near the 

state's borders, they do not have easy access to adjoining states with 

non-returnable containers where lower package beer prices prevail. As a 

result, it would appear that cross-border purchases do not account for 

the entire decrease in package beer sales in Michigan. This is not to 

say cross-border purchase of beer does not account for a significant 

portion of the observed decrease in Michigan package beer sales, since 

the densely popuiated metropolitan Detroit area is less than an hour 

drive from the Ohio border, where non-returnable containers are sold. 

In 1981 the Michigan Commerce Department announced a crackdown on 

persons crossing the State's borders to purchase package beer, arguing 

that a smuggling "epidemic" was harming Michigan business (Detroit Free 

Press, 1981) . 2 
Given substantial increases in draft beer distribution during the 

same period, it appears that a number of beer drinkers shifted some of 

25Real price refers to price in constant dollars, controlling for 
the effects of inflation. 

26The political debate surrounding the implementation of the 
mandatory container law included discussion as to whether the beverage 
industries were justified in raising prices; i t  is simply noted here 
that retail prices did, in fact, increase. 



their consumption from package to draft beer. Michigan's economic 

recession, with associated unemployment and reductions in disposable 

income, may have contributed to the shift to less expensive draft 

beer. 2 7  

Michigan's raised drinking age may have had a larger effect in 

reducing package beer consumption among youth than draft beer 

consumption because the 1 aw did not proh i b i t young people age 18-20 from 

patronizing public drinking establishments; only purchase and 

consumption of alcoholic beverages were prohibited. In a crowded bar or 

tavern a legal drinker might easily purchase alcoholic beverages for 

friends under age 21. As a result, draft beer sales may be higher than 

expected if those under 21 were not allowed to frequent public drinking 

establishments. In addition, part of the increased draft beer sales in 

1979-80 may be a result of an increased number of "kegger" parties among 

18-20-year-olds, where a legal drinker purchases a keg of draft beer for 

consumption off-premise at a party attended by underage drinkers. 

5.2.2 Maine. Results of analyses of aggregate beverage alcohol 

distribution in Maine are summarized in Table 5.14, and a plot of each 

time series and detailed modeling results are shown in Appendix G. 

Application of the iterative model building strategy to the Maine beer 

distribution time series resulted in the model shown in Appendix G, 

Figure 2. Controlling for long-term trends and seasonal cycles, there 

was no significant change in beer sales associated with the reduction in 

2 7 A  telephone survey of a random sample of Michigan bars, taverns, 
and restaurants revealed that draft beer has a significantly lower 
retail price than than any other on-premise alcoholic drink. Depending 
on region of the state, retai 1 price of draft beer was 17 to 40 percent 
lower than on-premise package beer, usually the second least expensive 
drink (Douglass et a1 ., 1980). 



drinking age. However, there was a significant decrease in total beer 

sales averaging 1,114 kiloliters per month (11,8%) after the drinking 

age was rzised. The lower than expected sales after November 1977 are 

clearly evident in the time series plot. 

TABLE 5.14 
Time-series Model Estimates of Changes in Average 
Monthly Beverage Alcohol Sales in State of Maine 

lP<0.01, two-tailed test. 

Type of Beverage 

Total Beer 
Estimate 
T-ratio 
Percent 

Wine 
Estimate 
T-rat i o 
Percent 

Spirits 
Estimate 
T-ratio 
Percent 

No change in wine sales at the time the drinking age was lowered 

was identified, As shown in Table 5.14, the model estimation results 

indicate an increase in wine sales of 10.2% after the drinking age was 

raised in late 1977; the increase is significant at p<.05, but not at 

pC.01, the significance level selected for this study. Consistent with 

the marginal significance of the estimate, examination o f  the wine sales 

Intervention 

June 1972: 
Ma i ne Lowered 
Drinking Age 

179.4 
1.1 
2.6 

-14.2 
0.7 
-4.1 

- 2 3 . 3  
1.2 

-3 8 7 

November 1977: 
Maine Raised 
Dr inki ng Age 

- 1  114.2 
6.81 

-12.9 

46.9 
2 - 5  
10.2 

25 7 
1 ~3 
3-6 



plot (Appendix G, Figure 1) indicates that wine sales after October 1977 

were not dramatically different than expected, given the long-term 

upward trend in wine sales. 

The time series model for spirits sales in Maine (Appendix G, 

F i gure 3) revea 1 ed no measurab 1 e changes associated w i th e i ther 1 ower i ng 

or raising the legal drinking age. 

One might conclude, on the basis of these findings, that the raised 

drinking age in Maine resulted in significantly reduced alcohol 

consumption among youth, since sales of beer, the beverage of choice 

among young drinkers, decreased significantly after the raised drinking 

age was implemented. Although the interrupted time-series design 

employed here is characterized by high internal validity, a serious 

threat to a causal interpretation of the findings remaining is 

contemporaneous history, that other events occurring at about the same 

time as the raised drinking age may account for the observed decrease in 

beer sales. As in Michigan, the major confounding historical factor is 

a mandatory beverage container deposit law, implemented in Maine in 

January 1978, just two months after the higher drinking age went into 

effect (Maine, State of, 1977) . l nconveni ence of returnable containers, 

along with substantial increases in the price of canned and bottled beer 

may have caused the reduction in beer sales. Reduced sales, in turn, 

may have been due to reduced consumption and/or a shift from purchasing 

beer in Maine to purchases in neighboring states, particularly New 

Hampshire, where beer prices are substantially lower. Beer prices have 

traditionally been lower in New Hampshire than Maine because of lower 

tax rates. Maine's taxes on beer include excise tax of 2 5  cents per 

gallon and general sales tax of 5 percent; in contrast, New Hampshire 



has a 15 cent per gallon excise tax on beer and no sales tax (Distilled 

Spirits Counci 1 of the United States, 1980) . According to the Maine 

state officials, the beer price differential has widened noticeably 

since implementation of the mandatory deposit law, with Maine residents 

increasingly purchasing the lower-priced New Hampshire beer." 

5.2.3 Hampshire United States as Comparison Jurisdictions. 

The only change in alcohol distribution associated with lowered drinking 

ages in the two focal states of this investigation, Maine and Michigan, 

was a temporary increase in draft beer sales in Michigan in the first 

year after the lower drinking age was implemented. When the drinking 

age was raised, however, there were significant decreases in total beer 

sales in both Maine and Michigan. In Michigan, where beer sales were 

also examined separately for draft and package beer, the decrease in 

total beer sales in 1979-80 was due to a substantial decrease in sales 

of package beer, while sales of draft beer increased. 

Interpretation of the changes in beer sales at the time these two 

states raised the drinking age is complicated by a major confounding 

historical factor in both states, implementation of mandatory beverage 

container deposit laws at about the same time the higher drinking ages 

went into-effect. 

In an attempt to separate the effects of the drinking age change 

and the beverage container deposit law, beverage sales in the State of 

New Hampshire were analyzed. New Hampshire is the only state bordering 

=*Beer prices increased "considerably," after the mandatory 
container law was implemented, and consumers complained "bitterly" 
according to S .  Redfield, Maine Department of Agriculture; personal 
conversation, June 1 ,  1981. 



with Maine,29 and Maine state officials have suggested that Maine beer 

drinkers may have shifted some of their beer purchases to New Hampshire 

afte.r the container law was implemented and beer prices increased.1° If 

such cross-border purchases account for the 1,114 kiloliter per month 

decrease in Maine beer sales concomitant with the increase in drinking 

age and implementation of the container law, New Hampshire beer sales 

shou~ld increase by a comparable amount. Time-series modeling of New 

Hampishire beer sales, however, reveal no significant change at the time 

the Maine container law was implemented (Table 5.15). As a result, one 

has more confidence that observed reductions in Maine beer sales are due 

to t.he increase in drinking age, and not the mandatory container deposit 

law. 

New Hampshire lowered the legal minimum drinking age from 21 to 18 

for all alcoholic beverages in June 1973. Parameters for this legal 

change were included in the time-series models for beer sales in New 

Hampshire, and results showed a significant 7 . 7 %  increase in package 

beer sales after the drink i ng age was lowered (Tab1 e 5.15) . Draft beer 

sales were up an estimated 10.7% (significant at pd.05 but not at p<.01, 

using two-tai led tests) . Based on these results, i t appears that 

lowering the drinking age in New Hampshire contributed to an increase in 

sales of package and draft beer.'= 

"Although there might be beer purchases across Maine's northern 
bordler with Canada, the great majority of Maine's population resides in 
the southern region of the state. 

1°S. Redfield, Maine Department of Agriculture, personal 
conversation June 1 ,  1981, and F .  Robie, Maine Liquor Control Board, 
personal conversation, June 1, 1981. 

llEffects of New Hampshire's increase in drinking age from 18 to 20 
in May 1979 could not be evaluated because beer sales data were only 
available through 1979, providing only seven post-change observations. 



TABLE 5.15 
Time-series Model Estimates of Changes in Average Monthly 

Beverage Alcohol .Sales in State of New Hampshire 

lP<O.O1, two-tailed test. 

Type of Beverage 

Draft Beer 

Beer sales in the entire United States from 1970 through 1980 were 

analyzed for comparison with the results for Maine, Michigan, and New. 

Hampsh i re (Tab 1 e 5.16) . a 2  Resul ts showed no s i gn i f i cant changes i n 

nationwide draft beer sales after January 1972, when Michigan lowered 

the drinking age and experienced a temporary increase in draft beer 

sales. Second, there were no changes in nationwide draft or package 

beer sales after November 1977, when Maine raised the drinking age and 

Package Beer 
Estimate 
T-rat io 
Percent 

==The time-series models included parameters for January 1972 
(Michigan lowered drinking age), November 1977 (Maine raised drinking 
age) , and January 1979 (Michigan raised dr i nking age) . Parameters for 
Maine and New Hampshire's drinking age reductions were not included 
because they occurred within a relatively short time. Inclusion of 
parameters for all of the drinking age reductions would have resulted in 
multicollinearity problems when estimating the parameters of the full 
time-series model (see Pindyck and Rubinfeld, 1976:66-68 for an 
introduction to the mu1 tic01 1 ineari ty issue) . In any event, the raw 
time-series plot with a simple 12-month moving average shown in Appendix 
J, Figures 2 and 3 can be examined for the exact nature of beer sales 
trends in the early 1970s. 

539.7 
2.81 
7-7 

258.6 
1.5 
3.1 



experienced a 12.9% reduc t i on  i n  beer sa les.  Th i rd ,  nat ionwide package 

beer sa les  d i d  no t  change s i g n i f i c a n t l y  a f t e r  January 1979, when 

M i  ch i gan r a  i sed the  d r  ink  i ng age and exper i enced a s i gn i  f i can t  1 1.5% 

package beer sa les  reduc t ion .  I n  each o f  these cases, na t ionwide  beer 

sa les  showed no measurable change a t  a  t ime when sa les i n  a  s t a t e  t h a t  

has changed the  minimum d r i n k i n g  age changed s i g n i f i c a n t l y .  

TABLE 5.16 
Time-ser ies Model Est imates o f  Changes i n  Average Monthly 

Beverage Alcohol Sales i n  the  Un i ted  States 

lP<0.01, two - ta i l ed  t e s t .  

Type o f  Beverage 

D r a f t  Beer 
Est imate 
T - ra t  i o  
Percent 

Package Beer 
Est imate 
T - ra t  i o 
Percent 

T o t a l  d r a f t  beer sa les i n  the  Un i ted  S ta tes  increased s i g n i f i c a n t l y  

beg inn ing  January 1979, when Michigan implemented the h igher  d r i n k i n g  

age and a l s o  exper ienced a s i g n i f i c a n t  increase i n  d r a f t  beer sa les.  

The p a t t e r n  o f  sa les  of U.S. t o t a l  d r a f t  beer i n  recen t  years was 

s i m i l a r  t o  t h a t  found i n  Michigan. That i s ,  d r a f t  beer sa les increased 

s i g n i f i c a n t l y  i n  1979 over expected sa les g i ven  prev ious t rends,  w i t h  an 

a d d i t i o n a l  s i g n i f i c a n t  increase i n  1980 over the a1 ready h igher  than 

I n t e r v e n t i o n  

January 1979: 
Michigan Raised 

D r i nk i ng  Age 

11515.2 
5.81 
5.9 

-13407.8 
0.9 

-0.9 

January 1972: 
Michigan Lowered 

D r i nk i ng  Age 

1045.8 
0 - 5  
0.6 

3043 1 .O 
2.0 
2.8 

November 1977: 
Maine Raised 
D r i n k i n g  Age 

-2765.2 
1.4 

-1.5 

17099 6 
1 .O 
1.2 



expected 1979 figures. However, nationwide draft beer sales in 1979 was 

only 5,9% higher than expected (Table 5.16), while Michigan draft beer 

sales increased 19.8% (Table 5.13). It is clear that part of the 

increased Michigan draft beer sales in recent years is a reflection of a 

nationwide trend. Significant increases in draft beer sales nationwide 

may be a result of such factors as the very successful introduction and 

marketing of low-calorie ("light") beers. The substantial increases in 

Michigan draft beer sales over the nationwide increases are likely due 

to factors unique to Michigan, such as the increase in drinking age, 

mandatory container deposit law, and unusually severe economic 

5.2.4 Discussion of Sales . Controlling for the effects of 

long-term trends and regular seasonal patterns, the present study found 

significant changes in aggregate sales of alcoholic beverages 

concomitant with modifications in the legal minimum drinking age. In 

all states examined, beer, the beverage of choice among young drinkers, 

was the beverage category most affected by changes in drinking age. In 

Michigan and New Hampshire, reductions in drinking age from 21 to 18 

were associated with significant increases in beer sales. In Maine and 

Michigan, increases in drinking age from 18 to 20 and from 18 to 21, 

respectively, were associated with significant decreases in total beer 

sales. Results of analyses of nationwide beer sales for comparison with 

the state-specific analyses strengthen the argument that observed 

33Subtracting the 5.9% reduction in U . S .  total draft beer sales 
from the 19.8% reduction observed in Michigan leaves a 13.9% reduction 
in Michigan that cannot be directly attributed to the factors causing 
the nationwide increase in draft beer sales. 



relationships between drinking age and beer sales reflect a causal 

effect of the drinking age and not some other factors. 

However, the results on beverage sales are not as unambiguous as 

the results of analyses of crash data. Simultaneous implementation of a 

higher drinking age and a mandatory beverage container deposit law in 

both Maine and Michigan complicates interpretation of the results. In 

addition, poor general economic conditions in the late 1970s and early 

1980s in states such as Michigan may be influencing the beverage alcohol 

market in ways that are not yet fully understood. These complications 

illustrate limitations of analyses of aggregate sales data. Without 

age-specific consumption data, the differential effects of drinking age 

changes and other policy changes, such as the mandatory deposit law, 

cannot be unambiguously determined. Furthermore, detailed information 

on the drinking practices of various subpopulations, identified by 

stratification variables such as income level and employment status, is 

needed to assess the influence of economic conditions and beverage- 

specific price changes on individual drinking patterns. 

5.3 Beverage Control Law Enforcement 

In addition to detailed analyses of crash involvement and alcoholic 

bevelrage sales, the frequency of enforcement citations for violation of 

beverage control laws concerning selling or providing alcoholic 

bevebrages to underage persons in Michigan and Maine were briefly 

exarr~ined. The objective was simply to provide a preliminary impression 

of enforcement of the drinking age, focused on the providers of 

alcoholic beverages. Citations for underage individuals purchasing or 

consuming alcoholic beverages were not examined. 



5.3.1 Michigan. The subs tan t i a l  e f f e c t  o f  Michigan's  higher 

d r i n k i n g  age i n  reducing a l coho l - re la ted  crashes among youth i n  the 

f i r s t  s i x  months a f t e r  the law was implemented was apparent ly  not  a 

r e s u l t  o f  s t r i c t  enforcement o f  the  law. I n  the  e a r l y  months a f t e r  the 

increase i n  d r i n k i n g  age, enforcement was minimal,  and the new law was 

" f l a g r a n t l y "  disobeyed, according t o  an advisory panel es tab l ished by -  

Michigan's  governor (Grand Rapids Press, 1979) . l  ncreased enforcement 

e f f o r t s  i n  l a t e  1979 and 1980 were r e f l e c t e d  i n  the frequency o f  

c i t a t i o n s  issued by the Michigan Liquor Control  Commission f o r  s e l l i n g ,  

serving, or a l l ow ing  minors t o  consume a l c o h o l i c  beverages. Although 

the  number o f  c i t a t i o n s  was 68% higher  i n  1979 than 1978, c i t a t i o n  

frequency i n  1980 was 156% higher than 1978 (see Appendix F, F igure 1) . 
These increased c i t a t  ion  frequencies i n  1979-80 were i n  con t ras t  t o  the 

r e l a t i v e l y  constant  300-400 per year c i t a t i o n  frequency i n  the 

mid-1970s. The e f f e c t  o f  higher frequency o f  c i t a t i o n s  on a lcoho l -  

r e l a t e d  crashes among youth i n  1980 remains a quest ion f o r  f u r t h e r  

research.34 

5.3.2 Maine. The frequency o f  c i t a t i o n s  brought be fore  the 

Admin is t ra t i ve  Court i n  Maine f o r  s e l l i n g  o r  a l l ow ing  minors t o  consume 

a l c o h o l i c  beverages are  shown i n  Appendix E,  F igure 1 .  -Although the 

p a t t e r n  o f  increase i n  c i t a t i o n  frequency the f i r s t  two years a f t e r  the 

higher d r i n k i n g  age was implemented was s i m i l a r  t o  the Michigan 

experience, the  magnitude o f  the  increases were s u b s t a n t i a l l y  smal ler .  

I n  s p i t e  o f  the increase i n  c i t a t i o n s  i n  1980, underage youth 
were s t i l l  ab le  t o  acquire a l c o h o l i c  beverages from l icensed o u t l e t s .  
For example, o f  41 underage youth a r res ted  between A p r i l  and September 
1980 by an Oakland County (Michigan) spec ia l  enforcement team f o r  
d r i v i n g  whi l e  i n tox i ca ted  or  dr  i v i  ng under the in f luence o f  1 iquor,  24% 
repor ted they had been a t  a bar p r i o r  t o  a r r e s t  (Wolfe, 1981) . 



C i t a t i o n s  f o r  p r o v i d i n g  a l c o h o l i c  beverages t o  underage persons i n  Maine 

increased 17% from 1977 t o  1978, and 68% from 1977 t o  1979. Based on 

these data,  i t  appears t h a t  Maine a l s o  may have had minimal enforcement 

t he  f i r s t  year a f t e r  t h e  new law was implemented, w i t h  increased 

enforcement e f f o r t s  i n  t h e  second year w i t h  the  h igher  d r i n k i n g  age. 

One migh t  a l s o  specula te  t h a t  smal ler  increases i n  c i t a t i o n  frequency i n  

Maine compared t o  Michigan a f t e r  t he  r a i s e d  d r i n k i n g  age went i n t o  

e f fe i c t  ind' icates less  r i go rous  enforcement of t h e  law i n  Maine. The 

lower enforcement e f f o r t s  may account f o r  t he  lack o f  a  c l e a r  e f f e c t  o f  

the  h igher  d r i n k i n g  age on injury crashes i n  Maine, i n  c o n t r a s t  t o  t he  

s i g n i f i c a n t  e f f e c t  o f  t he  increased d r i n k i n g  age on i n j u r y  crashes i n  

Michigan. 

5.3.3 Discuss ion Enforcement F ind inas.  T h i s  ve ry  b r i e f  

exan~ ina t i on  o f  enforcement o f  the l ega l  minimum d r i n k i n g  age was based 

o n l y  on .enforcement focused on the  p rov i de rs  o f  a l c o h o l i c  beverages, 

p r i m a r i l y  o f f -p remise  r e t a i l  o u t l e t s ,  ba rs  and taverns,  and res tauran ts .  

Enforcement o f  the  d r i n k i n g  age focused on t he  i n d i v i d u a l  underage 

d r i nke r ,  and enforcement o f  laws aga ins t  d r i n k i n g - d r i v i n g  a l l  would be 

expected t o  i n f  1 uence t h e  frequency o f  a  1 coho1 - r e l a t e d  crash 

involvement, the  main dependent v a r i a b l e  o f  t he  p resen t  s tudy.  The 

frequency o f  c i t a t i o n s  i s  a l s o  on l y  a  gross i n d i c a t o r  o f  t h e  l eve l  o f  

enforcement, s ince  i n f o rma t i on  was no t  a v a i l a b l e  on the  number o f  

c i t a t i o n s  i n  r e l a t i o n  t o  t h e  t o t a l  number o f  c i t a b l e  v i o l a t i o n s ,  or  the  

perc:eived r i s k  o f  exper ienc ing  sanc t ions  f o r  p r o v i d i n g  a lcoho l  t o  

minors.  The r o l e  o f  enforcement o f  d r i n k i n g  age laws i s  complex and 

deserves t he  a t t e n t i o n  o f  a  separate s tudy.  





6.0 SUMMARY, D I SCUSS I ON, AND RECOMMENDATIONS 

6.1 Summary 

The core issue of this investigation was whether raising the legal 

minimum age for purchase of alcoholic beverages has a significant effect 

in reducing alcohol-related motor vehicle crash involvement among young 

drivers, the leading cause of death for this age group. The findings 

are unambiguous; analyses of extended crash time series, comparing (1) 

alcohol-related with non-alcohol -related crashes, (2) young drivers wi th 

older drivers, and (3) states that raised the legal age with those that 

have not, demonstrate that significant reductions in alcohol-related 

crash involvement among young drivers result from increases in the 

minimum drinking age. Taking into account the results from analyses of 

multiple states, age groups, and indicators of alcohol involvement, the 

best estimates of the effects of the raised drinking age in Michigan and 

Maine are as follows. First, Michigan drivers age 18-20 experienced a 

net reduction of approximately 20% in the frequency of involvement in 

alcohol-related injury-producing crashes due to the higher drinking age. 

The 20% reduct ion means that about 1100 fewer young Michigan drivers 

were injured in the first 12 months with the higher drinking age than 

would have been expected had the legal age not been raised. Second, 

younlg Michigan drivers were involved in 17% fewer alcohol-related 

prop~erty damage crashes after the drinking age change, representing a 

redulction of about 1500 crash-involved drivers per year. Third, 18-19- 

year-old Maine drivers were involved in approximately 20% fewer alcohol- 

related property damage crashes after the drinking age was raised; that 

is, 75 fewer young drivers were involved in property damage crashes than 

one would have expected had the law not been changed. These crash 



reductions are causally attributable to the higher drinking ages because 

substantial decreases in crash involvement were limited to alcohol- 

related crashes among young drivers in states that raised the drinking 

age, with no comparable reductions in non-alcohol-related crashes among 

youth, crash involvement of older drivers within the same state, or 

crash involvement of young drivers in comparison states with unchanged 

drinking ages. 

Although the public health benefits and reduced soci'al costs 

resulting from injury and property damage reductions identified in this 

research are large, note that the benefits of higher drinking ages are 

understated, because reductions in injuries to passengers of young crash 

involved drivers have not been taken into account. 

The conclusion that the legal minimum drinking age affects youth 

crash involvement is further strengthened by comparing results of this 

research on the raised drinking age with results of earlier research on 

effects of lowered drinking age. Douglass and Freedman (1977) analyzed 

a subset of Michigan jurisdictions with complete accident reporting over 

the 1968 through 1975 period, using a time-series design. Results 

revealed a 17% (p<.06) increase in total ( i  .e., property damage and 

injury producing) single-vehicle nighttime male crash involvement among 

drivers age 18-20 associated with the lowered drinking age in 1972. 

Pol i ce-reported dr inking driver crash i nvolvement increased 35% (p<.01) 

after the drinking age was reduced. Similar analyses for the State of 

Maine revealed a 29% (pc.02) decrease in reported a1 cohol-related 

crashes, and a 16% (p<. 10) decrease in single-vehicle nighttime male 

crash involvement associated with Maine's reduction in drinking age from 

20 to 18 i n 1972 (Doug1 ass et a1 . , 1974) . Compar i sons between these 



earlier findings and results of the present investigation reveal that 

raising the drinking age reverses the effect of prior reductions in 

drinking age. Estimates of the increase in alcohol-related crash 

involvement among young drivers associated with Michigan and Maine's 

1owe:red drinking ages ranged from 16 to 35%, remarkably similar to the 

1 1  to 34% range of estimates obtained in the present study of decreased 

alcohol-related crash involvement associated with raising the drinking 

age in these two states. 

6.2 Discussion 

Although the effect of the raised drinking age in reducing youthful 

auto crashes is now clearly documented, some caution is warranted before 

a blanket statement is made that any state raising the drinking age can 

count on a 20% decrease in youth crash involvement. The effect of 

higher drinking ages is not necessarily uniform across states. In this 

research, the effect in Michigan was larger and more obvious that the 

effect in Maine, particularly for the more serious, injury-producing 

crashes. As noted in section 3.2.2, two studies of fatal crash 

involvement in Massachusetts found no significant reductions due to an 

increase in drinking age from 18 to 20 (Hingson et al., 1981; Williams 

et a11 ., 1981) . 
One possible reason for the lack of an effect in Massachusetts is 

that: four of the five state bordering Massachusetts had minimum drinking 

aged of 18 for a1 1 alcohol i c beverages after Massachusetts' higher 

drinking age was in~plemented.~~ The availability of beverage alcohol to 

35Vermor,t, New York, Connecticut, and Rhode Island permitted 18- 
year-olds to purchase all types of alcoholic beverages during the period 
for which the Massachusetts law was evaluated. New Hampshire increased 



Massachusetts youth was not reduced as much as in other states that 

raised the drinking age, since Massachusetts youth had a legal supply of 

alcohol in contiguous states. Hingson et al.'s (1981) survey results 

provide some support for this line of reasoning, since underage 

Massachusetts youth reported little difficulty obtaining alcohol after 

the drinking age was raised. Evidence that contiguous states with 

differential minimum drinking ages create problems with cross-border 

purchases of alcohol by youth was provided by Lillis et al. (1981), who 

found that 18-20-year-old Pennsylvania residents were over-represented 

in alcohol-related traffic crashes occurring in New York counties 

contiguous with Pennsylvaniae3' Taking such cross-border problems into 

consideration, one might suggest the development of a nationwide 

consensus for a drinking age at 20 or 21, with uniform effective 

enforcement of the law across states. In any event, potential cross- 

border purchase of alcohol must be considered when evaluating effects of 

state-specific drinking age laws. 

Another potential explanation of the lack of an observed effect of 

Massachusetts' higher drinking age is related to the data analyzed. In 

both studies where no effect of higher drinking ages was found (Hingson 

et al., 1981; Williams et al., 1981), the dependent variable, fatal 

crash involvement, had low frequencies. The number of alcohol-related 

crash fatalities among a limited age group within one state is 

relatively small for analysis purposes, and, as a result, the large 

random variation in the number of fatalities from month to month, or 

its drinking age from 18 to 20 in May 1979, just onemonth after the 
Massachusetts increase was implemented. 

)'The minimum drinking age is 21 in Pennsylvania and 18 i n  New 
York. 



even year to year, makes it difficult to identify a significant effect 

of a policy change such as the drinking age. Even in Michigan, where 

s~bs~tantial reductions in both injury-producing and property damage 

crash involvement due to the raised drinking age were clearly found, no 

significant effect of the raised drinking age was discernable when fatal 

crashes alone were analyzed (Wagenaar, 1980) . The problems wi th low 

crasih counts for analysis might also emerge for non-fatal crashes in 

less populous states like Maine, making it more difficult to detect any 

effect of policy changes. As a result, while evidence to date clearly 

demonstrates an effect of raising the drinking age, reductions in 

crashes and injuries may not always be clearly evident in less populous 

jurisdictions. 

One implication of these findings for future evaluations of the 

drinking age or other public policy changes is that analyses should not 

be limited to fatalities only, but should also include the much larger 

numbers of injury and property damage crashes. Although the effort and 

costs associated with analyzing non-fatal crashes is substantially 

higher, such analyses may avoid incorrect conc'lusions that a policy 

change had no effect on the outcome of interestm3' 

- In spite of the substantial effect of the raised drinking age in 

reducing alcohol-related crash involvement among young drivers, it is 

important to keep in mind that the drinking age does not eliminate this 

371ncreased cost and effort required for analyses of non-fatal 
crash involvement is readily apparent when the number of fatally injured 
drivers is compared with the total number of crash involved drivers. 
For example, in 1979 about 2,500 Michigan drivers were fatally injured 
in crashes, wh.i le about 625,000 drivers were involved in reported 
crashes. Analyses of all crash-involved drivers over a multi-year 
period in several states, as was done in the present investigation, 
requires the processing of millions of crash records. 



very serious public health problem. I f  a raised drinking age, reduces 

the magn i tude of the prob 1 em by 20%, by imp1 i cation 80% of the a1 coho1 - 
related crashes are continuing to occur, and require continuing 

prevention efforts. If a large number of alcohol-related crashes 

continue to occur among underage persons, it is clear that some young 

people continue to drink alcoholic beverages after an increase in 

drinking age, and therefore must still have alcohol available to them. 

Raising the legal minimum drinking age does not eliminate the 

availability of alcohol to young people, but rather is one public policy 

that reduces alcohol availability and public health problems associated 

with alcohol use. 

Minimum purchasing ages have never prevented underage youth from 

drinking any alcoholic beverages. Recall the literature reviewed in 

Section 2.1, which indicates that a majority of high school youth are 

not abstainers. It is not reasonable to expect a raised legal drinking 

age to eliminate all youthful alcohol consumption. The observation that 

youth continue to drink after implementation of higher drinking ages has 

been cited as evidence that the laws have no effect. However, 

evaluation of any prevention policy or program is based on marginal 

effects in reducing public health problems. No prevention effort is 

realistically expected to prevent all of the incidence of a major public 

health problem. The legal minimum drinking age substantially reduces 

alcohol-related crash involvement among young drivers; that it does not 

eliminate this serious problem i s  no reason not to consider minimum 

drinking age as one component of a broader prevention effort, 

The minimum drinking age is one of many public policies affecting 

the availability of alcoholic beverages. The drinking age is a 



particularly good test of effects of alcohol control laws and alcohol 

availability for several reasons. First, changes in alcohol 

availability are focused on a specific age-group, permitting other age- 

groups to serve as comparisons. Abundant high quality data over an 

exteinded period of time are readily available for motor vehicle crashes, 

the leading alcohol-related health problem among the focal age group.la 

The outcome variable is an acute (not chronic) alcohol-related health 

probllem, the incidence of which can be expected to respond immediately 

to a major change in drinking patterns. Finally, the drinking age is 

one indicator of alcohol availability that has changed in both 

directions in the past decade, providing the opportunity to evaluate 

effects of reduced as well as expanded availability. For these reasons, 

the legal minimum drinking age has provided an ideal opportunity for the 

scientific evaluation of propositions based on availability theory, 

In addition to the primary focus on motor vehicle crashes, this 

investigation also analyzed the effect of the drinking age on aggregate 

alco~holic beverage sales. Implementation of mandatory beverage 

container deposit laws in both Michigan and Maine at the same time the 

drinking age was raised complicated interpretation of the findings. 

Mandatory container deposit laws also affect alcohol availability not 

on1 y by increasing the inconvenience of purchasing package beer (and 

"Although data on traffic crashes are far from perfect, their 
quality is high compared to data on the incidence of other alcohol- 
related social and health problems such as non-motor-vehicle accidents, 
homicide, assault, child or spouse abuse, divorce, unemployment, and 
chronic diseases resulting from or exacerbated by heavy alcohol 
consumption. Furthermore, although data on police-reported alcohol- 
involvement in traffic crashes is often disparaged, such data are often 
very useful, particularly for states (such as Michigan) with separate 
dichotomous alcohol involvement items on statewide standard crash 
reporting forms. 



returning empty containers), but also by causing a significant increase 

in retail price of package beer. Although the independent effects of 

the drinking age and container laws could not be determined, major 

changes in sales of beer were associated with the legal changes of the 

late 1970s. These results provide further evidence of the importance of 

evaluating public policies for their effects on alcoholic beverage 

sales/consumption and associated public health problems. 

6.3 Recommendat i ons 

Followup studies should be conducted, assessing whether the effects 

observed in this research increase decrease over time. This research 

was limited to an examination of the first year or two after higher 

drinking ages were implemented. One might hypothesize that the long- 

term effect will be larger than the short-term effect identified here, 

since the 18-20-year-old cohort the first few years after a legal change 

incI.udes individuals who had had the right to drink prior to 

implementation of the higher drinking age. One might suppose that those 

who were drinking legally prior to the new laws would be less likely to 

give up their drinking habits than later cohorts who never had the right 

to drink. Thus, one would hypothesize that the reduction in alcohol- 

related crash involvement during the transitional age cohort are smaller 

than the long-term effect of raising the drinking age. 

The pre-drivinq drinkina environment and drinking practices of' - 
youth should be investiqated. The present research established a link 

between legal drinking age and crash involvement. As was discussed in 

Section 3.3, a variety of intervening factors mediate this relationship. 

One main intervening factor is the drinking practices of youth, 

including both quantity-frequency of consumption and social situations 



in which pre-driving drinking occurs. Further research on drinking 

practices of youth should focus on behavioral patterns which precede 

driving after drinking. 

Another intervening variable between a change in legal drinking age 

and crash outcomes is enforcement of the drinking age. Levels of 

enforcement activity, as perceived by both law enforcement officials and 

young people the focus of the enforcement efforts, deserves more 

attention. 

Analyses of specific subpopulations of crash-involved drivers 

should conducted. This research assessed the effect of drinking age -- 
on the aggregate of a1 1 reported 18-20-year-old crash-involved youth in 

Michigan. Analyses of single-year age categories would aid in the 

determination of an optimal legal drinking age. For example, if the 

beneficial effect of a higher drinking age is largely due to reduced 

alcohol-related crash involvement among 18 and 19-year-olds, with 1 i ttle 

effect on 20-year-olds, a minimum drinking age at 20 may provide most of 

the benefits of the higher legal age at a lower cost in terms of 

restricting the freedom of young people. A second main demographic 

characteristic of crash-involved drivers that should be taken into 

account is sex. As discussed in Chapter 2.0, the alcohol-related crash 

problem is largely a problem of male drivers. However, there is some 

evidence that the differential drinking (and perhaps driving after 

drinking) patterns between males and females is decreasing (National 

institute on Alcohol Abuse and Alcoholism, 1980). Very little research 

to date has focused on the young female alcohol-related crash-involved 

dr iver. 



Other maior changes in alcohol availability should be evaluated for - 
public health effects. Since substantial changes in the availability of 

alcohol to young drinkers, as reflected in the legal drinking age, have 

been found to have a clear impact on a major alcohol-related health 

problem, other changes in alcohol availability should be examined for 

public health effects. Governmental actions, either through 

administrative policy, regulatory changes, or legislation, frequently 

have direct implications for alcohol availability. For example, 

deregulation or other changes in alcoholic beverage prices, changes in 

alcohol tax formulae, and zoning and other local ordinance modifications 

should be adequately evaluated regarding their consequences for alcohol- 

related morbidity and mortality. Some of these policies, which may 

appear to have no direct connection with alcohol policy, such as 

mandatory container deposit laws, were found in this research to be 

associated with major changes in aggregate alcoholic beverage sales. 

The effects of new legislation and regulations should be regularly 

measured, and the results should be used to guide the formulation of 

public policies designed to prevent alcohol abuse and other alcohol- 

related problems. 

Alcohol control policies historically have been used to accomplish 

many purposes. In addition to protecting the public health, these laws 

have been used to reflect social and moral standards, to ensure a stable 

market for beverage alcohol, and to create mechanisms for governmental 

revenues. Although other considerations enter into a determination of 

the minimum age at which alcoholic beverages can be legally purchased, 

the recommendation below is based solely on the public health and social 



cost implications of research findings concerning effects of the 

drinking age on alcohol-related motor vehicle crash involvement. 

A legal drinkinq B e  at 20 or 21 should be encouraged. Rarely in - 
the field of public health is it possible to identify a law, public 

policy, or programmatic effort that has a demonstrable effect on a major 
' 

cause of morbidity due to individual behavioral patterns, Few traffic 

safety prevention programs have been found to have prevented significant 

numbers of alcohol-related traffic accidents among young drivers. 

Recent changes in legal drinking age in Michigan and Maine produced 

significant reductions i n  injuries and social costs associated with 

traffic accidents. The higher drinking age can be considered a 

successful public health countermeasure against a leading cause of 

morbidity and mortality among youth. If the basis for a determination 

of the minimum age of purchase for alcoholic beverages is the public 

health consequences of alternative drinking ages, one must conclude that 

higher drinking ages should be enc~uraged.~' 

The view that demonstrable effects of the drinking age lead to the 

conclusion that the drinking age should be high is not universally held. 

It has been argued (Bowen and Kagay, 1973, Cucchiaro et a1 . , 1974) that 

the higher frequency of alcohol-related collisions among young drivers 

when the drinking age is low should not be interpreted as support for a 

higher drinking age, because the lower legal age simply results in young 

drivers experiencing the high rates of alcohol-related collisions 

characteristic of drivers in their early 20s. Since the proportion of 

a1 1 col 1 isions that are alcohol-related is approximately the same for 

"The "protection of life and limb" was found by the courts to be 
the rational basis for the 1978 change in Michigan's legal drinking age 
(Guy, 1978:51). 



18-20-year-olds under a lower legal drinking age as the proportion that 

are alcohol-related among drivers in the early 20s, the increased 

frequency of alcohol -related crashes among 18-20-year-olds rzsul ti ng 

from a lowered drinking age provides insufficient justification for a 

higher minimum drinking age, according to these authors. 

However, it must be recognized that the lower drinking age expands 

the age group with a particularly high risk of alcohol-related crash 

involvement by three years. There is no evidence that a lower drinking 

age causes a shift in the high risk age group from those in their early 

20s to those in their late teens. When the drinking age is reduced to 

18, drivers age 21-24 remain at high risk of alcohol-related collision 

i nvolvement, whi le those age 18-20 are added to the high risk age group. 

The prevention of alcohol-related crash involvement is inevitably 

an ethical, value, or political issue. The prevention of health 

problems that are a resu1t.of individual behavioral patterns is based on 

the exercise of power by those who want to change individual behavior to 

minimize health problems, against those who are viewed as contributors 

to the problems. With regard to the legal drinking age, there is a 

compromise between the pleasures/liberties of young drinkers and other 

positive functions alcohol may provide for society (e.g., enhancing the 

stab i 1 i ty of the soc io-pol i tical system) , and dysfunctional consequences 

of youthful alcohol use, of which traffic crash involvement is one 

example. The classic issue for public health prevention is, how much 

interference in the lives of individuals is acceptable in pursuit of 

improved health? Do we only intervene when the individual's actions 

affect others? Almost everything a person does affects others to some 

extent in our increasingly complex social system. A balance between 



competing values such as individual freedom and the public's health and 

safety must be obtained through the political system, where, hopefully, 

a compromise is achieved that is acceptable to mast of the members of 

the social system.40 

'Olt is important to note, however, that those with an economic 
interest in increased use of alcoholic beverages are likely to have a 
disproportionate influence in the political process. 





APPENDICES 





Introduction Appendices 

Appendices A through H depict a time-series plot including actual 

values and trend line, and thc final estimated model for each variable 

analyzed.+' The trend line shown is a simple front-ended moving average 

calculated as follows: 

I f  no model accompanies a plot, no model was estimated, either because 

the reliability and validity of the variable was low, the time series 

had insufficient cases for analysis, or the variable was not included in 

the design, and is presented for informational purposes only. The t- 

ratio associated with each parameter is shown immediately below the 

corresponding point estimate. Adequacy of the model in explaining the 

dependent variable is indicated with an R-square statistic. The R- 

square statistics shown were adjusted ( i  .e. corrected) for the number of 

degrees of freedom used by the model's parameters; as a result, they are 

smaller than values obtained using the conventional R-square formula 

(Pindyck and Rubinfeld, 1976). 

The independent variables shown in the models are identified as 

fol lows: 

S t  -- step function beginning November 1977 

S z t  -- step function beginning January 1979 

S3t -- step function beginning July 1977 

Sqt -- step function beginning January 1974 

'=The least significant digit of the y-axis label values may be 
inaccurate due to rounding errors in the computer plot generation 
routine. 



5 t  -- step function beginning January 1978 

Sgt -- step function beginning June 1972 

S7.t -- step function beginning October 1970 
8 t  -- step function beginning January 1972 

9 t  -- step function beginning January 1980 
Slot  -- step function beginning June 1973 
Pt  -- pulse function at January 1972 

PZt -- pulse function at February 1978 



Appendix A 

Crash Frequency Plots and Time-series Models, State of Maine 
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Figure A . I  Pol ice-reported Had Been Drinking Drivers Age 16-17 
Involved in Crashes Including a t  Least One Injury or 
Fatal i ty ,  State of Maine 
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Figure A . 2  Pol ice-reported Had Been Drinking Drivers Age 16-1 7 
Involved in Property Damage Only Crashes, State o f  Maine 
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Figure A.3 Male Drivers Age 16-17 Involved in Late-night, Single- 
vehicle Crashes Including a t  Least One Injury or Fatal i ty ,  
State of Maine 
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Figure  A.4 Male Dr i ve rs  Age 16-17 Involved i n  Late-night,  S ing le -  
vehic le,  Proper ty  Damage Only Crashes, S ta te  o f  Maine 
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Figure A.5 Pol ice-reported Had Not Been Drinking Drivers Age 16-17 
Involved in  Crashes Including a t  Least One Injury or 
Fa ta l i ty ,  S t a t e  of Maine 
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Figure  A.6 Pol  i ce- repor ted  Had Not Been Dr ink ing  D r i v e r s  Age 16-17 
Involved i n  Property  Damage Only Crashes, S ta te  o f  Maine 
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Figure A.7 Drivers  Age 16-17 Involved in Daytime Crashes Including 
a t  Least One In jury  or F a t a l i t y ,  S t a t e  o f  Maine 
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Figure A .8 Drivers Age 16-17 Involved in Daytime Property Damage Only 
Crashes, State of Maine 
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Figure A .9 Pol ice-reported Had Been Drinking Drivers Age 18-79 
Involved i n  Crashes Including a t  Least One Injury or 
Fa ta l i ty ,  S ta te  of Maine 
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Figure A .10 Pol ice-reported Had Been Drinking Drivers Age 18-1 9 
Involved in Property Damage Only Crashes, State of Maine 
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Figure A.ll Male Drivers Age 18-19 Involved in Late-night, Single- 
vehicle Crashes Including a t  Least One Injury or Fatal i ty ,  
State of Maine 
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Figure A.12 Male Dr ivers  Age 18-19 Involved i n  Late-night,  S ing le -  
vehic le,  Property Damage Only. Crashes, S ta te  o f  Maine 
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Figure A.13 Pol ice-reported Had Not Been Drinking Drivers Age 18-19 
Involved i n  Crashes Including a t  Least One Injury or 
Fatal i ty ,  State of Maine 
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Figure A.14 Po1 ice-reported Had Not Been Drinking Drivers Age 18-19 
Involved in Property Damage Only Crashes, State of Maine 
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Figure A.15 Drivers Age 18-19 Involved in Daytime Crashes Including 
a t  Least One Injury or Fatality, State of Maine 
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Figure A.16 Drivers Age 18-19 Involved in Daytime Property Damage Only 
Crashes, State o f  Maine 
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F i gu re  A .17 Pol i ce- repor ted  Had Been Dr ink ing  Dr i ve rs  Age 20-21 
Involved i n  Crashes Inc lud ing  a t  Least One I n j u r y  o r  
F a t a l i t y ,  S ta te  o f  Maine 
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F igure  A .  18 Pol i ce- repor ted  Had Been Dr ink ing  Dr ivers  Age 20-21 
Involved i n  Property  Damage Only Crashes, State o f  Maine 
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Figure A.19 Male Drivers Age 20-21 Involved in Late-night, Single- 
vehicle Crashes Including a t  Least One Injury or Fatal i ty ,  
State of Maine 
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Figure  A -20  Male Dr ivers  Age 20-21 Involved i n  Late-n ight ,  Sing1 e- 
vehic le,  Property Damage Only Crashes, S ta te  o f  Maine 
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Fi gi~re A .21 Pol ice-reported Had Not Been Drinking Drivers Age 20-21 
Involved in Crashes Including a t  Least One Injury or 
Fatal i ty ,  State of Maine 
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Figure  A.22 Pol i ce-reported Had Not Been Dr ink ing  Dr ivers  Age 20-21 
Invo lved i n  Proper ty  Damage Only Crashes, S ta te  o f  Maine 
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F i gu re  A  .23 D r i v e r s  Age 20-21 Invo lved  i n  Daytime Crashes I n c l u d i n g  
a t  Leas t  One I n j u r y  o r  F a t a l i t y ,  S ta te  of  Maine 
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Figure A ,24 Drivers Age 20-21 Involved in Daytime Property Damage Only 
Crashes, State of Maine 
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Figure A -25 Pol ice-reported Had Been Drinking Drivers Age 22-45 
Involved in Crashes Including a t  Least One Injury or 
Fatal i ty ,  State of  Maine 
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Figure A.26 pol ice-reported Had Been Drinking Drivers Age 22-45 
Involved in Property Damage Only Crashes, State of Maine 
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Figurle A.27 Male Drivers Age 22-45 Involved in Late-night, Single- 
vehicle Crashes Including a t  Least One Injury or Fatali ty,  
State o f  Maine 
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Figure A.28 Male Drivers Age 22-45 Involved in Late-night, Single- 
vehicle, Property Damage Only Crashes, State  o f  Maine 
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Figure  A.29 Pol ice-repor ted Had Not Been Dr ink ing  Dr i ve rs  Age 22-45 
Involved i n  Crashes I n c l u d i n g  a t  Least One I n j u r y  o r  
F a t a l i t y ,  S ta te  o f  Maine 
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F igu re  A -30 Pol i ce- repor ted  Had Not Been D r i n k i n g  D r i v e r s  Age 22-45 
Involved i n  Proper ty  Damage Only Crashes, S ta te  of Maine 
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Figure A.31 Drivers Age 22-45 Involved in Daytime Crashes Including 
at Least One Injury or Fatality, State of Maine 
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Figure  A.32 Dr i ve rs  Age 22-45 Involved i n  Daytime Property  Damage Only 
Crashes, S ta te  of Maine 



Appendix B 

Crash Frequency Plots and Time-series Models, State of  Michigan 
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Figure B. 1 Pol ice-reported Had Been Drinking Drivers Age 16-17 
Involved in  Crashes Including a t  Least One Injury or 
Fatal i t y ,  S ta te  of  Michigan 
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F igu re  B.2 Pol i c e - r e p o r t e d  Had Been D r i n k i  ng D r i v e r s  Age 16-17 I nvo l ved  
i n  Prope r t y  Damage Only Crashes, S t a t e  o f  Mich igan 
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Figure B.3 Male Drivers Age 16-17 Involved in Late-night, Single- 
vehicle Crashes Including a t  Least One Injury o r  
Fa ta l i ty ,  S ta te  o f  Michigan 
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Figure B.4 Male Drivers Age 16-17 Involved in Late-night, Single- 
vehicle, Property Damage Only Crashes, State of  Michigan 
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Figure  B.5 Po l i ce - repo r ted  Had Not Been D r i n k i n g  D r i ve rs  Age 16-17 
Invo lved  i n  Crashes I n c l u d i n g  a t  Leas t  One I n j u r y  or 
F a t a l i t y ,  S ta te  of Mich igan 
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t-ratio 4 .35  3.57 2.29 3.69 

Figure B.6 Police-reported Had Not Been Drinking Drivers Age 16-17 
Involved i n  Property Damage Only Crashes, State of Michigan 
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Figure B.7 Drivers Age 16-17 Involved in Daytime Crashes Including 
at  Least One Injury or Fatality, State of Michigan 
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F igu re  8.8 D r i v e r s  Age 16-17 I nvo l ved  i n  Daytime Proper ty  Damage Only 
Crashes, S ta te  o f  Mich igan 
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Figure B.9 Pol ice-reported Had Been Drinking Drivers Age 18-20 
Involved in Crashes Including a t  Least One Injury or 
Fatality, State o f  Michigan 
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Figure B.  10 Pol ice-reported Had Been Drinking Drivers Age 18-20 Involved 
in Property Damage Only Crashes, State of Michigan 
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Figure B.11 Male Drivers Age 18-20 Involved in  Late-night, Single- 
vehicle Crashes Including a t  Least One Injury or Fa ta l i ty ,  
S ta te  o f  Michigan 
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Figure 8.12 Male Drivers Age 18-20 Involved in Late-night, Single-vehicle, 
Property Damage Only Crashes, State of Michigan 
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Figure 0.13 Police-reported Had Not Been Drinking Drivers Age 18-20 
Involved in Crashes Including a t  Least One Injury or 
Fatality, State of Michigan 
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Figure 8.14 Police-reported Had Not Been Drinking Drivers Age 18-20 
Involved in Property Damage Only Crashes, State of Michigan 
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F igure  B .15  D r i v e r s  Age 18-20 I nvo l ved  i n  Daytime Crashes I n c l u d i n g  
a t  Leas t  One I n j u r y  o r  F a t a l i t y ,  S t a t e  o f  Mich igan 
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Figure  8.16 D r i ve rs  Age 18-20 Invo lved i n  Daytime Property Damage Only 
Crashes, S ta te  o f  Michigan 
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Figure B.17 Police-reported Had Been Drinking Drivers Age 21-23 
Involved in Crashes Including a t  Least One Injury or 
Fatality, State of Michigan 
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Figure B.  18 Pol ice-reported Had Been Drinking Drivers Age 21-23 Involved 
i n  Property Damage Only Crashes, State o f  Michigan 
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Figure  B.19 Male D r i ve rs  Age 21-23 I nvo l ved  i n  La te -n igh t ,  S ing le -  
v e h i c l e  Crashes I n c l u d i n g  a t  Least  One I n j u r y  o r  F a t a l i t y ,  
S ta te  o f  Michigan 
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F igu re  B.20 Male D r i v e r s  Age 21-23 I n v o l v e d  i n  La te -n i gh t ,  S i ng le -  
v e h i c l  e, P rope r t y  Damage Only  Crashes, S t a t e  o f  M i  ch igan 
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Figure B.21 Police-reported Had Not Been Drinking Drivers Age 21-23 
Involved in Crashes Including at Least One Injury or 
Fatal i ty , State of Mi chi gan 
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F igu re  8.22 Po l i ce - repo r ted  Had Not Been D r i n k i n g  D r i ve rs  Age 21-23 
I nvo l ved  i n  Proper ty  Damage Only  Crashes, S t a t e  o f  Michigan 
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F i g w e  B.23 D r i v e r s  Age 21-23 I nvo l ved  i n  Daytime Crashes I n c l u d i n g  
a t  Least  One I n j u r y  or F a t a l i t y ,  S ta te  of Michigan 
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F igure  B.24 D r i v e r s  Age 21-23 I nvo l ved  i n  Daytime Proper ty  Damage Only 
Crashes, S ta te  o f  Mich igan 
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Figure B .  25 Po l  ice-reported Had Been Drinking Drivers Age 24-45 
Involved i n  Crashes Including a t  Least One Injury or 
Fatal i ty , State of  Michigan 
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F igu re  9-26 Pol i ce - repo r ted  Had Been D r i n k i n g  D r i v e r s  Age 24-45 
I nvo l ved  i n  Proper ty  Damage Only  Crashes, S ta te  o f  Michigan 
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Figure 8.27 Male Drivers Age 24-45 Involved in Late-night, Single- 
vehicle Crashes Including a t  Least One Injury or 
Fatal i t y ,  State of Michigan 
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Figure B.28 Male Drivers Age 24-45 Involved In Late-night, Single- 
vehicle, Property Damage Only Crashes, State o f  M i  chi gan 
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Figure B.29 Pol ice-reported Had Not Been Drinking Drivers Age 24-45 
Involved i n  Crashes Including a t  Least  One In jury  or 
F a t a l i t y ,  S t a t e  of Michigan 
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Figure 0 .30  Police-reported Had Not Been Drinking Drivers Age 24-45 
Involved i n  Property Damage Only Crashes, State of Michigan 
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Figure B.31 Drivers Age 24-45 Involved i n  Daytime Crashes Including 
a t  Least One In jury  o r  F a t a l i t y ,  S t a t e  of  Michigan 
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F igu re  B.32 D r i v e r s  Age 24-45 I n v o l v e d  i n  Daytime Proper ty  Damage 
Only Crashes, S t a t e  of Mich igan 



Appendix C 

Crash Frequency Plots and Time-series Modqls, 
State of New York, Including New York City 
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Figure C. 1 Pol i ce-reported Had Been Dri nki ng Drivers Age 16-1 7 
Involved in Crashes Including a t  Least One Injury 
or Fatality, State o f  New York 
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Figure  C. 2 Pol  i ce-repor ted Had Been D r i n k i n g  D r i v e r s  Age 16-1 7 
I nvo l ved  i n  Proper ty  Damage Only Crashes, 
S t a t e  o f  New York 
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Figure  C.3 Male D r i ve rs  Age 16-17 I nvo l ved  i n  La te -n igh t ,  S ing le -  
v e h i c l e  Crashes I n c l u d i n g  a t  Least  One I n j u r y  o r  
F a t a l i t y ,  S ta te  o f  New York 
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F i gu re  C.4 Male D r i v e r s  Age 16-17 I nvo l ved  i n  La te -n igh t ,  S ing le -  
veh i c l e ,  Proper ty  Damage Only  Crashes, S t a t e  o f  New York 
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Figure  C . 5  Male D r i ve rs  Age 16-17 Invo lved  i n  Daytime, S ing le -  
v e h i c l e  Crashes I n c l u d i n g  a t  Leas t  One I n j u r y  o r  
F a t a l i t y ,  S ta te  o f  New York 
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F igu re  C.6 Male D r i v e r s  Age 16-17 I nvo l ved  i n  Daytime, S ing le -  
veh i c l e ,  Proper ty  Damage Only Crashes, S ta te  o f  New York 
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Figure  C. 7 Pol i ce - repo r ted  Had Been D r i nk i ng  D r i v e r s  Age 18-20 
Invo lved  i n  Crashes I n c l u d i n g  a t  Least  One I n j u r y  
o r  F a t a l i t y ,  S ta te  o f  New York 
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Figure  C.8 Pol  i ce - repo r ted  Had Been D r i n k i n g  D r i v e r s  Age 18-20 
I nvo l ved  i n  P rope r t y  Damage Only Crashes, S t a t e  o f  New York 
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Figure  C.9 Male D r i v e r s  Age 18-20 Invo lved  i n  La te -n igh t ,  S ing le  
v e h i c l e  Crashes I n c l u d i n g  a t  Least  One I n j u r y  o r  
F a t a l i t y ,  S ta te  o f  New York 
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F igu re  C.10 Male D r i v e r s  Age 18-20 I nvo l ved  i n  La te -n igh t ,  S ing le -  
veh i c l e ,  Proper ty  Damage Only Crashes, S t a t e  o f  New York 
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Figure C.ll Male Drivers Age 18-20 Involved in Daytime, Single- 
vehicle Crashes Including a t  Least One Injury or 
Fa ta l i ty ,  S ta te  of New York 
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Figure C.12 Male Drivers Age 18-20 Involved in Daytime, Single- 
vehicle Property Damage Only Crashes, S ta te  of New York 
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Figure C.13 Pol ice-reported Had Been Drinking Drivers Age 21-23 
Involved in Crashes Including a t  Least One Injury 
or Fatality, State of New York 
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Figure  C.14 Po l i ce - repo r ted  Had Been D r i n k i n g  D r i v e r s  Age 21-23 
I nvo l ved  i n  P rope r t y  Damage Only  Crashes, S ta te  o f  New York 
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Figlure C.15 Male Drivers Age 21-23 Involved in Late-night, Single- 
vehicle Crashes Including a t  Least One Injury 
or Fatality, State o f  New York 
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Figure  C.16 Male D r i v e r s  Age 21-23 I nvo l ved  i n  La te -n igh t ,  S ing le -  
v e h i c l e  P rope r t y  Damage Only Crashes, S ta te  of New York 
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Figure C.17 Male Drivers Age 21-23 Involved i n  Daytime, Single- 
vehicle Crashes Including a t  Least One Injury 
or Fa ta l i ty ,  S t a t e  of New York 



( 1  - , 8 1 6 ' 2 ) ~ ~  - 13.37 
Y t  = + 5 .64  S t  + 12.51 S z t  

1 - 8'2 
t - r a t i  o 18.99 7 .49 1.28 3.40 

- RCTUFK. FREQUENCY 
t 2 HONTH MOVING RVERRGE 

139 '"I - - -  I 

Figure C.18 Male Drivers Age 21-23 Involved in Daytime, Single- 
vehicle Property Damage Only Crashes, State o f  New York 
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F ' i  gure C. 19 Pol i ce-reported Had Been Drinking Dr ivers Age 24-45 
Involved i n  Crashes Including a t  Leas t  One I n j u r y  
o r  Fa ta l i t y ,  State o f  New York 
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Figure C.20 Police-reported Had Been Drinking Drivers Age 24-45 
Involved in Property Damage Only Crashes, State of New York 
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Figure C.21 Male Drivers Age 24-45 Involved in Late-night, Single- 
vehicle Crashes Including a t  Least One Injury 
or Fatal i t y ,  State of  New York 
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Figure C.22 Male Drivers Age 24-45 Involved in Late-night, Single- 
vehicle Property Damage Only Crashes, State o f  New York 
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Figure C.23 Male Drivers Age 24-45 Involved in Daytime, Single- 
vehicle Crashes Including a t  Least One Injury 
or Fatality, State of New York 
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Figure c.24 Male Drivers Age 24-45 Involved in Daytime, Single- 
vehicle Property Damage Only Crashes, State of New York 



Appendix D 

Crash Frequency Plots and Time-series Models, State of Pennsylvania 
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F i g u r e  D.6 Pol i ce - repo r ted  Had Not Been D r i n k i n g  D r i v e r s  Age 16-17 
Invo lved  i n  Proper ty  Damage Only Crashes, S t a t e  
o f  Pennsylvania 
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Figure  D.7 Drivers P,ge 16-17 Involved i n  Daytime Crashes  Including a t  
L e a s t  One I n j u r y  o r  F a t a l i t y ,  S t a t e  o f  Pennsylvania 
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Figure D .8 Drivers Age 16-17 Involved i n  Daytime Property Damage Only 
Crashes, State of Pennsylvania 
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Figure D .9 Pol ice-reported Had Been Drinking Drivers Age 18-1 9 Involved 
in Crashes Includina a t  Least One Injury or Fatal i t y ,  S ta te  
o f  Pennsylvania 



F i g u r e  D .10 Pol i ce - repo r ted  Had Been D r i n k i n g  D r i v e r s  Age 18-19 I nvo l ved  
i n  Proper ty  Damage Only  Crashes, S t a t e  o f  Pennsylvania 



(1 + ,208 t .3382)(1 - .84812)ut + .039 
log Y t  = + ,088 S 3 t  - ,006 S t  7 .05 5zt 

1 - 8'2 

t - r a t i o  1.93 3.16 19.63 2.47 .82 .06 .68 

Figure 0.11 Male Drivers Age 18-19 Involved in Late-night, Single- 
vehicle Crashes Includina a t  Least One Injury or Fatal i ty ,  
State o f  Pennsylvania 
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F i g u r e  D .12  Male D r i v e r s  Age 18-19 I nvo l ved  i n  La te -n i gh t ,  S i ng le - veh i c l e ,  
P roper ty  Damage Only Crashes, S t a t e  o f  Pennsylvania 
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F i g u r e  D.13 P o l i c e - r e p o r t e d  Had Not Been Drinking Drivers Age 18-19 
Involved in Crashes Including a t  L e a s t  One I n j u r y  o r  F a t a l i t y ,  
S t a t e  o f  Pennsylvania 
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F i g u r e  D.  14 Pol i c e - r e p o r t e d  Had Not  Been D r i nk i ng  D r i v e r s  Age 18-1 9 
I nvo l  ved i n  Proper ty  Damage Only  Crashes, S ta te  
o f  Pennsylvania 
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F i g u r e  0.15 D r i v e r s  Age 18-19 Involved i n  Daytime Crashes  Inc lud ing  a t  
L e a s t  One I n j u r y  o r  F a t a l i t y ,  S t a t e  o f  Pennsylvania 
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F i g u r e  D.16 D r i v e r s  Age 18-19 I n v o l v e d  i n  Daytime P rope r t y  Damage Only 
Crashes, S t a t e  o f  Pennsylvania 



Figure D. 17 Pol ice-reported Had Been Drinking Drivers Age 20-21 Involved 
in Crashes Including a t  Least One In jury  o r  Fatal i t y ,  S t a t e  
of Pennsyl vani  a 
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Figure D .  18 Pol ice-reported Had Been Drinking Dri vers Age 20-21 Involved 
in Property Damage Only Crashes, State of  Pennsylvania 



(1 - .87Bl2)u t  + ,049 
l o g  Y t  = t .267 S3t - .I60 St f ,045 S2t 

1 - 312 

t-rati o 22.35 5 .45  3 . 5 5  2.11 1 . 0 5  

Figure D.19 Male Drivers Age 20-21 Involved in Late-night, Single- 
vehicle Crashes Including a t  Least One Injury or Fatali ty,  
State o f  Pennsylvania 
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F i  gure D .  20 Male D r i v e r s  Age 29-27 I n v o l v e d  i n  La te -n i gh t ,  S i ng le - veh i c l e ,  
P rope r t y  Damage Only  Crashes, S t a t e  o f  Pennsylvania 



F i g u r e  D.21 Pol i c e - r e p o r t e d  Had Not  Been D r i n k i n g  D r i v e r s  Age 20-21 
I n v o l v e d  i n  Crashes I n c l u d i n g  a t  Leas t  One I n j u r y  o r  F a t a l i t y ,  
S t a t e  o f  Pennsy lvan ia  



F i g u r e  D.22 Po l i ce - repo r ted  Had No t  Been D r i n k i n g  D r i v e r s  Aqe 20-21 
I n v o l v e d  i n  Proper ty  Damage Only Crashes, S t a t e  
o f  Pennsyl vani  a  
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F i q u r e  D.23 D r i v e r s  Age 20-21 Involved i n  Daytime Crashes  Inc lud ing  a t  
Leas t  One I n j u r y  o r  F a t a l i t y ,  S t a t e  of Pennsylvania 
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F i g u r e  D.24 D r i v e r s  Age 20-21 I n v o l v e d  i n  Dayt ime P r o p e r t y  Damage On ly  
Crashes, S t a t e  o f  Pennsy lvan i  a 



Figure D .25 Pol ice-reported Had Been Drinking Drivers Age 22-45 Involved 
i n  Crashes Including a t  Least One Injury or Fa ta l i ty ,  Sta te  
of Pennsyl vania 
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Figure D -26 Pol ice-reported Had Been Drinking Drivers Age 22-45 Involved 
in Property Damage Only Crashes, State o f  Pennsylvania 
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Figure D .27 Male Drivers Age 22-45 Involved in Late-night, Single- 
vehicle Crashes Including a t  Least One Injury or Fatal i  ty, 
State o f  Pennsylvania 
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F i g u r e  D .28 Ma1 e  D r i v e r s  Age 22-45 I nvo l ved  i n  La te -n i gh t ,  Sing1 e - veh i c l  e, 
P roper ty  Damage Only Crashes, S ta te  o f  Pennsyl van ia  



-- - - - RCTURL FREQUENCY 
12 MONTH MOVING AVEARGE 

792 

Figure D .29 Pol ice-reported Had Not Been Drinking Drivers Ape 22-45 
Involved in Crashes Including a t  Least One Injury or Fatal i ty ,  
State of Pennsylvania 
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Figure D -30 Pol ice-reported Had Not Been Drinking Drivers Age 22-45 
Involved in Property Damage Only Crashes, State 
o f  Pennsyl vani a 
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F i g u r e  D .31 D r i v e r s  Age 22-45 Invo lved  i n  Daytime Crashes I n c l u d i n g  a t  
Leas t  One I n j u r y  o r  F a t a l  i t y ,  S ta te  o f  Pennsylvania 
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Figure D.32 Dr ivers  Age 22-45 Involved i n  Daytime Property Damage Only 
Crashes,  S t a t e  of Pennsylvania 
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Figure  D.33 A1 l  D r i v e r s  Age 16-17 Involved i n  Crashes Inc lud ing  a t  
Leas t  One I n j u r y  o r  F a t a l i t y ,  S t a t e  of Pennsylvania 
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Figure D -34 All Drivers Age 16-17 Involved in Property Damage Only 
Crashes, S t a t e  of Pennsyl vania 
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Figure D.35 All Drivers Age 18-19 Involved in  Crashes Including a t  
Least One In jury  o r  F a t a l i t y ,  S t a t e  of Pennsylvania 
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Figure D.36 All Drivers Age 18-19 Involved in Property Damage Only 
Crashes, State of Pennsylvania 
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F i g u r e  D.37 A1 1  D r i v e r s  Age 20-21 I n v o l v e d  i n  Crashes I n c l u d i n g  a t  
L e a s t  One I n j u r y  o r  F a t a l i  t y ,  S t a t e  o f  Pennsy lvan ia  
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Figure D.38 All Drivers Age 20-21 Involved in Property Damage Only 
Crashes, State o f  Pennsyl vania 
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Figure  D.39 All Drivers Age 22-45 Involved i n  Crashes Including a t  
L e a s t  One I n j u r y  o r  F a t a l i t y ,  S t a t e  of Pennsylvania 
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F i g u r e  D.40 A l l  D r i v e r s  Age 22-45 I n v o l v e d  i n  P r o p e r t y  Damage Only 
Crashes , S t a t e  o f  Pennsyl van i  a  



Appendix E 

Frequency of Citations for Violation of 
Beverage Control Laws, State of Maine 





Figure E,  1 Frequency of Citations Brought Before Administrative Court 
for Selling or Allowing Minors t o  Consume Alcoholic Beverages, 
State of Maine 





Appendix F 

Frequency o f  C i t a t i o n s  f o r  V i o l a t i o n  o f  
Beverage Control  Laws, State o f  Michigan 





F i g u r e  F .I T o t a l  Frequency o f  C i t a t i o n s  f o r  S e l l i n g ,  Serving, 
o r  A1 1  owi ng M i  nors t o  Consume A1 co ho l  i c  Beverages, 
S t a t e  o f  M ich igan  



F i g u r e  F  . 2  Frequency o f  C i t a t i o n s  f o r  S e l l i n g ,  Serving, o r  A l l o w i n s  
M ino rs  t o  Consume A lcoho l  i c  Beverages Where No Prosecu t ion  
Was Pursued, S ta te  o f  M ich igan  



F igu re  F.3 Frequency o f  Acknowledged C i t a t i o n s  f o r  S e l l i n g ,  Serving, 
o r  A1 l o w i  ng M i  nors t o  Consume A lcoho l  i c  Beverages, 
S ta te  o f  Mich igan 



F i g u r e  F .4  Frequency o f  Conv i c t i ons  f o r  S e l l i n g ,  Serving, o r  A l l o w i n g  
Minors  t o  Consume A l c o h o l i c  Beverages, S t a t e  o f  M ich igan  



F i g u r e  F  . 5  Frequency o f  C i t a t i o n s  f o r  S e l l i n g ,  Serving, o r  A1 low ing  
Minors  t o  Consume A1 coho1 i c  Beverages Dismissed A f t e r  
Hearings, S t a t e  o f  M ich igan  





Appendix G 

Sales of  ~ l ' ~ o h 0 1  i c Beverages, S t a t e  of  Ma i ne 
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Figure G.1 Wine Distribution in the State o f  Maine 
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F igure 6 . 2  Beer D i s t r i b u t i o n  i n  the Sta te  o f  Maine 
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F i g u r e  6 . 3  D i s t i l l e d  S p i r i t s  D i s t r i b u t i o n  i n  the S t a t e  o f  Maine 





Append i x H 

Sales o f  A lcoho l ic  Beverages, State o f  Michigan 
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Figure H.1  Wine Distribution in the Sta te  o f  Michigan 
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Figure H . 2  Total Beer Distribution in the State of Michigan 
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Figure  H.3 Package Beer D i s t r i b u t i o n  i n  the State o f  Michigan 
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Figure H.4 Draft Beer Distribution in the State o f  Michigan 
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F igure  I .1 To ta l  Beer D i s t r i b u t i o n  i n  t he  S ta te  o f  New Hampshire 
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F igu re  1.2 Package Beer D i s t r i b u t i o n  i n  t h e  S t a t e  o f  New Hampshire 
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F i g u r e  1.3 D r a f t  Beer D i s t r i b u t i o n  i n  t h e  S t a t e  o f  New Hampshire 
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Figure 5 . 2  Package Beer Distribution in the United States 
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F igu re  5 . 3  D r a f t  Beer D i s t r i b u t i o n  i n  t he  Un i ted  States 





Appendix K 

Crash Frequency P l o t s  and Time-series Models, 
S t a t e  o f  New York, Excluding New York C i t y  
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Figure K.1 Police-reported Had Been Drinking Drivers Age 16-17 
Involved in Crashes Including at Least One Injury 
or Fatality, State of New York 
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F igu re  K.2 Po l i ce - repo r ted  Had Been D r i n k i n g  D r i v e r s  Age 16-17 
I nvo l ved  i n  Proper ty  Damage Only  Crashes, S ta te  o f  New York 
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Figure  K.3 Male D r i v e r s  Age 16-17 Invo lved  i n  La te -n igh t ,  S ing le -  
v e h i c l e  Crashes I n c l u d i n g  a t  Least  One I n j u r y  o r  
F a t a l i t y ,  S ta te  a f  New York 
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Figure K.4 Male Drivers Age 16-17 Involved in Late-night, Single- 
vehicle, Property Damage Only Crashes, State of New York 
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Figure K.5 Male Drivers Age 16-17 Involved in Daytime, Single- 
vehicle Crashes Including a t  Least One Injury 
or Fatal i ty ,  State of New York 
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Figure  K.6 Male D r i v e r s  Age 16-17 I nvo l ved  i n  Daytime, S ing le -  
veh i c l e ,  Proper ty  Damage Only Crashes, S t a t e  o f  New York 
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Figure K.7  Police-reported Had Been Drinking Drivers Age 18-20 
Involved i n  Crashes Including at Least One Injury 
or Fatality, State o f  New York 
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Figure K. 8 Pol i ce-reported Had Been Drinking Drivers Age 18-20 
Involved in Property Damage Only Crashes, State of New York 
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Figure K.9 Male Drivers Age 18-20 Involved in Late-night, Single- 
vehicle Crashes Including at Least One Injury or 
Fatality, State of New York 
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Figure K.10 Male Drivers Age 18-20 Involved i n  Late-night, Single- 
vehicle,  Property Damage Only Crashes, S ta te  of New York 
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Figure K . l l  Male Drivers Age 18-20 Involved in Daytime, Single- 
vehicle Crashes Including a t  Least One Injury 
o r  Fa t a l i t y ,  S ta te  of New York 
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F igu re  K.12 Male D r i v e r s  Age 18-20 I nvo l ved  i n  Daytime, S ing le -  
v e h i c l e  Proper ty  Damage Only Crashes, S t a t e  o f  New York 
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F igure  K.13 Pol i ce - repo r t ed  Had Been D r i n k i n g  D r i v e r s  Age 21 -23 
I nvo l ved  i n  Crashes I n c l u d i n g  a t  Leas t  One I n j u r y  
o r  F a t a l i t y ,  S t a t e  o f  New York 
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Figure K.14 Pol ice-reported Had Been Drinking Drivers Age 21 -23 
Involved in Property Damage Only Crashes, State of New York 
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Figure K.15  Male Dr i ve rs  Age 21-23 Invo lved  i n  Late-n ight ,  S ing le-  
v e h i c l e  Crashes I nc l ud ing  a t  Least One I n j u r y  o r  
F a t a l i t y ,  S ta te  o f  New York 
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Figure K.16 Male Drivers Age 21-23 Involved in Late-night, Single- 
vehicle, Property Damage Only Crashes, State of New York 
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Figure K.17 Male Drivers Age 21-23 Involved in Daytime, Single- 
vehicle Crashes Including a t  Least One Injury 
o r  Fa t a l i t y ,  S ta te  of New York 
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49 I;; 
Figure K.18 Male Drivers Age 21-23 Involved i n  Daytime, Single- 

vehicle Property Damage Only Crashes, State of New York 
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Figure  K.19 Po l i ce - repor ted  Had Been D r i nk i ng  D r i v e r s  Age 24-45 
Invo lved  i n  Crashes I n c l u d i n g  a t  Least  One I n j u r y  
or F a t a l i t y ,  S ta te  o f  New York 
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Figure K.  20 Pol ice-reported Had Been Drinking Drivers Age 24-45 
Involved in Property Damage Only Crashes, State of New York 
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Figure K .  21 Male Drivers Age 24-45 Involved in Late-night, Single- 
vehicle Crashes Including a t  Least One Injury or  
Fa ta l i ty ,  Sta te  of New York 
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F igu re  K.22 Male D r i v e r s  Age 24-45 I nvo l ved  i n  L a t e - n i g h t ,  S i ng le -  
v e h i c l e  P rope r t y  Damage Only  Crashes, S t a t e  of New York 
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Figure  K.23 Male D r i v e r s  Age 24-45 Invo lved  i n  Daytime, S ing le -  
v e h i c l e  Crashes I n c l u d i n g  a t  L e a s  t One I n j u r y  
o r  F a t a l i t y ,  S ta te  o f  New York 
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Figure K.24 Male Drivers Age 24-45 Involved in Daytime, Single- 
vehicle Property Damage Only Crashes, State of New York 



REFERENCES 

Alcohol Drug Abuse and Mental Health Administration. ADAMHA Prevention 
Pol icy and Proqrams, 1979-1982. Washington, D. C.: 
U. S. Government Printing Office, 1981. 

Alcohol Epidemiologic Data System. "Data Computations on the Influence 
of Changes in State Drinking Age Laws on Highway Fatalities in 
the Deaths of the 70s,I1 working paper 37, under contract with 
the National Institute on Alcohol Abuse and Alcoholism. 
Gaithersburg, Maryland: General Electric Co., 1980. 

Bacon, S. D. "The Role of Law in Meeting Problems of Alcohol and Drug 
Use and Abuse," In Proceedings of the 29th International 
Conqress on Alcoholism and Drug Dependence, A. G. Kiloh and 
D. S. Be1 1 (eds.) . Sidney, Austral ia: Butterworths, 1971 .' 

Bako, G., W. C. MacKenzie, and E. S. 0. Smith. "The Effect of 
Legislated Lowering of the Drinking Age on Total Highway 
Accidents Among Young Drivers in Alberta, 1970-1972." Canadian 
Journal of Publ ic Health, 67 (2) : 161-163, March/Apri 1 1976. 

Barsby, S. L .  and G. L. Marshall. "Short-term Consumption Effects of a 
Lower Minimum Alcohol Purchasing Age." Journal of Studies on 
Alcohol, 38(9) :1665-1679, 1977. 

Beauchamp, 0. E. Beyond Alcoholism: Alcohol and Public Health Policy. 
Philadelphia: Temple University Press, 1980. 

Berk, R. A. and M. Brewer. "Feet of Clay in Hobnail Boots: An 
Assessment of Statistical Inference in Applied Research." 
Pp. 190-214 in T. D. Cook et al. (eds.), Evaluation Studies 
Review Annual, Volume Three. Beverly Hills, California: Sage 
Publ ications, 1978. 

Blane, H. T. "Middle-aged Alcoholics and Young Drinkers." Pp. 5-38 in 
H. T. Blane and M. E. Chafetz (eds.) , Youth, Alcohol, and Social 
Policy. New York: Plenum Press, 1979. 

Blanci, H.T. and L. E. Hewitt. Alcohol and youth: An Analysis of the 
Literature, 1960-1975. Report p r e p a r e r  for the National 
Institute on Alcohol Abuse and Alcoholism. Pittsburg, 
Pennsylvania: The University of Pennsylvania, 1977. 

Bonnie, R .  J ,  "Discouraging Unhealthy Personal Choices Through 
Government Regulation: Some Thoughts About the Minimum Drinking 
Age." Pp. 39-58 in H. Wechsler (ed.), Minimum-Drinking-Aqe 
Laws. Lexington, Massachusetts: D. C. Heath and Co., 1980. - 

Borg, T. M., H. L. Michael, A. A. Gadallah, and G. K .  Stafford. 
"Evaluationof the 55 MPH Speed Limit." Pp. 160-184 in 
D. G. Shur i g (ed.) , Proceed i ngs of the 62nd Annual Road School, 
held at Purdue University, March 9-11, 1976. 



Bowen, B. D. and M. R .  Kagay, Report to the White House Conference 
Youth: The Impact of Lowering the Age of Majority to 18. June, --  

Box, G. E. P. and G. M. Jenkins. Time Series Analysis: Forecastinq and 
Control, Revised Edi tion. San Francisco: Holden-Day, 1976. 

Bo x , G . E .  P. and D. A. Pierce. "Distribution of Residua1 
Autocorrelations in Autoregressive-integrated Moving Average 
Time Series  model^.^' Journal of the American Statistical 
Association, 64:1509-1526, 1970. 

Box, G. E. P. and G. C. Tiao. "Intervention Analysis with Applications 
to Economic and Envi ronmental Problems .I 1  Journal of the 
American Statistical Association, 70(349) :YO-79, 1975. 

Brown, 0. B. and S .  Maghsoodloo. "A Study of Alcohol Involvement in 
Young Driver Accidents with the Lowering of the Legal Age of 
Drinking in Alabama." Accident Analysis and Prevention, 

' 13(4) :319-322, 1981. 

Bruun, K., G o  Edwards, M. Lumio and others. Alcohol Control Policies & 
Public Health Perspective. The Finnish Foundation for Alcohol -- 
Studies, Volume 25, 1975. 

Burritt, B. E., A. Moghrabi, and J. S. Matthias. "An Analysis of the 
Relationships Between Accidents and the 55 MPH Speed Limit on 
the Arizona Highway System." Paper presented at the 
Transportation Research Board 55th Annual Meeting, Washington, 
0. C., January 19-23, 1975. 

Cameron, T. "Alcohol and Traffic." Pp. 120-288 in M. Aarens et 
al. (eds.), Alcohol, Casualties and Crime. Berkeley: Social 
Research Group, School of Public Health, University of 
California, 1977. 

Campbell, D. T. and J. C. Stanley. Experimental and Quasi-experimental 
Des i sns for Research. Ch i cago: Rand McNa l 1 y , 1966. 

Carpenter, J. F. "Traffic Fatalities and the Energy Crisis: Four Month 
Analysis, January-Apr i 1 1974." Warren, Michigan: Genera 1 
Motors Technical Center, 1974. 

. "Traffic Fatalities and the Energy Crisis: A Second Four Month 
Analysis, May-August 1974." Warren, Michigan: General Motors 
Technical Center, 1975. 

Chu, B. and G. E. Nunn. "An Analysis of the Decline in California 
Traffic Fatalities During the Energy Crisis." Accident Analysis 
and Prevention, 8 (3) : 145-150, 1976. - 

Cook, T. D. and 0. T. Campbell. "The Design and Conduct of Quasi- 
experiments and True Experiments in Field Settings." 
Pp. 223-326 in M. Dunnette (ed.) , Handbook of l ndustr ial and 



Organizational Psychology. Skokie, Illinois: Rand McNally, 
1976 

-- . Quasi-experimentation: Design and Analysis Issues for Field 
Settings. Chicago: Rand McNally, 1979. 

Council, F. M., L. Pitts, M. Sadof, and 0. K. Dart. Examination of 
the Effects of the 2 fl Speed Limit on North 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 & 
ear-old Drinking on Accidents. Cambridge: 

~assachusetts I nst i tute of-~echnol ogy, Operat ions Research 
Center, 1974. 

Dart, 0. K. "Effects of the 88.5 km/h (55mph) Speed Limit and Its 
Ecforcement on Traffic Speeds and Accidents.'' Transportation 
Research Record, 643: 23-32, 1977. 

Detroit Free Press. "The Roll Call." Page 8A, July 9, 1980. 

-- . "Beer War on the Michigan-Indiana Line." Page 3 A ,  December 6, 
1981. 

Distilled Spirits Council .of the United States. "Public Attitudes 
Changing: Minimum Age Laws." DISCUS Newsletter, number 326, 
June/Jul y, 1973a. 

-- . "Survey of Minimum Age Law Experience on Drinking/ 
Driving." DISCUS Newsletter, number 330, December, 1973b. 

-- . "Teen Fatalities Rise After Minimum Age Hike." DISCUS 
News 1 etter , number 386, December, 1979. 

-- . 1978 Pub 1 i c Revenues from A 1 coho 1 i c Beveraqes . Wash i ng ton, 
0. c., 1980. 

Dougilass, R. L. The Effect of the Lower Legal Drinking Age on Youth 
Crash Involvement. - Ph.0. dissertation, Public Health 
Administration (School of Public Health), Rackham School of 
Graduate Studies, The University of Michigan, 1974, 

Dougllass, R. L., L. D. Filkins, and F. A. Clark. -- The Effect af Lower - 
Legal Drinking Ases on Youth Crash Involvement. Report prepared 
for the U. S. Department of Transportation, National Highway 
Traffic Safety Administration, Office of Alcohol 
Countermeasures. Ann Arbor: The University of Michigan, 
Highway Safety Research Institute, 1974. 

Douglass, R. L. and J. A. Freedman. Alcohol-related Casualties and 
Alcohol Beverage Market Response to Beverage Alcohol 
Avai labi 1 i t y  Pol icies Michiqan. Ann ~ z o r :  The University 
of Michigan, Highway Safety Research Institute, August, 1977. 



Douglass, R. L., P. M. Barkey, A. C. Wagenaar and P. DeBiasi. Retail 
Price Distribution of Alcoholic Beveraqes for On-premise - 
Consumption Michigan. Ann Arbor: The University of 
Michigan, Highway Safety Research Institute, 1980. 

Douglass, R. L,, A. C. Wagenaar, and P. M. Barkey. Alcohol Availability, 
Consumption, and the Incidence of Alcohol-related Social and 
Heal th ~ r o b l e m r h  Mi ch i qan. Ann Arbor: The Univers i ty of 
Michigan, Highway Safety Research Institute, May, 1979. 

Draper, N .  R., and H. Smith. Applied Reqression Analysis. New York: 
John Wiley, 1966. 

Dunn, 0. J., and V. A. Clark. Applied Statistics: Analysis of Variance 
and Reqression. New York: John Wiley, 1974. - 

Eshler, J. M. and Reynolds Metals. "Filtering of Fatal Accident 
Rates." Transportat ion Research Record, 643: 10-12, 1977. 

Ewing, J. A. and B. A. Rouse e d s ) .  Drinkinq: Alcohol in American 
Society--Issues and Current Research. Chicago: Nelson-Hall, 
1978. 

Farris, R . ,  T. B. Malone, and H. Lilliefore. A Comparison pf Alcohol 
I nvolvement & Exposed and l n lured Dr ivers. Alexandria, 
Virginia: Essex Corporation, 1975. 

Filkins, L. D., C. D. Clark, C. A. Rosenblatt, W. L. Carlson, 
M. W. Kerlan, and H. Manson. Alcohol Abuse and Traffic Safety: 
A Study Of Fatalities, O, Offenders, Alcoholics, - 
Court-re!ated Treatment Ap~roaches. Ann Arbor: The University 
of Michigan, Highway Safety Research Institute, 1970. 

Filkins, L. D. and J. D. Flora. Alcohol-related Accidents and QUJ 
Arrests i Michiqan: 1978-1979. Ann Arbor: The University of 
Michigan, Highway Safety Research Institute, 1981. 

Flora, J. D., L. D. Filkins, and C. P. Compton. Alcohol Involvement in 
Michiqan Fatal Accidents: 1968-1976. Ann Arbor: The University 
of Michigan, Highway Safety Research Institute, March, 1978. 

Flynn, L. Traffic Safety Effects of Fuel Shortage and Speed Limits, A 
Subiect Biblioqraphy. Washington, D. C.: National Highway 
Traffic Safety Administration, 1976. 

Frankel, B. G. and P. C. Whitehead. Drinkinq and Damage: Theoretical 
Advances a Implications for Prevention. New Brunswick, New 
Jersey: Rutgers Center of Alcohol Studies, 1981. 

Glass, G. V., V. L. Willson, and J. M. Gottman. Desisn and Analysis of 
Time-series Experiments. Boulder, Colorado: Colorado 
Associated University Press, 1975. 



Grand Rapids Press. "Tougher Stand on Underage Drinking Is Urged by 
Study Panel," May 2, 1979, p. A10. 

Guttorp, P. and H. H. Song. "A Note on the Distribution of Alcohol 
Consumption.'' Drink i ng and Orug Practices Surveyor, 13:7-8, 
1977. 

-- . "A Note on the Distribution of Alcohol Consumption: A 
Rejoinder to Skog." Drinking and Druq Practices Surveyor, 14:6, 
29-30. 1979. 

Guy, Hon. Ralph, Jr. Opinion. Ref. Civil No. 8-73015 and Civil 
No. 8-73159, U. S. District Court, Eastern District of Michigan, 
Southern Division, Detroi t, Mi chi gan, December 22, 1978. 

Hammlond, R. L. "Legal Drinking at 18 or 21 - Does itMake Any 
Difference?" Journal of Alcohol and Orug Education, 18(3):9-13, 
Spring, 1973. 

-- . "Legal Dr i nk i ng at 18 or 21 - Does i t Make Any D i f ference?" he 
Catalyst, 1(2) :37-50, 1979. 

Harford, T. C., D. A. Parker, and L. Light (eds.) . Normative Approaches 
to the Prevention of Alcohol Abuse and Alcoholism, proceedings - 
of a sympos i um, Apr i l 26-28, 1977, San D i ego. Washington, 
0. C.: U. S .  Government Printing Office, 1980. 

Haugh, L. D., and G. E. P. Box. "Identification of Dynamic Regression 
(Distributed Lag) Models Connecting TwoTime Series." Journal 
of the American Statistical Association, 72(357):121-130, 1977. -- 

Hibbs, 0. A. Jr. "On Analyzing the Effects of Policy Interventions: 
Box-Jenkins and Box-Tiao Versus Structural Equation Models." 
Pp. 137-179 in 0. R. Heise, (ed.), Socioloqical Methodology 
m. San Francisco: Jossey-Bass, 1977. 

Hingson, R., N. Scotch, -A. Meyers, et al. "Impact of Legislation 
Raising the Legal Dr i nki ng Age in Massachusetts from 18 to 20 
Years." Presented at the 109th Annual Meeting of the American 
Public Health Association, Los Angeles, November 1-5, 1981. 

Hurst, P. M. "Epidemiological Aspects of Alcohol in Driver Crashes and 
Citations." Journal of Safety Research, 5.(3):130-148, 1973. 

Illinois Department of Transportation, Division of Traffic Safety. 
Assessment of the Effect on Traffic Safety of Lowering the Legal 
Drinking Aqe Illinois. November, 1977. 

Institute for Research in Public Safety. Tri-level Study of the Causes 
of Traffic Accidents, Volume I, Research Findings. Bloomington: 
Indiana University, 1975. 

Johnston, L. D., J. G. Bachman, and P. M. OIMalley. Drugs and the Class 
of '& Behaviors, Attitudes, and Recent National Trends. - 



Washington, D. C.: United States Government Printing Office, 
1979a 

. Hiqhlights, Drugs and the Nation's High School Students, 
Five Year National Trends. Washington, D. C.: United States -- 
Government Printing Office, 1979b. 

Jones, R. K. and K. 8 .  Joscelyn. Alcohol and Highway Safety: A Review 
of the State of Knowledge. Ann Arbor: The University of --- 
Michigan, Highway Safety Research Institute, 1978. 

Kahane, C. J. - Lower Speed L im i ts, Reduced Speeds, Fewer 
Deaths. Washington, D. C.: National Highway Traffic Safety 
Administration, Office of Statistics and Analysis (DOT HS 801 
662) , 1975. 

Kendall, M. Time-series,.Second Edition. New York: Hafner Press, 
1976 

Klein, D. "Adolescent Driving as Deviant Behavior." Pp. 2-19 in 
P . F . Wa 1 l er (ed .) ,   he Young Dr i ver : Reck 1 ess or Unprepared? 
Chapel Hill: North Carolina Symposium on Highway Safety, Volume 
5, Fall, 1971. 

Klein, T. M., P. Levy, and R. B. Voas. Effect of the Fuel Crisis and 
the 3 MPH Limit on Fatalities 9 Utah. Washington, D, C.: - 
National Highway Traffic Safety Administration, Office of Driver 
and Pedestrian Programs, Demonstration Evaluation Division (DOT 
HS 80 1 854) , 1976. 

Koch, G. G. "Commentary on Statistical Issues Underlying the Evaluation 
of a Social Policy Change on Motor Vehicle Accident 
Involvement." Accident Analysis and Prevention, 13(4):323-329, 
1981. 

Lillis, R., T. Williams, and W. Williford. Reported Alcohol Crashes 
Involving 18-21 Year Old Pennsylvania Drivers in Ten New York 
Border Counties. Albany: New York State Division of Alcoholism 
and Alcohol Abuse, Bureau of Alcohol and Highway Safety 
(Research Report Ser i es Number 10) , 1981. 

Liu, Lon-Mu. User's Manual far BMDQ2T (TSPACK) Time Series Analysis 
(Box-Jenkins), technical report 57. Los Angeles: University of 
California Los Angeles, Department of Biomathernatics, 1979. 

Ljung, G. and G. E. P. Box. Studies in the Modelinq of Discrete 
Series A nodification of Overall cE-square for 
Lack sf Time Series Model, technical report 477. - 
Madison: University of Wisconsin, Department of Statistics, 
1976. 

Lynn, C. The Effects of Lowering the Leaal Drinking Virginia. 
Charlottesville: Virginia Highway and Transportation Research 
Council, 1981. 



Maine, S t a t e  o f .  - Maine Revised S ta tu tes  Annotated, Chapter 28, 1977. 

Mais to ,  S.  A. and J. V. Rachal. " I n d i c a t i o n s  o f  t h e  Re la t i onsh ip  Among 
Adolescent D r i n k i n g  P rac t i ces ,  Rela ted Behaviors,  and D r i n k i n g  
Age Laws." Pp. 155-176 i n  H. Wechsler (ed.), Minimum D r i n k i n q  
& Laws. Lexington,  Massachusetts: D. C .  Heath and Co., 1980. 

Makela, K .  "Consumption Level and C u l t u r a l  D r i n k i n g  Pa t t e rns  as 
Determinants o f  Alcohol  Problems." Paper presented a t  t he  30th 
I n t e r n a t i o n a l  Congress on Alcohol ism and Drug Dependence, 
September 9, 1972. 

-- . "Discuss ion. "  P. 178 i n  R. Room and S.  S h e f f i e l d  (eds.), The 
Preven t ion  of Alcohol  Problems: Report  o_f Conference. 
Be'rkeley: U n i v e r s i t y  o f  C a l i f o r n i a ,  School o f  Pub l i c  Hea l th ,  
Soc i a1 kesearch ~ r o u p ,  1976. 

-- . "Leve 1 o f  Consumption and Soc ia l  Consequences o f  
Dr ink ing . "  Pp. 303-348 i n  Y .  I s r a e l  e t  a1 . (eds.) , Research 
Advances 9 Alcohol  and Drug Problems, Volume 4. ' New York: 
Plenum Press, 1978. 

McFadden, M. and H. Wechsler. "Minimum D r i n k i n g  Age Laws and Teenage 
D r i nk i ng . "  P s y c h i a t r i c  Opinion, 16(3) :22-23, 26-28, March, 
1979 

McCleary, R. and R. A .  Hay, J r .  App l ied  - Time Ser ies  Analys is  for the 
Soc ia l  Sciences. Bever ly  H i l l s ,  C a l i f o r n i a :  Sage Pub l i ca t i ons ,  
1980. 

Mich igan Counci l  on Alcohol  Problems. Micap Recap, number 35, August 
14, 1973- 

Michigan Licensed Beverage Assoc ia t ion .  " C r i t i c a l  Review o f  E f f e c t  o f  
Age o f  M a j o r i t y  on Michigan T r a f f i c  S t a t i s t i c s . "  Correspondence 
t o  Chairperson, Governor 's  Task Force on D r i nk i ng  D r i v e r  
Problems. J u l y  2, 1973. 

Mich igan S t a t e  L e g i s l a t u r e ,  Age o f  M a i o r i t y  Act of u. Michigan 
Pub l i c  Acts o f  1971, number 79. Lansing: S ta te  o f  Michigan, 
1971 

. Pub l i c  Hear inqs on P u b l i c  Act number 79, 1971, The & o f  -- _ - - 
M a i o r i t y  Act o f  1971. Lansing: S t a t e  o f  Michigan, 1971. 

-- . M ich igan ' s  Depos i t  Law: F i r s t  Year, & I n t e r i m  Report  o f  the 
Specia l  J o i n t  Committee ta Study t he  Impact of the Beveraqe 
Conta i ner Depos i t Senator Stephen Monsma, 
Chairperson. Lansing: S t a t e  o f  Michigan, 1979. 

Mosher, J. F .  "The H i s t o r y  o f  You th fu l -Dr ink ing  Laws: I m p l i c a t i o n s  f o r  
Current Pol i c y .  Pp. 11-38 i n  H .  Wechsler (ed.) ,  Minimum 
D r i n k i n g  & Laws. Lexington,  Massachusetts: D .  C .  Heath and 
Co., 1980. 



Mosher, Joy. Prevention of Alcohol-related Problems--An International 
Review of Preventive Measures, Policies, and Proqrammes. - - 
Toronto, Canada: Addiction Research Foundation, 1980. 

Naor, E. M. and R. D. Nashold. "Teenage Driver Fatalities Following 
Reduction in the Legal Drinking Age." Journal of Safety 
Research, 7 (2) : 94-79, June, 1975. 

National Clearinghouse for Alcohol Information. "Minimum Drinking 
Age." Alcohol Topics in Brief, Volume 1, number 4, May, 1976. 

- . "Minimum Drinking Age." Alcohol Topics in Brief, November, 
1978 

National Institute on Alcohol Abuse and Alcoholism. Third Special 
Report to the S. Congress on Alcohol and Health. Washington, 
D. C.: U. S. Government Printing Office, 1978. 

. Fourth Special Report to the U. S. Conqress on Alcohol and - - 
Health. Washington, D. C.: U. S. Government Printing Office, 
1980. 

National Safety Council. Accident Facts, 1980 Edition. Chicago: 1980. 

Nelson,C. R. Applied Time Series Analysis for Managerial 
Forecasting. San Francisco: Holden-Day, 1973. 

New York, State of. Moreland Commission on the Alcoholic Beveraqe 
Control Law, Study Papers 1 through and Report and 
Recommendations 1 through 2 .  New York, 1963 and 1964. 

OIDay, J., D. J. Minahan, and D. Golomb. The Effects of the Enersy 
Crisis and fi Speed Limit ~ i c h z n .  Ann Arbor: The -- 
University of Michigan, Highway Safety Research Institute, 1975. 

Organization for Economic Cooperation and Development. Young Driver 
Accidents. Paris, France, 1975. 

Parker, D. A. and M. S. Harman. "The Distribution of Consumption Model 
of Prevention of Alcohol Problems: A Critical Assessment." 
Journal of Studies on Alcohol, 39:377-399, 1978. 

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 b .  S. Harris. Alcohol and Hiqhway 
Safety: Behavioral and Medical Aspects. Burlington: University 
of Vermont, 1971. 

Pindyck, R .  5 .  and D. L. Rubinfeld. Econometric Models and Economic 
Forecasts. New York: McGraw-Hi 11, 1976. 



P lau t ,  T. A lcohol  Problems: A Report  t o  t he  Na t i on  b~ t he  Cooperat ive 
Commission on a study of Alcohol  ism. New York: Oxford 
Univers  i t y  Press, 1967. 

Popham, R .  E , ,  W. Schmidt, and J. deL in t .  "The E f f e c t s  o f  Legal 
R e s t r a i n t  on Dr ink ing . ' '  Pp. 579-626 i n  B. K i s s i n  and 
H. Beg le i  t e r  (eds.) , The B io logy  of Alcohol  ism, Volume 4: Soc ia l  
Aspects o f  Alcohol  ism. New York: Plenum Press, 1976. 

-- . "Government Contro 1 Measures t o  Prevent Hazardous 
Dr ink ing. ' '  Pp. 239-266 i n  J. A .  Ewing and B. A .  Rouse (eds.), 
D r i nk i nq :  Alcohol  in American Soc ie ty- - Issues and Current  
Research. Ch i cago: Ne 1 son-Ha 1 1 , 1978. 

Preusser, D .  F . ,  J. F .  Oates, J r . ,  and M. S. Orban, I d e n t i f i c a t i o n  of 
Countermeasures f o r  t he  Youth Crash Problem Related to Alcohol :  
Rev i ew o f E x i s t i n q  L i t e r a t u r e  and P re l  i m i  na r y  - - 
Hypotheses. Dar r ien ,  Connect icut :  Dunlap and Assoc ia tes,  1975. 

Road Sa fe ty  and T r a f f i c  A u t h o r i t y .  The E f f e c t  of the Absolute  Speed 
L i m i t  of 100 km/h on Accidents V i c t o r i a ,  Summary Report .  - 
Prepared f o r  t he  O f f i c e  o f  Road Safety ,  Commonwealth Department 
o f  Transpor t ,  V i c t o r i a ,  A u s t r a l i a ,  1978. 

Room, R .  "M in im iz ing  Alcohol  Problems," pp. 50-61 i n  R. Room and 
S ,  Shef f  i e l d  (eds.) , The Preven t ion  of Alcohol  Problems: A 
Report  of 2 Conference. Berkeley:  U n i v e r s i t y  o f  C a l i f o r n i a ,  
School o f  Pub l i c  Heal th ,  Soc ia l  Research Group, 1976. 

-- . Eva lua t i ng  t he  E f f e c t  o f  D r i n k i n g  Laws on Dr ink ing. "  
Pp. 267-306 i n  J.  A .  Ewing and B.  A .  Rouse (eds.), Dr ink inq :  
Alcohol  i n  American Soc ie ty- - Issues - and Current  
Research. cRcago:  Nel son-Ha 1 1 , 1978. 

Rooney, J. F .  and S. M. Schwartz. "The E f f e c t s  o f  Minimum D r i n k i n g  Age 
Laws Upon Adolescent Alcohol  Use and Problems." Contemporary 
Drus Prob 1 ems, 6: 569-583, W i n t e r  , 1977. 

Rouse, B. A .  and J. A. Ewing. "An Overview o f  D r i n k i n g  Behaviors and 
Soc ia l  P o l i c i e s . ' '  Pp. 339-482 i n  J. A .  Ewing and B.  A .  Rouse 
(eds.) , Dr i nk i na :  Alcohol  in Amer i can  Society--1 ssues and 
Current  Research. Chicago: Nel son-Hal 1 ,  1978. 

Roy, M. B. and E .  Greenb la t t .  " D r i v i n g  Under t h e  I n f l uence  o f  L iquor :  
Fol lowup Study o f  Age, Sex, and Simultaneous Offenses." Boston: 
Commonwealth o f  Massachusetts, O f f i c e  o f  Commissioner o f  
P roba t ion ,  November 27, 1979. 

Schmidt, W .  and A .  Kornaczewski. "The E f f e c t  o f  Lowering t he  Legal 
D r i n k i n g  Age i n  On ta r i o  on A l coho l - r e l a ted  Motor Veh ic le  
Acc idents .  Pp. 763-770 i n  A lcohol ,  Drugs, and T r a f f i c  Safety ,  
Proceedings of the  S i x t h  I n t e r n a t i o n a l  Conference on Alcohol ,  
Drugs, and T r a f f i c  Sa fe ty ,  Toronto,  September 8-13, 
1974. Toronto:  Add i c t i on  Research Foundation, 1975. 



Scot t ,  P. P.  and A .  J .  Barton. E f fec ts  on Road Accident Rates of 
the Fuel Shortaqe of November 1973 and Consequent Leg is la t i on .  - 
Crowthore, Berkshire, United Kingdom: Transport and Road 
Research Laboratory, Safety Department, Accident I nves t i ga t i on  
D iv i s ion ,  1976. 

Se i la ,  A .  F . ,  M. A .  Entsminger, and C.  Z .  S i l v a .  & Examination of the 
E f f e c t s  of the Lowered Maximum Speed L i m i t  and Fuel Shortages in 
North Carol ina. Chapel H i l l :  U n i v e r s i t y  o f  North Carol ina, - 
Highway Safety Research Center, 1977. 

Shattuck, D. and P. C. Whitehead. "Lowering the Dr ink ing  Age i n  
Saskatchewan: The E f f e c t  on C o l l i s i o n s  Among Young 
Dr i ve rs  ." Saskatchewan Department o f  Hea 1 th,  May, 1976. 

Smart, R. G.  "Changes i n  A lcoho l ic  Beverage Sales A f te r  Reductions i n  
the Legal Dr ink ing  Age." American Journal o f  Druq and Alcohol 
Abuse, 4 (1) : 101-108, 1977. - 

. " P r i o r i t i e s  i n  Min imiz ing Alcohol Problems Among Young People." 
Pp. 229-262 i n  H. T. Blane and M. E .  Chafetz (eds.), Youth, 
Alcohol,  and Socia l  Po l i cy .  New York: Plenum Press, 1979. 

Smart, R. G. and W. Schmidt. "Dr ink ing and Problems From Dr ink ing  Af te r  
a Reduction i n  the Minimum Dr ink ing  Age. B r i t i s h  Journal of 
Add i c t  i on, 70 (4) : 347-358, December, 1975. 

Smart, R .  G. and M. S.  Goodstadt. "E f fec ts  o f  Reducing the Legal 
Alcohol-Purchasing Age on Dr ink ing  and Dr ink ing  Problems: A 
Review o f  Empir ica l  Studies.'' Journal of Studies on Alcohol, 
38(7):1313-1323, Ju ly ,  1977. 

Tofany, V. L.  "Factors Con t r i bu t i ng  t o  the Reduction o f  Motor Vehic le 
F a t a l i t i e s  i n  1974." Journal of Safe ty  Research, 7(3):100-103, 
1975 

Treat ,  J. R .  " T r i - l e v e l  Study o f  Causes o f  T r a f f i c  Accidents: An 
Overview o f  F ina l  Results."  Pp. 391-403 i n  D. F .  Huelke (ed.), 
Proceedings o f  the American Associat ion for Automotive Medicine. 
Vancouve'r, B r i t i s h  Columbia, September 15-17, 1977. 

Uni ted States Department o f  Transportat ion,  Nat ional  Highway T r a f f i c  
Safety Adminis t rat ion,  O f f i c e  o f  Dr iver  and Pedestr ian Programs, 

. enforcement and Emergency Services D iv i s ion .  52 MPH fact 
Book. Washington, D .  C., 1978. - 

Vigderhous, G.  "Forecast ing Soc io log ica l  Phenomena: App l ica t ion  o f  Box- 
Jenkins Methodology t o  Suic ide Rates." Pp. 20-51 i n  
K .  F .  Schuessler (ed.) , Soc io log ica l  Methodology a. San 
Francisco: Jossey-.Bass, 1977. 

Wagenaar, A .  C .  The Minimum Legal D r i n k i n g *  A Time Series Impact 
Evaluat ion. Ph.D. d i s s e r t a t i o n ,  The Un ive rs i t y  of Michigan, 
1980. 



-- . " E f f e c t s  o f  an Increase i n  the  Legal Minimum D r i n k i n g  Age." 
Journa l  of Pub l i c  Hea l th  Po l i c y ,  2(3):206-225, 1981, 

-- . "Legal Minimum D r i n k i n g  Age Changes i n  t he  Un i t ed  States:  
1970-1981." Alcohol  Hea l th  and Research World, 6 ( 2 ) ,  Winter,  -- 
1981/82. 

-- . "Rais ing t he  Legal D r i n k i n g  Age i n  Maine: Impact on T r a f f i c  
Accidents Among Young Dr ive rs . "  I n t e r n a t i o n a l  Journa l  of the 
Add ic t ions ,  i n  press.  

Warren, R. A. ,  H .  M. Simpson, L. Page-Valin, and D .  C o l l a r d .  P o i n t  
Zero E igh t  and t he  Change i n  D r i n k i n g  Age: One Step Forward and - 
Two Steps Backward? Ottawa, Ontar io :  ~ r a f f r  I n j u r y  Research - 
Foundation o f  Canada, 1977. 

Wechsler, H. "Pa t te rns  o f  Alcohol  Consumption Among t h e  Young: High 
School, Col lege, and General Popu la t i on  Stud ies. "  Pp. 39-58 i n  
H. T. Blane and M, E .  Chafetz (eds.), Youth, A lcoho l ,  and Soc ia l  
P o l i c y .  New York: Plenum Press, 1979. 

Whitehead, P. C.  Alcohol  and Young D r i ve r s :  lmpact and I m p l i c a t i o n s  of 
Lowering the D r i n k i n q  . Ottawa, Ontar io :  Department o f  
Na t iona l  Hea l th  and Welfare, Hea l t h  P r o t e c t i o n  Branch, Non- 
medical  Use of  Drugs D i rec to ra te ,  Research Bureau, 1977. 

Whitehead, P. C. ,  J. Cra ig ,  N. Langford, C. MacArthur, B. Stanton, and 
R. G.  Ferrence. " C o l l i s i o n  Behavior o f  Young D r i ve r s :  Impact 
of the  Change i n  t h e  Age o f  M a j o r i t y . "  Journal  of Stud ies on 
Alcohol ,  36(9):1208-1223, September 1975. 

Wi l l i ;ams, A .  F., R.  F ,  R ich ,  P.  L. Zador, and L. S.  Robertson. The 
Legal Minimum D r i n k i n q  & a"d Fa ta l  Motor Veh i c l e  Crashes. 
Washington, D. C.: Insurance I n s t i t u t e  f o r  Highway Safety ,  
1974 

Wi l l i ams,  A .  F . ,  P. L. Zador, S. S.  H a r r i s ,  and R .  S .  Karpf .  "The 
E f f e c t s  o f  Ra i s i ng  t he  Legal Minimum D r i n k i n g  Age on Fa ta l  Crash 
Invo1vement.l' Washington, D .  C . :  lnsurance I n s t i t u t e  f o r  
Highway Safety ,  1981. 

Wiorkowski, J. J. and R .  F .  Heckard. "The Use o f  Time Ser ies  Ana lys is  
and I n t e r v e n t i o n  Ana lys is  t o  Assess the E f f e c t s  o f  Ex te rna l  
Factors  on T r a f f i c  Ind ices :  A Case Study o f  t he  E f f e c t s  o f  the  
Speed L i m i t  Reduct ion and Energy C r i s i s  i n  t h e  S ta te  .of 
Texas .I1 Accident Ana lys is  and Prevent ion,  9 (4) : 229-247, 
December, 1977. 

Wolfel, A .  C .  " C h a r a c t e r i s t i c s  of A lcohol - impai red D r i ve r s . "  Presented 
a t  t he  Soc ie ty  of Automotive Engineers,  Automobile Engineer ing 
Meeting, D e t r o i t ,  Michigan, October 13-17, 1975. 



. First Evaluation Report g r ~  the Oakland County Alcohol - - 
Enforcement/Education Project. Ann Arbor: The University of 
Michigan, Highway Safety Research Institute, 1981. 

Wolfe, A. C. and M. M. Chapman. 1971 and 1973 ASAP Surveys: Washtenaw 
County Hiqh School Students. Ann Arbor: The University of 
Michigan, Highway Safety Research Institute, 1973a. 

- . "High School Student Drinking and Driving Behavior." Hit 
Repor ti, 4 (4) : 6- 13. Ann Arbor: The Un ivers i ty of ~zi gan, 
Highway Safety Research Institute, 1973b. 

Wong, C. B .  The Effects of Alcoholic Beverage Control Laws. 
Washington, D. C.: ~ e d i c i n e  in the Public Interest, 1979. 

Works, D. A. "Statement on 18 Year Old Drinking." Journal of Alcohol 
and Drug Education, 18(3) :14, 1973. - 

Zylman, R .  "Age is More Important than Alcohol in the Collision 
Involvement of Young, and Old Drivers." Journal of Traffic 
Safety, 20(1): 7-8, 34, 1972. 

. "When it is Legal to Drink at 18: What Should We 
Expect?" Journal of Traffic Safety Education, 20(4):9-10, June, 
1973. 

. "Drinking andDriving After its Legal toDrink at 18: Is the 
Problem Real?" Journal of Alcohol 13rug Education, 
20 (1) :48-52, Fa1 1, 1974. 

. "Collision Behavior of Young Drivers: Comment on the Study by 
Whitehead et al." Journal of Studies on Alcohol, 37(3):393-401, 
March, 1976. 

. "The Consequences of Lower Legal Or i nki ng Ages on Alcohol - 
related Crash Involvement of Young People. Rebuttal to 
Dr. Richard Douglass." Journal of Traffic Safety Education, 
24(2) :13-15, January, 1977. 


