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Department's Position

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

Recommended by:
Robert L. Cole
Coordinator
Office of Alcoholism/
Drug Abuse

Date:

Approved by:
Hel
Commissioner
Dept, of Health and
Social Services

Date: If .
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HOUSE BILL NO. 112

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

Overview

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

Alaska Experience

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

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

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



1331 Second Avenue
Pairbenks, Alaska 99701
February 5, 1981

Alaska State Legislature
Pouch V

Juneau* Alaska 99811
(Mail Stop 3100)

Toi

i/Rep. Michael F. Belrne Sen. Don Bennett
Rep. Robert H. Bettisworth Sen. Bettye Fahrenkaap
Rep. Fred Brown Sen. “fank R. Ferguson
Rep. Thelaa Buchholdt Sen. _"harles Parr

Rep. Bette M. Cato
Rep. Kenneth Fanning
Re>. Hugh Malone

Rep. Terry Martin
Rep. Russ Meekins
Rep. Pappy Moss

Rep. Richard Randolph
Hep. Sarah Snith

Rep. Brian Rogers

X SB writing In support of House Bill Muaber 112s

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

The youth of Alaska haw suffered greatly since the drinking age was
lowered In 1971.

It has been reported that the result Is 7*000 of the state"s youth are
problee drinkers (Fairbanks Dolly News Miner* February 4,1902)e
Alcoholisa is a disease that develops gradually and la well established
before becoaing apparent. Most often it is a prablaa that is recognised
when lives are on the verge of ruin. Why condaan anyone to such a life
style?

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

M EM ORANTDUMWM February 4, 1982
SUBJECTI Raising the age of majority for purooses of
regulation of Intoxicating liquor
(CSHB 112)
T0: Representative M. F. Belrne

Chairman, House Health, Education
and Social Services Committee

FROM1 Tamara Brandt Cook
Legislative Counsel
ifr

Here 1Is the CS for HB 112 you requested that would change
the advisory vote to a ballot proposition. This approach 1Is
unconstitutional under Article 1l, Sec. 1 of the state
constitution that provldest

The legislative power of the State Is vested In a
legislature consisting of a senate with a membership of
twenty and a house of representatives with a membership
of forty

The legislature may not delegate Us legislative power to
the people. While the voters have the power to enact law*
bv the initiative process. Article XX, Sec. 1 provides that
the people must propose e<fie law, not the leglslatu.r.
Article XI, Secs. 2 and 3 set out the process whereby an
initiative Is proposed and an initiative petUlon Is
circulated and filed. The proposition Is placed on the
ballot only after these procedures have been followed.

TBCtIjb

Enclosure



The Honorable Joe L. Bayes
Speaker of the House
Alaska State Legislature
Pouch V

Juneau, Alaska 99811

Dear Hr. Speaker:

Under the authority of art. 11l, sec. 18, of the Alaska Con—
stitution, 1 am transmitting a bill making miscellaneous
amendments to the statutes pertaining to the <crime of
driving while intoxicated.

The former <crime ot driving while under the 1influence of
intoxicating liquor was redesignated as "driving while
intoxicated,” by ch. 129, SLA 1980. This bill makes the
same redesignation in other statutes which refer to the same
offense, 1in order to avoid any ambiguity in the reference.

Section 2 of the bill also resolves another possible ambigu—
ity in existing law. It amends AS 28.35.032(a) to provide
that the prohibition in the "implied consent”™ statute
against administering other chemical tests after a person
refuses to take a breathalyzer examination does not apply
when the person 1is arrested for an assault or homicide
coemitted while he was driving a motor vehicle.

The constitutionality of requiring a defendant to submit to
a blood test Incident to an arrest for an offense committed
while driving while Intoxicated has been recognised by the
United States Supreme Court 1in Schmerber v. California, 384
Uu.s. 757 (1966), and by the Alaska Supreme Court 1in Leyland
r. State, 535 P.2d 1043 (Alaska 1975). However, 1in the more
recent opinion of Anchorage v. Gerber, 592 P.2d 1187 (Alaska
1979), the Alaska Supreme Court neld that Ulanguage 1in the
Implied consent law prohibited the administration of all
tests once a breathalyzer had been refused after a person
had been arrested for driving while intoxicated.

While the court 1in Gerber did not appl. its holding to
offences outside AS 28, an extension of the holding in that
case to homicide and assault offenses would have serious
implications. When an intoxicated driver, for example,



ALASKA STATE LEGISLATURE - HOUSE OK REPRESENTATIVES
IN SESSION:

POUCH V P.O. BOX 4-I1SSb
JUNEAU. ALASKA SSSI1 ANCHORAGE. ALASKA SS80S
TELEPHONE: (SO71 460 1777 TELEPHONE: ISO71 277-6210

REP. M F. “MIKE” BEIRNE

MEMBER Ofl COMMITTEES:
PIPTH STATE LEGISLATURE HEALTH. EDUCATION
NINTH STATE LEGISLATURE AND SOCIAL SERVICES. CHAIRMAN
TENTH STATE LEGISLATURE AND LEGISLATIVE COUNCIL
ELEVENTH STATE LEGISLATURE
TWELPTH STATE LEGISLATURE January 27, 1982

T0: All Norbers, House H.E.S.S. Ocnmittee

F1CM: Representative Mike Beimel

REGARDING: House Bill 112 vk {

House Bill 112, which calls for an advisory vote on raising the drinking
age to 21, will be heard in camittee an February 3rd. 1 have obtained
sane copies of a Michigan study (attached) which provides sane useful
information an this subject. It outlines their experiences in lowering
the drinking .me to IB back in 1972 and subsequently mis ing it back to
21 in 1978.
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KWCH V. SUTt CAPITOI

| ftTI ©IF AD.AS

THOU 111 S0 SO.AUDI! ~0J-463M00
LEGISLATIVE AFFAIRS AGENCY

MEMORANDUM January 29, 1982

SUBJECT: Penalties for driving while intoxicated
(CSHB 657)

TO: Representative Michael F. Beirne

Chairman, Health, Education end
Social Services Committee

FROM: Diane T. Colvin~CAH
Legislative Cotytsel

Enclosed please find the committee substitute you requested
increasing penalties for the offense of driving while
intoxicated. We should like to point out that the bill,
while defensible on policy grounds, 1is open to challenge on
legal grounds. For example, the penalties, and in
particular the consecutive penalties for multiple
convictions, are subject to challenge as excessive,
particularly since they exceed current penalties for the
most violent, serious crimes and for habitual offenders as
wel 1.

In addition, the vehicle confiscation concept 1is vulnerable

to challenge. As a general rule, forfeiture proceedings are
disfavored by the law, and such statutes are strictly
construed against the government. F/V American Eagle v .

State, 620 P.2d 657 (Alaska 1980). The usual justification
for confiscation and forfeiture, which applies In fish and
game matters and In narcotics cases. Is to prevent possible
use of the property In further Illegal acts. This purpose
Is not served here, since under the provisions of the bill
the driver 1Is confined to Jsll and his privilege to drive
suspended -- he would be unable to use the vehicle In any
event.

Ve point out these problems In the hope that the Information
will be of assistance to you In committee deliberations. I
you wish further Information, please do not hesitate to
contact us.

DTCiljb

Enclosure
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(Alaska Jsttate "JCegtslature

House of Representatives

Committee oOnN Pouch V
- , Suu Capitol
Official Business HealtH , Gducition & Social Services Juneau, Alaska 90611

Agenda for 2.3.82
3:00, rm 112 Capitol

HB 657"An Act making miscellaneous amendments to the statutes pertaining to the
crim of driving while intoxicatedj and providing for an effective date."

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

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

Witnesses:

HB 574 George Msidell, Office of Alcoholism

HB 112 Howard Scanlon, Ak Council on Prevention of alcohol k Drug Abuse
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Alexander C. Wagenaar, Richard L. Douglass UM-HSRI-80-67
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Ann Arbor, Michigan 48109
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The Office of Substance Abuse Services, September 30, 1980
Michigan Department of Public Health, TT
Lansing, Michigan 48906

B
Michigan reduced its drinking age from 21 to 18 in 1972. Several studies

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

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

All age groups had reductions in non-alcohol-related crashes in 1979.
Alcohol-related crashes Increased slightly for drivers aged 21-45, while
these crashes decreased significantly for the 18-20-year-old drivers, who
were directly affected by a higher legal drinking age (21) In 1979. 16-17-
year-old alcohol-related crashes also decreased in 1979. The reductions in
general non-alcohol-related crash frequencies, for all ages, wer* too snail
to account for the significant reduction in alcohol-related crash Incidence

N O *

legal Ortnking Age, Traffic Acci-
dents, Alcohol Availability, Time-
Series Analysis, Public Health,
Youth aid Alcohol
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Unclassified Unclassified 218
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10 INTRODUCTION

The minimum age at which beverage alcohol may be legally
purchased and consumed has been a major political issue in the United
States during the past decade. The current controversy began in 1970 when
the 26th amendment to the U.S. Constitution, extending the right to vote
in federal Bctions to citiiens between 18 and 21 years of age, was
passed by Congress and rapidly ratified by the necessary 38 states. The
amendment became effective in July, 1971. In the subsequent three years
all 50 states excended the right to vote in state elections to 13 year
olds as part of a jroader movement to reduce the age of majority from 21
to 18. During this penod, 24 states reduced their minimum legal drinking
ages for all alcoholic beverages as one component of reductions in the age
of majority. () In addition, 11 states lowered the drinking age for wine
and/or beer only (National Clearinghouse for Alcohol Information, 1976,
1978). The trend toward a lower legal drinking age stopped by the end of
1973, as evidence began to accumulate that the lowered drinking age
resulted in increased alcohol-related problems, particularly traffic
accidents, among the 13 to 21 year old population. Since 1972 no states
have lowered their legal drinking age, and beginning in 1576, the trend
has reversed, with numerous states recently raising their legal drinking
ages. (@

In Michigan, the reduction in the legal drinking age from 21 to
18 for all alcoholic beverages took effect on January 1, 1972 (Michigan

State Legislature, 1971). Considerable controversy in intellectual,



political, law enforcement, and industrial circles surrounded the

reduction in the drinking age (Michigan Council on Alcohol Problems, 1973]
Michigan Licensed Eeverage Association, 19731 Works, 1973} Distilled
Spirits Council of the United States, 1973a, 1973b; Bowen and Kagay, 1973}
Zylman, 1973,1974), Early preliminary evidence was used to argue that
substantial increases in alcohol-related traffic accidents among the 18-20
year old population resulted from the 1972 legal change (Michigan Council
on Alcohol Problems, 1973). Subsequent controlled research demonstrated
the adverse impact of Michigan®s lower drinking age upon alcohol-related
traffic accidents among youth (Douglass, 1974; Douglass and Freedman,
1977; Flora  *1., 1978). Although the estimates of the magnitude of the
legal impact from these studies were much smaller than these presented by
partisans in the drinking age debatR using preliminary evidence, tr_y were
consonant with the growing literature on the adverse effects of lower
legal drinking ages in various states and Canadian provinces.

Building on the accumulating evidence documenting the adverse
impact of the lower legal age upon youthful alcohol-related problems,
particularly traffic .ddents, those oppused to the reduced drinking age
lobbied m favor of raising the drinking age. The Michigan Legislature,
responding to increasing pressure, passed Public Act 94 early in 1978,
which raised the legal drinking age from 18 to 19 effective December 3,
1978. Since a number of voters were not satisfied with the drinking age
move from 18 to 19, the Michigan Council on Alcohol Problem*** "Coalition
for 21" continued their statewide petition drive that successfully placed
aproposed (institutional amendment raising t drinking age :021 on the

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



substantial margin and had the effect of raising the legal drinking age in
Michigan to 21 on December 23,1978.(7" Note that the constitutional
amendment did not include a "grandfr er" clause wheret/ 19 and 20 year
olds who had had the legal right to * prior to the effed.ive date of
the constitutional change would c e to possess that right. After
December 23,1979, persons aged i d 20 who had had the right to drink
were no longer legally allowed to purchase alcoholic beverages. As
occurred after the 1972 reduction in the legal drinking age, preliminary
data were used by both supporters and opponents of the raised drinking age
to bolster their positions (Distilled Spirits Council of the United
States, 1979} Michigan Council on Alcohol Problems, 1979} Publicom, 1979).
The need for a rigorous, controlled evaluation of the impact of the
raised legal drinking age in Michigan became evident, and as a result, the
Michigan Department of Public Health, Office of Substance Abuse Services
initiated the present project. (49

The goals of this investigation were twofold. The first goal
was to provide objective information concerning the effect of the legal
drinking age upon traffic accidents among youth to policy-makers and
voters in Michigan and elsewhere who must continue to deal with the
drinking age issue. (5) A major concern in discussions of social policy
on the legal drinking age was the extent to which modifications in the
drinking age caused changes m the motor vehicle acaden experience of
young drivers. As a result, a major feature of this investigation was a
strong emphasis on a research design with high validity and an explicit
explanation of numerous potential alternative explanations of the observed

relationships between the drinking age and traffic accidents. The second



goal of the present study was to utilize naturally occurring experiments
with the minimum legal drinking age to test propositions based on an
emerging theory concerning the impact of beverage alcohol availability on
alcohol consumption and alcohol-related public health problems.

Several features of the present investigation, few of which have
been included in previous research, provided a unique contribution to the
literature on the drinking age. First, this study used longer time-senes
of observations than any drinking age evaluation conducted to date? (6)
second, two measures of traffic accidents, (7) and two measures of
alcohol-related accidents, (8) strengthened the construct validity of the
study! third, the impact of the drinking age was assessed while explicitly
incorporating the affects of the fuel shortage and national minimum speed
limit reduction of early 1974 into the analyses} (9) fourth, the effect of
a raised legal drinking age was systematically examined for the first
time! and fifth, a comparison was made between the effects of a lowered
legal age and the effects of a subsequent return to the original higher
drinking age in a single geographic and sodo-cultural environment. The
above features of the present investigation provide important new
information for input into the policy-making process with regard to the
legal drinking age, and for the continued refinement of preliminary
theories concerning the impact of changes in the availability of beverage

alcohol on acute alcohol-related health and safety problems.



Notes to Chapter 1.0
-7>/

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

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

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

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

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

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

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

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

Using the Sax-Jenkins transfer function modeling techniques.



2.0 BACKGROUND LITERATURE, THEORY, AND
DEVELOPMENT OF HYPOTHESES

This chapter reviews several distinct areas of research

literature that are relevant for an examination of the legal drinking age
issue. Included are discussions of: (A) drinking patterns among youth,
(B) traffic acadent experience of young drivers, (C) previous evaluations
of drinking age changes, (D) general models for the prevention of
alcohol-related problems, (E) a specific model of the effects of the legal
drinking age, and (F) a specification of the direction and magnitude of
the hypothesized effects of changes in the legal minimum drinking age in

Michigan.

2.1 Alcohol and Highway Safety Among Youth

A major component in the legal drinking age debate has been the
impact of modifications of th jdrinking age on the alcohol-related motor
vehicle collision expedience of youth. Recent trends in youthful drinking
patterns and the role of alcohol in traffic accidents, especially with
refer ?r ce to young drivers, are discussed below.

2.1.1 Drinking Patterns. It is well established that rnosf
young people in the United States regularly drink alcoholic beverages.
Blane and Hewitt (1977) reviewed 120 surveys of adolescent drinking
practices (i.e. youth aged 13 to 13) conducted since 1941. They concluded
that the prevalence of youthful drinkers was increasing prior to the
mid-1=60s, and that about 70 percent of junior and senior high school

students were consistently identified as drinkers over the 196A through



1975 period. A similar pattern was revealed for lifetime prevalence of
intoxication, which increased from 19 percent prior to 1966 ro 45 percent
during the 1966 to 1975 time period, remaining stable during the latter
ten-year period. The prevalence of monthly intoxication similarly
increased from 10 percent before 1966 to about 19 percent during the 1966
to 1975 period, although the small number of surveys assessing prevalence
of monthly intoxication limits the conclusions that could be made
concerning trends in recent years. Blane and Hewitt also could not
identify trends in drinking frequency among adolescents over the past two
decades because of the inconsistent measures of drinking frequency used in
the various surveys. Their best estimate of average drinking frequency
among teenage drinkers aged 13 to 18 was three drinking occasions per
month.

Note that although these estimates were based on a comprehensive
review of 120 surveys, only 14 of those studies used probability samples
from clearly defined populations. As a result, the estimates of the
drinking practices of adolescents in the United States should be used with
caution. Nevertheless, many studies over an extended period have
indicated that the great majority of adolescent! do drink regularly and a
substantial number also frequently become intoxicated.

The above discussion has been limited to the drinking practices
of junior anc senior high school youth. The literature on college
students, also reviewed by Blane and Hew.ct (19/7), is even more limited
than the literature on adolescents. Exis" ng surveys of college students
indicate that the prevalence of drinkers has been continually increasing

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



students are drinkers. There are indications that the frequency of
intoxication among college students has increased in the past quarter
century. Furthermore, those aged 18 to 25 consume more beverage alcohol
than at any other period in the life cycle, and they drink larger
quantities of alcohol per occasion than older drinkers (Blane and Hewitt,
19771 National Institute on Alcohol Abuse and Alcoholism, 1978).

The most recent information concerning youthful drinking
practices was provided by the ongoing longitudinal nationwide probability
surveys being conducted by Johnston, 0"Malley and Bachman (Johnston et
al., 1979a, 1979b). They reported that 88 percent of high schc.l seniors
surveyed in 1979 were at least occasional users of alcohol, 72 percent
reported use within the past month, and 41 percent reported consuming five
or more drinks on at least one occasion in the previous two weeks.
Furthermore, similar surveys conducted each year since 1975 revealed that,
while the prevalence of drinkers has remained stable in recent years, the
prevalence of high school seniors who frequently become intoxicated has
increased over the past five years (from 37 percent in 1975 to 41 percent
in 19797 Johnston et al., 197<h). (O

These  *ent data confirm and extend the conclusion Blane and
Hewitt made on the basis of their review of surveys conducted prior to
1975. That 1is, a plateau in the prevalence of drinkers among older
adolescents and young adults has apparently been reached, with about 30 to
90 percent identifying them«elv«s as drinkers. However, the prevalence of
young people who regularly become intoxicated appears to be increasing,
with current data irdicating that more than one-third of the young people

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



experience of frequent intoxication Py a sizeable proportion of American
adolescents creates the potential for serious mortality and injury
outcomes if young drinkers operate motor vehicles while in an
alcohol-impaired state,

2.1.2 Traffic Accidents. Motor vehicle accidents are the
leading cause of death among youth aged 15 fo 24, claiming 13,092 lives in
the United States in 1977 (National Safety Council, 1979). A large number
of interacting factors that have been identified as causes of traffic
addents are presented in Figures 2.1 through 2.6. Figure 2.1 depicts
five broad dasses of motor vehide acddent causes, while Figures 2.2
through 2.6 indicate the spedfic variables within each dass.

Intensive investigations of random samples of acddents
conducted at Indiana University by the Institute for Research in Public
Safety have revealed that vehicular factors (Figure 2.3) were a definite
cause of the collision in about 5 percent of the cases, and environmental
factors (Figure 2.2) were a definite caus a in about 20 percent of the
accidents examined (Institute for Research in Public Safety, 1975). Human
direct cauies (Figure 2.4), on the other hand, were documented as a
definite cause of the collision in over 80 percent of the accidents. The
researchers emphasized the dominant role of human factors m acadent
causation, and pointed out that even in those cases where a definite
vehicular or environmental cause was evident, it was most often a
combination of such factors with human error that brought about the
collision.

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

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



Figure 2.1 Major Categories of Causal Factors In Motor-vehicle Collisions

Source: Institute for Research in Public Safety (1975)
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Figure 2.3 Vehicular Causal Factors In Motor-vehicle Collisions

Source: Institute for Research in Public Safety (1975)



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



Figure 2.4 Human Direct Causes in Motor-vehicle Collisions

Source: institute for Research in Public Safety (1975)
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the crash. (2) The multia* .tiplinary investigations of the causes of
traffic collisions mentioned above have revealed that, for samples of all
accidents at all times, alcohol-impairment is the human :ondition most
frequently identified as a causal factor in the crash; alco 1ol impairment
was identified as a definite or probable cause in about 7 percent of the
collisions investigated (Treat, 1977), It should be reiterated that the
acddent sample included all motor-vehicle accidents at all times of the
day/week? as aresult, the great majority of the investigated collisions
were relatively minor property-damage accidents occurring during “aytime
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 .0S percent, about IS percent of drivers
involved in extensive property-d?mage acndents have BACs of .0S 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 (Ca/neron,
1°77, Jones and Joscelyn, 1Q78). The findings of these epidemiological
studies are supported by studies that include control groups, matched in
time and place to samples of accidents. Such controlled studies have
found that the relative risk of being involved in a crash accelerated
raoidly at BACs over .09 percent (Cameron, 1977, Jones and Joscelyn,
P/9). (3)



Figure 2.6 depicts a variety of individual characteristics that
predispose one to the human conditions that ofter lead to driver error,
which consequently results in a collision. Of all of the oredisposing
characteristics, age and sex of driver are consistently among the best
predictors of accident involvement (Cameron, 1977). Yeung drivers (15 to
24), esoedal ly males, are overrepresented in all types of traffic
accident? most developed countries. Younp drivers have accident rates
from twice to 10 times the rates for drivers of other age groups
(Organization for Economic Cooperation and Development, 1975)

A variety of exposure variables have been suggested as
explanations for the overrepresentation of youth among accident-involved
drivers, especially involvement inmore serious injury-producing
collisions, such as: (A) driving at more hazardous times/locations (for
example, nighttime and weekends); (B) more frequent driving with
passengers present (increasing the probability of distraction/, (C)
driving vehicle., that are in poorer condition; and (D> more frequent ise
of two-wheeled vehicles. Although mirh work remains to be done concernmg
the effects of differential exposure, studies to date indicate .hat the
overreprese*- cation of young drivers in the accident-involved population
remains, even after a variety of controls on accident exposure
(Organization for Economic Cooperation and Development, 1975; Preuiter et
al., 1*75).

In addition to their overrepresentation in a 1 collisions, young
drivers also have the highest rates of alcohol-relatod crashes of any age
group (Cameron, 1*775 Flora et al., 1°79). (49 The high rate? of

alcohol-related collisions among youth are apparently not due simply to
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increased driving after drinking in the age group. In fact, roadside
breathtest surveys have revealed tha". 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 (Pieusser et al., 19751
Wolfe, 1975).

An important explanation of the excessive rates of
alcohol-related collision experience of young drivers was the finding that
the relative risk of crash involvement at various BAC levels was higher
for youth than the relative risk of crash involvement at the same BAC
levels of middle-age drivers (Perrine et al., 1971} Zylm®., 1972J Farris
et al., 1975). Thus, ayoung driver with a given BAC level is r.ore likely
to be involved in an acadent than an older driver at t”e sam. BAC 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 yruth. Such an explanation was supported by the work of Hurst
(1973) who reported that, among drinkers of all ages, those who drink
infrequently have a higher relative risk of crash involvement at a given
BAC level than frequent drinkers. Thus, although youth have been
charactenxed as frequent heavy drinkers "Blane, 1979), their recent
initiation into regular drinking may not have afforded them suffioent
experience with drinking effects and driving after drinking for the
development cf compensatory actions that reduce the risk of an

alcohol-related collision. A second explanation for the particularly

——
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serious effect cf an elevated BAC on the risk of crash involvement among
youth is that alcohol exacerbates the pre-existing impulsivity and
propensity toward risk taking behavior characteristic o* adolescents and
young adults (Klein, 1971JPelz and Schuman, 1971# Makela, 1978).

2.1.3 Summary and Conclusions. The literature on motor vehicle
accidents has revealed that, of the multiple environmental, vehicular, and
human causes of collisions, human error predominates as the central cause
of most traffic accidents. These human errors are frequently a result of
the alcohol-impaire condition of the driver. The drinking patterns of
young people, characterized by a high prevalence of drinkers who regularly
consume large quantities of alcoholic beverages per occasion, and the
increased sensitivity to impairment at a given BAC level of young drivers
as compared to older drivers, combine to make them particularly
susceptible to alcohol-related collision involvement. The combination of
(A) high rates of motor vehicle collisions egardless of alcohol
involvement (reflecting inexperience with d.iving), with (B) the highest
proportion of all accidents involving alcoi ol of any age group (reflecting
inexperience with drinking), indicates that young drinking drivers are an
appropriate high-risk target group for the prevention of death and injury
resulting from alcohol-related traffic acadenta. The legal minimum
drinking age has been identified as one potential mechanism that can be

used as part of these prevention efforts.

2.2 The L»gal Drinking Age and Highway Safety
As a result of the drinking pattern of young people,

characterized by frequent intoxication, and the high rate of



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

the controversy surrounding the d»inking age has been the impact of
changes in the legal drinking age upon the incidence of motor vehicle
accidents among young drinkers. After many states ar.j Canadian provinces
lowered the legal drinking age in the early 1970s, numerous evaluations
were conducted of the impact of the legal changes on the frequency of
involvement in motor vehicle collisions among young drivers. Most of the
investigations of the impact of the lowered legal dnning age were based
on comparisons between indices of youthful crash involvement before and
after a reduction in the legal drinking age took effect.

In addition to such pre-change post-change comparisons of crash
involvement among youth within the state or province experiencing a
reduction in the drinking age. numerous studies included an assessment of
pre-and-post-legal-chaj ge crash involvement for <A) comparison age groups
not directly affected by the legal change (such as drivers over the age of
21). or (B) comparison jurisdictions that hao not experienced a
contemporaneous change in the legal drinking age.

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

(1974) examined fatal traffic accident frequencies among 13-17 and 13-20
year old drivers in Michigan, Wisconsin, and Ontario, where the legal
drinking age had been lowered. The fatal accident frequencies for the
three years prior to and one year after the legal cnanges were compared to
the contiguous states of Indiana, Illinois, and Minnesota, respectively,
where the drinking age had not been lowered during the time period
studied.

Signt* ant increases in fatal crash frequencies were found for



both the 15-17 and 13-20 age groups in the jurisdictions experiencing a
legal drinking age reduction. Separate analyses of single-vehicle and
nighttime fatal crashes, of which a large proportion are known to be
alcohol-related, revealed larger increases in frequency than the analyses
of all fatal crashes. The observed increases in fatal crash involvement
among youth were substantially larger for Michigan and Ontario than they
were for Wisconsin. The smaller effect for Wisconsin was most likely a
result of the less drastic change in the legal availability of aicohol.

In Wisconsin prior to the legal change, 13-20 year olds could legally
purchase beer} the new law simply extended that right to all types of
alcoholic beverages.

Noar and Hashold (1975) also studied the impact of the Wisconsin
legal change upon highway fatalities. Although the frequency of
alcohol-related fatalities did inoease concomitant with the legal change,
the proportion of all fatally injured drivers having elevated blood
alcohol levels did not change significantly. (5> Noar and Nashold used
the latter finding to argue that the reduced drinking age has no effect on
traffic accidents among youth. However, since the beverage of choice
among young people, i.e. beer, was legally available prior to the drinking
age change evaluated, this investigation cannot be considered a valid test
of the effects of a lowered legal drinking age.

Cucchiaro et al. (1974), evaluated the impact cf a reduced
drinking age in Massachusetts using monthly time-senes of traffic
acacjnts. The traffic accident time-senes were examined for the age
groups 15-17, 13-20, 21-27, and 24 and over. The 20 year old driving

population experienced significant increases in total fa. tl crashes.



alcohol-relatei! fatal crashes, and alcohol-related property damage
accidents, afti r the drinking age was lowered. None of the acadent
measures changed significantly For the 21-23 and 24-and-over drivers

Dougla«i3 et al. (1974), also using monthly _ime-series of motor
vehicle crash :ivolvement, assessed the impact of reduced drinking ages in
Maine, Michigan, and Vermont. Collision involvement of 18-20 year old
drivers in these states was compared with the collision involvement of
21-45 year a"ridrivers within the same state, and with 18-20 year old
drivers in Louisiana, Pennsylvania, and Texas, states which held the
drinking age constant over the study period. Time-series analyses
revealed significant increases in alcohol-related crash frequencies among
the 18-20 year old population in both Michigan and Maine. No significant
increases in alcohol-related crash frequencies among youth were observed
ir any of the comparison states, nor were chere my significant shifts for
the 21-45 year old drivers within the experimental states. Douglass
suggested that the lack of significant changes in traffic crash frequency
in Vermont, which also lowered its drinking age, may have been a result of
the relative ease with whi h 13-20 year olds in Vermont could obtain
alcoholic beverages prior to the reduced drinking age by driving to New
York, which has had a drinking age of 13 since 1924.

Douglass and ?. eedman (1977) replicated some of the earlier
analyses, using four years of observations after the legal change.
According to the authors, the results demonstrated that the increase in
alcohol-related crash involvement among Michiganyouth, identified in the
1074 research, persisted over the four years after the reduced drinking

age took effect (i.e. P72 through 1975). The evaluation of the Michigan



experience continued with Flora et al."s (1978) analyses of fatal
accidents in Michigar from 1968 through 1976. Although they did not use
the same data ana 7sis techniques as Douglass, the impact of the 1972
reduction in tho legal d"inking age upon alcohol-related traffic accidents
among youth was again demonstrated.

An increase in alcohol-related collisions was also reported by
Schmidt and Kornaczewski (1975) who examined yearly acadent data for
Ontario from 1967 through 1971. Although the lack 0" monthly data and the
inability to separa Ely analyze only 13-20 year old drivers made this
study a conservative test of the effects of a reduced drinking age, the
researchers "ound a significant increase in crash involvement among 16-19
year old drivers after the law changed.

Whitehead et al. (1975) examined the crasn involvement of 16-20
and 24 year old drivers in London, Ontario, for the 1968 through 1973 time
pei Bd. Increases of 150 to 300 percent in alcohol-related crashes among
drivers aged 13-20 were evident after Ontario®s drinking age was lowered.
®) In contrast, 24 year old duver* experienced only a 20 percent
increase in alcohol-related crashes for the first year after the legal
change, with their collision frequency returning to the pre-change level
in the second year after the reduced drinking age took effect. In a
followup study. Whitehead (1977) examined an additional two years of
collision data. A total of four years of crash involvement data aftir the
reduction in the drinking age demonstrated the permanence of the increased
alcohol-related collision frequency documented in the 1975 investigation.

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

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



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

One of the provinces investigated by Warren et al.,
S* katchewan, was also studied by Shattuck and Whitehead (1976). After
the drinking age was lowered from 21 to 17 in April of 1970, 16-20 year
old drivers exhibited 20 to 50 percent increases in alcohol-related
crashes. <11 After the drinking age was lowered from 19 to 18 in June of
1972, 16-18 year old drivers experienced further increases m
alcohol-related collision involvemen.. Thus, two reductions in the legal
drinking age were associated with increased alcohol-related crash
involvement among hoth the newly enfranchised drinkers and the underage
population.



Bako et al. (1976) examined the frequency of fatally injured
drivers with blood alcohol concentrations of .08 percent or greater in the
province of Alberta. An increase of 118 percent was observed in the
incidence of alcohol-related fatal collisions among 15-19 year old drivers
after the drinking age was lowered. The researchers concluded that their
findings support the argument that lowered drinking ages lead to increased
alcohol-related collisions among youth.

The reduction in the legal drinking age for beer and wine m
IHlinois (from 21 to 19) was evaluated by the Illinois Department of
Transportation (1977). Comparisons between the fatality incidence in
Ilinois and five control states were used as the basis for the conclusion
that the lowered age in Illinois caused a 1.6 percent increase in
fatalities among drivers aged 19 and 20.

It is evident from the literature reviewed above that most of
the investigations of e impact of lowered legal drinking ages on motor
vehicle collision involvement h«ve found significant increases in the
crash involvement frequencies of previously underage drivers that acquired
the ngnt to drink under the new laws (usually 18-20 ye*r old drivers). A
number of studies have also demonstrated substantial increases in the
crash experience of underage drivers (usually 16 and 17 years old)
following reductions in the minimum drinking age. Although itmust be
noted that most of these studies are characterized by methodological
inadequacies, the consistency of the results leads to the conclusion tnat
lowered drinking ages result in increased highway safety problems among
youth.

The view that lower legal drinkino ages cause increased youthful
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crash involvement is not universally held, with Zylman a well-known
opponent of a causal interpretation of the observed relationships. Zylman
<1970, 1974a, 1974b, 1974c, 1974d, 1974e, 1976a, 1976b, 1977) has
critiqued several of the studies reviewed above. He argued that observed
increases in alcohol-related crash involvement among youth after the
drinking age was lowered were not due to the drinking age change, but
rather were a result of (A) random fluctuations in traffic accident
time-series, (B) the continuation of trends of increasing alcohol
"-nnsumption (and alcohol-related acadents) among youth evident prior to
the legal changes, or (C) increased attention to alcohol-related traffic
offenses by law enforcement officers. However, those studies explicitly
controlling for both long-term trends and random fluctuations have also
found effects of the lower drinking age. Secondly, although Zylman
correctly points out the danger in relying on analyses of police-reported
alcohol involvement, lowered drinking age effects (although of smaller
magnitude than analyses bases on police reports) have been observed using
alternative measures of alcohol-involvement not influenced by police
reporting practices, such as analyses of single* vehicle, nignttime, and
weekend crashes.

2.2.2 Studies of the Raised Drinking Age. Tn addition to the
evaluations of the lowered drinking age, there are small number of early
reports on the effects of raising the drinking age. Roy and Greenblatt
<P7<) compared the number of teenagers charged with driving under the
influence of liquor (DUIL) appearing in Massachusetts courts before the
legal age was raised with similar data for a one-month period after the

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



used to conclude that the raised d m king age led to increased
drinking-driving problems among ""nuth. This study, however, dees not
merit serious attention because of the following serious flaws in its
design and data analyses? (A) DUIL arrests represent a different
population than drivers involved in alcohol-related accidents
(Organization for Economic Cooperation and Development, 1975)1 (©)]
the design was a one-group pretest-posttest, inherently characterized by
low internal validity because of its lack of a control group and an
extended time-series of observations (Cook and Campbell, 1979)} (©)
related to the basic inadequacy of the design was the lack of any
statistical controls cn time-ordered trends, seasonality, or random

ctuations in the frequency of DUIL arrests. As a result, this study
provided little useful information concerning the effects of a raised
drinking age,

Early reports of the effect of the raised drinking age in

Michigan have also appeared. Publicom, Incorporated (1979) reported on a
study sponsored by the Michigan Licensed Beverage Association and others,
that compared the alcohol-related acadent frequency of young drivers
ebased on data provided by the Michigan State Police) for the first six
months of 1=79 with the first six months of 1978. A 25 percent decrease
in the freque*--y of 13-20 year old dnnking-driver acadent involvement
was noted (from 5,521 drivers in 1s73 to 4,138 in 1979). However,
fatalities increased by 6 percent (from 65 in 1978 to 69 in 1979). There
were no appreaable changes in alcohcl-relatec collisions or fatalities
for drivers of other age groups. Publicom, Incorporated used the data on

fatalities to argue that the raised drinking age had an effect opposite of
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t. &t which was intended* namely increased drinking-driver fatalities after
the raised legal age. The Michigan Council on Alcohol Problems (1979),
discussing the same Michigan State Police data, hint that the 25 percent
decrease in alcohol-related collisions may indicate that the law has had
its intended effect, although they argued that these early data were
insufficient for an adequate determination of the effect of the raised
drinking age. When the crash data for the last six months of 1979 were
released by the Michigan State Police, the Michigan Council on Alcohol
Problems (1990) reported the 21 percent reduction in police-teparted
alcohol-related crashes for July through December 1979 as compared to the
same period in 1979. It was again argued that these data sipported the
effectiveness of the raised drinking age in reducing the frequency of
motor vehicle collisions.

2.2.3 Summary and Conclusions. The foregoing review of the
literature on the effects of changed legal drinking ages leads to the
conclusion that demonstrable increases in alcohol-related traffic
collisions and fatalities occurred following reductions in the legal
minimum drinking age. (9 > Since a major issue in the continuing public
policy debate concerning the drinking age is the effect of raising the
drinking age on motor vehicle crashes, it is clear that early findings
based on simple comparisons between 1979 and 1979 thuuld be replaced with
findings from comprehensive controlled investigations of the impact of the

raised drinking age.



2.3 Conceptual Models for the Prevention of Alcohol-related Problems.

Three basic models have emerged in the alcohol studies
literature conceming the prevention of alcohol-related social and health
problems (Popham et al.. 1976; Room, 1978). The three models provide
alternative conceptualizations of the nature of alcohol problems, widely
divergent hypotheses concerning the effects of various prevention
activities, and conflicting recommendations for puolic policy, including
the minimum legal drinking age.

2.3.1 The Bimodal Model. The bimodal model argues that there
are two distinct populations of alcohol consumers. First, there are
normal social drinkers, who may drink Ucoholic beverages regi *rly but do
S0 in a moderate controlled manner, and as a result, do not experience
soaal or health problems as a result of their drinking. Second, there
are alcoholic drinkers, who, because of some particular physiological or
personality characteristics, become alcoholics (I*., addicted drinkers)
and experience numerous soda and health problems as a result of their
chronic heavy dnnlung. The bimodal model is illustrated in Figure 2.7,
where the distribution of drinkers according to the quantity consumed is
depicted. The distribution is characterized by two modal points, the
first at a low level of consumption, forming the peak of the skewed
distribution of normal drinkers, the second at a h gn level of
consumption, forming the mean of the roughly non al distribution of
alcoholic drinkers.

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



Figure 2.7 The Bimodal Model of Alcohol Consumption

Source: From Drinking by John A. Ewing
and Beatrice AT Rouse, editors. Chapter

U t "Government Control Measures to
Prevent Hazardous Drinking" by R. Popham,
U. Schmidt, and J. delLint, page 259.
Copyright @ 1978 by John A. Ewing and
Beatrice A. Rouse. Reprinted by per-
mission of Nelson-Hall Publishers, Chicago.



underlying disease state. Prevention policy based on the bimodal model
involves establishment of early detection case-finding programs to
identify individuals with the "warning signs” of incipient alcoholism and
the provision of treatment and rehabilitation services during the early
stage of the disease (Rouse and Ewing. 1978.364). Prevention theorists
have generally discarded the bimodal model because a substantial
proportion of alcohol-related problems are assoaateo with one's
life-cyde stage and social environment, including the norms and
expectations of one's reference others, as well as the ease with which one
can obtain alcoholic beverages (Cahalan and Room. 1974). The situation ii
and sooo-environmental determinants of alcohol use patterns and
consequent problems are especially significant for adolescents and young
adults (Smart. 1979). Furthermore, there are some indications that
measures aimed at reducing the consumption of the general population have
similar effects on both the social drinker and the chronic alcoholic
(Fopham et al.. 1°7&, 1973). As aresult, the dichotomiiation of drinkers
into social (i.e. non-problem) drinkers and alcoholic (t.e. problem)

drinkers is not the most appropriate model for the prevention of a wide
spectrum of alcohol-related problems.

2.3.2 The Integration Model. A second model for prevention
efforts is variously known as the “integration model* ‘Popham et al..
P76), the "inoculation theory" (Rocm. *«78), or the "sooo-cuitural
model" (VJMtehead. 1977). The theory is based on anthropological and
sociological studies of primitive soaeties and ethnic subgroups witmn
the United States (Horton. P43J Uliman. 1&6l Snyder. 1*62). which
rev*al that societies and subcultures characterued by widespread moderate
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drinking, integrated into normal daily activities (such as eating and
recreation), have few alcohol-related problems. The observed correlation
between a high prevalence cf moderate (i.e. high frequency/low quantity
per occasion) drinkers with low incidence of alcohol-related problems is
used as the basis for prevention policy recommendations such as making
alcohol readily available in all restaurants and places of recreation to
facilitate the integration of moderate drinking into normal daily
activities (Wilkinson, 1970). Another recommendation designed to reduce
the mystique associated with alcohol and facilitate the development of
moderate drinking, and thereby prevent alcohol-related problems, is to
lower the minimum legal drinking age (Wilkinson, 1970), or even eliminate
all drinking age restrictions (Chafetz, P6S; Plaut, 1967). However, as
seen above in Section 2.2, when lowered legal drinking ages are
implemented, they are characteristically followed by increased
alcohol-related problems, particularly motor vehicle accidents, contrary
to the predictions of the integration theorists. Moreover, on those
occasions when other recommendations based on the integration model have
been implemented, such as making alcohol more readily available by
Increasing the number and types of beverage outlets, the consequences have
usually been the opposite of those anticipated on the basis of the
integration model (Popham et al., 1976).

233 The Availability Model. The general availability model
posits that the ease with which one can obtain beveraie alcohol influences
the amount and pattern of consumption, and as a result, influences the
incidence of alcchol-related social and health problems. A major
component within the broader availability theory ts the single
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distribution model, which argues that the overall distribution of
consumption of alcoholic beverages is not characterized by two separate
distributions, as the bimodal model postulates, but is one continuous
skewed distribution,as illustrated in Figure 2,3. This distribution of
consumption has been found to characterize the drinking behavior of a
variety of divergent populations (Eruun et al., 1975). One need not
resolve the continuing debate in the literature concerning the specific
parameters describing the distribution and their invariance across
populations to use the model for the development of prevention policy.
(10) The main point is that the “fetness" of the social environment in
which one participates, that is, the ease with which beverage alcohol can
be obtained and the social visibility of alcohol, influences the
prevalence of both moderate and heavy drinkers. Thus, ifone reduces the
availability of alcohol through such measures as increasing the relative
price, (11) reducing the hours of operation of drinking establishments,
and rait*ng the drinking age, the distribution of consumption (Figure ,".j)
will shift to the left, reducing the prevalence of heavy drinkers and
associated problems. There is a growing body of evidence that alcohol
consumption and alcohol-related problems are related to changes m the
availability of alcuhol (Popham et al., P76, 1<73).

in short, the model hypothesizes that () a reduction in
availability leads to (B) a reduction m overall consumption (i.e. the
mean of the distribution shifts to the left), which leads to ) a
reduction in the prevalence of heavy drinkers (since it is assumed that
the variance of the distribution remains constant), which results n @ a
reduction in problems associated with chronic heavy consumption. Although
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Figure 2.8 The Single Distribution Model of Alcohol
Consumption

Source: From Drinking by John A. Ewing

and Beatrice A. Rouse, editors. Chapter

14, "Government Control Measures to Prevent
Hazardous Drinking" by R. Popham, W. Schmidt,
and J. delint, page 260. Copyright © 1978
by John A. Ewing and Beatrice A. Rouse.
Reprinted by permission of Nelson-Hall
Publishers, Chicago.
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the single distribution model has received much attention in the
prevention literature, it is only one component of a broader theory
concerning the effects of alcohol availability. The focus of the single
distribution model on reducing aggregate consumption as a means for the
prevention of chronic alcohol-related health problems needs to be
supplemented with a focus on the impact of availability on acute
alcohol-related problems. With the exception of the evaluation studies of
changes in the legal drinking age. virtually no theoretical or empirical
work has been conducted on the relationship between various public policy
controls on availability and acute alcohol-related problems (one exception
is Douglass, Wagenaar, and Sarkey, 1979). The mrdel of the impact of the
legal drinking age on motor vehicle collisions presented below in Section
2.3.5 is an initial step toward the development of more comprehensive
models of the relationship between controls on alcohol availability and
acute alcohol-related sodal and health problems.

2.3.4 Discussion of Prevention Models. The three models for
the prevention of alcohol-related problems grew out of different sets of
research findings and are focused on different kinds of alcohol problems.
The bimodal model, focused on problems resulting from chronic heavy
consumption, is based on the disease concept of alcoholism and is still
subscribed to by numerous treatment personnel. However, empirical suppor
for the model is lacking, and it has not proved to be useful for the
design of prevention efforts, The model, in effect, states that primary
prevention of alcohol-related problems is impossible until a clear
understanding of the pnysiological causes of the disease is a hieved. The

single distribution model also focuses on the prevention of problems



associated with chronic heavy alcohol intake. This model, in contrast to
the bimodal model, argues that heavy drinkers are susceptible to the same
social influences as moderate drinkers. Thus, the more visible alcohol is
in one"s social environment, the larger the prevalence of drinkers who
consume sufficient quantities of alcohol to place them at risk of negative
health outcomes as a result of their drinking. The integration model, on
the other hand, focuses on the reduction of intoxication, and its
associated acute problems, more than overall consumption, with its
attendant chronic health problems. By making alcohol readily available as
part of many normal daily activities, it is hoped that most members of the
society will learn moderate drinking habits and refrain from becoming
intoxicated.

Room (1973) points out that both the integration model and the
single distribution model were originally developed based on
cross-sectional correlations; the integration model is based on
associations between widespread moderate drinking and low alcohol problems
across homogeneous cultures and subcultures, and the single distribution
model is based on positive correlations between aggregate consumption and
alcohol problems across international and intra-national jurisdictions.
Although such static correlations can be profitably used for the
construction of models and the development of hypotheses concerning the
prevention of alcohol problems, comprehensive controlled evaluations of
natural experiments are necessary to test the validity of the divergent
hypotheses. Most of the evaluations of such natural experiments to date
have supported the availability model and not the integration model.

These evaluative studies have revealed a critical problem in the



integration theory. The theory assumes that the increase in moderate
drinking, following an increase in alcohol availability, will replace
existing heavy drinking practices in a population. In fact, what
characteristically occurs following an increase in alcohol availability
(such as a decrease in price, an increase in number, types, or hours of
operation of alcohol outlets, or a decrease in the drinking age) is the
initiation of new drinking practices in addition to pre-existing patterns,
with a consequent increase in aicohol-related problems (Makela, 1972,
1978).

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



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

2.3.5 A Model of the Effects of the Drinking Age. The impact
of legal drinking age changes on traffic crash involvement is not direct,
but rather is mediated by a variety of intervening variables. A model of
the mechanism through which changes in the legal drinking age cause
changes in traffic crash involvement is presented in Figure 2.9. Changes
in the legal drinking age influence drinking behavior and alcohol-related
crash involvement by causing (A) a change in social norms concerning
youthful drinking, (B) a change in the marketing activities of the
beverage alcohol industry, and (C) a change in the availability of alcohol
to the target age group. Drinking norms change as a result of the
symbolic function of the law (Mosher, 19307 Bonnie, 1930), and as a result
it becomes more acceptable for 13-20 year olds to drink regularly after a
reduction in the drinking age. 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. These changes in drinking norms, according to the model,
result in increased drinking among 13-20 year olds after a reduction in
the drinking age. A raised drinking age is expected to have opposite
effects, causing the elimination of certain drinking patterns (bar and

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



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



pressure to drink, since alcohol is present ir fewer soaal situations.
The high drinking age also symbolizes society"s disapproval of youthful
drinking.

The marketing activities of the beverage alcohol industry are
also expected to depend on the legal drinking age. One would expect a low
drinking age to result in advertising campaigns and location/design of
drinking outlets oriented toward the youthful drinking population (for
example, locating more establishments with entertainment near college
campuses). A raised drinking age is expected to reduce these marketing
practices designed to encourage youthful drinking.

A lowering of the legal drinking age also results in increased
availability of beverage alcohol to the affected population. The concept
of beverage alcohol availability has a number of dimensions and has been
defined in a number of ways (for example, physical availability, economic
availability, and legal availability). For the present purposes
availability will be broadly defined as the ease with which alcoholic
beverages can be obtained. On an individual level, the availability of
alcohol is an inverse function of the total costs "monetary and
non-monetary) of physically obtaining alcohol. These costs include: <A)
the nominal price of alcoholic beverages, <B) the search costs involved in
obtaining alcohol, such as the value of the time expended and the costs of
any transportation required, and <C) the risks associated with obtaining
alcohol, a function of the perceived magnitude of potential disutilities
accompanying attempts to acquire and use alcohol, and the perceived
probability of experiencing such dll utilities.

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



legal minimum drinking age, is expected to influence a number of the
components of the total cost of obtaining alcohol by underage individuals,
For example, the nominal cost of alcohol may increase with a raised
drinking age as a result of a premium charged by those who supply alcohol
illegally to underage drinkers. A raised drinking age is likely to
increase the search costs (since there are fewer suppliers), and increase
the risk associated with other disutilities such as apprehension and
processing by the law enforcement systenm.

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.

Returning to the overall model in Figure 2.9, the increased or
decreased frequency of alcohol consumption and quantity consumed per
drinking occasion, caused by changed soaal 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.

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



increased drinking in bars and taverns by the age group. Since personal
automobiles are likely to be the usual mode of transportation to and from
such public drinking places, the lowering of the drinking age can be
expectea to increase driving after drinking among the 18-20 age group.
With regard to the effect of a raised drinking age, supporters of th.
lowered age have argued that raising the legal age of drinking will cause
additional drinking in automobiles while driving, increasing the
alcohol-related crash risk of the age group. An alternative plausible
hypothesis is that a raised drinking age will result in a larger
proportion of the drinking by 18-20 year olds occurring at private
parties. Since, unlike a public drinking house, participants are not as
likely to be compelled to leave at a specific hour and drive home, the
incidence of alcohol-related crashes might be lower with a raised drinking
age. This hypothesis remains plausible even if one assumes that - raised
drinking age has no impact on the overall quantity-frequency of alcohol
consumed. (12)

In short, changes in the legal .nnking age, according to the
model presented in Figure 2.9,are xpected to result in changes in
drinking norms, industry marketing practices, alcohol avail* ulity, and
the situations in which drinking takes place, all of which influence the
drinking-driving behavior of the 18-20 year old age group. Mote that the
mi del discussed above illustrates plausible mechanisms by which the legal
dr.nking age influences alcohol-related crash involvement frequencies.
Several otner soao-cultural, soaal-psychological, psychological, and
situaticial exogenous variables are likely to have a causal impact on all

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



model 1is not to provide a comprehensive theory concerning drinking
behavior and driving behavior, but r~ly to indicate the potential causal
factors mediating the impact of the legal drinking J.ge on the frequency of

traffic accidents among youth.

2.4 Specification of Hypotheses

Two main hypotheses described in general terms in the previous
section constituted the central issues of the present investigation.
Specifically, they were!

H.I The raised legal drinking age (from 13 to 21) caused a

reduction in alcohol-related motor vehicle crash involvement

among 18-20 year old drivers!

H.2 The lowered legal drinking age (from 21 to 13) caused an

Increase in alcohol-related motor vehicle uash involvement

among 18-20 year old drivers.

Two corresponding hypotheses were considered for the 16-17 year
old driving population, since the altered norms, marketing pr iCt.es> and
availability of beverage alcohol resulting from ichanged drinking age may
also influence the drinking behavior of the proximal peers of the directly
affected age group. It it reasonable, to suppose that changed marketing
practices and social norms concomitant with changes in the drinking age
would alter the visib lity and acceptability of using alcohol among 16-17
year olds as well as 19-20 year olds. Furthermore, the availability of
alcohol to 13-20 year olds is likely to influence the ease with which
youth aged 16-17 obtain alcoholic beverages, since a prime source of
alcohol for 16-17 year old drinkers is likely to fctolder friends and
associates with greater access to alcohol. Therefore, it was hypothesised

that!

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



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

H.4 The lowered legal drinking age (from 21 to 18) caused an

increase in alcohol-related motor vehicle crash involvement

among underage drinkers (16-17).

Hypothesis three was supported by those studies reviewed in
Section 2.2 that explicitly examinee the effects of a reduced drinkin ] age
on underage drinkers, whe-e the lowered legal age was found tr be
associated with increased alcohol-related collisions among underage
drinkers. Eecause of the indirect natu e of the impact of the legal
drinking age on the collision experience of underage drinkers, however,
the magnitude of the effect on underage drinkers was expected to be
smaller than the effect on 18-20 year old drivers. Furthermore, the
impact on underage drinkers was expected to evolve over a longer period of
time after a legal change than the impact on 18-20 year old drivers, since
a large portion of the effect of the legal changes on underage drinkers is
due to prior changes indrinking norms and practices among 13-20 year
olds. Therefore, it was hypothesized that:

H.5 The magnitude of the impact of changes m the legal

drinking age on alcohol-related motor vehicle crash involvement

among 16-17 year old drivers was smaller than _.he magnitude tf

the impact on alcohol-related crash involvement among 13-20 year
old drivers.

A differential effect magnitude was also expected between a
lowered and raised drinking age. It isusually much easier tc change a
person®"s pattern of behavior (here, alcohol consumption) by adding new
behaviors, without requiring a change in existing habits and established

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

one to change or eliminate already established behavioral patterns.



Consequently, one would expect a lowered drinking age, allowing (and
perhaps encouraging) new drinking patterns to supplement pre-existing
drinking or non-drinking patterns, to have a noticeably greater effect
than a raised drinking age, restricting already established drinking
patterns that have become a part of ore"s day-to-day activities. In
short, it is easier to learn a new behavior than to unlearn an old one.
Therefore, the final hypothesis to be tested in this investigation was
that:

H.6 A lowered legal drinking age has a greater effect han a

raised legal drinking age on the frequency of alcahol-related
motor vehicle crash involvement among young drivers.



Notes to Chapter 2.0

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

2. For example, Filkins et al. (1970) have found that elevated
blood alcohol concentrations are strongly related to driving at excessive
speeds at the time of a crash. Thus, the human condition of alcohol
impairment in Figure 25 is causally antecedent to excessive speed in
Figure 2.4, which is the human error identified as an immediate cause of
collisions.

3. Relative risk is the probability of crash involvement at a
pvt Tular BAC divided by the prooability of crash involvment with a BAC
of xero.

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

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

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

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

8. The Massachusetts Ie%al drinking age was raised from 13 to
0 on April 1% 1*7*, The\})re- st comrﬁa ISON was the number of DUIL
rrestsin February 1¥7* versus the number of DUIL arrests m October

2
alr
1¥7%,

9. Similar conclusions were reported in 0ther reviews of this

literature such as Smart and Gocdstadt, 1*77: Whitehead. 1*77: Smart,
1*7*,

13 . _#r e.S0me of the arguments in this debate, see Guttorp and
?9?951 lr*777IbI£7*J Parker ancH—Iarmon, 1*¥13; Schm?ét and popham,p 1*73? akog,



11 . Relative lonce refers to the price of beverage alcohol in
rela*ic/i to personal income.

2. InFi ure29ane ecto the drlnkm age or c0I||S|on

involvement in ependento any ch ang[ uan t;{ uenc of alcohal

consvmptlon IS rcﬁp ﬁsente by the pa egal drinki (rl %e to alcohol
ziua it tl nKing situdtions, to alcohc|| paired driving, to
collision irvolvement.






3.0 RESEARCH DESIGN AND DATA ANALYSIS METHODS

This chapter describes the methods selected to measure the
effects of the changes in the legal drinking age in Michigan. The
methodological issues discussed include: (A) the quasi-experimental
design used in this investigation! (B) operationalization of the dependent
variables (i.e. traffic accidents). (C) the validity of the overall

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

3.1 Research Design

The preferred design for inferring a causal relationship is the
true experimental design in which the subject population is randomly
assigned to two or more treatment conditions. In the present study this
would mean comparing 18-20 year old drivers randomly assigned to a
condition of legal availabf"ty of beverage alcohol (drinking age IS), to
18-20 year old drivers randomly assigned to a condition of no legal
availability of beverage alcohol (drinking age 21). Since such ranr”om
assignment was impossible, one of the quasi-experimental designs had to be
used (Campbell and Stai.lsy. Cook and Campbell. 17767 Cook and
Campbell. 1<7°). Of the numerous quasi-experimental designs inuse. *he
non-equivalent multiple time-senes c"esign rules out the largest number of
plausible alternative explanations for a postulated causal relationship.
In this research, the postulated causal relationship was between changing
alcohol availability (i.e. changing the legal drinning age) and traffic

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

W |—="n x W NoK014) 1) iV W 2 BTV nd
*lez=y “nl*natio«l *nac*

where each 0 represents the number of crash involvements in a particular
month, 1" represents the lowering of the drinking age in 1972, is the
number of monthly observations before the drinking age was lowered, is
the number of monthly observations between the lowered and raised drinking
age, 12 represents the raising of the drinking age in 1973, and n" is

the number of monthly observations after the drinking age was raised. The
second row in the design diagram represents a compansion time-senes, not
influenced by the interventions included in th first row. Although the
diagram depicts only one experimental and one comparison series, multiple
measures of motor vehicle crash involvement and multiple comparison groups

were included in the design.

3.2 Operationalization and Data Collection

The design called for measures of traffic acadent frequency
that were hypothesized to be affected by a change in the legal drinking
age, uid control measures that were not likely to be affected by changes
in the legal drinking age, The two experimental groups consisted of 13-20
and 16-17 year old drivers in Michigan. The impact of the changes m the
legal drinking age on the acadent involvement of these two experimental
groups was compared with "control" or comparison groups consisting of
21-24 and 27-45 year old drivers in Michigan. The complete design,



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

All Crashes: 1972-1979 Fatal Crashes: 1968-1979

Age Groups [INBD HBD 3FS TMAL 3FS

Experimental

18-20 years old
16-17 years old

Comparison
21-24 years old
25-45 years old

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

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

3FS refers to three-factor-surrogate, that Is, late night, single-vehicle crashes with

a male driver.



including the experimental and control groups and the multiple
operationalizations of the dependent variablei traffic accidents, is
depicted in Figure 3.1.

Two major sets of data were used to implement the design
illustrated above. The first dataset consisted of measures of traffic
accident incidence based on all crash-involved drivers as reported to the
Michigan State Police. Computer tapes were obtained from the Michigan
State Police containing records on every reported accident in the State of
Michigan from January of 1972 through December of 1979. To reduce the
volume of data to a more manageable size, a random sample of 20 percent of
all accidents during this tim<* period was selected. (1)

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

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

N



alcoho.-related traffic crash involvement was also used.

The second measure was the "throe factor surrogate" (3FS),
developed by the Highway Safety Research Institute, at The University of
Michigan in earlier research on lowered legal drinking ages (Douglass et
al., 1974). Analyses of crash data from various jurisdictions, difr2i*nt
time periods, and of drivers of a wide range of age groups* revealed that
a consistent subset of all alcohol-related crash involvements was
identified by three parameters, namely, sex of driver, time fcrash, and
number of moving vehicles involved in the crash. Specifically,
single-vehicle crashes with a male driver occurring between 9 P.M. and 6
A_M. were 53 to A3 percent alcohol-related as measured by th*» HBD
designation on the police accident report form. This proportion was
relatively consistent regardless of the precise operational definition of
alcohol involvement in the official crash reports. Furthermore, it is
unlikely that police officer discretion or bias would affect the reper .ng
of the driver®s sex, number of vehicles involved, or time of the crash.
Thus, the three-factor-surrogate, being operationally consistent, provided
a reliable alternative to repi "ted alcohol involvement based on the
subjective assessments of the investigating police officer.

The three factor surrogate was especially useful for comparative
analyses of crash-involved drivers across age groups and jurisdictions,
where the consistency of the reporting of alcohol involvement in traffic
crashes may vary considerably. Sine* the operational consistency of the
outcome measures is especially important in the analysis of time-senes
(Kendall, P76J, the three-factor-surrogate was an important supplementary

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



that the correlation between the two measures of alcohol-related accidents
is not perfect, with the 3FS measure including only about one-third to
one-half of all drivers designated as HBD (Flora et al,, 1973). In short,
although the 3F5 measure was an imperfect reflection of alcohol-related
accidents, its operational consistency over time made it a useful measure
for time-series analyses. (3)

The first time-series crash file included the monthly frequen”®
from January 1972 through December 1979 of "had not been drinking"™ (HN3D)
drivers, “had been drinking" (HBD) drivers, and three-factor-surrogate
(3FS) drivers, stratified by age groups as indicated in Figure 3.1. This
file was not extended to the years prior to 1972 (when the legal drinking
age was lowered from 21 to 18) because of severe reporting inadequacies in
the Michigan State Police master files. From 1968 through 1971 there were
a large number of major urban reporting jurisdictions (including major
cities such as Detroit, Lansing, and Grand Rapids) that did not report
non-fatal traffic crashes to the Michigan State Police for substantial
periods of time. For this reason, the data on all collisions (fatal and
non-fatal) could not be used in the full quasi-experimental design
evaluating the differential effects of lowering the legal drinking age and
subsequently returning it to its former level. The measures of driver
crash involvement discussed above were, therefore, only used to evaluate
the impact of the 1778 increase in the leg*4 drinking age.

The complete design, examining brch the lowered and raised
drinking ages, was implemented using r»e f *il acadent .measures depicted
in the second half of Figure 3.1. The Michi ian State Police master tape

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



files, with the addition of the master files for January 1963 through
December 1971, were used to construct time-series variables of the monthly
frequency of drivers involved in fatal crashes. (4 The fatal files,
because of the much smaller number of cases than the crash files, were
baseo on a census of all fatal accidents in the State of Michigan. In
contrast to the total crash involvement data, fatal crashes have been
well-reported throughout the 1963 to 1979 time period, and the reported
monthly frequency of fatal crashes was an accurate reflection of fatal
crash experience in Michigan. However, with regard to the measurement of
drinking drivers involved in fatal crashes, the HBD/KNBD measure was not
used because of high rates of lissing data in the early years (from 11 to
29 percent of drivers involved in fatal accidents had missing data an the
HBD/HNBD variable in the late 1960s and early 1970s), and data collection
system changes that significantly affected the reporting of HBD drivers.
The first important change in the measurement of HBD drivers
occurred in January of 1771 when a major change in the police accident
report form involved the deletion of the category "not known if drinking"
as a valid response to the HBD/KNBD item. The result was that drivers
previously placed in the "not known ifdrinking" category were now ceded
by police officers either as "had been drinking" or "had not been
drinking." Consequently, the frequency of HBD drivers increased
substantially during January 1<71 when the new form was implemented
(Douglass and Freedman, 1977). The second major change in the measurement
of HBD drvers was the Fatal Acadent Reporting System (FARS), initiated
by the National Highway Traffic Safety Administration, which became fully

operational in P7A (United States Department of Transportation, 1977).



FARS resulted in a significant reduction in the amount of missing data for
the HBD/HNBD variable. Because of these two major operational
inconsistencies in the measurement of HBD drivers prior to 1974, the three
factor surrogate was relied upon as the measure of the frequency of
drinking drivers involved in fatal accidents.

The original research plan provided for a determination of the
differential effects of the lowered and raised legal drinking age using
consistent time-series of the incidence of fatalities from 1968 through
1979. However, preliminary analyses of the fatality time-senes revealed
that t e small monthly count of fatalities, especially when stratified by
age and the 3FS measure, precluded an adequate determination of the
effects of the lowered and raised drinking age on highway safety (see
Section 4.3). A large proportion of the total variance in fatality
incidence was due to random variation, and could not be accounted for in
baseline time-senes models. As a result, the major emphasis was placed
on the time-series based on a 20 percent sample of all crash involvement
(including both fatal and non-fatal crashes). Since these more adequate
crash involvement data were only available after 1972, the effect of the
lowered drinking age was not examined in detail.

The differential effects of the lowered and raised drinking age
were assessed by comparing the results reported in Chapter 4.0, concerning
the effect of the raised legal age, with previous time-series
investigations of the ef."ect of the lowered drinking age in Michigan.
Previous time-series investigations of the Michigan experience with the
lowered drinking age were limited to analyses of those Michigan

Jurisdictions with consistently reported motor vehicle collision



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

drinl ng age (approximately 55 percent of all Michigan reporting
jurisdictions had complete crash involvement files fnr the 1963 through
1971 period; see Douglass and Freedman, 1977), The actual shift in crash
involvement frequency associated with the lowered drinking age in Michigan
identified in the earlier research is not u. ectly comparable to tne

shifts in frequency associated with the raised drinking age identified in
this researcr;, because this study included all reporting jurisdictions in
Michigan. The percentage changes in crash involvement associated with the
lowered and raised drinking age from the two studies are comparable,

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

drinking age reversed the effect of the lowered legal age,

3.3 Design Validity

Design validity involves consideration of the ability of the
research design to adequately answer the research question. In the
present case, the fundamental research question is, do changes in the
legal drinking age in Michigan cause changes in alcohol-related crash
incidence among the affected age groups™"

In order to determine the stre igth of the design in answering
the research question (the validity of the design) it is essential to take
the position of devil § advocate and identify the potential alternative
explanations for an apparent or measured change in the phenomenon under
investigation, in the present case, alcohol-related traffic crashes among

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

design used in this research is a superior design to determine >f legal
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drinking age changes cause changes in alcohol-related crash frequencies
among young drivers. In addition to the basic design structure involving
experimental and comparison groups, the use of multiple measures of
alcohol involvement, including official "had been drinking" figures and
the three-factor-surrogate measure, greatly strengthens the design
validity by providing a control over potential measurement
inconsistencies.

In addition to the design structures and measurement features
used here, the state of ihe art Box-Jenkins analysis methodology,
discussed in detail :n Section 3.4, ij the most appropriate analytic
approach given the availability of a large amount of data over an
extensive peno of time. A full, technical discussion of design validity
and specific controls for numerous potential thre its to the validity of

the research conclusions is found in Appendix B.

14 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 1* 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
and Box and Tiao (I~7~= The Box-Jenkins approach is a powerful
and versatile strategy for modeling time-senes variables that produces
unbiased estimates of error variance in the presence of serially



correlated observations. (5) Recent methodological developments in the
use of transfer functions along with the Auto Regressive Integrated Moving
Average (ARIMA) modeling strategy place these analysis techniques at the
state of the art for the analysis of time-series quasi-experiments (see
Box and Tiao, 1973! Hibbs, 1977} McCleary and Hay, 1980). These
techniques identify a wide variety of patterns in the dependent
time-series variables, provide a sensitive test of intervention effects,
and allow the analysis of a variety of intervention effect patterns. (6)

The purpose of the data analyses in this investigation was to
determine the impact of the changes in the legal drinking age on each
dependent variable. After the effects of the legal changes on each
variable were determined through the statistical analysis procedures
described below, the effects were compared across those measures expected
to be influenced by the legal changes and these not expected to be
influenced by the interventions. The present section discusses the
procedures used to determine the effect on each isolated dependent
time-series? the comparison of these effects across experimental and
comparison «gt grouos. as called for in the design, is discussed in
Chapter 4.0 on tr.e results of the statistical analyses.

The first step in the Box-Jenkins intervention enalysis st/ategy
is the identification or specification of a parsimonious Auto Regressive
Integrated Moving Average (ARIMA) mo"- *V- each dependent time-senes
variable. The ARIMA model .» commonly called the "noise model™ since its
purpose is to isolate all of the aspects of the stochastic autocorrelation
itructur* of the series, and thus provide abenchmark for the assessment

of any intervention effects. The ARIMA .model accounts for tne variance in
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the dependent series that is due to identifiable trend, seasonal, and
other autocorrelation patterns in the data. *he residual "white noise" or
random error variance then permits a sensitive test of the statistical
significance of intervention effects.

Since traffic accident time-senes often contain large seasonal
components, the general multiplicative seasonal model was applied to each

dependent series. The general seasonal ARIMA model is

and is identified as ARIMA (p,d,g>(P,D,Q)s, where p is the order of the
auto-regressive process, d is the degree of non-seasonal differencing, q
is the order of the seasonal moving-average process, s is the seasonal
"pan, I} to rp are the seasonal auto-regressive parameters, ijto

are the regular auto-regressive parameters, Aj to Agare the
seasonal moving-average parameters, to 3q are the regular
moving-average parameters, uc is the random (white noise) error
component, a is a constant, and B is the backshift operator such that E(ze)

equals it*]* It is important to realize that the ARIMA .nodel is not
based on any theory concerning the causes of the dependent series. It is
amodel to describe the nature or the ongoing egulanties in the series
due to any number of (most likely untdentifi [)causes. The ARIM* model
for etch variable, therefore, must be empirically determined by an
examination of a series of observations of tnat particular variable.

The initial specification of the ARIMA model for a particular
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series was made on the basis of an examination of a plot of the raw series
and the autocorrelation and partial autocorrelation functions estimated
from the series observations. An examination of the raw time-series plot
provided initial information as to the trend and seasonal characteristics
of the series, facilitating the identification of differencing factors and
the seascnal span. The plot of the raw series was also used to check for
constant variance across the series) if the variance appeared
non-constant, appropriate transformations were performed before
proceeding. (7) Theoreticil auto and partial autocorrelation functions
corresponding to various ARIMA models have been identified. A preliminary
ARIMA (p,d,g9)(P,D,0)s model was identlcied on the basis of an examination
of the estimated auto and partial autocorrelations, assessing the degree
to which the actual autocorrelations fit one of the theoretically expected
patterns.

After the order of the ARIMA model was identified on the basis
of a plot of the raw data and the auto and partial autocorrelation
functions, preliminary estimates of the parameters of the identified model
were calculated on the basis 0" the estimated autocorrelations. These
preliminary estimates were input as starting values to obtain maximum
likelihood estimates of the parameters using a non-linear iterative
computer estimation program. \8)

Following the initial estimation of an ARIMA modal is perhaps
the most irportant step in the Box-Jenkins modeling strategy. The
estimated model must be evaluated with regard to its parsimcny and its
ability to account for .1 of the autocorrelation patterns in tre original

series. Ttere are several considerations in assessing model adequacy.



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

The nature of any inadequacies observed were used to re-speofy
the model. After re-speafication, preliminary estimates of the
parameters of the revised model were calculated. Maximum likelihood
estimates were obtained, and the revised model »as evaiuatec according to
the above criteria. If the model was still inadequate, the specification,
estimation, and evaluation steps we'e repeated again! if more than one
model was adequate by these criteria, the model with the lowest sum of
squares was selected. Using such an iterative procedure of model
betiding, a parsimonious model, accounting for all of the significant
autocorrelation patterns in the series, was obtained.

All of the ipecfic ARIMA models fit to the series were
variations o* the underlying model which views a particular time-series as
a realization of a general discrete linear stochastic process (Nelson,
PTI120+)31, In modeling a time-series as a realization of a discrete
linear stochastic process, one assumes that the ture'ser;rs is stationary,
that is, that the series has a constant mean, *hat all random errors



in equation 1) are independently drawn from the same distribution over
tune and thus are characterized by constant variance, and that the
autocnvariances are constant over tune, depending only on the extent sf
lag between the observations. If one adds the assumption of normally
distributed errors, what is referred t- as strict stationarlty is

achieved. The assumption of a constant mean in the original series is not
strictly required, because the model rerwuns appropriate provided a
constant mean is obtained after using the appropriate differencing factors
on the original series. <9y If aconstant mean is obtained after
differencing, the series is said to exhibit "homogeneous non-stationary
behavior" (Box and Jenkins, 1¥7611 >

The discussion of statistical conclusion validity in Appendix B
notes the importance of ensuring that the data under investigation meet
the assumptions of the statistical procedures used. An important strength
of the Box-Jenkins modeling strateqy is that an assessment of the extent
to which "he assumptions are met is explicitly included in the model
building process. Thus, \fter each particular model was specned and
estimated, the residuals were examined to ensure that they were «Mte
noise <te. independent!." distributed with cons* *nt variance*. (10 The
assurance that the ast metions of the model were met was an import m|
fac*or increasing tn« statistical conclusion validity o+ the study
findings.

After an optimal APIMA model o the series was identified,
transfer functions repress**v\g "he h) ‘ ithestxed effects ¢~ the drinking
K* chenges were *dded to the ARIMA noise <~cPel. T»e gmeal f-rm of the
trmsfer fvmcttrn is



whar# wg to ug and '1 todr specify the manner in which the
"Input* or independent variable ~ influences tha "output" or dependent
variable Yc , 3 it the backshift optrator such that B(:t >equals
It »* either asttp function with the value zero before tha intervention
and or* thereaftc ', or a pulsa function with tna valua cna for tha month
in which tha intarvsntlan begins and zaro otherwise, end a is a dala/
paramatar indicating tha langth of lag cr "daad tima" between tha
intarvantion ard tha Initial affacts of tha intarvantion (Hibbs,
| >TT114%1,

Tha two main intarvantions of intarast in tha prasant
Invastigation war# tha lowaring of tha lagal drinking aga in January of
1*¥72 and tha raising of tha drinking aga in Dacampar 1*78. In addition,
sinca it hat baan astablishad that the fual thcrtag*. national minimum
lagal spaad limit reduction, and related factors of aarly 1*74 rasultad in
a reduction in motor vehicle crashes (Borg at a!.. 1*76? Burnt: at al.,
1*7T] Carpenter, 1¥74, |*r?" qu; and Himn. p7e1 Cart, [*77J Kahana. 1*7?,
Klain at al., 1*?*: O Day at al.,, 1>73; Setla at al., I*77j Tofany, 1*7?,
vnites Statas Capartmant of Trans* ortaticn. : s-3; Vfiorkowski and Had. »ard,
1*¥771. a trantfar function representing tha affacts of this aajcr
exogenous influence on tha frequency of traffic accidents «ai included in
tha *ial/sat o< thosa variables exhibiting a Jaaaaaa in fri wincy .n
aarly 1¥74. i|]i Eachof tha eic”encut factors was modeled with a simple
form of tha janaral transfar function medal shown in aquation 2 »



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

Two forms of the general transfer function model (equation 2)
were also considered to acccvmr for the fuel shortage ahd related factors.
Existing literature on the impact of the everts of early 1*74 re.taled an
abrupt reduction in crashes, with a substantial portion of the impact
dissipating over tune, although a demonstrable permanent crash rr fstailt/
reduction was evident .0 Day et al.. 147*; Seila et 41..¥77* United



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

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



States Department of Transportation, 1973! Wiorkowski and Heckhard, 1977),
As a result, both the abrupt permanent impact model (Figures 3.3 and 3.4)
and the abrupt temporary impact model (Figures 3.5 and 3.6) were

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

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

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

related factcrs of early 1974,

The transfer functions representing hypotnesned intervention
effect” were combined with the identified ARIMA model appropriate for a
particular dependent variable and the combined model parameters were
simultaneously estimated using a non-linear iterative computer estimation
program developed by Eox and Jenkins (1970, 1976) and marketed by National
CSS, Incorporated (1974), (13) The general form of the combined
ARIMA/transfer function model (depicting only one transfer function)

applied to each dependent time-serie* variable is

Mtm M Inii Hf

NsIM tMJHA) aortal re*ciloal my»»l
@ [y o -y . e g
[ - r«' o rfs;r>« - #l«- .. *«Pmi esVu e 0 -»ee . o]

The estimation results of the combined model were evaluated on
the basis of the same criteria used to evaluate the preliminary noise
model. Additional criteria were applied to the transfer function
parameters. First, estimates of d had to be within the limits rt<\uir»a
for syst-*m stability (Box and Jenkins, P76J346). Seccno, the parameter
estimates had to be interpretable in terms of theoretical expectations and

known characteristics of the dependent variable. For example, the



Figure 3.5 Negative Impact Pattern Estimated by the
rsb (1,0,0) Transfer Function Model with
a Pulse Function Input

Figure 3.6 Positive Impact Pattern Estimated by the
rsb (1,0,0) Transfer Function Model with
a Pulse Function Input



estimate of  should not be negative, indicating an oeallating impact
pattern. The estimate of 5] also should not be extremely dose to unity
in an rsb (1,0,0) model with a step function input, since such a result
implies a permanent change In slope of the dependent variable associated
with the Intervention. An estimateo intervention Impact of a change from
a positive or zero slope to a negative slope, for example, would imply
that at some point after the intervention no more accidents would occur,
since a line with a negative slope eventually crosses the x-axis.

Inadequacies in the combined model, detected when evaluating the
estimation results, were used to guide ra-specification of the model. The
specification, estimation, and evaluation process was continued until an
adequate model was obtained, The values of the transfer function
parameter estimates of the final model, along with unbiased estimates of
their standard errors, were used to determine the existence of any effects
of the interventions, and, where intervention effects were evident, to
assess the direction and magnitude of the impact in terms of the number of
crashes apparently caused by or prevented by the intervention.

In summary, the data analysis analysis strategy was as follows.
First, an ARIMA noise model was built by repeating the specification,
estimation, end evaluation process until an adequate model was obtained.
Second, transfer functions for the raised dnntung age and the 1*74 fuel
shortage were added to the noise model and the cambiited noise and
intervention model was estimated. The combined model was evaluated and
tN* re-speafication, estimation, and evaluation process was repeated
cnttil an adequate model was obtained. The statistical significance a'd
magnitude of the transfer function parameter estimates were used t|



identify the impa.*t of of the raised legal drinking age on that particular

time-series dependent variable. This data analysis strategy was repeated

for each dependent variable, and the results of these analyses were
compared across experimental age groups (16-17 and 13-20) and comparison

age groups (21-24 and 27-45) as called for in the research design.



Notes to Chapter 3.0

1. The Michigan State Police master files contained
approximately 625,000 cases (vehicles) per year. The selection of a 20
percent random sample reduced the number of cases to about 125,000 per
year .

2. Traffic units excluded from the time-senes included busses,
farm or construction equipment, pedalcydes, pedestnar s, and other
miscel laneous motor vehicles and non-motor vehicles included in the
original Michigan State Police files.

3. The results of chemical tests for blood alcohol
concentration was another potential measure of alcohol-related acddents.
However, since more than 75 percent of all crash-involved drivers in
Michigan reported as "had been drinking”“were not tested for blood alcohol
concentration (Flora et al., 1973), this measure was of limited utility
for the present investigation.

4. As with the crash files, only drivers of passenger cars,
trucks, and motorcycles were included in the fatal crash variables.

5. Reid provided evtdence of the superiority of the Box-Jenkins
methodology by applying five different time-senes analysis and
forecasting techniques to 113 different series. In the great majority of
the applications, the Box-Jenkins techniques produced the smallest
residual error variances. The Box-Jenkins techniques performed especially
well with long series characterized by seasonal components (cited in
Kendall, 19735125-127). Other assessments of time-senes analysis
techniques generally support the superiority of the Box-Jenkins methods
(see Vigderhcut, 1*77 for a brief review).

6. See Glass, Willson and Gottman (1*75:44) for a description
of possible intervention effect patterns.

7. Range-mean plots can also be used to check for non-constant
variance.

8. The program used for this stage of the analysis is
BSADrriME. developed by The University of Michigan, School of Business
Administration.

*. Differencing refers to the calculation of the differnce or
charge between adjacent observations m the series. For example, the
first difference of aseries \ isYt - Yt the second difference of
a series is the first difference uf the first differences.



10. A more general discussion of the importance of examining
residuals to ensure that assumptions were not violated was provided by
Draper and Smith (1966).

11. Similar effects of fuel shortages and reduced speed limits
have been found in other developed countries such as Australia (Road
Safety and Traffic Authority of Victoria, Australia, 1978), Great Britain
(Scott and Berton, 1976), and New Zealand (Toomoth, 1975).

12. Techniques for specifying the form of the transfer function
model on the basis of the cross correlations between the input and output
series (following similar principles as outlined above for the
specification of ARIMA models), have been proposed (Box and Jenkins, 1976!
Haugh and Box, 1977). However, these procedures require the variance of
the input series to be similar in magnitude to the variance of the output
series. Since this investigation involves dummy input variables and
outnut accident variables with large variances, such empirical transfer
function indentification procedures could not be used. Instead, transfer
function models were specified a priori on the basis of theoretical
expectations, and assessed within an hypothesis testing framework.

13. Those models which were linear in the parameters were
estimated using a conventional OLS regression program.
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18-20 year old drivers in Michigan From January 1972 through December
1978.

Based on the plot of the raw data series for the baseline 1972
through 1973 period (Figure 4.1), it appeared that there was no dominant
trend or other ncn-stationaritiss in the level of the series. A strong
seasonal component was evident, with the frequency of 3FS collisions
regularly high in the summer months and low in the winter months. The raw
data plot does not reveal any systematic changes in the variance of the
series over time, obviating the need for data transformations.

The second step in the ARIMA model identification process is the
examination of the autocorrelation function of the data senes, shown in
Figure 4.2. Significant autocorrelations were evident at lags 1, 11, 12,
and 24. The first two autocorrelations appeared to decay exponentially,
indicating the presence of a first-order auto-regressive component. The
seasonal autocorrelations at lags 12, 24, and 36 also exhibited a decaying
pattern, indicating the presence of a first-order seasonal auto-regressive
component.

In addition to the autocorrelation function, the partial
autocorrelation function was used to identify a preliminary noise model
for each wash frequency time-senes. The partial aul-:ccrre«ation
function for 3FS crash frequency among 13-20 year o.d drivers supported
the identification of he ARIMA <1,0,0X1,0,0)12 model. (1) The partial
autocorrelation function (Figure 4.3) had spikes at lags 1 and 12, with a
drop off after the first lag and a drop off at the seasonal lags after lag
12, the pattern theoretically expected from an ARIMA (1*0,0X1,0,0)12

model .



w"™1 "-H

r
<
AWTOCCAAELATIONS
GIrLAINCING: 2 VAAIASLC: 9
g%gNA'. gl LSCNCING; 6 U210: £3513 C
NAL SPAN: a CACS:  1- 84
-1.0 0
LAG  VALUE L9
1 9.5889 =
2 9.2331 =
3 -9.9377 = -
4 -9.1243 =
3 -8.8171 = -
8 9.9233 =
7 -9.0843 m -—
8 -0.1232 =
9 -*.1327 te
Id 0.9947 = -
11 0.3737 = .
12 0.5779 = -
13 9.3853 = (
14 0.0883 = -
13 -0.9934 v -— !
10 -0.1240 =
17 -0.9417 = -—
i« 0.034] =
19 -0.9382 = - -
‘i -a.0847 = -— -
21 -0.8372 = - a
22 0.1238 =
23 0.3378 = -
24 0.4417 = -
23 9.2190 = -
2¢_ 0.0030 =
- —= 1400 - -
> -0.1193 =
29 -0.2803 = - a
31 =0.0118 = - -
)1 -8.0794 = -— -
32 -0.1103 = -
32 =v.9901 -— -
34 0.0318 = -
33 0.1398 = -
38 0.1934 = -

Figure 4.2 Autocorrelation Function of the Frequency of Three-lactor-
surrogate Crash Involvement Anong 18 - 20 Year Old Orlvers



rAATIAL ACTwCSHJUUTXCIJIf

CXFFEAEnCING: a YAAXAILE:
SEASONAL DXFrEAENCXNC: | LaotL: MTFII.
SEASONAL SPAN: « CASES:’ 1

-1.8 8.8
VALUE 18
I.MIt
184
-4.205
41141
4.1452
4.4541
-4.2444
-8.4489
8114

°em OO WOW®WOWWO

.
O©Owo *

[o¢]
(o]
I-E w

4485 .

....88

41219
44511

B2 LR BN R BN BB R R RS BB EB 00000 o B
[00]
5
N

OO e*©O©-"
OO Voo

Figure 4.3 PirtUl AutocorrelAtlon Function of the Frequency of Tnree-



82

After the order of the ARIMA noise model was determined by
examining the autocorrelations and partial autocorrelations, preliminary
estimates of the identified model*s parameters were calculated on the
basis of the estimated autocorrelations using the formulae and charts
provided by Box and Jenkins (1976), (2) The preliminary estimates were
then input into an iterative maximum likelihood estimation computer
program, the results of which are presented in Table 4.1

The results of the APJMA model estimation were used to assess
the adequacy of the specified model on the basis of several criteria.

First, the parameter estimates were examined to ensure that the values of
the estimates were within acceptable limits determined by the
stationarity-invertability requirements of the particular model iflox and
Jenkins. 1*76). Second, the residual correlogram was examined for the

resence of significant autocorrelations, especially at the first few lags
or the seasonal lag. A ncn-signficant Q-statistic indicated that the
overall residual autocorrelation function was "flat,””that is, did not
deviate from rero autocorrelation mere than would be expected by chance
alone. In those cases where a significant O-statistic was obtained and/or
significant autocorrelations remained in the residuals, the residual
autoco"relaticn function was used to re-specify the model, and the revised
model was then re-estimated and re-evaluated.

Model adequacy is also indicated by parameter estimates that are
significantly different frtim zero. Table 4.1 reveals that the seasonal
euto-regresswe parameter and the first-order auto-regressive parameter
were significant. A fourth criterion for mcde! adequacy is the

correlation matrix of the parameter estimates. Very hign correlations



Table 4.1 ARIMA Model Estimation Results
Involvement Among 1C - 20 Year O0ld Drivers
ESTIMATION SUMMARY
DIFFERENCING: 0
SEASONAL DIFFERENCING! 0
SEASONAL SPAN: 12
TRANSFORMATIONS: NONE
PARAMETER PARAMETER BEGINNING
NUMBER TYPE ORDER VALUE
1 DELTA 0.10000E+0 3
2 AR 1 0.57000E400
3 ARS 1 0.5U000E-t0b
RESIDUAL AUTOCORRELATIONS: CASES
1- fi4
1- 1D -0.05 0.14 -0.03 -0.16
ST.E. 0.11 0.11 0.11 0.11
11- 21) 0.03 -0.06 0.09 -0.07
ST.E. 0.12 0.12 0.12 0.12

PARAMETER CORRELATION MATRIX

1 2 3
1 1.0000
2 -0.4922 1.0000

J -0.7507 -0.1776 1.C000

In Michigan

o

.13 0.
.11 0.

.31
.12 0.

ESTIMATED

VALUE

.254 40E+02
.58347E+00
.64 463E+00

DF
17

03
12

.02
12

for the Frequency of Three-factor-surrogate Crash

TERMINATION:SSQ CONVERGENCE

VARIABLE: 9
LABEL:F3S18.C
CASES; 1- 84

ADJUSTED SSQ .0.25763E f05

95 PER CENT
LOWER LIMIT UPPER LIMIT

0.85864B+01 0.42295E»02
0.2904 3E+01°" 0.71651E-1 00
0.4 3596E+00 0. 85330E+ 00
0 SI1G
0.10281E+02 .8914
-0.04 -0.04 -0.12 -0.04
0.12 0.12 0.12 0.12
-0.11 0.11 -0.05 0.01
0.12 0.12 0.12 0.12



between the parameters may be an indication of redundancy in the model
that could be reduced by simplifications in the specified model. Gne
consequence of high parameter correlations, according to McCleary and Hay
(1980:303), is that the num of squares function

. .may not have une clearly defined minimum, but rather

several minima, each associated with a particular

configuration of the "edundant parameters. When the

(non-linear estimation) algorithm attempts to solve a

function of this sort, it may oscillate between several

minima without ever converging.

Although the correlation between the seasonal auto-regressive and the
constant terms was relatively high (-.76), the decision was made to retain
the constant term in the preliminary noise model and reassess the need for
the constant term when the combined ARIMA/transfer function model was
evaluated.

For several of the variables examined in the present study, an
examination of the autocorrelations and partial autocorrelations for the
appropriately transformed and differenced data revealed that more than one
model could plausibly be specified to account for the observed pattern of
serial correlations. In such cases maximum likelihood parameter estimates
were obtained er each plausible model. Each model was assessed using the
criteria d'scussed above and any modified models that appeared necessary
were also evaluated. If more than one resulting ARIMA mcdel met all of
the evaluative criteria, the model with the lowest sum of squares was
selected to represent the basehne series.

The second major stage of the Box-Jenkins intervention analysis
strateqy is the identification, estimation, and evaluation of a transfer

function medel to describe the nature of the intervention impact on the



criterion variable. The Form of the initial transfer functions for each

of the accident series was selected on the basis of the hypothesized
intervention effects. The major exogenous factor of interest* the raised
legal drinking age, was represented by an abrupt, permanent impact pattern
transfer function model.

A second major exogenous factor influencng the frequency of
motor vehicle crashes between 1972 anr 1979 was the fuel shortage and
maximum legal speed limit reduction of early 1974. To reduce the residual
error variance and more accurately assess the impact of the raised
drinking age, a first-order dynamic transfer function was included to
account for the changes in crash frequency associated with the events of
early 1=74,

In summary, the complete model included: (A) a transfer
function for the determination of the raised drinking age impact, (B) a
dynamic transfer function controlling for the effects of the fuel
shortage/speed limit reduction of P74, and (C) a parsimonious ARIMA model
controlling for trends, seasonality, and other autocorrelation components
in the criterion time-senes. The parameters of this combined model were
simultaneously estimated.

The estimation results are presented in Table 4.2. Since the
estimate of the constant term was net significantly different from zero,
it was likely that a more parsimonious model, without a constant term,
would also adequately account for the pattern of crash frequency over
time. The moderately high correlations between the constant and the
auto-regressive parameters noted earlier <Table 4,1), indicated that the

sum squares function might not have a steep depression Put rather a



Table =2 Initial Estimation
ARIMA/Transfer Function Model
Crash Frequency Among Drivers

Noise Model: ARIMA (1,0,0)(3,
transformations
Fuel Shortage Transfer Functio
function input

Raised Drinking Age Transfer Function:

step function input

Parameter Estimates

Fuel Shortage w - -17
« -
Raised Drinking Age w o» -29
N
Ti-
a - 12.

Results for Combined
of Three-factor-surrogate

Aged 18

20

0,0)12 with no

n: rsb (1,0,0) with pulse

.27
.71
.86

.34
.74

91

rsb (0,0,0) with

Standard Errors
14.03
.39
8.34
A1
.09
13.27



shallow trough. Based on these considerations! the model*s parameters
were re-estimated without a constant term included. The results,
presented in Table 4.3, indicated that the model adequately and
parsimoniously accounted for the frequency of 3FS crasnes amor vers
aged 18-20 over the 1972 through 197? time period (Figure 4,4 &,
the noise model parameters and the auto-regressive parameter * e fuel
shortage transfer function met the requirements for system stability.
Second, the noise model parameters were significantly different from zero.
Third, none of the residual autocorrelations were significantly different
from zero (the O-statistic was 13.01 for lags one through 24| p>.03).
Fourth, all of the parameter correlations were .37 or less. Finally, the
full model accounted for about 67 percent of the variance of the raw
time* series. The goodness of fit of the model to the data can be seen in
Figure 4.3, where the actual crash frequency and the frequency predicted
by the final model are plotted on the same graph.

On the basis of the criteria discussed above, it was dear that
an adequate model of the frequency of 3FS crashes among drivers 13-20 had
been achieved, and the model could therefore be used to assess the changes
in crash frequency associated with raising the legal minimum drinking age.
The estimation results indicated that after the drinking age was raised in
December of 1773, there was an average reduction of 27.3 crashes per month
in the time-senes analyzed (Table 4.3l this effect was statistically
significant with p<C.0l. The average monthly reduction of 27.3 crashes over
the first 12 months after the drinking age was raised represents a 17.74
percent reduction tn late-night, single-vehide, male, 13-20 year old

driver crash involvements when compared to the frequency of such crashes
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Table 4.3 Final Estimation Results for Combined
ARIMA/Tiw.isfec Function Model of Three-factor-surrogate
Crash Frequency Among Drivers Aged 18 - 20

Noise Model: ARIMA (1,0,0)(1,0,0) 12 with no
transformations

Fuel Shortage Transfer Function: rsb (1,0,0) with pulse
function input

Raised Drinking Age Transfer Furction: rsb (0,0,0) with
step function input

Parameter Estimates Standard Errors

Fuel Shortage u -16.91 14.10

6 <« .71 .40

Raised Dr inking Age W = -27_50 8.06

o= .35 11

1 9 .73 .09
Res idual Variance m 320 R-sqr - .67 Q - 18.01
Res idual Autocorrelations: Approx. standard error - .11
1:-.09 2: .19 3: .00 4:-.17 5 .08
6 :-.07 7:-.07 8 :-.03 9:-.08 10 -.07
11: .13 12 :-.17 13: .07 14 :-.05 15 -.06
16: -.03 17: -.13 18: -.04 19:-.03 20 -.07

21:-.01 22:-.09 23: .08 24: .13
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expected had there been no change in the drinking age. The 17.74 percent
reduction in crashes can be interpreted as the net effect associated with
the raised drinking age, controlling for the effects of (A) the fuel
shortage/speed limit reduction of early 1974, (3) trend and seasonal
variation in crash frequency, and (C) random variation in the frequency of
motor vehicle crashes.

However, the drinking age transfer function estimate of -27.5
crashes cannot be directly used as a point estimate of the actual number
of 3FS crashes prevented by raising the drinking age, since the mcdel was
estimated using a time-series based on a random 20 percent sample of all
reported crashes. The best point estimate of the actual number of crashes
prevented by the legal change is obtained by multiplying the transfer
function point estimate (i.e., -27.5) by the inverse of the sampling
fraction (i.e., 5), resulting in the estimate of 137.5 crash involvements
per month prevented by the legal change. Over the first twelve months
after the drinking age was raised, therefore, an estimated 1650 3FS
crashes among 19-20 year old drivers were prevented.

Although not the focus of the present investigation, the full
model results presented m Table 4.3 also provide information concerning
changes in 3FS crashes associated with the fuel shortage/speed limit
factors. The results indicated that a statistically non-significant,
temporary reduction in 3FS crashes occurred in early 1°74. It should be
noted, however, that the fuel shortage/speed limit effect estimates based
on the analysis of 1972 through 177* crash frequencies should be
interpre* d with caution, since the po nt estimates were based on a short

baseline series. As discussed m Chapter 3,0, the main purposes for



including the transfer function for the fuel shortage/speed limit effects
in the analyses were! (A) to determine the effects associated with the
modifications in the legal drinking age independent of the well
established impact of the fuel shortage and speed limit reduction, and (B)
to reduce the residual error variance (and consequenctly increase the
precision of the drinking age parameter estimates) by accounting for this
major exogenous shock to the system causing the crash time-senes.

In summary, the iterative specfu... ion, estimation, and
evaluation strategy of modeling time-series suggested by Box and Jenkins
resulted inan ARIMA model that adequately represented the autocorrelation
structure of the monthly frequency of 3FS crashes among 13-20 year old
drivers. The ARIMA model was combined with two transfer functions,
representing the effects of the 1974 fuel shortage/speed limit reduction
and the hypothesized effects of raising the legal minimum drinking age.
The iterative speaficaton, estimation, evaluation process was repeated
for the combined ARIMA/transfer function model. The fin*l resulting model
revealed a highly significant reduction in 3F3 crash frequency associated
with raising tne drinking age, with a magnitude of appro®cim itely 18

percent, or 137.5 crash involvements per month.

4.2 Time-series Models of Michigan Total Crash Frequence*, 1*72 - I<7M
The iterative model building strategy was applied to earr of the

time-series Included in the full design matrix (see Table 3.1). 1 e

estimation results for each of the variables based on 20 pet z*n*

random sample file are presented below. Included for each variable are!

(A) a plot of the raw series (Figures 4.6 to 4.15), and (B) the final



combined ARIMA/transfer function model estimation results (Tables 4,4 to
4.14), (3 The full complement of diagnostic statistics are included for
each model, verifying its appropriateness for estimation of the effect of
the raised drinking age,

The first hypothesis of this investigation was that raising the
legal minimum drinking age would result in reduced alcohol-related traffic
crashes among 18-20 year old drivers. The time-series modeling results,
summarze-J in Table 4,15, revealed highly significant reductions both in
police-reported had-been-drinking crashes and three-factor-surrogate
alcohol-related crashes among 13-20 year old drivers after the drinking
age was raised. Police-reported HBD crashes dropped by 30.72 percent, and
3FS crashes were down by 17.75 percent from what would have been expected
had there been no drinking age change. (4

The mam "control" series specific to 13-20 year old drivers was
the frequency of police-reported "had not been drinking" crashes. A small
reduction in HNBD crashes was evident, but it was not statistically
significant and small in magnitude compared to the drop in the frequency
of KBD or 3F5 crashes (Table 4,15>. The observed ubstantial reductions
in HBD and 3FS alcohol-related crash frequencies, rnd no significant
change in HNBD non-alcohol-related crashes, provided strong support for
hypothesis cne, that is, that the raised legal drinking age caused a
reduction in alcohol-related traffic accidents among drivers aged 13-20.

It was also hypothesized that the raided legal drinking age
would cause a reduction m alcohol-related crash involvement among drivers
aged 16-17. Analyses of 3FS crashes among drivers of this age group

revealed a significant reduction associated with the raised legal age
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Figure 4.6

Frequency of llad-been-drinking Crash Involvement Among 10 - 20
Year Old Orlvers In Michigan, 1972 - 1979



Table 4.4 Final Estimation Results for Combined

ARIMA/Transfer Function Model of Hac-teen-arinking Crash
frequency Among Drivers Aged 18-23

Noise Model: ARIMA (3,0 "1,0,0) 12 with 1log
transformation

Fuel Shortage Transfer Function: rsb (0,0,0) with four
month pulse function input
Raised Drinking Age Transfer Function: rsb (0,0,0) with

step function 1input

Parameter Estimates Standard Errors

Fuel Shortage u m __293 .055

Raised Drinking Age u m-_367 .063

*] - .080 .113

2% .021 .112

+3m .335 .113

rl- .792 .084

a m 331 .195
Residual Variance m _0165 R-sqr m .77 g 2 27.75
Residual Autocorrelations: Approx. standard error m .11
1 -.04 2 .02 3 02 4: .03 5:-.09
0 .02 7 .12 8 10 9:-.21 10: .10
11 .10 12 -.19 13 31 14: .05 15:-.10
16 -.16 17 -.07 18 11 19:-.06 20:-.05

21 .07 22 -.19 23 07 24: .07
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Table 4.5 Final Estimation Results for Combined
ARIMA/Transfer Function Model of Three-factor-surrogate
Crash Frequency Among Drivers Aged 16 - 17

Noise Model: ARIMA (0,0,0) (1,1,0) 12 with no
transformations

Raised Drink"ng Age Transfer Function: rsb (0,0,0) wit.i
step function input

Parameter Estimates Standard Errors
Raised Drinking Age u *» -9.45 3.05
Ti- -.50 .10
Residual Varianr.e * 112 R-sqr - .65 Q - 20.26
Residual Autocorrelations: Approx. standard error m .11
1:-.11 2: .10 3:-.16 4: .04 5:-.24
6: .05 7:- .15 g§: .11 9:-.02 10:-.04
11: .13 12:-.11 13 :-.04 14:-.06 Ip- .09
16:-.17 17: .07 18 :-.02 19: .09 20:-.10

21: .00 22 .07 23 : .09 24:-_16
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Table 4.6 Final Estimation Results for Combined
AftIMA/Transfer Function Model of Reported Had-been-

drinking Crash Frequency Among Drivers Aged 16 - 17

Noise Model: ARIMA (1,0,0) (1,0,0)12 with no
transformations

Fuel Shortage Transfer Function: rsb (1,0,0) with pulse
function 1input

Raised Drinking Age Transfer Function: rsb (0,0,0) with
step function input

Parameter Estimates Standard Errors
Fuel Shortage « . - 1.08 5.10
« .90 .13
Raised Drinking Age u - - 3.40 3.36
ot- .19 .12
1*1<“ .54 .10
a - 4.56 2.82
Residual Variance mm 75 R-sqr = .57 Q - 22.38
Rqsidual Autocorrelations: Approx. standard error » .11
i .01 2: .05 3: .04 4: .05 5:-.02
6:-.17 7:-.02 8: .09 9:-.15 10: .15
11: .15 12:-.17 13: .15 14: .10 15: .06
16:-.12 17:-.06 18: .04 19:-.22 20:-.09

21:-.03 22:-.01 23: .04 24: .10



Figure 4.9 Frequency of Had-not-been-drinklng Crash Involvement Among 10 - 20
Year Old Orlvers In Michigan, 1972 - 1979



Table 4.7 Final Estimation Results for Combined
ARIMA/Tcansfer Function Model of Reported Had-not-been
drinking Crasn Frequency Among Drivers Aged 18 - 28

Noise Model: ARIMA (1,0,0)(1,0,0)12 with no
transformations

Fuel Shortage Transfer Function: rsb (0,0,0) with step
function input

Raised Drinking Age Transfer Function: rsb (0,0,0) with
step function input

Parameter Estimates Standard Error
Fuel Shortage w m-06.05 73.13
Raised Drinking Age & * -92.05 65.59
ol- .33 .11
Ti- .74 .08
Res tdual Variance m 22 728 R-sqr mm .66 0 - 25.9
Residual Autocorrelations: Approx. standard error m _1
1: .01 2:-.13 3: .19 4:-.05 5. .00
6: .02 7: .08 8: .02 9:-.09 10: .05
11: .16 12:-.17 13: .20 14: .20 15:-.19
16: .07 17: .04 18:-.11 19: .02 20:-.10

21.-.07 22:-.10 23:-.10 24: .13
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Table 4.8 Final Estimation Results for Combined
ARIMA/Transfer Function Model of Reported Had-not-been-

drinking Crash Frequency Among Drivers Aged 16 - 17

Noise Model: ARIMA (070,0) (1,1,0)12 with no
transformations

Fuel Shortage Transfer Function: rsb (0/0,8) with step
function input

Raised Drinking Age Transfer Function: rsb (0/0,0) with
step function input

Parameter Estimates Standard Error
Fuel Shortage w * -41.92 26.50
Raised Drinking Age u = -55.98 27.16
ri» -.27 .13
Residual Variance - 8300 R-sqr - .68 Q - 16.4
Residual Autocorrelations: Approx. standard error m .1
1: .05 2: .13 3: .21 4: .05 5: .04
6:-.04 7:-.05 8:-.06 9: .09 10 :-.03
11: .10 12:-.05 13: .14 14: .05 15 :-. 09
16: .07 17:-.03 18:-.06 19:-.10 20 :-.06
21:-.10 22:-.20 23:-.16 24:-.04
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Figure 4.11 Frequency of Three-factor-surrogate Crash Involvement Among 21 - 24
Year Old Driver' In Michigan, 1972 - 1979
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Table 4.9 Final Estimation Results for Combined
ARIMA/Transfer Function Model of Three-factor-surrogate

Crash Frequency Among Drivers Aged 21 - 24

Noise Model: ARIMA (0,0,2)(0,1,1)12 with no
transformations

Fuel Shortage Transfer Function: rsb (0,0,0) with

step function input

Raised Drinking Age Transfer Function: rsb (0,0,0) witn

step function input

Parameter Estimates

Fuel Shortage D * 7.07 6.14
Raised Drinking Age w o a 2.96 6.69
01 = -.10 .12

02 - -.33 .12

Ai- -50 .13

Residual Variance « 241 R-sqr - .66 Q -
Residual Autocorrelations: Approx. standard error
1: -.02 2:-.09 3 .12 4:-.12 5
6: .18 7: .04 8 .09 9: .11 10
11: .03 12:-.02 13 -.01 14: .16 15
16: .03 17:-.03 18 -.12 19:-.03 20

21: .03 22: .06 23 .15 24:-.14

Standard Errors

20.63

- .11
.01

-.29
.08
.14






Table 4.13 Final
ARIMA/Transfer Function Model

Estimation Results for Combined
of Reported Had-been-

drinking Crash Frequency Among Drivers Aged 21 - 24

Noise Model: ARIMA
transformation
Raised Drinking Age

step function input

Parameter Estimates

Raised Drinking Age u « .09
Ti- .002
Residual Variance - .0247 R-sqr
Residual Autocorrelations: Approx.
1: .06 2:-.09 3: .10
6: .02 7: .18 8: .03
11: .05 1?7:-.36 13 :- .06
16: .03 17: .06 18 .06
21: .05 22:-.05 23 :- .10

(0,0,0) (1,1,0)12 with

Transfer Function:

log

rsb (0,0,0) with

Standard Error

.05

.009
- .52 Q - 26.6
standard error m _1
4: .08 5:-.02
9: .00 10: .10
14: .17 15:-.04
19:-.22 20:-.06
24:- .03
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Table 4.11 Final Estimation Results for Combined
ARIMA/Transfer Function Model of Three-factor-surrogate
Crash Frequency Among Drivers Aged 25 - 45

Noise Model: ARIMA t2,0,0) (1,1,0)12 with no
transformations

Raised Drinking Age Transfer Function: rsb (0,0,0) with
*tep function 1input

Parameter Estimates Standard Errors

Raised Drinking Age H m 3.00 12.22

ol =< .09 .12

o .35 .12

Ti " -.44 .11
Residual Variance * 613 R-sqr - .68 Q - 21.39
Residual Autocorrelations: Approx. standard error - _11
T:-.10 2:-.05 3: .02 4:-.14 5 .04
6: .00 7: .03 8:-.02 9:-.11 10 -.01
11:-.09 12:-.07 13: .04 14:-.10 15 .07
16:-.18 17:-.06 18: .03 19:-.06 20 .09

21: .02 22:-.11 23: .33 24:-.24



Figure 4.14 Frequency of llad-been-drinkIng Crash Involve*,., t Among 25 - 45
Year Old Drivers In Michigan, 1972 - 1979



Table 4.12 Final Estimation Results for Combined
ARIMA/Transfer Function Model of Reported Had-been-
drinking Crash Frequency Among Drivers Aged 25 - 45

Noise Model: ARIMA (1,0,0) (1,0 ,0) 12 with no
transformations

Fuel Shortage Transfer Function: rsb (0,0,0) with step
function 1input

Raised Drinking Age Transfer Function: rsb (0,0,0) with

stej. function input

Parameter Estimates Standard Errors
Fuel Shortage UL = - 46 49 "9.02
Raised Drinking Age a m 21.12 16.92
. ol- .36 .10
TI- .73 .08
Residual Variance - 1401 R-sqr - .66 Q - 17.6
Residual Autocorrelations: Aporox. standard error m .1
1:-.02 2:-.04 3 .25 4: .02 5 .05
6: .11 7: .00 8 -.05 9: .02 30 .19
11: .04 12:-.16 13 -.03 14: .12 15 -.07
16:-.65 J": .05 18 -.12 19:-.02 20 .07

21:-.07 .o.-212 23 .05 24: .04
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Figure 4.15 Frequency of llad-not-beon-drinkiny Crash Involvement Anong
2l - 24 Year Old Drivers In Michigan, 1972 - 1979



Table 4.13 Final Estimation Results for Combined

ARIMA/Transfer Function Model of Reported Had-not-been-
drinking Crash Frequency Among Drivers Aged 21 - 24

Noise Model: ARIMA (1,0,0) (1,0,0) 12 with no
transformations

Fuel Shortage Transfer Functicn: rsb (0,0,0) with step
function input

Raised Drinking Age Transfer “unction: rsb (0,0,0) with
step function 1input

Parameter Estimates Standard Errors
FuelShortage »> » -60.41 78 .36
RaisedDrinking Age w m  -42_.32 69.24

¢i- .37 11

Pg * .74 .09
Residual Variance mm 23,244 R-sgr - .69 Q = 17.82
Residual Autocorrelations: Approx. standard error m _11
1: .00 2: -.04 3: .15 4: .05 5 -.04
6: -.01 7: .05 8:-.02 9:-.03 10 .07
11: .18 12: -.10 13: .26 14: .14 15 -.13
16: -.01 17: .02 18: -.06 19:--.05 20 -.09

21: -.02 22: -.07 23: -.06 24: .38
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Figure <1.16 Frequency of Had-not-bcon-driInkIng Crash Invc Ivcmcnt Among 25 - 45
tear Old Drivers In Michigan, 1972 - 1979



Table 4.14 Final Estimation Results for Combined
ARIMA/Transfer Function Model of Reported Had-not-been-
drinking Crash Frequency Among Drivers Aged 25 - 45

Noise Model: ARIMA (1,3,0)(1,0,0)12 with no
transformations

Fuel Shortage Transfer Function: rsb (0,0,0) with step
function 1input
Raised Drinking Age Transfer Function: rsb (0,0,0) with

step function 1input

Parameter Estimates Standard Errors
Fuel Shortage we -57.17 163.08
Raised Drinking Age we-147_.34 179.46
.32 .11
fj* .80 .18
Residual Variance mm 145,979 R-sqr » .72 0O = 23.89
Residual Autocorrelations: Approx. standard error = .11
1: .80 2:-.03 3: 16 4: .09 5: .01
6:-.02 7: .03 8: 08 9:-.01 10: .06
11: .27 12:-.14 13: 19 14: .19 15:-.10
16: -.09 17:-.02 18: 06 19:-.08 20:-.06

21: -.02 22:-.02 23: 17 24: .14



Table 4.15 Summary of Transfer Function Estimates of the Impact of the Raised Legal
Drinking Age on a 20 Percent Random Sample of Motor Vehicle Crashes 1in Michigan

Age of Driver

16 - 17 18 - 20 21 - 24 25 - 45

HNBD Crashes -56.0 (27.2)* -92.0 (65.6) ~42.3  (69.2) -147.3 (179.5)
-7.11 -6.01 ~3.3% -4 .5%

HBD Crashes -3.4 (3.4) -.376 (.063)** .09 (.05)* 21.1 (16.9)
~7.4% ~30.7% 49 4% 45 . 4%

3PS Crashes ~9.5 (3.1) =  -27.5 (8.1) e 3.0 (6.7) 3.0 (12.2)
~14.7% ~17.7% 42.3% 41.3%

Notcot 1. Standard errors aro in parentheses following each point estimate.

2. Point estimates significant at the .05 level are identified with a single
asterisk, those significant at the 01 level are identified with double
asterisks, using a one-tailed test.

3. Percertage change figures are included below the transfer function
est imates



(Table 4,15). The frequency of 3FS crash-involved drivers was down an
average of 47.25 crashes per month aver the first year after the drinking
age was /aised. Theestimatea reduction of 567 crash involvements over
the first 12 months following implementation of the raised drinking age
(i.e. 47.25 per month for 12 months), represents a 14,74 percent decrease
from what one would have expected on the basis of the 7 year baseline
period.

Analyses of police-reported HBD 16-17 year old crash-involved
drivers, however, indicated no significant change in frequency asscaated
with the raised drinking age change (Table 4,15). Although not
statistically significant, the raised drinking age transfer function
parameter estimate was in the expected direction, with an estimated
reduction of 17 I1BD driver involvements per month associated with raising
the legal drinking age.

Analyses of police-reported KNBD crash involvement of drivers
aged 16-17 identified a significant reduction in crash frequency
concomitant with the raised drinking age (Table 4,15). The estimated
average reduction of 280 crash involvements per month represents 7.12
percent fewer police-reported HNBD crash-involved drivers in P79 than one
would have expected given the P72 through 1978 baseline trends.

The finding of a significant dr ip in HNBD crash involvement and
no significant change in HBO crashes tmong 16-1? year old drivers appears
to indicate that raising the drinking ag » caused non-alcohol-related
crashes to increase with no effect on alcohol-related crashes. However,
it is important to remember that the HBD and KNBD variables were only

indicators of the underlying concepts. In Appendix B the threats to



internal validity of instrumentation anc seleciion-instrumentation
interaction, and the threats to construct validity of "mono-operation
bias" and "mono-method bias" are discussed. In short, all of these
validity threats are concerned with the extent to which the indicator used
(t.s, HBD/HNBD) is a consistent and valid measure of the concept
"alcohol-related crash involvement." These threats to valid causal
conclusions concerning the impact of the drinking age on youthful crash
involvement were reduced by the inclusion of the 3FS measure of
alcohol-related accidents.

In the present case, a significant drop in HNBD crash
involvement and no significant change in HBD crashes was found. At face
value, these findings suggest that there was a significant drop in
non-alcohol-related crash involvement among drivers aged 16-17 after the
drinking age was raised. A general reduction in crash involvement of the
age group due to some factor unrelated to the drinking age may account for
the significant drop in both HNBD and 3FS crash involvement. However, the
reduction in alcohol-related crashes as measured by the 3FS variable was
twice as large as the reduction in HNBD crashes, perhaps indicating that
the reduction in HNBD crashes was a result of a decrease in that
proportion of the HNBD series representing alcohol-related crashes that
were reported as HN5D. A proportion of alcohol-related crashes among 16-17
year olds may, in fact, have been included in the HNBD series because of
reluctance on the part of the investigating police officer to report the
presence of alcohol in a crash involving an underage driver. In any
event, support for the hypothesis was provided by analyses of the more

reliable 3F5 measure, and it was cautiously concluded that the raised



drinking age may have had some effect on alcohol-related collision
involvement among drivers aged 1S—17.

It was also hypothesized that the effect of the drinking age on
drivers aged 16-17 would be less than the impact on the focal 13-20 age
group. Comparisons of the analyses of the more reliable alcohol-related
crash indicator, the three-factor-surrogate, for the two age groups
revealed that the percentage reduction in crash frequency was somewhat
smaller for the 16-17 group than for 13-20 year old drivers (Table 4.15).
In addition, the decrease in HBD crashes for drivers aged 16-17 was much
smaller than the decrease identified for drivers aged 18-20. The findings
for the 16-17 age group, although indicative of some effect of the raised
drinking age, were more ambiguous than the dearcut effects observed for
the 18-20 age group, and the effect as measured by the 3FS variable was
smaller in magnitude for drivers aged 16-17 than for those ageo 13-20.
The results were consonant with the hypothesis that a raised le”al
drinking age has less effect on underage drivers than those directly
affected by the legal change.

In addition to examining the effect of the raised drinking age
on the frequency of alcohol-related crashes among 16-20 year old drivers,
the same measures of both alcohol-related and non-alcohol-related
accidents were examined for older drivers. Comparisons between the crash
experience of young drivers with the crash experience of older drivers
controls for the possibility that ooserved shifts in crash involvement
among young drivers were simply due to general downward shifts in
collision frequencies among all drivers. Summary results of the iterative

time-senes modeling process for the 3FS and HED measures of



alcohol-related crashes and the HNBD measure of non-alcohol-related
crashes* for drivers aged 21-24 and 25-45* are also presentea in Table
4,15. A significant increase of about 9 percent (p<*05) in HBD crash
involvement was identified for drivers aged 21-24. Although the other
measures of alcohol-related accidents for the comparison groups aged 21-24
and 25-45 revealed no significant changes, it was instructive to note that
they all had positive coefficients, compared to the consistently negative
coefficients for the HBD and 3FS measures for drivers under 21, The
differences between the younger and older drivers can be easily seen by
comparing the plot of HBD frequency for 18-20 year olds (Figure 4.6) with
the plot of HBD frequency for 21-24 year olds (Figure 4,12). A clear drop
occurred in 1979 for the 18-20 group, while the frequency for the 21-24
group increased. Such a pattern of findings further supports the
hypothesis that the reductions in alcohol-related crash involvement for
drivers under 21 was caused by some factor specific to that age group,
i.e., the legal drinking age, and not a result of general reduaons in
alcohol-related crash involvement for all drivers.

No statistically significant changes in HNBD crash involvement
were identified for drivers over the age of 21. Furthermore, an
examination of non-alcohol-related crash involvement across the four age
groups, revealed negative parameter estimates for all age groups (Table
4.15). Although only the estimated reduction in HNBD crash involvement
far drivers aged 16-17 was statistically significant, the consistently
negative estimates across all age groups indicated that there was a small
reduction in general crash involvement in 17°7°, The raw frequency plots

of HNBD crash involvement (Figures 4,0, 4.10, 4.15, and 4.16) demonstrated



the reduced HNBD frequency for all of the age groups in 1979 as compared
to previous years. The economic recession in Michigan, increased motor
fuel prices, and a moderate fuel shortage may account for the small
reduction in overall crash involvement. The number of HNBD crash
involvements for all of the age groups appeared particularly lower than
expected for November and December of 1979. The unusually mild winter
weather, with the concomitant lack of snow and associated driving hazards,
may have caused the substantial reduction in crash frequences in late
1979.

The implications for a determination of the causal effect of the
raised drinking age was that a small part of the reduction in HBD and 3F3
alcohol-related crash involvement may be due to the general reduction in
crash involvement in 1979. It was dear from the patte-n of findings
shown in Table 4.1S, however, that the general reduction in
non-alcohol-related”~crash involvement could account for only a small
portion of the statistically significant and substantial reductions in 3FS

and HBD crashes among drivers under 21.

4.3 Time-series Models of Michigan Fatal Crash Frequences, P63 - 197~
Data cn Michigan fatalities were available for the entire 1963

through P 7* period induding several years prior to the lowered legal

drinking age in 1972, the seven years during which the drinking age was

18, and one year after the return to a drinking age at 21. As was

discussed m Section 3.2, the fata) crash frequencies were not stratified

by the police reported KBD'KNBC variable because of instrument changes and

data collection problems over the 1°68 to 1373 time period. As aresult,



the total frequency of fatalities and the frequency of alcohol-related
fatalities as measured by the three-factcr-surrogate were examined for
each of the four age groups.

The original design called for the explicit testing of
hypotheses concerning the differential effect of the lowered and raised
legal drinking age using the time-series analysis methods discussed in
Section 3.4. Traffic fatalities are relatively rare events, however, and
the fatal crash time-series had low monthly counts, especially when
stratified by age and the 3FS indices, compared to the time-series
variables ~ased on a 20 percent sample of all crashes presented in the
previous section. One consequence of the V'w monthly frequency was a
larger random error component in the sehes. The volatility of the
fatality time-series could be seen by comparing the plots of the total
crash series (Figures 4.6 through 4.16) with those of the fatality series
(Figures 4,t7 through 4,24). The contrast was most dramatic for the
variables of primary interest, i.e., underage drinkers involved in 3FS
fatal crashes (compare Figures 4.4 *nd 4,7 with 4.17 and 4.19). The
unpredictability of the fatality time-series was also evident m the
preliminary modeling of 3FS fataltities for drivers under 21. The
percentage of total variance in the fatality variables accounted for was
less than half the percentage accounted for by the total crash models
presented in Section 4,2. As aresult of these characteristics of the
fatality variables, statistical time-series intervention models were not
constructed. Suggestive results were based on a visual examination of the
12 year fatality time-series variables.

The time-series plot of the frequency of 3FS fatal crash
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Figure 4.17 Frequency of Three-factor-surrogate Fatal Crash Involvement Among
it - 20 Year Old Orlvers In Michigan, 1960 - 1979
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Figure 4.19 Frequency of Three-factor-surrogate Fatal Crash Involvement Among
16 - 17 Year Old Drivers In Michigan, 1968 - 1979
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Figure 4.20 Frequency of Total Fatal Crash Involvement Among 16 - 17 Year Old
Drivers in Michigan, 1960 - 1979
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Figure <1.21 Frequency of Three-factor-surrogate Fatal Crash Involvement Among
21 - 24 Year 0Old Drivers In Michigan, 1960 - 1979
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Figure 4.22 Frequency of Total Fatal Crash Involvement Amonq ?1 - 24 Year Old
Drivers In Michigan, 1960 - 1979
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Figure 4.23 Frequency of Threc-factor-surrogate Fatal Crash Involvement Among
25 - 45 Year Old Drivers in Michigan, 1960 - 1979
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involvement among drivers aged 13-20 (Figure 4.17) .evealed increased
monthly frequencies in i°72 after the drinking age was lowered and
decreased frequencies in 1979 after the legal age was returned to its
pre-1972 level. One might argue that a similar pattern was evident for
total fatal crash involvement among 18-20 year olds (Figure 4.13). No
obvious shifts in the frequency of 3FS or total fatal crash involvement
for drivers aged 16-17 were associated with the lowered drinking age in
197*. or the raised drinking age in 1978 (Figures 4.19 and 4.20).
Tnree-factor-eurrogate fatal crash involvement for drivers aged 21-24 and
29-47 did not change appreciably when the drinking age was changed The
frequency of total fatal crash involvement among the 21-24 and 29-45
groups, however, appeared to decline slightly in 1979 compared to previous
years (Figures 4.22 and 4.2%).

The observed changes in ratal crash frequencies baaed on a
visual examination of the 12 year time-series plots should be interpreted
very cautiously because of the large amount of “noise" or random error in
the time-series. Irregul** fluctuations in the frequency of
alcohol-related fataliti«c among young drivers in Michigan made it
difficult to detect small changes in the extent of the drinki.ig-dnving
problem among youth using the fatal crash involvement time-series. Given
the available data, it must be tentatively concluded that there was no
demonstrable effect of the raised drinking age on the frequency of
alcohol-related fatalities in Michigan. Further analyses of the fatality
data, using yearly aggregates and alternative analysts techniques, were

underway at the time this was written. <9)



A plausible explanation for the lack of a significant change in
alcohol-related fatal crash involvement associated with the raised
drinking age, in contrast to the findings for total alcohol-related crash
involvement, might be suggested. Fatal alcohol-related crash involved
drivers tend to have the highest blood alcohol concentrations of all
drinking drivers. As aresult, fatal alcohol-related crash involved
drivers are likely to be heavier drinkers than drinking drivers involved
in non-fatal crashes. It is reasonable- to argue that the heaviest
drinkers among the youthful drinking-dnver population (i.e., those with
the highest chance of being involved in a fatal crash), are the least
likley to be influencec by the altered drinking norms, industry marketing
practices, and alcohol availability resulting from a change in the legal
drinking age (see Figure 2.9). In constrast, youthful social drinkers are
less likely to have extremely high blcod alcohol concentrations when
driving after drinking, and therefore are more likely to be involved m a
non-fatal alcohol-related collision. Youthful social drinkers ate also
likely to be more influenced by availability and legal norms concerning
drinking than heavy drinkers. In short, if alcohol-related fatal crash
involvement is viewed as an indicator of alcohol-related problems among
heavier drinkers, and alcohol-related non-fatal crash involvement is
viewed as an indicator of alcohol-related problems among more moderate
drinkers, one could crndude that changes in the legal drinking age have a
larger effec* on the incidence of alcohol-r Mated problems among moaerate
drinkers than on the incidence of alcohol-related peoblems among hea.
drinkers.

In summary, since the mcnthly frequency of fatalities was much



less predictable than the frequency of total crashes, it was more
difficult to identify significant changes in the frequency of fatal

crashes associated with exogenous factors such as modifications in the
minimum drinking age. Although seme changes in alcohol-related fatality
frequency associated with the legal drinking age were noted, they could
not be confidently attributed to the legal drinking age changes. Because
of their reduced usefulness for legal impact analysis using time-series
methods, and because fatalities represent only a small fraction of total
youthful alcohol-related crash involvement, little emphasis has been
placed on the results of the separate analyses of that subset of all

crashes involving one or more fatalities.



Notes to Chapter 4,0

le See Section 3.4 for a definition of each term in the “ARIMA
(1,0,0kI 0,0)12" nomenclature.

2. The parameter starting values are based on the theoretical
relationships between autocorrelations a model parameters, substituting
sample autocorrelation estimates for the corresponding population values.

3. The final results of the ARIMA modeling stage for each
series can be found in the Appendix.

4. Percentage figures for those variables not log transformed
were calculated as follows: percent change equals (12xi /x3 =100, where
Xj equals the transfer function point estimate of change in monthly
number of crash involvements associated wit) the intervention, x2 equals
sur uf actual 20 percent sample crash involvement frequency for the 12
months of 197?, and x3 equals x2 - 12xj , tnat is, the expected
number of 20 percent sample crash involvements fcr 197? had there been no
drinking age effect. Percentage figures for those variables that were log
transformed were calculated as follows (McCleary and Hay, 1980117 4)!
percent change equals (ew - 1)100 .

5. The aggregation of the frequency of fatal crash involvement
for on# year before~nd one year after the raised drinking age, and
assessments of the effect of the raised drinking age using alternative
data analysis techniques were underway at The University of Michigan,
Highway Safety Research Institute at the time this was written. The
principal authors of an evaluation of the effect of the lowered drinking
age on fatal crash involvement (Flora et al., P73> jsed t) e same methccs
to evaluate the effect of the raised urinking age on fatalities. Although
the method does not control for long term patterns in the outcome
variables, it avoids some of the problems encountered when analyzing
fatalities in atime-senes design.



50 THE RAISED LEGAL DRINKING AGE AND AGGREGATE ALCOHOL
CONSUMPTION IN MICHIGAN

Although assessments of the effects of changes in the legal
drinking age have largely been concerned with the incidence of motor
vehicle collisions among youth, a major intervening variable between legal
drinking age modifications and changes in the frequency of alcohol-relateo
traffic collisions is the amount and pattern of youthful alcohol
consumption (see Figure 2.9). In this chapter, the limited research on
changes in youthful alcohoi consumption following reductions in minumum
age of purchase statutes is reviewed, and changes in aggregate beverage
alcohol sales in Michigan associated with the raised drinking age are

examined.

5.1 Literature R™/iow

Existing literature on the effects of charging the drinking age
on youthful alconol consumption has focused on three main types of alcohol
consumption data: (A> self-reported consumption, (B) perceptions of
youthful consumption patterns reported by school officials, and <C
aggregate sales volumes. Wolfe and Chapman (1975a, 1v7'b) surveyed
Michigan high school students in 1971 before the drinking age was lowered,
and again in 1°73 after the reduction in the drinking age, and found
substantially increased frequency of drinking, and increased quantity
consumed per occasion. According to the authors, the increases were

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

135



could not be unambigously attributed to the lowered legal drinking age.

Smart and Schmidt (1975) conducted a similar 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. J percent
reported drinking less, and 9 percent indicated that they had startec.
drinking since the drinking age had been reduced. Smart and Schmidt aiso
surveyed college students, the majority of whom reported *>ochange in
frequency or quantity of alcohol consumption, although 55 percent did
report increased patronization of public drinking establishments since the
legal change.

McFadden and Meschler (197°) surveyed Massachusetts teenagers in
1965. 1970, and 1°74. Youthful alcohol consumption increased between 1965
and 1970, when there was no change in the drinking age. as well as between
1*70 and 1974, when there was a reduction in the legal age from 21 j 13.
(1) The authors also surveyed New England college students m 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 (P77) surveyed high school students in three
selected states with minimum legal drinking ages at 13. and two selected
states with drinking ages at 20 and 21, respectively. The samples were
not demonstrably representative of the high school aged population in the
states examined. They found that 42 percent of the students in states
with *he drinking ages at 20 or 21, and 47 percent in states with the

drinking age at 18, reported < tjming beer once a week or more.



Furthermore, students in states with a high drinking age had a lower
prevalence of abstainers (19 versus 24 percent), and a higher incidence of
alcohol-related problems. The authors concluded that a high drinking age
has no beneficial effect in controlling alcohol consumption among young
people, and that it may a' en have adverse effects,

Opposite results were obtained by Maisto and P.achal (1930) in
their analyses of a nationwide probability sample of high school s.jdents.
They found that students in states with a higher legal drinking age were
more likely to be abstainers, less likely to be heavy drinkers, and
experienced intoxication less frequenctly than students in states with a
lower drinking age. The authors concluded that the legal availability of
beverage alcohol, as reflected in the drinking age, is associated with the
drinking practices of young people.

Perceptions of school officials have also been used as an
indicator of changes in youthful alcohol consumption concomitant with
lowering th« drinking age. Hammond (1973), questioning 354 K.chigan high
school principals, found that the majority reported more drinking among
15-17 year old students after the drinking age was lowered. A similar
survey in the Toronto area found that vice-prinapals reported more
drinking among students at school functions after the drinking age was
lowered (Smart and Schmidt, 1975).

The third major type of data that has been used to assess the
impact of reduced drinking ages on alcotol consumption patte.ns is
aggregate sales VolUM i. Smart and S.hmia. (1°75), in a comparison of
Ontario beverage alcohol shipments before and after a reduction *n 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 obvious 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 (197'7), 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 aftei 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 were
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
legal changes.

Douglass and Freedman (1977) avoided the last two design
limitations of Barsby and Marshall's study by examining the monthly
aggregate sales of draught beer, packaged beer, wine, and distilled
spirits in Michigan over an eight year period. A statistically
significant increase in draught beer sales was associated with lowering
the drinking age. The authors attributed the shift in draught beer sales

to the lowered drinking age, since no other confounding factors were
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identified that could have plausibly accounted for the observed
relationship, No significant-shifts were identified for any of the other
beverage categories.

Smart and Goodstadt (1977) discussed a study conducted by Smart
and Finley in which per capita beer consumption in ten Canadian provinces
was examined. Eight provinces that lowered their drinking ages were
compared with two that hac net changed during the study period. Although
increased beer sales were evident in the pre-post comparisons for three
provinces experiencing a reduction in the drinking age, the increases were
similar in magnitude to the experience of the two control provinces.
Moreover* beer sales decreased in the other five provinces. Smart and
Goodstadt conclude that the study's findings do not allow any general
conclusion as to the effect of lowered drinking ages on total beer sales.

Finally, Smart (1977) compared sales uf beer, wine, and
distilled spirits in 25 states which reduced the drinking age with 25

4
states with unchanged drinking ages. Although no significant differences
between the states were identified for wine or distilled spirits,
increases in beer sales were about six percent greater in the states with
lowered drinking ages than states with an unchanged legal age.

The existing literature concerning the effect of reduced legal
drinking ages on beverage alcohol wcnsumpticn among >outh has significant
methodological limitations and provide* inconsistent results. Even less
Is known about the effect of raising the drinking age, in spite of a
definite trend toward a higher minimum alcohol purchasing age in recent
years. To help fill the gaps in present knowledge, an examination of

monthly aggregate beer and wine distribution volumes in the State of



Michigan was conducted.

5.2 Method

Data obtained from the Michigan Beer and Wine Wholesalers
Association were used to construct monthly time-:a-ries of the aggregate
volumes of packaged beer* draught beer, and wine distributed in the State
of Michigan. These data were cbtaintw jr the eleven year period from
January of 1969 through February of 1980 (see Figures 3.1, 3.2, and 7*3)*
Long series of observations were required to assess the degree to which
beverage distribution volumes in 1979, after the drinking age was raised,
were different from what would have been expected given the long term
patterns in apparent alcohol consumption.

Shifts in the volume of beverage alcohol distributed in Michigan
at the time the drinking age was raised could have been statistically
tested using the Box-Jenkins intervention analysis tect/uques discus- *din
Section 3.4. However, because of confounding events tEincdent with tne
raised drinling age, and because of the lack of age specific alcohol
consumption data, simple shifts in aggregate alcohol sales associated with
the raised drinking age were not expected. Without age-specific alcohol
consumption data, conclusions concerning the effect of the drinking age on
the drinking practices of youth mc.st be made cautiously. If changing the
drinking age does influence consumption among young people, such an effect
would have to be large before it would be evident in the aggregate sale’
data. Therefore, rather than a hypothesis testing analysis, such as was
reported in Chapter 4.0, an exploratory examination of changes in alcohol

distribution during 17> and early ™gO was conducted.



The data analyses began with a careful examination of each
time-senes plot for changes in the aggregate sales of alcoholic beverages
associated with raising the legal drinking age. In addition to visual
examinations of the raw data plots* the general multiplicative seasonal
Auto Regressive Integrated Moving Average (ARIMA) “me-senes modeling
strategy developed by Box and Jenkins (1976) was used to build a
parsimonious model that adequately accounted for the pattern of
autocorrelation in each variable. The iterative specification,
estimation, and evaluation modeling strategy was applied to the 1963
through 1973 baseline period of each time-senes. The resulting models
were used to forcast beverage dis .ribution for 1979 and early 1930 and the
actual distribution figures were compared to the forecasted values.
Substantial deviations of the actual distribution volumes from the
forecasted values based on previous distributor patterns were considered
indicative of the effects of exogenous factors such as the increase in the
legal drinking age, the ban on non-returnable beverage containers, and the

Michigan economic downturn of 1979. (21

5.3 Results

A Seasonal Auto-Regressive-Integrated-Moving-Average model was
identified as the best description of wholesale packaged beer shipments
from 1«69 through 1973 (Figure 5.1). The identified ARIMA .node!, shown in
Table 5.1, was used to forecast packaged beer distribution for the
subsequent |* months. A comparison of the forecasted and actual values
(Table 5.2), indicated that the actual packaged beer distribution for 10

of the U pest drinking age change months were 5 to 20 percent lower than
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Figure 5.1 Wholesale Distribution of Packaged Deer In the State of Michigan:
January 1969 through February 1900



Table 5.1 Estimated Baseline Model ¢ ‘'ackaged Beer Distribution:
January 1969 Through Dece/u. .r 1978

Model Form: ARIMA (1,0,0)(1,1,0)12 with no transformatlc'S

Parameter Estimates 95 Percent Confidencelnterval
m -2576 0661 to .4491
N * **4022 -.6000 to -.2044

Q-statistlc « 16.54 with 18 degrees of freedom

R2 m .65



Table 5.2  Comparison of Forecasted and Actual Packaged Beer Distribution: January 1979 Through
February 1980

Month Percent Change Actual Value Forecasted Value 95 Percent Confidence
January +18.77 500,590 421,480 324,130 - 518,830
February +1.56 467,930 460,720 360,190 - 561,250
March -9.37 530,220 585,030 484,290 - 685,770
April -17.93 464 ,500* 565,980 465,230 - 666,740
May -13.87 555,220 644,600 543,850 - 745,360
June -12.13 578,620 658,530 557,770 - 759,200
July -13.78 546,980 634,440 533,690 - 735,200
August -7.45 557,570 602,480 501,720 - 703,230
September -12.01 454,620 516,700 415,940 - 617,450
October €24.71 503,320 403,590 302,030 - 504,340
November -6.71 450,190 482,680 381,920 - 583,430
December -17.42 4*4,990 514,650 413,900 - 615,410
January -.70 407,490 410,370 294,050 - 526,690
February -7.41 429,640 464,030 346.750 - 581,310

“‘Significantly different from forecasted value with ps .05.



expected given the baseline data.

Important deviations from the overall pattern of lower than
expected packaged beer distribution were present. First, the actual
distribution for October 1«7° was about 23 percent higher than forecasted
The forecasted value for October 1979 was low because of the unusually
low volume for October 1978. Since the year immediately prior to the
forecasts (i.e. the last year of the baseline period) has a
disproportionate influence on the forecast values, the unusually low
volume for October 1978 caused a low forecast for October P79, As a
result, the actual October | *>#distribution was 23 percent higher than
the forecast.

A second deviation from the overall reduction in packaged beer
distribution was a 19 percent higher than forecasted volume for January
197°, The distribution volume in February 1*7? was also higher than
predicted, although only marginally (14 percent). As a result of the
higher than expected distribution valunes for *he early months of 1979,
and the lower than predicted distribution »u »he summer months, the
variation in packaged beer distribution was substantially less m |*79
comoared to the baseline years.

In short, two changes in the volume of packaged beer
distribution in Michigan were found when comparing the fust 14 months
after the drinking age was raised to the previous 10 year period. Fust,
an overall reduction in packaged beer distribution was evident. Second,
higher than forecasted distribution for the first two months of 197
combined with lower than forecasted distribution vckme for the summer

months, resulted in a reduction in the seaional variation in apparent



packaged beer consumption.

Th* aggregate distribution of draught beer (Figure 3.2) from
1969 through 1*78 mss slso modslsd Mith s specific form of the gsnsrsl
seasonal multlplicstivs ARIMA modsl. Th* identified bsssline model (Table
5.3) wss used to generate the forecasts presented in Table 3.4. An
examination of the time-series plot and the 'percent change* column of
Table 34 indicated that there mss an overall increase in draught beer
distribution in the first 14 months after the legal drinking age mss
raised. (3) Only three months deviated from the pattern of increased
draught beer sales! sales were lower than forecasted in February, March,
and November of 197*. The deviations from the pattern of increased
draught beer consumption were small, however, and were attributed to
random error.

A first-order moving average model was identified as the best
description of wine distribution in Ml higan from 1**9 through 1978
(Figure 3.3). Using this baseline nodel (Table 3*3), the forecasts
presented in Table 34 were generated. The actual values were generally
lower than forecasted, indicating a reocction in wine distribution from
what one would have ¢« *peeled given previous trends. An initial
examination of the time-series plot (Figure 3.)) might lead one to
conclude that there was no change in total win# distribution after the
drinking age was raised m Decamp** of 1> 4. The reduction in wine
distribution was evident in Table 34 because the model on which the
fo*era«ts were based included a significant constant arm (equal to 5«0f
gallons per month*, representing the slope of the baseline trend. Since

the *orecesti% odel as.v» <ed the baseline t/*nd widen* o*e* the
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Figure S.2 Wholesale Distribution of Drauoht Beer In the Stete of Michigan:
January 1969 through February i960



Table 5.3 Estimated Baseline Model of Draught Beer Distribution:
January 1969 Through December 1978

Model Form: ARIMA «2,1,0)(1,1,0)™ with no transformations

Parameter Estimates 95  Percent Confidencelnterval
#1 m -.6783 -.8546 to -.5020
¢2 = -4463 -.6204 to -.2723
e -2314 -.4303 to -.0325

Q-statlstlc = 22.*6 *1th 1/ degrees of freedom

R2 - .57



Table 5.4

Month

January
February
March
April

May

June
July
August
September
October
November
December
January

February

Comparison of Forecasted and Actual

February 1900

Percent Change

+18.13
-7.25
-1.25
490.24
+20.97
+5.52
+12.41
+18.33
421.92
+20.11
-1.46
46.02
+14.72
+9.59

Actual Value

67,816
57,427
73,698
76,690
97,437*
97,346
99,107
98,727
92,339
81,571
75,532
74,351
70,825
72,929

Draught Beer Distribution: January 1979 Through

Forecasted Value

57,409
61,918
74,631
70,205
80,548
92,252
88,165
83,434
75,740
67,915
76.650
70,130
61,738
66,546

«=Signlflcantly different from forecasted value with pf .05.

95 Percent Confidence

46.883
50,800
62,933
56,780
56,352
77,315
72,256
66,783
58,375
49,800
57,857
50,682
38,422
41,999

67,935
73,036
86,329
83,630
94,744
107,190
104,070
100,080
93,105
86,031
95,443
89,579
85,054
91.093

Interval
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Figure 5.3 Wholesale Distribution of Wine 1n the State of Michigan:
January 1969 through February 1980
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Table 5.5 Estimated Baseline Model of Wlne Distribution:
January 1969 Through December 1978

Model Form: ARIMA (0,1,1)(0,0.0) with no transformations

Parameter Estimates 95 Percent Confidence Intervals
m .9027 8171 to .9882
a = 5608 2936 to 8281

Q-statlstlc m 23.32 on 18 degrees of freedom



Table 5.6 Comparison of Forecasted and Actual Wine Distribution: January 1969 Through February 19Q0

Month Percent Change Actual Value Forecasted Value 95 Percent Confidence Interval
January -21.59 960.830* 1,225,400 962,120 1,488,700
February -19.23 994.280 1,231,000 966,490 1,495,500
March -.89 1.225.600 1,236,600 970,860 1,502,400
April -21.10 980.130 1,242,200 975,230 1,509,200
May -2.70 1.214.100 1,247,800 979,620 1,516,000
June -3.00 1.215.800 1,253,400 984,000 1,522,900
July -18.39 1.027,400 1,259,000 988.400 1,529,700
August -8.68 1,154,900 1,264,700 992,800 1,536,500
Septeatoer -20.51 1,009,700 1,270,300 997.200 1,543,300
October +23.90 1,580.800* 1,275,900 1,001,600 1,5:0.100
November +20.98 1,550,400 1,281,500 1,006,000 1.556,900
December -3.92 1,236,700 1,287,100 1,010,400 1,563,700
January «23.87 984.140* 1,292,700 1,014,900 1,570,500
February -22.29 1,008,900* 1,298,300 1,019,300 1.577.300

=Significantly different from forecasted value with p* _05.



through 1978 period would continue, most of the forecasted values were
larger than the actual values, which did not follow the upward trend, The
deviations of the actual values from the forecasts indicated, therefore,
that there apparently was a change in slope starting at the beginning of
1979, with the upward trend identified during the baseline period no
longer evident.

Two months deviate from the overall pattern of lower than
expected wine distribution In 1979 and early 1980. Wine distribution in
October and November 1979 was 24 and 21 percent higher than forecasted,
respectively. Except for these two months, wine distribution after the
drinking age was raised was consistently lower than predicted using the 10

year baseline period.

9.4 Discussion

In summary, packaged beer distribution for January 1979 through
February !'*90 was clearly lower than expected, and draught beer was
dearly high#' than expected given the trends evident over the previous 10
years. Wine distribution fell somewhat for most of 197*, but rebounded
late in the year. A portion of the decrease in packaged beer sales may
have been due to t*w raised drinking age. but other factors were also
present. A main confounding factor was the ban on non-returnable beverage
containers in Michsgar, which was implemented in the same month the
drinking age was raised The resulting increase in packaged beer prices
(Michigan State Legislature, P7*>i may have caused a shift to the less
expansive draught beer by those who consumed bottled beer in public

drinking establishments. (4» The increased price cf bottled bear and the



inconvenience of returnable containers may have caused consumers residing
near bordering states with non-returnable containers to purchase their
packaged beer across state lines.

The substantially increased sales of draught beer was contrary
to the hypothesis that the raised drinking age would reduce on-premise
draught beer consumption by reducing the population of legal drinkers. It
is important to note, however, that only a small proportion of total
draught beer distribution represents consumption by 18-20 year old
drinkers. The increased distribution volumes may reflect changes in
consumption among drinkers 21 and over. A plausible explanat.jn of the
increased draught beer sales is that tie economic recession in Michigan
Increased draught beer consumption among unemployed workers. Another
consideration is that draught beer is not solely consumed on-premise.
Part of the increased draught beer sales in 1*79 may be a result of an
increased number of "kegger" parties among 19-20 year olds, where a legal
drinker purchases a keg of draught beer for consumption off premise at a
party attended by underage drinkers.

Finally, the lower than expected distribution of wine for most
of 1*7° could be interpreted as a result of the raised drinking age.
However, th# high win# distribution figures for October and November 1*7*
complicate such an interpretation.

One can only speculate as to the causal structure underlyling
th# observed changes in beverage alcohol distribution in Michigan in 1*7°
and early 1*80. Without age tpeafic consumption d«ia the effect of the
'itted drinking age could not be ir ambiguously determined. Furthermore,

de*ailed information or the drinking practices of various lubpopulations



within the state as identified by stratification variables such as income
level and employment status is necessary for an assessment of the relative
influence of economic conditions, price changes in various beverage

categories, and the legal drinking age, on individual drinking patterns.



Notes to Chapter 7.0

1. The legal drinking age in Massachusetts was lowered from 21
to 18 in 1973.

2. See McCleary and Hay (19801222*224) for a discussion of the
limitations of using univariate forecasts for an assessment of the effects
of exogenous factors on time*scnes measures.

3. The percent change figures represent the difference of the
actual value fcr a particular month from the forecasted value expressed as
a percentage.

4. In public drinking establishments in Michigan, draught beer
is consistently the lowest priced alcoholic beverage (Douglass et al..
1<>80).



6.0 SUMMARY AND CONCLUSIONS

The present study has investigated a complicated relationship
between a legal change and a major public health problem. Discussed below
are (A) the findings and conclusions of this research* (B) recommendations
for further research, and <C) implications and recommendations for public

health policy.

6.1 Summary of Findings

The most important hypothesis of this research was that the
raised legal minimum drinking age (from 13 to 21) caused a reduction in
alcohol-rfla*ed motor vehicle crash involvement among drivers aged 18-20
(see Section 2.4). The ita on crash involvement in Michigan clearly
supported this hypothesis. Controlling for trends* seasonality, and other
patterns in the frequency of police-reported “had been drinking" (HBD)
crash involvement arrcng .3-20 year old drivers* a reduction of 31 percent
occurred in the first 12 months after the drinking age was raised from 13
to 21 in December of 1*73.

To control for potential unreliability in police-reported
alcohol-involvement, a "three factor surrogate" <3FS) measure of
alcohol-related crash involvement was also used. Analyses of late-ntgnt*
single-vehtde crashes with a male driver, of which a majority have been
consistently identified as mvolvirg a drinking driver* revealed »
statistically significant reduction of 18 percent among drivers aged 13-20

af'er the htgne» legal drinking age was implemented. In terms of the

157



actual reduction in the frequency of collision involvement, an estimated
reduction of 133 alcohol-related crash involvements per month occurred
after the drinking age was raised. Over the first 12 months after
implementation of the higher drinking age in Michigan, therefore, an
estimated 1650 fewer alcunol-related crash involvements occurred than
would have been expected, given the trends evident during the 1972 through
1978 baseline period.

Analyses of non-alcohol-related crash involvement among 13-20
year olds identified a non-significant 7 percent drop in 1979. Since the
significant crash reductions for 13-20 year olds were not found for
general non-alcohol-related crashes, one cannot attribute the observed
reductior in HBD and 3FS crash involvement to increased fuel prices,
economic recession, and other such confounding factors. If one deducts
the (non-stgmf:cant) 7 percent reduction in "had not been dr*nking*
(HNBD) crash involvement from the more conservative drinking age impact
estimated, i.e. an 18 percent reduction in 3FS crash involvement, an 11
percent reduction in alcohol-related crash involvement remain*, even after
the (non-significant) effects of other factors are subtracted. It is
clear that general reductions in crash involvement Joe to potential
ccnfour ling factors cannot explain away the substantial reduction in
alcohol-related crash involvement among drivers aged 13-20 after the
drinking age was raised.

In addition to analyses of all alcohol-related crash uwol' rmc'it
(including property damage, injury, and fatal collsions), separate
analyses cf fatal crash involvement were conducted. Preliminary analyses

did not reveal cubstantul charges in 3FS fatal crash invclvam*nt that



could reliably be attributed to the raised drinking age. See Section 4.3
for a discussion of the limitations on eparate analyses of fatalities.

The second hypothesis was that lowering the legal drinking age
from 21 to 15 in 1972 caused an increase in alcohol-related crash
involvement. Inconsistencies in the recording of non-fatal crash
involvement in several Michigan jurisdictions prior to 1972 precluded the
use of those data for an evaluation of the lowered drinking age in the
present study. Accurate counts of fatal crash involvement were available
for the 1°68 through 197° period. Examination of the time-senes plots of
fatal crash involvement provided some evidence that the lowered drinking
age was associated with increased alcohol-related fatal crash frequencies,
but the small monthly count of age-specific fatalities precluded any
reliable andusions. The best estimate of the effect of the lowered
drinking age on alcohcl-related crash involvement remains that of Douglass
and Freedman <P77), They analyzed a set of Michigan Jurisdictions with
complete accident reporting over the 173 through 1*73 pencd. using a
time- tries des.gn. The results revealed a 17 percent <p-*(®) increase in
total tngn-fatal and fatal) alcohol-related oath involvement (as measured
by the ?FS indicator) among drivers agad |d-20 associated with the lowered
drinking age. Since total crash involvement among 13-20 year old drivers
was '4>only 3 percent, and since alcohol related crash moUememt of
drivers over 21 was up only 3 percent, the 17 percent increase in
alcohol-related crash involvement among ye mg drivers was attributed to
the raised drinking age.

Hypotheses three through five stated that the raised and lowered

dnnkmg age would cause ch« jes in alcoh I-related crash involvement of



drivers aged 16 17, although with a smaller magnitude of impact than the
focal 18-20 age group. The results of the current research provided some
support for these hypotheses. First, with regard to the effect of the
raised drinking age, a statistically significant IS percent reduction in
3F5 crash involvement occurred at the time the drinking age was raised.
An estimated reduction of 47 crash involvements per month was associated
with the raised drink' yqg age. The results were more ambiguous than the
results for the 18-20 age group, however, since only a small,
non-statlstically significant reduction in "had been drinking" crash
involvement was identified ror drivers aged 16-17.

The ex«ct reasons for this discrepancy are unknown. However,
the three-factor-surrogate is generally considered the more reliable
measure, because the subjective "had been Irinking" measure may be
influenced by numerous uncontrolled influences, particularly for underage
youth. As aresult, it is cautiously concluded that alcohol-related
crashes among 16-17 year old drivers did decease subsequent to the higher
legal drinking age. Since “had not been drinking* orash involvement also
experienced a significant 7 percent decrease, part »r <€ IS percent
decease in alcohol-related (1*., 3FS) crash involvement may have been
caused by factors unrelated to the drinking age. The remaining 3 percent
<le., IS less 7) decrease in 3FS crash involvement can be considered the
drinking age effect, supporting the hypr hests that the raised drinking
age hat an effect on drivers aged 16-17 that is smaller in magnitude than
the effect on drivers aged 18-20.

With regard to the effect of the lowered drinking age cn drivers

aged 16-17, examination of the >*quency of fatal 3F3 crash involvement



did not reveal any significant effects. Douglass and Freedman's (1977)
analyses of both fatal and non-fatal alcohol-related crash involvement for
Michigan jurisdictions with consistently reported crash involvement data
also found no significant effect of the lowered drinking age on drivers
aged 16-17.

In short, the lowered drinking age did not have a demonstrable
effect on alcohol-related crash involvement of underage drinkers. There
is some evidence that the raised drinking age may be associated with
reduced alcohol-related collsion involvement among 16-17 year old drivers.
However, inconsistent results across the HBD and 3FS measures, and the
signficant drop in non-alcohol-related crash involvement for the age
group* indicate that one cannot unequivocably conclude that the raised
drinking age caused reduced alcohol-rplated crash involvement among
drivers aged 16-17,

The final hypothesis proposed m Section 2.4 was that the
lowered legal drinking age had a greater effect on collision involvement
than the raised drinking age. This hypothesis was not supported by the
findings. Douglass and Freedman (1*977:46) reported a 25 percent increase
in total (i.e. fatal, injury, and property damage) H3D crash involvement,
and a 17 percent increase in 3FS crash involvement among drivers aged
18-20 after the drinking age was lowered in 1972. The present research
identified a 31 percent reduction in total HBD crash involvement and an 13
percent reduction in 3FS crash involvement among 13-20 year old drivers
after the drmkmg age was raised in 1973. The magnitudes of the tvo
estimated legal impacts were remarkably similar, with the raised drinking

age from 13 to 2i apparently reversing the effect of tne earlier reduction



of the legal age from 21 to 13.

Since alcohol consumption is the major intervening variable
between changes in the legal drinking age and changes in alcohol-related
crash involvement, the aggregate distribution of alcoholic beverages in
Michigan was examined for 1969 through early 1930. Packaged beer sale?
were lower than expected in 1979, draught beer sales were higher than
expected, and wine sales were down slightly from what one would have
expected gi n the baseline trends. No conclusion as to the effect of the
raised drinking age on beverage consumption could be made, however,
because of several other factors that were likely to have influenced
beverage sales in 1979, and because age-specific alcohol consumption data

were not available.

6.2 Recommendations for Research
Age-specific impact assessments of the used legal drinking age
should be conducted. Analyses should be conducted of individual ages in
addition to the 13-20 aggregation used in the current research. Although
the costs involved in separate impact analyses of 13, 19, and 20 year old
crash involved youth would be substantially greater than aggregated
analyses, the increased precision of the -esults w. >id be highly useful.
Evaluation of the raise*legal drinking ace should at repeat:d
in two to fnnr /oars. The present study has evaluated the initial effects
of the change of Michigan's legal drinking age to 21 on traffic safety.
The Michigan Department of Public Health, Office of Substance Abuse
Services has previously sponsored research to assess the long term effects

of the P72 change to an 13 year old drinking age! such a commitment to



followup evaluation should be continued, it will not be known if the
effects identified in this research are lasting or temporary if the
present analyses are not replicated with data for a longer time period
after the drinking age was raised.

Future analyses should focus on all alcohol-related crashes and
not exclusively on fatal alcohol-related crashes. Helia-ce on fatal
crashes as the principal dependent variable in an evaluation of a change
in tne legal drinking age is not advised, The problem with basing
decisions solely on fatal accidents is that more than crash causation
factors influence the distinction between any alcohol-related crash and a
fatal alcohol-related crash. The proximity and quality of emergency
medical care, seat-belt usage, crashworthiness of the vehicle, and other
factors are as important as the causes of the crash in determining whether
a crash is to be labeled "fatal." Many of the factors that determine
whether a crash will be fatal are independent of crash causation, and
th -refore, add unnecessary variability to the data. The public health
issue is not solely fatality production, i.e. mortality, but all
alcohol-related crashes m which injuries have occurred e., total
alconol-related traffic crash morbidity.

Reliable measures of alcohol-related crash fr'-?ju.?naes should be
used m fytgro evaluations of he I-isil drinking ace cith er changes in
alcohol availability. The subjectivity and unknown influences on
officially reported "had been drinking" alcohol involvement in Michigan
official crash records is not a problem that will soon be resolved for all

levels of crash severity. Therefore, it la reconnendetl



that in addition to officially reported alcohol

involvement, alterrative measures

continue to be used as indicators of alcohol-related traffic crash
involvement. In addition to the three-factor-surrogate measure used in
the present study, separate analyses of we kend accidents, and separate
analyses of accidents stratified by severity would provide additional
insights into the effects of changes in alcohol availability on
alcohol-related traffic safety problems,

The pre-driving drinking environment and drinking 3radices or
youth should be investigated. Research on the drinking practices of
youth, with an emphasis on behavioral patterns preceeding driving, should
be conducted. These pre-driving drinking practices should be examined for
location, social environment, peer structure, demographic, and other
characteristics which would provide a better understanding of the linkages
between drinking behavior and driving behavior, These studies could
become the basis for future changes in alcohol-spocific laws and policies,

as well as other prevention program development.

6.3 Recommendations for Public Policy

Alcohol control policy and legislation has historically been
used to accomplish many purposes. In addition to protecting the public
health, these laws have been used to reflect social, moral, or political
standards, to ensure d stable market for beverage alcohol, and to create

mechanisms for governmental revenues. The domain of this research was



exclusively that of public health, Although other considerations enter
into a determination of the minimum age at which alcoholic beverages can
be legally purchased, the recommendations below are based solely on the
public health implications of the research findings concerning the effect
of the drinking age on alcohol-related motor vehicle crash involvement.

The legal drinking age at 21 should be sustained. Rarely in the
field of public health is it possible to identify a legal or policy change
which has a demonstrable effect on a major cause of morbidity. Few
traffic safety prevention programs that have been evaluated scientifically
have been found to have prevented significant numbers of alcohol-related
traffic accidents among young drivers. The change in Michigan's legal
drinking age in December, 1973 from 13 to 21 produced a significant
improvement in the public health of 13-20 y< \r old youth. This research
has provided clear evidence that the higher legal drinking age has led to
a significant reduction in alcohol-related traffic accidents among 13-20
year old drivers, while older drivers, during the same time period,
experienced no changes or slightly increased frequency of alcohol-related
traffic collisions. The higher drinking age can be considered a
s ccessful public nealth countermeasure against a leading cause of
morbidity 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 the 21 year old
drinking age should be sustained. (1)

Qttar tvd'.Q! chanasa in ilsshQl xi& A& liii should Ut evikAtsJ
for public health lince 1*76 the Office of Substance Abuse

cervices has supported ongoing research on the relationships between



alcohol availability and alcohol-related social* health, and safety
problems in Michigan. These studies have been concerned with the lowering
and raising of e legal drinking ane, licensing and regulatory activities

of the Michin Liquor Control Comrr.sion, and the variability of retail
prices of al ic beverages. Governmental actions, either through
administr olicy or regulatory changes, or legislation, frequently
have direct in plications for alcohol availability. For example,
degregulation of distilled spirits prices, changes in state alcohol tax
formulae, and zoning and other local ordinance modifications should be
adequately evaluated regarding their consequences for alcohol-related
morbidity and mortality. Research conducted since 1976 on the Michigan
experience has revealed that modifications in alcohol availability were
associated with changes in the incidence of acute alcohol-related
problems. The Office of Substance Abuse Services is encouraged to
continue to take advantage of opportunities to measure the effects of tew
legislation and regulations, and to use the results to guide the
formulation of public policies designed to prevent alcohol abuse and other

alcohol-related problems.



Notes to Chapter 6.0

1. The "protection of life anj limb" was found by the courts to
be the rational basis for the 1973 change in Michigan's legal drinking age
(Guy, 1973:51).
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Table A.l

Involvement Among 18 - 20 Year Old Drivers

ESTIMATION SUMMARY

DIFFERENCING:

SEASONAL DIFFERENCING:
SEASONAL SPAN:
TRANSFORMATIONS:
PARAMETER PARAMETER
NUMBER TYPE ORDER
1 DELTA
2 AR 1
ARS I

RESIDUAL AUTOCORRELATIONS:

1- 10 -0.17 0.09
ST.E. 0.11 0.11
11- 20 0.09 -0.10
ST.E. 0.12 0.12

12

0
0
LOG
BEGINNING
VALUE

0.10836E+01
0.58276E+00
0 .48603E+00

PARAMETER CORRELATION MATRIX

1 2
1 1.0000
2 -0.7422 1.0000
3 -0.4064 -0.2225

CASES
1- 84
0.23 -0.04
0.11 0.12
0.25 -0.06
0.13 0.13
3
1.0000

Michigan

ESTIMATED
VALUE

0.94184E+00
0.66178E+00
0. -15476E+00

DF
17

-0.02 0.12

0.12 0.12

0.02 0.01

0.13 0.13

ARIMA Model Estimation Results for the Frequency of Had-been-drlnklng Crash

TERMINATION:SSQ CONVERGENCE

VARIABLE: 7
LABEL:HBD10.C
CASES: 1- 84

ADJUSTED SSQ:0.17684E+01

95 PER CENT

LOWER LIMIT

0.39534E+00
0.48450E+00
0.23770E+00

Q
0.19674E+02

.07 0.02
12 0.12

o o

o

.08
.13

0.03
0.13

o

UPPER LIMIT

0.148U3E+01
0.8 3898E +0H
0.67102E +00

SIG
2912

-0.09 0.16
0.12 0.12

-0.01
0.13

0.06
0.13



Table A.2 ARIMA Model Estimation Results for the Frequency ot Three-factor-surrogate Crash

Involvement Among 16 - 17 Year Old Drivers 1n Michigan
ESTIMATION SUMMARY TERMINATION:SSQ CONVERGENCE
VARIABLE: 6
DIFFERENCING: 0 LANEL:F.,S16.C
SEASONAL DIFFERENCING: 1 CASES: 1- 84
SEASONAL SPAN: 12 ADJUSTED SSQ:0.92260E+04
TRANSFORMATIONS: NONE
PARAMETER PARAMETER BEGINNING ESTIMATED 95 PER CENT
NUMBER TYPE ORDER VALUE VALUE LOWER LIMIT UPPER LIMIT
1 ARS 1 - .50000E+00 - .51592E+00 -.72211E+00 -.30974E+00
RESIDUAL AUTOCORRELATIONS: CASES DF Q SIG
13- 84 19 0.1f 315E* 02 +4368
1- 10 -0.21 0.13 -0.13 -0.01 -0.16 0.01 -0.10 0.10 -o0.0s8 0.02
ST.E. 0.12 0.12 0.12 0.13 0.13 0.13 0.13 0.13 0.13 0.13

11- 20 0.12 -0.17 0.03 -0.15 0.10 -0.19 0.05 ~-0.10 0.14 -0.06



fable A.3 ARIMA Model Estimation Results for the Frequency of Had-been-drlnklng Crash
Involvement Among 16 - 17 Yeas Old Drivers in Michigan

ESTIMATION SUMMARY

DIFFERENCING: 3
SEASONAL DIFFERENCING: 0
SEASONAL SPAN; 12
TRANSFORMATIONS: NONE
PARAM'TER PARAMETER BEGINNING
NUMBER TYPE ORDER VALUE
1 DELTA 0.1Q000E+02
2 AR 1 0.60000E+00
3 ARS 1 0.52000E+00
RESIDUAL AUTOCORRELATIONSI: CASES
1- 04
1- 10 -0.10 0.09 0.00 0.09
ST.E. 0.11 0.11 0.11 0.11
11- 20 0.12 -0.05 0.10 0.10
ST. E. 0.12 0.12 0.12 0.12

PARAMETER CORRELATION MATRIX

1 2 3
1 1.0000
2 -0.6207 1.0000
3 -0.5223 -0.2009 1.0000

ESTIMATED
VALUE

0.12397E+02
0.49239E t-00
0. 18365E r00

DF
17
0.01 -0.00
0.11 0.11
0.11 -o0.086
0.12 0.13

TERMINATIO 1.-SSQ CONVERGENCE

VARIABLE: 4
LABEL:HBD16.C

CASES:

1- 04

ADJUSTLD SSQ:0 .66253E+04

95 PER CENT
LOWER LIMIT

0.63049E+01
0. 28457E+00
0. 1496 3E +00

Q

0.18068E+02

-0.01
0.13

UPPER LIMIT

0.18410E+02
0.70022E+00
0.61766E+UO

SIG
. 3846

-0.13 0.17
0.11 0.12

-0.16 -0.09
0.13 0.13



Table A.4 ARIMA Model Estimation Results for the Frequency of |lad-not“been-drinklng Crash

Involvement Among Il - 20 Year Old Drivers

ESTIMATION SUMMARY

DIFFERENCING: 0
SEASONAL DIFFERENCING: O
SEASONAL SPAN: 12
TRANSFORMATIONS: NONE
PARAMETER PARAMETER BEGINNING
NUMBER TYPE ORDER VALUE
1 DELTA 0 .50000E+1J3
2 AH 1 0.51000Er00
3 ARS 1 0.64000E+00
RESIDUAL AUTOCORRELATIONS: CASES
1- 04
1- 10 0.02 -0.11 0.15 -0.03
ST.E. 0.11 0.11 0.11 0.11
11- 20 0.14 -0.09 0.23 0.11
ST.E. 0.11 0.12 0.12 0.12

PARAMETER CORRELATION MATRIX

) 2 3
1 1.0000
2 -0.5097 1.0000
3 -0.U471 8*0128 1.0001

in Michigan

ESTIMATED
VALUE

0.22194E+03
0.4 0286E+00
0.70993E+00

TERMINATION:SSQ CONVERGENCE

VARIABLE: 17
LABEL:

CASES: 1- 04
ADJUSTED SSQ:0 .17977E+07

95 PER CENT

IOWER LIMIT

0.73791E+02
0.19453E+00
0.54120E+00

Q
0.16255E102

-0.01 -0.00
0.11 0.11

-0.01 -0.07
0.13 0.13

UPPER LIMIT

0.37000E+03
0.61119E+00
0.07066E+00

SIG
.5050

-0.04 0.03
0.11 0.11

0.09 -0.06
0.13 0.13



Table A.5 ARIMA Model Estimation Results for the Frequency of llad-not-been-drinking Crash

Involvement Among 16 - 17 Year Old Drivers in Michigan

ESTIMATION SUMMARY

DIFFERENCING: 0
SEASONAL DIFFERENCING: 1
SEASONAL SPAN: 12
TRANSFORMATIONS: NONE
PARAMETER PARAMETER BEGINNING ESTIMATED
NUMBER TYPE ORDER VALUE VALUE
1 ARS 1 -. 32000E+00 -.34Q91E+00
RESIDUAL AUTOCORRELATIONS: CASES DF
13- 04 19

1- 10 0.14 0.19 0.25 0.12 0.09 0.04
ST.E. 0.12 0.12 0.12 0.13 0.13 0.13
11. 20 0.10 w007 0.15 0o.07 .0.10 0.13
ST.E. 0.14 0.14 0.14 0.14 0.14 0.14

TERMINATION:SSQ CONVERGENCE

VARIABLE: 16
LABEL:
CASES: 1- 04
ADJUSTED SSQ: 0.49940E-1-06

95 PER CENT
LOWER LIMIT UPPER LIMIT

-.59065E+00 -.99163C-01

Q SIG
0.17736E+02 5401

0.00 -0.05 0.15 -0.06
0.13 0.13 0.13 0.14

0.12 -0.02 0.07 . 0.02
0.14 0.14 0.14 0.14

17N



nr

Table A.6 AKIMA Model Estimation Results for the Frequency of Three-factor-surrogate Crash

Involvement Among 21 - 24 Year O0ld Drivers

ESTIMATION SUMMARY

DIFFERENCING;
SEASONAL DIFFERENCING: 1

SEASONAL SPAN: 12
TRANSFORMATIONS: NONE
PARAMETERt PARAMETER BEGINNING
NUMBER TYPE ORDER VALUE
1 ARS 1 -. 35000E+00
RESIDUAL AUTOCORRELATIONS: CASES
13- 04
1- 10 0.07 0.22 0.07 -0.14
ST.E. 0.12 0.12 0.12 0.12
11- 20 0.02 -0.17 -0.02 0.14

ST.E. 0.14 0.14 0.14 0.14

In Michigan

ESTIMATED
VALUE

-. 324 70E+00

DF
19

0.00 0.03
a.1l3 0.13

TERMINATION:SSQ CONVERGENCE

VARIABLE: 12
LABEL:
CASES : 1- 04
ADJUSTED SSQ :0 . 10505E+05

95 PER

LOWER LIMIT

-.50333E+00
Q
0.220 34E +02
0.09 -0.02
0.13 0.13
0.05 0.05
0.15 0.15

CENT
UPPER LIMIT

.66067E-01

SIG
. 2447

o

.10 -0.31
.13 0.13

o

-0.15 0.13
0.15 0.15



Table A.7 ARIMA Model Estimation Results for the Frequency of Mad-been-drinklng Crash
Involvement Among 21 - 24 Year Old Drivers 1n Michigan

ESTIMATION SUMMARY

DIFFERENCING: 0
SEASONAL DIFFERENCING: 1
SEASONAL SPAN: 12
TRANSFORMATIONS: LOG
PARAMETER PARAMETER BEGINNING
NUMBER TYPE ORDER VALUE
1 ARS 1 .36000EfO0O
RESIDUAL AUTOCORRELATIONS: CASES
13- 04
1- 10 0.07 -0.00 0.13 0.12
ST.E. 0.12 0.12 0.12 0.12

11- 20 3.09 -0.10 -0.09 0.15

TERMINATION:SSQ CONVERGENCE

VARIABLE: 10
LABEL:HBD21.C
CASES: 1- 84
adjusted ssq:0.14857e+01

ESTIMATED 95 PER CENT
VALUE LOWER LIMIT UPPER LIMIT
-.11481E*00 - .36183E+00 0.15221E+00
DF Q SIG
19 0.1660415%02 6167
0.03 0.02 0.18 0.13 0.06 0.03
0.12 0.12 0.12 0.13 0.13  0.13
-0.04 0.00 0.07 -0.09 -0.21 -0.07



Table A_.0 ARIMA Model Estimation Results
Involvement Among 25 - 45 Year Old Drivers

ESTIMATION SUMMARY

DIFFERENCING: 9
SEASONAL DIFFERENCING: 1
SEASONAL SPAN: 12
TRANSFORMATIONS: NONE
PARAMETER PARAMETER BEGINNING
NUMBER TYPE ORDER VALUE

1 AR 1 0

2 AR 2 0

3 ARS 1 -

RESIDUAL AUTOCORRELATIONS

13-

1- 10 -0.06 -0.02 0.009
ST.E. 0.12 0.12 0. K
11- 20 -0.00 -0.09 0.00
ST.E. 0.12 0.12 0.12

PARAMETER CORRELATION MATRIX

1 2 3
1 1.0000
2 -0.2668 1.0000
3 0.1551 -0.1275 1.0000

TERMINATION:SSQ

VARIABLE:

ADJUSTED SSQ:

ESTIMATED
LOWER LIMIT

.40000E+00O0
.20000E4 0O
.4 6000E+ 00

0.23972E+ 00
.24718E+00
.50152E+00

0.12306E-02

0.92580E-03
-.73021E+00

0.644 31E+01

for the Frequency of Three-factor-surrogate Crash
in Mtchigan

CONVERGENCE

15

1- 84

0 .46058E+05
CENT
UPPER LIMIT
0.47822E+00
0.49344K+00

-.27284E+00

S1G
.9897



Table A.9 ARIMA Model Estimation Result for the Frequency of Had-been-drlnklng Crash

Involvement Among 25 - 45 Year Old Drlv rs In Michigan

ESTIMATION SUMMARY

DIFFERENCING: 0
SEASONAL DIFFERENCING: 0
SEASONAL SPAN: 12
TRANSFORMATIONS: NONE
PARAMETER PARAMETER BEGINNING ESTIMATED
NUMBER TYPE ORDER VALUE VALUE
1 DELTA 0.15000E+03 0. 70250E+02
2 AR 1 0.24000E+00 0.29701E+00
3 ARS 1 0.56000E +00 0.73S47E100
RESIDUAL AUTOCORRELATIONS : CASES DF
1- 84 17
1- 10 -0.02 -0.08 0.25 -0.04 0.06 0.11
ST.E. 0.11 0.11 0.11 0.12 0.12 0.12
11- 20 -0.05 -0.13 0.03 0.13 -0.05 -0.04
ST.E. 0.12 0.12 0.13 0.13 0.13 0.13

PARAMETER CORRELATION *ATRIX

1 2 3
1 1.0000
2 -11.4140 1.0000

3 -0.8691 -0.0714 1.80UU

LOWER LIMIT

0.21346E+02

.62S08E-01
.5643 0E-tOO

0
0

o o ([N e}

VARIABLE :

o

.15027Et02

oo

TERMINATION:SSQ CONVERGENCE

13

1- 04

ADJUSTED SSQ :0.13607E+66

95 PER CENT
UPPER LIMIT

.11917E403
.53152E+00
.90664E+00

SIG
.5935

.12 0.18
12 0.12

.02 0.06
.13 0.13



Table A_10 ARIMA Model Estimation Results for the Frequency of Had-not-been-drlnklng Crash

Involvement Among 21 - 24 Year Old Drivers In Michigan

ESTIMATION SUMMARY

DIFFERENCING: 0
SEASONAL DIFFERENCING: O
SEASONAL SPAN: 12
TRANSFORMATIONS: NONE
PARAMETER PARAMETER BEGINNING
NUMBER TYPE ORDER VALUE
1 DELTA 0 .30000E+03
2 AR 1 0 .59000E+00
ARS 1 0 .62000E+00

RESIDUAL AUTOCORRELATIONSI:

1- 10 -0.00 -0.07 0.08
ST.E. 0.11 0.11 0.11
11- 20 0.1U -0.07 0.29
ST.E. 0.11 0.12 0.12

PARAMETER CORRELATION MATRIX

1 2 3
1 1.0000
2 -0.5003 1.0000
3 -0.7907 -0.0910 1.0000

TERMINATION;SSQ

VARIABLE:

ADJUSTED SSQ:

ESTIMATED
LOWER LIMIT

0.21670E03
0.4 5309E+00
0.67101E+00

0.Q0110E102
0.25095E+00
0. 494 28E+00

0.13722E+02

CONVERGENCE

10

1- 04
0.19648EH 07

CENT
UPPER LIMIT

0.35329E+03
0.65522E+00
0.85173E+00

SIG
.6867

0.03 0.04
0.11 0.11

o

.01 -0.03
.13 0.13

o



Table A.11 ARIMA Model

Involvement Among 25 - 45 Year Old Drivers

ESTIMATION SUMMARY

DIFFERENCING:
SEASONAL DIFFERENCING:
SEASONAL SPAN:

TRANSFORMATIONS:

PARAMETERT
NUMBER

1
2
3

PARAMETER

TYPE

DELTA

AR
ARS

ORDER

NONE

o

RESIDUAL AUTOCORRELATIONS:

1-

ST.

11-

ST.

10

20
E.

-0.03
0.11

-0.02
0.11

-0.11
0.12

0.
.11 0.11

0.
0.

BEGINNING

VALUE

.75000C+03
.64 000C+00
.63e~E+00

CASES
1- 84

06 0.07

30 0.12
12 0.13

PARAMETER CORRELATION MATRIX

1
2
3

1.0000
-0.4920 1.0000
-0.7639 -0.1491

1.0000

0.51644E+03 0.196J5E+03
.4 784 2E+00 .27736E+00
0.66412E+00 0.47G46E+00

o
o

DP Q
17 0.18607E+02

-0.04 -0.01 0.00 -0.07
0.11 0.11 0.11 0.11

-0.09 -0.09 .00 "0.07
0.13 0.13 0.13 0.13

o

Estimation Results for the Frequency of Had-not-been-drinklng Crash

In Michigan
TERMINATION:SSQ CONVERGENCE
VARIABLE : 19
LABEL ¢
CASES : 1- 84
ADJUSTED SSQ :0 .12356E+08
ESTIMATED 95 PER CENT
VALUE LOVER LIMIT UPPER LIMIT

0.03654E+03
0.67949E+00
0.84977E+00

SI1G
.3516

0.05 -0.01
0.11 0.11

-0.01 -0.00
0.13 0.13

081
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DESIGN VALIDITY



DESIGN VALIDITY

There are numerous potential threats to the validity of the
conclusions reached in the present investigation, These potential threats
to the validity of conclusions can be categorized in a number of ways, the
most popular being the dichotomizaticn of internal and external validity
originally presented by Campbell and Stanley (1966), However, the present
discussion is structured after the more comprehensive discussion of
validity presented in Cook ar.d Campbell®s (1979) recent volume. Cook and
Campbell present four major categories of research design validit (A)
statistical conclusion validity, (B) internal validity, (C) construct
validity, and (D) external validity. Each of the*® types of validity is
discussed below.

Statistical Conclusion Validity. Statistical conclusion
validity is concerned with the possibility that random errcr and/or the
inappropriate use of statistical tests may invalidate research
conclusions. Statistical conclusion vJidity is essential to establish
that there is in fact a true covariation between the operationalizations
of the concepts . tder investigation. Since covariation is the most basic
prerequisite for establishing a causal relationship, one must first
establish a valid covariation or statistical relationship prior to
conducting a causal analysis.

There are a variety of threats to statistical conclusion
validity. First, inadequate power of the statistical tests used may
invalidate one"s conclusion that no covariation is present. This threat

to statistical conclusion validity was minimized by a number of design
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features in the present investigation. Since there is a direct
relationship between sample sire and power, a large number of observations
over an extended period of time surrounding the intervention points was
used in estimating the statistical rel. lonships. Power .salso increased
by refraining from the use of very low levels of Type I error as the
criterion for a statistically significant relationship, since power is
directly related to the level of Type | error chosen.

Statistical conclusion validity was strengthened by the use of
the most powerful statistical methods available that could be
appropriately applied to the data. For this reason, the present study was
designed to meet the requirements of the recently developed Box-Jenkins
transfer function methods (Box and Tiao, 19751 Box and Jenkins, 1<76).

Finally, statistical - inclusion validity can often be
substantially increased by explicitly taking into account in the data
analyses all systematic components of the total variance in the dependent
measures, and thus reduce the error variance. As is discussed in Section
3.4 on the data analysis methods, extensive effort was expended to
identify all of the systematic components of the total variance in each
dependent time-senes prior to an assessment of the statistical
significance or magnitude of the drinking age effects.

A second inreat to statistical conclusion validity is the
violation of the assump 1ions of the procedures used. This threat to
validity was minimized jy explicitly noting the assumptions accompanying
the statistical procedures used, the robustness of the procedure to a
violation of rhose assumptions, and an assessment of tne extent to which

the assumptions were violated. Further discussion of the assumptions



underlying the procedures used in this investigation, and an analysis of
the extent to which the assumptions were met can be Found in Section 3,4,

A third threat to statistical conclusion validity is the
analysis of multiple tests, Examining multiple tests increases the
probability of making a Type I error} that is, it increases the
probability of falsely concluding that covariation exists. (1) This
threat to validity can be avoided either by explicitly making adjustments
in the critical significance levels (for example, using Bonferrcm
multiple t-tests} Dunn and Clark, 1974), or by concluding that true
covariation exists only or. the basis «f a pattern of results rather than
on tna basis of one or two "significant" findings among a large number of
tests conducted. In the present investigation, conclusions were maoe on
the basis of the pattern of results over a number of tests, "ather than
one or two isolated statistically "significant” results.

A low level of reliability in the measures used crnstitutes a
fourth threat to statistical conclusion validity. The result of low
levels of reliability is an inflation of standard errors and a consequent
reduction ,n the ability to detect covariations that may exist. In other
words, low reliability reduces the power of the statistical procedures
used. The main control over this threat in the present study was the use
of aggregate outcome measures, rather than measures based on particular
drivers, accidents, cr data collection sub-systems (such as a single
community or county). The impact of random irregularities over time in
the data collection systems of particular local jurisdictions was
minimized when the data were aggregated at the state level. The result of

the statewide aggregation was the canceling out of numerous randcm



measurement errors occurring at the local level) consequently, the
sytematic patterns in the series were more easily discernable in th””
aggregated data.

Low reliability in the implementation of the intervention is a
fifth potential threat to statistical conclusion validity. If the
intervention is not implemented in a uniform fashion, with a high degree
of random error in the manner in which it is implemented from month to
month, one is less likely to observe the true covariation that may be
present between the intervention and the dependent series. Implementation
unreliability was minimized as a threat to the validity of the present
study because the interventions of interest, namely changes in t"e legal
drinking age, were simply and clearly defined interventions. The major
source of intervention implementation unreliability was the differential
levels of enforcement of the drinking age across local jurisdictions and
over time. Since adequi”e information on the nature of enforcement
efforts was not available, variations in the level of enforcement could
not be explicitly incorporated into the analyses. As a result,
inconsistencies in enforcement efforts reduced the power of this
investigation to detect effects of the drinking age changes.

The sixth threat to statistical conclusion validity is
identified by Cook and Campbell (1*79)44) ** "random irrelevanaes in the
experimental setting.” It is the random error in the observations due to
all of the other influences upon the frequency of accidents that are not
explicitly brought into the analyses. It should be noted that a large
number of these other causes cf crash frequency, although not explicitly

identified, were controlled in the analyses by the specification of



systematic trend, seasonal, and ether autocorrelation components present
in the dependent variables. In addition to these systematic trend,
seasonal, and autocorrelation components of the series that reflect causal
influences, there was a random component in each series due to other
omitted causal influences on the series. (2) The differential operation
of these other factors across jurisidictions was controlled by using
aggregate data across a large number of jurisdictions. As in any
research, there always remains, however, a random component due to omitted
causes of the phenomenon under study. This random error over time, along
with other random error due to measurement and sampling error, provided
the basis for an assessment of the statistical significance of the effects
of the legal interventions.

The final threat to statistical conclusion validity identified
by Cook and Campbell (1979544) is "random heterogeneity of respondents,"
or, in rther words, the random error associated with the sampling of
subjects from the population of interest. Since the present research did
not use a sample of fatal accidents, but ratMr a census of fatal
collisions for the entire state, sampling error was not a threat to
statistical conclusion validity in the analyses of the fatality
variables.(3) Sampling error was present in the measures of traffic crash
frequencies, which were based on a 20 percent random sample of all
reported crashes. In the analyses of these variables, the sampling error
was part of the total residual error used to assess tne statistical
signficance of intervention effects.

Internal Validity. Aft" a high degree of statistical

conclusion validity has been achieved, that is, after the existence of



covariation between operationalizations of the concepts of interest has
been established, the question as to whether the covariation is plausibly
indicative of a truly causal relationship has to be addressed.
Establishing the causal nature of observed covariations between
operationalizations is the domain of internal validity. There are a large
number of potential threat*, to the internal validity of an investigation
and each threat should be explicitly considered and ruled out as a
plausible explanation of the observed covariation. Through the sucsssr e
ruling out of potential alternative explanations for observed
covariations, one"s confidence in inferring a causal relationship on the
basis of the observed covariation is strengthened. Although from an
epistemolcgical point of view one can nev”r actually prove the existence
of a causal relationship, demonstrating the impossibility of potential
alternative explanations, for all practical purposes, functions to
establish the causal hypothesis as true until it can be disproved by new
evidence, For these reasons, as many potential alternative explanations
for the observed relationships between the measure of beverge alcohol
availability (i.e. the legal drinking age) and measures of motor vehicle
accidents as possible were analyzed and dismissed as implausible
explanations for the observed covariation.

Ihe first potential al ative explanation of an observed
relationship between legal drinking age changes and measures of accidents
is that the proposed causal relationship is reversed, that is. changes in
accident frequency bring about changes in the legal drinking age rahtar
than vice-versa. This threat to internal validity was ruled out in the

present design by the time-ordered nature of the measurements. A cause
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must precede in time its effects, and since the measures of the changes in
the legal drinling age precede the measures of accidents, the argument
that the causal relationship is reversed was discarded.

The secord major threat to internal validity is history, a
comtemporaneous event that may be the true cause of the observed effect.
For example, one micht argue that any downward shifts in accidents among
Michigan youth af sr the raise in the lega. drinking age in 1973 were due
to the moderate g isc".ine shortage (and increased gasoline prices) of 1979,
and the resultant drop in miles driven. Similarly, one might argue that a
reduction in alcohci -related traffic accidentj was due to reduced
consumption of alcohol after Michigan®s ban on non-returnable beverage
containers caused a significant increase in the price of packaged beer.W)
Such explanations of observed shifts in the dependent series were ruled
out by specific features in the research deshn. The use of
quasi-control groups, consiitwg of the affected age group®s alder peers
not affected by the drinking age interventions, permits an assessment of
the validity of alternative explanations, of which the gasoline shortage
and beverage price increases ate two examples. Such contemporaneous
historical events would most likely affect all age gruups, not ;ust the
13-20 year olds, and would therefore be seen in the acudent measures for
the comparison age groups.

Alternative historical event”, were also ruled out as
explanations of a covariation between the interventions and the dependent
variables by the fact that two interventions were examined, one of which
was the reverse of the other, In such a situation any contemporaneous

historical event that is suggested as an explanation of observed shifts



must op rate in opposite directions at different times, or two historical
events must be postulated which operate in opposite directions. Since
such multiple historical confounds were unlikely, the research design as
here formulated was robust against contemporaneous history as a threat to
internal validity. Moreo\er, the major event with known effects on crash
frequency, the fuel shortage and related factors of early 1974, was
explicitly controlled in the data analyses.

The third threat to internal validity is maturation, gradual
devlopmental changes in the dependent variables simply due to the passage
of time. The time-series design ruled out this threat by providing a
series of observations prior to the intervention, permitting a
determination of whether the post-intervention observations were simply
the continuation of a pre-intervention maturational trend. It should be
noted that a gradual trend in the dependent series ran be attributed to
maturational effects or to the effects of some omitted variables such as
economic or population growth; in any case, observed trends in the
dependent variable series were explicitly taken into acccunt in the data
analyses.

The testing threat to internal validity refers to the impact
repeated testing may have on the system under investigation, and the
possibility that testing effects may be the true cause of an observed
relationship. This threat was eliminated in the present design by the
unobtrusive nature of the measurement process. This is, the measurement
process was an institutionalued feat re of the social system, rather than
an artifact of the experimental situation. Secondly, this potential

threat was minimired in the time-senes design by the long



pre-intervention series which made it highly improbable that a testing
effect would suddenly emerge at the point of the intervention.

The fifth potential threat to internal validity is
instrumentation, a change in the measuring instrument occurring co". L™ent
with the intervention. That is, the process by which acadert frequence s
were measured may have changed at the same time point as the legal ch - ges
in the drinking age, and may account for any observed shifts in the series
at the point of the legal changes. This argument was not a plausible
alternative explanation of the proposed causal relationship for several
reasons. First, the presence of comparision groups that would also have
experienced basic changes in the measurement process ruled out
instrumentation as a validity threat. Such changes in the measurement
process cannot be used to explain the differential shifts in the frequency
of accidents for the 18-20 age group as compared to the aged groups
presumably unaffected by the legal & iking age changes. This threat to
validity was also minimized by the analysis of two interventions, one the
reversal of the other, since two instrumentation changes, causing opposite
shifts in the dependent series, must be postulated. Finally, the threat
was reduced simply by the time-senes nature of the design. With a large
number of observations over an extended period of time .or to the
intervention, a substantial instrumentaion change exactly at the point of
the intervention became less plausible. (?)

Statistical regression or regression to the mean is another
often mentioned threat to internal validity. Regression to the maean
occurs if an intervention is implemented exactly at a point at which the

deoendent series if at a very high or a try low point, since the



subsequent observation will tend to be closer to the mean of the series
simply by chancer regardless of any intervention effect. For example, if
the drinking age was raised at precisely the point in time when
alcohol-related traffic accidents among youth were at their highest level
in years, one would expect the level of accidents to fall somewhat after
that unusually high point. Such a regression effect could be mistaken as
the effect of the drinking age change. Such an argument was not a threat
to the interval validity of the present design for several reasons.
First, a long series of obsevations was available prior to the
interventions, facilitating the determination of the atypicality of the
observations immediately prior to the interventions. Seccnd. and perhaps
more important, the data analysis techniques used to assess shifts m the
series were based on all of the observations in the series, rather than
relying only on the observations immediately prior to and immediately
after the interventions. Furthermore, the analysis methods took into
account seasonality and autocorrelation regularities m the series,
ensuring that the intervention effect identified was independent of
effects due simply to the particular time points at which the
interventions were implemented.

The seventl and eighth potential threats to internal validtiy
are selection and mortality. That :s, particular characteristics n* tne
subjects selected for study, and particular characteristics of these
subjects who drcp out of the study, may invalidate the study results. One
type of selection threat occurrs when differences in the Vinds of subjects
in the experimental and control groups account for differences in the

post-intervention measures between the two groups, rather than an impact



of the intervention. This alternative explanation w*.s not a threat in the
present design because the criterion for establishing an intervention
effect was not simply differences in the post-interventicn observations
between experimental and comparison groups, but rather differences in the
shifts found within the experimental and the control dependent series.
However, when intervention effects were assessed by examining shifts
within each of the series, selection and mortality may have threatened
internal validity if the composition of the experimental group changed
substantially at the points at which the interventions were implemented,
thus, providing a plausible alternative explanation of observed shifts in
the certes. The composition of the experimental grcup dees change over
time with the addition of new individuals who attain the age of 13 and
dropping out of individuals who attain the age of 21. This change in the
composition of the group, however, occurs gradually, with only a small
proportion of the total experimental population changing from month to
month. Furthermore, these changes in the composition of the experimental
groups were primarily due to a stable aging process that cannot be
influenced by the intervention or extraneous factors. Thus, it was highly
implausible that the changes in the composition of experimental groups
accounted for observed shifts in the dependent variables.

There are three threats to internal validity which involve the
interaction with selection of particular threats already discussed.
First, selection-maturaticn refers to a differential maturational trend
across the experimental and control groups. This was not a threat to
internal validity in the present design for the same reasons that the main

effect cf maturation was not a threat, namely, the long series of



observations availab.s prior to the interventions, and the data analysis
methods used, which explicitly took into account any maturational trends
in each group®s series of observations.

The second interaction threat to internal validity is the
interaction of selection and history. It was possible that each of the
experimental groups experienced a different "local” history, and this
differentially experienced contemporaneous event was actually the cause uf
the shifts observed in the series concomitant with the drinking age
interventions. For example, two contemporaneous events, the moderate
gasoline shortage and price increases cc 197? and the ban on
non-returnable oeverage containers (increasing the cost of alcoholic
beverages), may have had a differs al impact on the various age groups.
One could conceivably argue that both i “these contemporaneous events had
an mfFluenr*upon youth that was not true for adults. Since youth may
have less discretionary disposable income available, and since these
contemporaneous events increased the cost of both driving and of drinking,
the ban cn ncn-retumable beverage containers and the 1777 fuel
shortage/price increases may explain why there were reduced
alcohcl-r«?ut*<j acadents for youth and no such ahifts for older age
cohorts during 1>7°. If it IS true that the increased cost of fuel and
alcoholic be <*»ages influenced the drinking and driving patterns of youth
more than the drinking and driving patterns 0f older cohorts, the majcr
fuel shortage and price | tcreases 0f early | >4 should also have had a

greater impact cn young crivers. However, the data analyses presented in
chapter 4,0 1eV»S| that the %74 fuel ahortage'pncs increases did not

affect young driVers more than older drivers. TNIS finding reduced the



plausibility of the argument that the increased fuel prices of 1979
account for the larger reductions in acadents observed for young drivers

than older drivers.

The final interaction with selection that is a potential threat
to internal validity is selection-instrumentation. This threat could
obtain if alterations in the procedures for the reporting of
aloohol-related acadents occurred only for acadents involving youth.
The instrumentaion change could then account for the shifts in accident
frequencies speafic to this age group. This threat to internal validity
is the argument most frequently used by those who favor lower drinking
ages, to discredit observed covariations between drinking age changes and
the frequency of collisions among young drivers. The argument is that
with a lowered legal age police officers are more vigilant in reporting
the presence of alcohol in crashes involving young drivers, and
conversely, officers report fewer crash-involved young drivers as "had
been drinking" when a high drinking age is in effect. Although the extent
of any such police reporting bias has not been documented, the
selection-instrumentation challenge to internal validity was controlled
through the use of the three factor surrogate measure of alcohol-related
crashes as discussed in Section 3.2. It is highly unlikely that reporting
of the driver”s se«. the time of the crash, or the number of vehicles
involved, would change at the time of the drinking age modifications,
either for yoimg drivers or for older cohorts.

Cook and Campbell (1979) also point out th# potential threat to
internal validity of the "diffusion or imitation of treatments." where

there is contamination of the comparison groups as a result of their



experiencing a portion of the intervention. Diffusion of the
interventions was possible in the present design for the 16-17 age group,
since a major change in the level of availability of alcoholic beverages
for the 18-20 age group indirectly changes the level of alcohol
availability for the.16-17 age group, as discussed in Chapter 2.0. As a
result, the interventions may have an impact on the 16-17 year old cohort
as well as the focal 18-20 age group. The diffusion of the intervention
to 16-1? year olds was no threi.t to the present investigation since other
comparison groups (aged 21-24 and 25-45), whose levels of alcohol
availability were not affected by the interventions, were included in the
design. The effects of the drinking age changes cn the 16-17 age group
were directly assessed along with the impact upon 13-20 year olds.

The last three threats to internal validity are potential
"reactive effects" of experimentation. The first reactive effect Cook and
Campbell <1=7<:54) discuss is "compensatory equalization of treatments,"
which occurs when the providers of the treatment recognize that the
control groups not receiving the treatment may feel discriminated against:
as a result, the providers work to obtain a portion of the treatment for
the control groups. In the present investigation, the older age cohort
control groups were not affected by changes in the legal drinking age,
regardless of whether the legal age was 13 or 21, those over 21 had
alcoholic beverages legally available to them.

The second reactive effect potentially threatening internal
validity is "compensatory r.valry by respondents receiving less desirable
treatment” (Cook and Campbell, 157°,74), and refers to action taken by

control group subjects to obtain a portion of the treatments (which *re



perceived as being desirable). The third reactive threat is "resentful
demoralization of respondents receiving less desirable treatments"” (Cook
and Campbell, 1979J54). This threat to internal validity occurs if the
treatments are perceived as desirable and the no treatment control groups
retaliate by lowering productivity or efforts, or otherwise distort the
differences between treatment and control groups. These two effects were
not threats to the internal validity of this investigation because the
present study examined natural experiments that occurred as part of normal
on-going policy-making processes in the State of Michigan, and tnus were
not subject to the reactive effects that are often present in artifically
contrived experimentation, which is an atypical presence in the social
system under investigation.

In summary, the goal in designing this research was to obtain
valid conclusions as to whether changes m the availability of beverage
alcohol, as reoresented by changes in the drinking age, caused substantial
changes in alcohol-related accident frequences. The first step was to
establish that there was a true covariation between changes in
availability and changes in accident frequency, achieved by assuring ie
statistical conclusion validity of observed shifts m the accident
time-senes. The second step was to rule out extraneous hypotheses, those
other than the causal hypotheses under investigation, that could plausibly
explain the covariations observed. The result was high internal validity
and a high level of confidence that the covariation observed represents a
causal relationship between the particular cperaticnalizaticns of alcohol
availability and alcohol-related aicdents. The next validity issue was

whether the causal relationship established between the particular
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measures used was, in fact, indicative of a causal relationship between
the broader constructs of interest, namely, alcohol availability and
alcohol-related traffic accidents. The relationship between the
operationalizations or measures used and the theoretical constructs of
interest is in the domain of construct validity.

Construct Validity. Construct validity answers the question,
given the established causal relationship between the operationalization
used (i.e. high internal validity), do the operationalizations adequately
reflect the concepts of interest? The first thieat to construct validity
is inadequate explication of constructs prior to their operationalization.
Clear specification of the concepts of interest, as is found in Chapter
2.0, is an important aid for obtaining measures that are appropriate to
the concepts under study.

The second threat to construct validity is labeled
"mono-op oration bias" by Cook and Campbell (1979&5). Mono-operation bus
refers to the use of only a single operationalized measure of each
concept. The use of single indicators prevents an assessment of
convergent validity, that is, the extent to which different measures of
the same concept produce the same result. Mono-cperaticn bus was not a
threat in the present design because multiple indicators of each concept
w*»r» use<t. As discussed in Section 3.2, the traffic crash dependent
var able measures include the frequency of police reported "had not been
dnnk.ng" crash-involved drivers, the frequency of police reported
acndent-snvolvod drivers where the driver "had been drinking," and an
empirically derived three factor surrogate measure of alcahcl-reUted

acadents. Furthermore, two categories of crash involvement were
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examined, "he total frequency of crash involvement and the frequency of
fatal crash involvement. The use of such multiple indicators of traffic
acadents and alcohol-related traffic accidents permitted an assessment of
convergent validity. The measure of the changes in alcohol availability
was based on the effective date of the legal changes and was accepted as a
valid measure on the basis of face validity, obviating the need for

multiple indicators.

A threat to construct validity closely related to mono-operation
bias is "mono-method bias" (Cook and Campbell, 1979;66). It refers to the
reduction in construct validity that occurs if all the measures of a
concept are based on the same data collection technique. The most
difficult concept to measure in the present investigation, alcohol-related
acadents, was measured using two methods. The "had been drinking"
measure was based on the judgements of the investigating police officer,
while the three factor surrogate was empirically constructed on the basis
of objective information concerning the driver and arcumstances
surrounding the collision.

There are three theats to construct validity that are potential
reactive effects of the experimental situation. The first threat occurs
if the sutjects within the various experimental conditions guess what the
researcher®s hypothesis is and act in such a manner to confirm (or
disconfirm) that hyothesia. The second threat is "evaluation
apprehension” (Cook and Campbell, 1979(67) on the part of the experimental
subjects, where, as a result of the subjects® awareness of being
evaluated, behave in a scaally desirable manner. The third reactive

effect that may threaten construct validity is the expectations of the



experimenter. If the experimenter®™s expectations are communicated to the
subjects under investigation or those who collect data, distortions in the
subjects® behavior or the data collected may result. All three of these
potential threats to construct validity, resulting from reactive effects,
were eliminated in the present investigation by the unobtrusive nature of
the experiment. The experiment was a natural part of the social
environment, not imposed on the social system by outside researchers, and
thus was unlikely to create reactive effects. However, a form of the

third threat, experimenter”s expectations, could threaten construct
validity if the expectations of police offficers, who are responsible for
the collection of data on traffic accidents, influenced the reported
frequencies of crashes. This threat was minimized by the use of measures
that the police had little control over and thus were unlikely to be
distorted by such subjective factors. The three factor surrogate measure
of traffic fatalities, in particular, was virtually impossible to distort

by police accident investigators.

Another threat to construct validity was somewhat obscurely
labeled "confounding constructs and levels of constructs" by Cook and
Campbell (1977;67). This source of invalidity occurs when there is
implementaticn of only a small number of all possible levels of the
intervention variable, and, or tne measurement of only a subset of all
possible levels of the outcome variable. Invalid conclusions may result
if the effect (or lack of effect) observed is due to the fact that only
particular levels of the intervention were administered, or only a portion
of the potential range of the outcome variables were measured. This

potential source of invalidity was minimized in the present design because



the measurement of the outcome variables was continuous and because the
independent variable was a dichotomy (beverage alcohol legally available
to an age group versus beverage alcohol not legally available to that age
group). One could argue, however, that the concept of alcohol
availability is continuous and the present design only examined two of
many possible levels of alcohol availability. If one accepts this very
reasonable argument, itmust be noted that the two levels of availability
examined were at widely divergent points of the availability continuum.
Although a detailed examination of the pattern of impact of marginal
changes in the availability of beverage alcohol was not possible,
conclusions concerning the impact of a major change in availability upon
motor vehicle accidents, the purpose of the present investigation, could
be validly achieved.

The interaction of various interventions also could reduce
construct validity. Since this study evaluated the impact of two
interventions, any impact observed for the second intervention may only
obtain when the second intervention is preceded by the first intervention.
Thus one could argue that the effect of the second intervention, raising
the drinking age, only occurs if raising the drinking age follows, cy
seven years, a drop in the legal drinking age. The threat that the two
interventions may interact to produce the observed effects was avoided by
the nature of the two interventions, one being the reverse of the other.
Obviously, one expects a law establishing the legal drinking age at a
particular age to have an effect of shifting the level of accident
time-senes only if the drinking i”“e was something other than that age

prior to the new law. The interaction of different drinking age



interventions, therefore, did not reduce construct validity because the
two interventions were, in a sense, only one treatment, with the 1973
drinking age change simply the reversal of the 1972 intervention,
restoring the drinking age to its pre-1972 level.

One type of interaction effect that cannot be controlled by the
design is the interaction of the focal intervention, i.e. drinking age

changes, with other planned or unplanned "interventions," such as changing
economic conditions or the implementation of a ban or. non-returnable
beverage containers. Such factors may have interacted with the drinking
age changes to produce shifts m crash frequency among youth and .ue only
way to avoid invalid inference is cognizance of such confounding
"interventions"” when interpreting the results of the data analyses.
The last threat to the construct validity of the present
investigation is the interaction of testing and the interventions, that
is, the possibility that the intervention effects observed may only occur
if there is pre-testiny. The measurement of the outcome variables prior
to the intervention implementation did not reduce design validity because
the pre-testing utilized here was a continuous, institutionalized data
collection system, rather than an artifact of the experimental situation.
External Validity. External validity answers the question,
given that one can confidently conclude that there is a causal
relationship between the focal constructs, to what extend is this causal
relationship generalizable across persons, settings, and times"* The first
major threat to external validity is the interaction of selection and
treatment. That is. the plausibly causal relationship that has teen

established may only apply to the particular atypical sample analyzed.



The selection of a target population of all accident involved youth in
Michigan, with the analysis of a census of fatalities and a random sample
of reported crashes, reduced this constraint on generalizability.

There are two major limitations on the populations to which the
findings could safely be generalized. First, since the analyses were
limited to the aggregate of all reported crash involved youth in Michigan,
no generalizations could be made to particular subpapulations of Michigan
youth. For example, without specific analyses of particular subgrous
based on saaodemographic or social-psychological variables, one could not
determine the differential impact of the changes in the legal availability
of beverage alcohol upon particular types of youth. Although the overall
impact w.-.s Jitermined, this overall impact may be the result of differing
impacts on particular subgroups of the total population of youth. Secor.u,
because the analyses were based solely on the Michigan population, the
generalizability of the results was, strictly speaking, limited to the
State of Michigan. It must be recognized that generalizing to other
states is based on one"s judgement as to the similarities betweeen those
states and Michigan, rather then based on explicit features of the
research design. <o)

The interaction of setting and treatment is the second basic
threat to external validity. This limitation on generalizability occurs
when the intervention effects observed are due to the implementation of
the interventions in a particular soao-cultural setting, Since the
present investigation assessed the effects of changing the legal drining
age in only one soao-cultural setting, one cannctgeneralize the results

to widely different states or countries. However, the experimental
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setting was not substantially atypical of a number of industrialized
states, and some generalization can plausibly be made# if it is done with
caution, recognizing that one is generalizing by inference# not on the
basis of explicit features of the research design.

The third major threat to external validity is the interaction
of history and treatment. If intervention effects occur only under the
particular historical arcjmstances present when the interventions were
mplemented, the generalizability of the findings are severely limited.
The analysis of two intervention? changing the legal availability of
beverage alcohol at different time points, substantially reduced this
threat to external validity. Since impact of a change in the drinking age
in 1972 and the impact of another change in 1*73 was examined, the
plausibility of the argument that particular historical circumstances
interacted with the intervention both in 1972 and 1973# bringing about
both observed shifts# was greatly reduced. However, tte drinking aye
changes were implemented in a particular historical period# and the extent
to which similar results would occur during different time periods is
unknown. For example, the Vietnam war, the draft, and associated youth
protest activities or the late 1960s and early 1970s may have facilitated
the move to a lower age of majority including the drinking age). The
movement to raise the drinking age may be affected by the frequently
discussed conservative drift of the United States in the late 1*7Gs. One
can only speculate as to the effect of larger soao-histcrical
developments on the Interaction between drinking age public policy and
motor vehicle accidents.

In summary, it is evident that a number of features of the
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design of this investigation! such as (A) the appropriate use of powerful
statistical procedures# (B) the use of long series of observation* for
multiple measures# <C) the analysis of multiple comparison groups# and <D)
the examination of two policy interventions# one the reverse of the other,
function to provide conclusions of high validity concerning the impact of
changing the legal minimum drinking age on measures of motor vehicle
accidents. The establishment of such causal relationships is among the
most important goals of theory-oriented hypothesis-testing research and
policy-oriented evaluation research. Ildentifying causal relationships
allows one to move on to an assessment of the generalizability of the
causal conclusion to broader concepts. The high levels of statistical
conclusion validity and internal validity of th.s study facilitate the
establishment of a c«u*al relationship between changes in the legal
availability of beverage alcohol# as measured by modifications in the
drinking age. and traffic accidents# as reasured by the frequency of
collisions and fatalities. The levels of design validity for construct

and (especially) external validity are somewhat lower# however, and broad
generalizations to related concepts and other populations and settings
should be made wi»h care. It should be noted that, as Cook and Campbell
<I"?">) pointed ou*. construct and external validity are, m the final
analysis# matters of replication. Therefore, the replication of the
present invesugatlon in other states# using various measures of the
ccncepts and jsing the powerful design and data analysis features used
here# would strengthen the conclusion that there exists a general causal
relationship between beverage alcohol availability and the frequency of

alcchol-related acadents.



Notes to Appendix B

1. For example# if cne sets the critical significance level at
.05# one would expect to find five "significant" results in any 100 ®sta
conducted# simply as a result of chance.

2. The major exogenous factor with a knot . impact on the
frequency of crashes was the fuel shortage and .aticnal maximum legal
speed limit reduction of early 1974. The effect of the fuel
shortage/speed limit reduction were explicitly iantrolled in the data
analyses assessing the effect of the drinking ag* changes.

3. Some may argue that without probability s<mpling from a
defined population# any use of statistical testing is inappropriate.
However, the model of statistical inference used here is an econometric or
time-series model where the statistical significance of an .ntervent*ur
parameter was assessed by comparing its size with the size of the tota.
random component in the dependent variable. The purpose of statistic*,
inference in this investigation was to separate the systematic effects
from the random component, not generalizations to specified population.
For add t<onal discussion of this issue see Berk and Brewer (1973).

4. The proposed ban on non-returanable soft drink and beer
containers was submitted 1i and approved by the people of the State of
Michigan at the general election held on November 2# 1976# and took effect
on December 3# 1978 (Michigan Compiled Laws of 1970# Sections 445.571
through 445.576, as amended by Initiated Law of 1976, Section 2# and
Public Acts of 1977, Number 270). Available evidence indicates that#
after the effects of inflation were controlled, packaged beer prices
increased by about 10 percent in the first year after the law took effect
"Michigan State Legislature, 197<).

5. As was discussed in Section 3.2# variables characterized by
major instrumentation changes (such as the had been drinking/had not been
drinking measure in the late 1960s and early 1*70*) were excluded from the
analyses.

6. Cne important difference between states, potentially
limiting generalizability# identified in previous research (Douglass#
1*74), is the degree to which the state is isolated from contiguous states
with different drinking ages. For example* sraised drinking age is
likely to have less impact in a state with a long border with a state that
retains a lower drinking age because young drinkers may drive to the
neighboring state to obtain alcohol. Such a situation is an example of
the operationalized measure, a legal change in tne drinking «ge, not
reflecting a .major change in the construct of interest, alcohol
avtilabillty. Since only a marginal change in alcohol availability cc urs
af*er a legal drinking age charge in such circumstances# less effect on
alcohol-related collision* might be expected.
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