


STATUS OF DRIVER EDUCATION IN ALASKAN SCHOOL 1981-82

APPROVED PROGRAMS NON-APPRQVED PROGRAMS
Enrollment _ir._Grades 10-12 Enrollment in Grades 10-12
School  Dr. "Educ. School  Dr. Educ.
75 20 Adah Anchorage
34 10 Andersor. 1364 75 Bartlett
752 15  Barrow 145 58 Chugiak
".241 60  Ben Zielson 1169 75 Dimond
197 8 Bering Strait 1525 139 East Anchorage
1 45  Bethel 1309 175 Service
109 20 Dillingham 1549 95 West Anch.
95 36  Haines 135 12 Delta Junction
201 40 Homer 36 15  Galena
62 16 Hoonah 46 12 Ninilchik
476 100 Kenai 142 12 Nome-Beltz
517 120 Ketchikan
29 8 King Cove 7885 668 (8%)
1102 40 Kodiak
135 20 Kotzebue Enrollment Summary « Grades 10-12
144 175 Lathrop School Dr. ddue.
88 39 Metlakatle App. Prog. 7303 1553
46 9 Nenana Not. App. 7885 668
414 160  North Pole No Program 4923
121 30 Petershurg
49 6  Quinhagak 20,111 2221 (117)
26 10 Sand Point
122 32 Seward
369. 103 Sitka
39 15 Skagwjy
409 150  Soldotne
21 0 Susan B. English
18 7 Thorne Bay
50 20 Tri-Valley
236 49 Valdez
671 150  West Valley
17 3 Wrangell
7303 1:153 (21%)
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MEMORANDUM May 4, 1982

SUBJICT: Single subject rule
T0: Senator Charles H. Parr
FROM: Bill | G Berrier

DIrgctor
Division of Legal Services

F have askecl hether questlons for an advyis oy VO
atlng?nto |ncrea3|n% r|nk| ﬂ %e and le a||2|ng the
use arlg]uana may e com Ined | e bill W|thou
V|o|at|ng the singlé subject rule.
The single subject rule is contained in Section 13,
Article °IT, Constitution of the State of Alaska which
provides:
SECTION 13, Every bill shall be confined to one
sublect unless  it”is an aé) propriation hill or one
coijlf mg, revising,. or f ar? %lng eX|st|n Iaws.
Bills~ fo amoro pri |ons shall be tonfined
appropriati e su Ject of each bill s a|| be
expressed in (s % title. ? enacting clayse shall be:
B l< enacted by the Legislature of” the State of
Alaska.
The rlmarx aim o the rule has been stated bg our court to
be [ stra| t o the 1o %ro é; process In_the legislature
escrlb?s g rolli eliberately inserting in one
b| lrgeveeranecesslam” ar or mcongruaoslé'z‘1 gugﬂe(t:tse r|nneaordrgr to
u ure.
Su er v. Alaska St¥ 8r$d0 Committee, 414 P, Zg 546 (1966).

The test which broadly stated:

" in k must
made BE LY o Ee BRCITIOn N, Fasesnd T aRds KINd MUt b,



Senator Charles H. Parr
Page 2
May 4, 1982

determining whe]ther a bill is confined to one subject
we agree with the statement:

‘All that is necessary is that the act should
embrace some one gene ral s bgect and hrs 1S
meant, merely, [ tters tr%ated of should

fa,ll under som one ene a\ Idea ? connecte
wrt or relate to e ch o her ert er ogr? ly or

rﬂo|[:])u ar understan r] b" parts of, or
ger e to, one genera ubrec 1

ado ted rn Gellert v. State, 522 P.2d 1120 (Alaska

, been uoted rn each subsequent case In point
A sa wrt £ rova téere ore well settled that
his road language is the standar against which compliance

rh the srngle subject rule Is to be tested.

There would appear. to pe a connection both o all nd in

opular, underEPandrn% Between t[he use o? aIcoﬂ ? an%l tEhe use
of marijuana since te trse of either has related although
not identical social policy implications.

Inlmy opinion this would not violate the single subject
rule’

BGBsljb



RAPER|/t)epartment o Heath & Social Services

POSITION

POSITION PAPER

CS for HB 112 (Judiciary) Am

"An Act relating to age limits under Title 4, Alcohol Beverages".
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 privileges to this age group. During the period
of 1970 to 1975, 27 states including Alaska, lowered their minimum drink-
ing age for all al;oholic beverage, and another 11 states lowered the
drinking age for wine and/or leer. However, 1976 saw a reversal of this
trend when Minnesota raised its minimum drinking age and as of January,
1982, 14 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 recognized as Alaska's number
one health and social problems. Alcohol has also been linked with the
state's high accidential death rate and other manifestations of social
ills, such as homicide, suicide, crime, violence, child and spouse abuse
and neglect, etc.

Youth of Alaska are not immune from the ill effects of alcoholism and
alcohol abuse. For example, the State Alcoholism Plan estimate: 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 programs report that
clients under age 20 make up 10.3% of all persons seen for treatment and
counselling. Our Department finds 24.8% of all youth arrests age 18 and
under are for alcohol relaced offenses. (Attachment)

The Department of Public Safety, 1982Highway Safety Plan, indicates that
in 1979 age group 15-18 were involvedin 11.3% of Alaska alcohol related
motor vehicle accidents yet this same age group constitutes only 3.4 % of
the licensed drivers. The Department believes alcohol is more accessible
to this age group with the current legal drinking age of 19 than it would
be if the age were 21 because of the "pass-down" effect. In 1981, liquor
law violations accounted for 1,918 arrests of youth age 18 and under, while
209 of this age group were arrested for driving under the influence.

These statistics appear to indicate that alcoholism and alcohol abuse
continues to be a ser.ous health andsocial problemin the State and to
which our youth are vulnerable as well.



Department®s Position

The Department is supportive of raising the drinking age and views this
action as an effective tool in decreasing alcohol related problems among

Alaskan youth.

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

Date:

Approved by:
-Jielen D. Beirne

Commissioner
Department of Health &
Social Services

Date: [/ r/r-S -
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Clients Receiving Alcohol Abuse
Treatment by Age - 1980

0-15 16 17 18 19 20

101 4 A 174 195 221

Statewide Arrests - 1981

0-15 6 17 18 19 20 2

Driving Under Influence 21 69 112 179 132 134

Liquor Law Violations 368 421 610 49 66 39 38



THE LEGISLATURE OF THE STATE OF ALASKA
TWELFTH LEGISLATURE

FISCAL NOTE
| . REQUEST
Bill/Resolution No. CS for HR 11? filndjriary) Am
Title " Act Relating to Age limits nnripr Titip 04f Alcoholic BeveragesS
Requested by_ .5p.aatp - Heallh.-&- Saci-ai]- Serv i te- Ma-y- 3.,- L9-82

1. FISCAL DETAIL
Agency Affected_ Dpﬁartm$nt. nt Hpalth and Social Services
Program Category Affecte AlcghdiliSsro- & D _A
BRU, Pro?ram, Or Subprogram(s) M(Pecfesﬁo A drnurgfnsstt)trlrjg?ion /' Grants
(Note: IT more than one budget component is affected, separate line-item
amounts and funding for each component in the analysis section.)

EXPENDITURES  (Thousands of Dollars)
FY 8 FY 8 FY 8 FY 8 FY 8 FY 87

100 PERSONAL SERVICES
200 TRAVEL

300 CONTRACTUAL

400 COMMODITIES

500 EQUIPMENT

600 LAND & STRUCTURES
700 GRANTS,CLAIMS,ETC.

TOTAL

FUNDING (Thousands of Dollars)

GENERAL FUND
FEDERAL FUNDS
OTHER (Specify Source)

POSITIONS -0- -0- -0- -0- -0- -0-

FULL TIME
PART TIME
TEMPORARY

[11. ANALYSIS (See Fiscal Qfote Preparation In~ftruction?"Sectidn”Ill) -0-

IV, DATE 5/3/82 PREPARED BY _Robert_ L_ Cole
agency State Office of Alcoholism and Drug
Original: Legislative Finance  PHONE 586-6201
cC: Budget and Management
Prime Sponsor (First Legislator Named) mart in
33-001 (Rev. 12/81)

Abuse
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STATt OF ALAKA

ACTUARIES IN REGULATION

CAS REVIEWS AIR CONSTITUTION

The Casualty Actuarial Society Board of

Directors meeting May 23 in Palm Beach,
Florida, will officially consider the
petition of Actuaries In Regulation to
become the first CAS Section. Robert
Gossrow, AIR pro-temp secretary, has
submitted the necessary petitions and
proposed constitution to CAS Secretary

Brian Scott.

Preliminary exposure of rhe AIR constitu-
tion to CAS Directors r’'suited in revi-
sion allowing any interested CAS member

to be an officer of iIR. With this
change, no opposition to the AIR petition
is expected.

Other features o/ the proposed constituy-

tion include: voting by mail, subscrib-
ership for interested state employees not
CAS members, a newsletter editor as

officer and executive committee member,
the first meeting each year will be the
Annual Meeting when officers are elected.

Other than holding office and voting, no
distinction has been  drawn between
members and subscribers.

CAS members wishing to join AIR a
others seeking to establish subscriber
status, should send requests to Robert W.
Gossrow, Illinois Dept, of Insurance, 320
West Washington, Springfield, [Illinois
62767. Others serving AIR during its
organization have  been Gary Granoff
(Florida) president, Charles Potok (S.
Carolina) wvice-president, and  Michael

Lamo (Oregon) editor..

Published quarterly by Actuaries In Regulation

INSNOWE 5l

Number 3 April 1982

NEWS GUST:
partmental

NAIC Creates Interde—
Resources Task Force

The NAIC has established an Interdepart-
mental Task Force to catalog resource
needs of various state regulators and the
resources available within the various
state departments. Chairing the match-
making project will be Commissioner Bill
Gunter of Florida.

i NAIC Considers New
| State Data System

The NAIC EX1 Subcommittee directed the
Support and Services Office (SSO) to
prepare a complete proposal for internally

operating the state time sharing system
beginning September 1982

The arrangement with the Service Bureau
Company (SBC) through January 1982 would
have cost approximately $600,000 per year
to continue. An interim agreement at a
reduced cost has greatly restricted state
access to the system. States will be
allowed only $200 per month in time
charges through May, then $1,000 per
month for June, July and August. There-
after, until sometime early in 1983,
states would have to make their own
arrangements with SBC. September and
October were the months of greatest uti-
lization of the system by state subscrib-
ers in 1981 The interim arrangement
allows states to run IRIS reports weekly
and run annual report tabulations during
the summer months.

continued on page 3

Editorial office: c/o Casualty Actuary, Oregon Insurance Division, Commerce Building. Salem, OR 97310
Subscriptions: c/o Casualty Actuary, Dept, of insurance, 320 W. Washington, Springfield, IL62767



>3£SH AIR -9- APRIL 1982

From a Former Actuary (continued)

On the other side of the coin, | met many involves the concerns for solvency and
of the senior actuaries in the business fair treatment of policyholders. | feel
and  was spurred on in my actuarial as if ['ve come full circle and I'd like
studies by their encouraging words. to think that | contribute as much if not
more to the goals and objectives of
| still consider myself an actuary in regulation now than | did during those
regulation. My work these days again unforgettable years in Madison.

FRESH STATISTICS ON AUTOMOBILE ACCIDENTS

In the Statistical Section of the Missouri Division-, Jackie Gordon and Mary Lou Clark
prepare amazing statistical reports cn all subjects almost daily. This recently came to
the FRESH AIR file based on 1979 data supplied by the Missouri Highway Patrol and
Department of Public Safety:

%of:
Accidents
Driver Licensed All Involving
Age Drivers Accidents Drinking
0-15 — 0.2% 02% -
16 - 24 23.8% 35.6 41.0
25 - 34 23.3 25.1 26.8
35 - 44 15.9 13.1 13.4
45 - 54 13.7 9.8 9.6
55 - 64 12.2 7.5 5.4
65 + 11.1 6.5 3.6
Unknown T 2.3 wT
100.0% 100.0% 100.0%
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INSURANCE SEE PAGE 10
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D rinking A ge ,TLafhc Agcidentg Linked

Traffic accidents involving young  Michigan, like many_stales lias search Institute, in 1978 Miclugai
people seem 10 fluctuate with"thie rise tned it both ways. In 1972 Michigan  dnnking age was put back to 2f a
and fall in a state’s minimum legal  dropped its minimum drinking age to  crashes dropped 20°L *its a stiki
drmkmg age. The Insurance_Institite 18 years from 2L In the ensuing similarity,” says Mr. Wagenaar.
lor Highway Safety found a 28 aver-  seven years, alcohol-related traffic ac-  Twenty-nine states ropFed tly
age drop in"nighttime fatal crashes b){ cidents by young drivers rose 20rf drinking” ages iri the early 197
young drivers in nine states that over the predicted number, according Since then. 16 states have ,thou%
raised their minimum drinking age In  to Alexander Wagenaar of the Univer-  belter of the idea and have raised
the past five years. sity of Michigan's Highway Safety Re- age limit by at least one year.
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May 17, 1982

LETTER 8& INTENT
SENATE (HESS) COMMITTEE SUBSTITUTE for CSHB 112 (Jud) am

It is the intent of the Health, Education and Social
Services Committee that:
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I POSITION PAPER

CS for HB 112 (Judiciary) Am

"An Act Relating to Age Limits Under Title 4., Alcoholic 3everages".

The Office of Alcoholism and Drug Abuse 1is highly supportive of this bill.
The Office has hard scientific information from other states (Michigan,
Maine) that when the legal drinking age in those states was lowered, during
the 70"s, the automobile accident death and 1injury rate rose by roughly
20%. Conversely,, when the legal urinking age in those states was raised
back to 21, the rate of automobile accident death and injury was reduced
by roughly 20%. (See attachment 1)

Much has been made of the argument that 1if young men 18-21 are old enough
to serve in the military, they are old enough to drink. Recent evidence
shows that the U.S. Military is suffering major and debilitating performance
and readiness problems, precisely because of high levels of alcohol (and
drug) misuse, primarily among its lower enlisted ranks, age 18-25.

Further, Alaska with its multitude of behavioral problems, stemming large—
ly from aicohol abuse, experiences disproportinate rates -m"eimne, suicide
and accidental death and injury, mainly amoung young males ir. their late
teens and early twenties.

Based on the evidence from other states, there 1is no doubt 1in our minds
that alcohol vrelated problems among teenagers and twenty year olds would
be substantially reduced by enactment of this bill into law.

Recommended by
Robert L. Cole
Coordinator
Office of Alcohlism &
Drug Abuse

Date: - Z |'

b (]

Approved By:

Helen 0. Beirne
Commission.r
Department of Health &
Social Services

Date:



THE LEGISLATURE OF THE STATE OF ALASKA
TWELFTH LEGISLATURE

FISCAL NOTE

I . REQUEST
Biil/Resolu®;ion ~o. CS for HR 11? f.luHiriary) Anm

Title»Qp A:t Renting to Age limits nnHer Titlp 04 r Alcoholic BeverageSj

Requested Saaa-t-P --H ealt.h_&_S-ftc-U4- Servicd¥te May 3, 1982

I1. FISCAL DETAIL
Agency Affected Department, nf Heal-th...and Social Services

Program Category Affected, Al CohplySm_&,Qrgu .Abuse--———-——————————-v
BRU, Program, Or Subprogram(s) Affected Administration / Grants

(Note: If more than cne budget component is affected, separate line-item
amounts and funding for each component in the analysis section.)

EXPENDITURES (Thousands of Dollars)

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

100 PERSONAL SERVICES
200 TRAVEL

300 CONTRACTUAL

400 COMMODITIES

500 EQUIPMENT

600 LAND & STRUCTURES
700 GRANTS,CLAIMS,ETC.

TOTAL

FUNDING (Thousands of Dollars)

GENERAL FUND
FEDERAL FUNDS
OTHER (Specify Source)

POSITIONS -0- -0- -0- -0- -0- -0-
1
FULL TIME '
PART TIME
TEMPORARY
I11. ANALYSIS (See Fiscal~fote Preparation fn~lructionP SectioiPlll) J
IV. DATE 5/3/82 PREPARED BY Robert L . Col e

agency State Office of Alcoholism an~cf-Drug
Original: Legislative Finance PHONE 586-6201
cc: Budget and Management
Prime Sponsor (First Legislator Named) Martin
33-001 (Rev. 12/81)

Abuse
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Raising the Legal Drinking.age in Michigan and December -1981
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; N c¢. Wagenaar, R. L. Douglass,

C. P. Compton, with L. C. Pettis' UM-HSRI 81-58
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Highway Safety Research Institute

The University of Michigan I CSOr  GOfHe.
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National Institute on Alcohol Abuse and Alcoholisn Final o
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5. st

14, M%no< . . . -
Previous research has shown that increased alcohol availability

associated with reductions in legal minimum age for purchase of alcoholic
beverages resulted in increased alcohol-related traffic, crash involvement
among young drivers. In the late 1970s, Michigan raised the drinking age
from 18 to 21, and Maine from 18 to 20. providing natural experiments re-
ducing alcohol availability. Effects of the raised drinking age on motor
vehicle crash involvement were evaluated using a tri-level hierarchical
multiple time-series design. . o 3

Results revealed a significant 20% reduction in alcohol-related injury-
producing crash involvement among 18-20-year-old Michigan drivers directly
attributable to the higher drinking age; alcohol-related property .damage .
crashes decreased 17% for this age group. Maine drivers age 18-19 experi-
enced a 2% reduction in alcohol-related property damage crash involvement
attributable to the raised drinking age.-

It is concluded that the legal minimum drinking age has a significant
effect on alcohol-related motor vehicle crash involvement among young
drivers. Implications of the findings for beverage alcohol availability
theory and public policy concerning the prevention of alcohol-rela+ted
problems are included.

<. Dilffiunhm
Legal drinking age, traffic acci-

dents, alcohol availability, Box- Unlimited
Jenkins Time Series Analysis

If. chl, ¢4 D, =enfyound, 1A i o
Unclassified Unclassified 367

pnom COT F 17007 11-73)
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I''O INTRODUCTION
After the repeal of prohibition in 1933. all states established

= y - 7 N '
minimum legal, ages for purchase and consumption of alcoholic beverages;

most states set the minimum drinking age at 2V, while a few chose
drinking ages between 18 and 20. Little attention was given to these
laws over the subsequent three and a half decades. The controversy
surrounding the drinking age began in 1970 with passage by the Congress,
eand subsequent ratification by-the states, of the 26th amendment to the
U.S. Constitution extending the right to vote in federal election? to
citizens between 18 and 21 years of age. A movement to extend the
rights and privileges of adulthood to youth aged 18 and over .began, and
within three years all 50 states extended the right to vote iri state
elections toel8-year-olds. During this period, 29 states reduce’' their
minimum legal drinking ages (Table 1.1).*e

Following the reductions in drinking age, considerable controversy
.emerged ir academic, law enforcement, political, and industry -circles
concerning the wisdom of lowering the drinking age (Michigan Licensed
Beverage Association, 1973; Works, 1973; Distilled Spirits Council of
the United States., 1973a. 1973b; Bowen and Kagay, 1973; Zylman,. 1973.
197A; Douglass, 1970« Uncontrolled analyses of early data were used by
some partisans in the political debate to argue that huge increases in
youthful alcohol-related :motor vehicle crashes occurred after the
reduction in drinking age (Michigan.Counc.il on Alcohol Problems, 1973)*

I *

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

3 '

‘Published literature on legal drinking age has provided
conflicting information on' the number of states that ‘'have changed the
drinking age. Information on legal drinking age changes provided here
was based on a comprehensive survey ofal.l 50 states conducted by

Wagenaar (1S81).



TABLE* 1.1

States Lowering the Minimum Legal

State *

Alabama
Alaska
Arizona
Connectirut
Del aware
Florida
Georgia

Hawai i

Idaho
11linois

lowa

lowa

Mai ne
Maryland
Massachusetts
Michigan

Mi nnesota
Montana
Montana
Nebraska

New Hampshire

New Jersey

Effective
Date

7175

9/70

8/72

10/72

7172

7173

7172

3/72

7172

9/73

Al72

7173

6/72

TI7A

- 3/73 "

1/72

6/73-

7171

7173

6/72

6/73

1/73

Drinking Age:

1970“ 1975

Description of Change

’ 21 to 19
21 to 19
"2l to 19
21 to 18

21 to 20

21 to 18

21 to 18

20 to 18

21 to 19
spirits;

2, to 19
21 to 19
19 to 18
20 to 18
21 to 18
21 to 18
21 to 18
21 to 18
21 to 19
19 to. 18
20 to 19
21 to 18

21 to 18

all beverages
all beverages
all beverages
all beverages
all beverages
all beverages
all beverages
all beverages

wine and distilled

20 to 19 - beer
beer and wine
all beverages.
all beverages
all beverages
beer
all beverages
all beverages

-all beverages

.all beverages
all beverages
ail beverages
all beverages
all beverages

only

and light wine only.



Effective

State Date Description of Change
Rhode Island 3/72 21 to 18 - all beverages
South Dakota 7172 19 to 18- 3.2 beer only
Tennessee 5/71 21 to 18 - all beverages
Texas 8/73 .21 to 18 - all beverages
Vermont o 7/71 21 to 18 - all beverages
Virginia 717* 21 to 18 - beer only . *

21 to 18 - distilled spirits (beer

West Virginia 6/72 and wine were 18 since 1935)

: 21 to 18 - all beverages except beer *
Wisconsin 3/72 which has been 18 since 1933
Wyomi ng 5/73 21 to 19 " all beverages

in pol'ice reporting practices, growth in the population of young
drivers, and long-term trends in the incidence of traffic accidents
(Zylman, 197*). By the mid-1970s, controlled studies of the effects of
lowered drinking 'ages began to appear both in the United States and
Canada. Most of these investigations found significant increases in
alcohol-related motor vehicle accidents among young drivers attributable
to the Ilowered drinking age. Several studies also reported increased
consumption of alcoholic beverages after the lowered drinking ages went
into effect. As the evidence documenting the adverse effects of the
lowered drinking age on alcohol-related problems accumulated, the trend
toward reducing the drinking age reversed. No states have lowered their

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



ages between 1976 and

ages

Rhode Island
Rhode Island
Tennessee
Virginia
t
The
to higher
study states because both

1981

in the 50 states as of April

1981

(Table 1.2).

Current

are

TABLE 1.2

States Raising the Minimum Legal

State

Flor ida
Georgia

111 inoi.s

lowa

Maine
Massachusetts
Michigan
Minnesota
Montana
Nebraska

New Hampshire

New Jersey

drinking ages.

Effective
Date
10/80

9/80

1/80

© 7178

—

oSt

o=

V79

12/78
. 9/76

.1/79

5/80
S/13
-1/ 8.0
- 7780
1
7181
6179

7/81

18

18

19

18

18

18

18

18

19

18

18

19

18

to

to

to

to

to

to

to

to

to

Drinking Age:

legal

minimum

drinking

listed'in Table 1.3.

1976-1981 «

Description of Change

19

19

19

20

20

21

19

19

20

20

-19

19

20

19

19

lowered their

all

all

beer

all

all

all

all

all

all

all

all

all

all

all

all

beverages
beverages
and wine
beverages
beverages
beverages
beverages
beverages
bevera'ges
beverages
beverages
beverages
beverages
beverages

beverages

only

off-premise beer only

Maine and Michigan were

drinking age in

selected as

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

primary

the early 1970s



Current Minimum Legal

State

Alabama

Alaska

Arizona

Arkansas

Cali fornia
Colorado
Connecticut

Del aware

District of Columbia
Florida =

Georgi a

Hawai i

Idaho

11linois

Indiana

lowa

Kansas |
Kentucky

Louisi?na

Mai ne

Mary land

3.2% or
less alcohol

19

19

21

21

18

18

18

19

19

18

19

21

21

19

18

21

18

20

18

TABLE 1.3

Beer

over 3*2%
alcohol

19

19

21

21

21

18

20

18

19

19

18.

19

21

21

19

21

21

18

20

18

Drinking Ages:

April 1981

* Wine
Light Fortified

19 19
* 19 19-’

19 « 19

21 21

21 21

21 21

18 18

20- 20

18 o 21

15 19/

19 . 19

18 18

19 19

21 21

21 21

19 19

21 21

21 21

18 18

20 20

18 21

Distilled
Spiri ts

19
19

19

21
21

21

20

21

.19 .

19

21

21

19

21
21 .
18
20

21



State '

.Massachusetts
Michigan.

Mi nnesota
Mississippi *
Missouri
Montana
Nebraskas
Nevada

New Hampshi re
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee

Texas

% Beer . Wine
Distilled
3.2% or over 3 *2% Spirits
less alcohol alcohol Light Fortified
20 20 20 20 20 7
21 21 21 21 21
e ¢ 19 19 ' 19 19 m 19
181 2! 18* 21 21 >
21 21 21 21 21
19 19 19 19 19 =
e 20 20 20 20 20
21 ., 21 21 21 21
20 20 20 20 20 o
19 . 19 19 19 19
21 21 21 '21 21
18 18 18 o . 18 m 18
18 18 18 21 21
21 21 21 21 221
18 21 21 21 21. ¢
183 21 21 21 . 21
21 21 21 21 21
21 21 21 21 21
20 20 . 20 20 20
18 ' 18 18 18 21
18 21 21 21 21
19 19 19 19- 19
18 18 18 18 18



Beer W.ine

Distilled
State 3-2% or over 3*2% e Spirits
less alcohol alcohol. Light Fortified
Utah 21 21 21 21 ' 2*1
Vermont 18 18 18 18 . 18
Virginia . 183 18s 21 21 21
Washington *oe 21 .. 21 21 21 Co2
West Virginia 18 184 18 18 18
Wisconsin 18 18 18 18 18
Wyoming ; 19 9 + 19° 19 19.

'Drinking age is 18 for beer or wine that is k% or less alcohol by
weight."” ..

"Prior to December 197&, the age was 18 for females and 21 for
males. This sex discrimination was ruled unconstitutional by the U.S.
Supreme Court, having the effect of lowering the age to 18 for males
[Craig v. Boren, U.S. Ok1. 97 S. Ct. ~b1 (1976)]-

' Eighteen for- on-premise consumption, nineteen for off-premise
consumption. .

Effective June 1980; beer over 3.2$ was illegal in West Virginia
before that date.

and returned to their original higher age in the late 1970s. As noted
in Table 1.1, Maine-lowered its drinking age from 20 to 18, effective
June 9, 1972, and returned the legal age to 20, effective October 23,
1°77. Similarly, Michigan lowered its drinking age from 21 to 18,
effective January 1, 1972, and returned the legal age to 21, effective
December 23, 1978. When the drinking age was raised, neither state
included a "grandfather clause" whereby young people who could legally
drink prior to the increase in drinking age would continue to possess

that right. After the raised drinking ages went into'effect, young



people who previously had the rfjht to purchase alcoholic beverages no
longer were legally allowed to do so.

The goals of this investigation were twofold. Firsti to provide
objective information' concerning the effect of the legal drinking age to
policy-makers and voters who must continue-to deal with this issue. A
major .concern in discussions of public policy on the legal drinking age
is the extent to which modifications-in the dri.iking age cause changes
in the motor vehicle accident experience of young drivers. Therefore,
this investigation emphasized the use of a research design with a high
degree of interval validity, and included consideration of potential
alternative explanations of the observed relationship between the'
drinking age and traffic accidents. In addition to the primary focus on
motor vehicle accidents, the relationship between-drinking age changes
and aggregate beverage alcohol sales was also explored. The second goal
of the present study was to use naturally occurring experiments with the
minimum legal drinking age to test propositions based on emerging
theories concerning the impact of beverage alcohol availability on

alcohol consumption-and alcohol-related public health problems.



2.0 ALCOHOL AND HIGHWAY SAFETY

A major component In the legal drinking age debate has been the.
impact of modifications of drinking age on alcohol-related motor vehicle
collision experience of youth. Recent trends in youthful drinking
patterns and the role of alcohol in traffic accidents, especially with
reference to young drivers, are discussed below. -
2.1 Drinking Patterns

. a .

It is well established that most young people in the United States
regularly drink alcoholic beverages. Blane and Hewitt 0977) reviewed
120 surveys of adolescent drinking practices (ire., youth aged 13 to 18)
conducted since 19L1. They concluded that the prevalence of youthful-
drinkers (i.e., "have you ever had a drink") was increasing prior to the
mid-1960s, and that about 7° percent of junior and.- senior high school
students were consistently identified as drinkers over the 19"6 through
1975 period. A similar pattern was revealed for lifetime prevalence of
intoxication (i.e., "have you ever been drunk"), which increased from 19
percent prior to 1966 to 1* percent during the 1966 to 1975 time period,
remaining stable during the latter ten-year period. Prevalence of self-
reported monthly intoxication (i.e., "how often do you becomeesdrunk")
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 Ilimits the conclusions that
could be made concerning trends in recent years. Blane and Hewitt also
could ngt identify/trends in drinking frequency among adolescents over

the past two decades hecause of the inconsistent measures of drinking

frequency used in various surveys.  Their best estimate of average



drinking frequency among teenage drinkers age 13 to 18 was three
drinking occasions per month.

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

The above discussion has been restricted to drinking practices of
junior and senior high ‘'school youth. The literature on college
students, also reviewed by Blane and Hewitt (1977), is even more
limited. Existing surveys of college students indicate that the
prevalence of drinkers (i.e., "have you ever had a drink") has been
continually increasing since World War It. It is estimated that about
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 age 18 to 25" consume
more beverage alcohol than at any other period in the life cycle.,'and
they drink larger quantities of alcohol per occasion than older drinkers
(Blane and Hewitt,- 1977; National Institute on Alcohol Abuse and
Alcoholi sm, 1978) .

The most recent information concerning youthful drinking practices
was provided by the ongoing longitudinal nationwide probability survey;,
being conducted by Johnston, Bachman and O'Malley (Johnston et'al.,
1979a. 1979b). They reported that 88 percent of high school seniors

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



reported use within the past month, and kI 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 11 percent in 1979; Johnston et al., 1979b).?

These recent data confirm and extend the conclusion. Blane and
Hewitt made on the basis of their review of surveys conducted prior to
l975. That is, a plateau in the prevalence of drinkers among older
adolescents and young adults has apparently been reached, with about 80/\
to 90 percent identifying themsel\'/es as drinkers. . However, .the
prevalence of young people who frequently become intoxicated appears to
be increasing, with current data indicating that more than one-third of
young people in the United States become intoxicated at least once'every
R days. The experience of frequent intoxication, by a si2eable
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. A

2.2 Traffic Acc ?2dents *
Motor vehicle accidents are the leading cause of death among youth
aged 15 to 2k, claiming 18,900 Ilives in the United States in 1979
(National Safety Council, 1980). A large number of interacting factors
have been identified as causes of traffic accidents.
1IThese high prevalence rates of frequent intoxication .were also

found by Wechsler (1979). in his recent surveys of -youthful drinking
practices.



Intensive investigations of random samples of' accidents conducted
at Indiana University by' the Institute for Research in Public Safety
have revealed that vehicular factors (e.g. brake failures, tire

* . .
blowouts) were a definite cause of the collision in about 5 percent of
the cases* and environmental factors . (e.g. slick roads, reduced
visibility, roadway defects) were a definite cause in about 20 percent
of the accidents examined (Institute for Research in 'Rublic Safety,
1975)* Human direct causes (e.g. excessive speed, tailgating, driver
inattention), 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 in accident causation,.and
pointed out that even in those cases where a definite vehicular or
environmental cause was evident, it was most often a combination of such

t
factors with human error that brought about the collision.

Human errors that cause most collisions are often a direct result
of human conditions at the time of the crash (e.g. driver- inexperienced,
emotionally upset, fatigued, impaired by drugs). The multidisciplinary
investigations of causes of traffic <collisions mentioned above have
revealed that, for samples of all accidents at all times," alcohol-
impairment is the-human condition most frequently identified as a causal
factor in the crash; alcohol impairment was identified as a definite or
probable cause in about 7 percent of the collisions investigated (Treat,
1977)- It should be emphasized that the accident sample included all
motor vehicle accidents at all times of the day/week; as a result, the

9

great majority of the investigated <collisions were relatively minor

property-damage accidents occurring during daytime rush hours.



. The epidemiological literature on the role of beverage alcohol in
traffic accidents demonstrates that the role of alcohol increases as the
severity of .the accident increases. Although only about 10 percent of
the drivers in  minor property-damage accidents have blood alcohol,
concentrations* (BACs) over .05 percent, about 15 percent of drivers

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

.or greate'r, approximately '25 percent of drivers involved in serious.

* - * *

injury éccidents have BAés «of ...10 or greater, and the most .serious
accidents, fatalities, have the highest rates of alcohol impairment,
with about one-half of the drivers having a BAC of at least .10 percent
(Cameron, 1977; Jones ana Joscelyn, 1978). The findings of thfase.
studies are supported by studies that include control groups, matched in
time and place to samples of accidents. Such studies have found that

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

BACs over .08 percent (Cameron, 1977; Jones and Joscelyn, 1978).J

A variety of individual characteristics (e.,g. socio-demographic,
attitudinal, personality, socio-environmental) predispose one to human
conditions that often lead to driver error, which consequently results
in a collision. Of- all of the predisposing characteristics, age and sex
of driver are consistently among the best predictors of accident
involvement  (Cameron, 1977)* Young drivers (15 to 2k), especially
males, are.overrepresented- in all types of traffic accidents in most
developed countries. Young drivers have accident rates from 2 to 10
times the rates for drivers of other age groups (Organization for
Economic”"Cooperation and Development, 1975) e

3Relative risk is the probability of crash' involvement at a

particular BAC divided by the probability of crash involvement with a
BAC of zero.



¢ A variety of exposure variables have been suggesﬁﬁd as explanations
for the overrepresentation of youth among accident-involved drivers’,
especially involvement in more serious injury-producing collisions, such
as: (1) driving at-more hazardous times/locations (for example,-, night-
time and weekends); (2) more frequent driving with passengers '.present
(increasing the probability of distraction); (3) driving vehicles that
are in poorer condition; and [U) more frequent use O.-f. two-whee\zled
vehicles. Although much work remains to be done concerning the effects-
of differential exposure, studies to date indicate that the
overrepresentation of young drivers in the accident-involved population
remains, even after--a variety of controls on accident exposure
(Organization for Economic Cooperation and Development, 1975; Preusser
et al., 1975).

In addition to their overrepresentation in all ~collisions, young
drivers also have the highest rates of alcohol-related crashes of any
age group (Cameron, 1977? Flora et al., 1978).* The high rates of
alcohol-related collisions among youth are apparently not due “imply to
increased driving after drinking. In fact, roadside breath test surveys
have revealed that the proportion of youthful drivers with elevated BACs
is the same as, or-lower than, the proportion of drivers in their 30s or
AOs with elevated BACs (Preusser et al., 1975, Wolfe, 1975).

An important explanation of the excessive rates of alcohol-related
collision experience of young drivers is the finding that the relative
rick of crash involv— ent at various BAC levels is higher for youth than
the relative risk of crash involvement at the same BAC levels of middle-

4Alcohol-related crash rate is here defined as the alcohol-related

crash frequency divided by the total crash frequency for' the relevant
age group.



age drivers (Perrine et al.# 1971; Zylman, 1972; Farris et al., 1975) i
Thus, a young driver with a given BAC level is more likely to be.
involved in an accident than an older driver at the same level, and the
risk of a .crash increases more sharply with increasing BAC levels for
youth than for drivers of other ages.

The particularly high susceptibility to traffic crashes among youth
as compared to older drivers at identical BAC levels-may be.due to the
lack of extensive experience with drinking and driving after drinking
among youth.. Such an explanation was supporte*d by the work Sf 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
characterized as frequent heavy drinkers (Blane, 1979)1 their recent
initiation into regular drinking may not have afforded- them sufficient
experience with drinking effects and driving after drinking for the
development of compensatory actions that reduce the risk of an alcohol-
related collision. A second explanation for the particularly serious
effect of an elevated BAC on the risk of crash involvement among youth
is that alcohol exacerbates the pre-existing impulsiveness and

propensity toward ri.sk taking behavior characteristic of adolescents and

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

2.3 Summary and Cone lusions

The literature on motor vehicle accidents has revealed that, of the
multiple environmental, vehicular, and human causes of collisions, human
error i t Kc central cause of most traffic accidents. These  human
errors are frequently a result of the alcohol- impairad condition of the

oriver. Drinking patterns of young people, <characterized /few a high



prevalence of drinkers who regularly consume large quantities of
alcoholic beverages per occasion, and increased sensitivity to
impairment at a given BAC level of young driv rs as compared to older
drivers, combine to. make them particularly susceptible to alcohol-
related crash involvement. The combination of m(1) high rates of motor
'vehicle coli.isions regardless of “lcohol involvement (reflecting

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

*, « S

éccidents irl\./ol.ving alcohol of. 'a'my age grou'p (reflecting inexgerience
with drinking), indicates that young drinking drivers are an appropriate
high-risk target group for the prevention of death and injury resulting
from alcohol-related traffic accidents. The legal minimum drinking age
has been identified as one potential mechanism that can be used as part

of these prevention efforts.



3-0 ALCOHOL AVAILABILITY AND THE MINIMUM LEGAL DRINKING AGE

3.1 Alcohol Availabi lity
Laws and regulations affecting the availability or accessibility of
alcoholic beverages,-of which the minimum drinking drinking is one

.example, have attracted increasing attention in recent years as a

strategy ‘for the prevention of alcohol-related problems. As discussed
'in  considerable detail by Beauchamp H980), since the repeal of
o >

prohibition, alcohol-re lated problems have been viewed as symptoms or

consequences of a specific disease <called alcoholism. With the
emergence of a medical treatment establishment and groups like
Alcoholics Anonymous focusing on those addicted to alcohol, individuals'

experiencing alcohol-related health and social problems were viewed as
alcoholic or pre-alcoholic. While the specific etiology of alcoholism
remained poorly understood,” it was generally thought that those
experiencing al-ohol-related problems possessed a particular
constellation of physiological or psychological traits that made them
susceptible to the disease. The concept of alcoholism, by implication,
proclaimed alcohol to be non-problematic for society at large, and for
most beverage alcohol consumers.

One result of ' the dominance of the disease concept of alcoholism
was a lack of attention to the role of laws and regulations in
controlling alcohol- use and associated social and health problems. I f
all alcohol-related problems are a result of the disease of alcoholism,
which s‘rikes certain individuals because they have particular traits
that most people do not have, .then public policy affecting alcohol

availability is simply irrelevant when attempting to reduce the

prevalence or incidence of alcohol-related problems. If acute public

" 17



health problems such as accident morbidity and mortality are seen as
symptomatic of alcoholism, solutions are focused on defining-,
identifying, and treating alcoholics, not investigating the effects of
f:ontrols on .alcoho-l availability. As a result, very Iittle# empirical
.research on the effects of alcohol control. law's was conducted ir; | the
United States between 1930 and 1970.

One important exception to the absence of inquiry into the alcohol
control law area was a .series of papers produced by the Moreland
Commission of New York State in 1963 (New York State, 1963, 1961* Bacon,
1971)* The Commission concluded . that, in general, extant beverage
control laws did not ‘’have beneficial effects in reducing alcoho).
problems, and recommended relaxing restrictions on the marketing of
alcoholic beverages. Although of limited scientific merit, and with
admittedly poor data, the Commission's conclusions were accep'ted for
several years, with the result that little detailed examination of

beverage control laws was conducted during the subsequent decade.

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

received increasing research attention, particularly in Europe and
1

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

Harford et a.i., 198Q; Moser, 1980; Frankel and Whitehead, 1981) .

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

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

role of general alcohol availability was receiving more attention.

Reports by the federal government discussed the potential of alcohol
#

beverage control laws as or.e strategy for the prevention of. alcohol-

related problems (National Institute on Alcohol Abuse and Alcoholism,

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



a result, the role of alcohol avajlability and alcohol" beverage control
laws is receiving increasing attention among researchers and policy
makers. ' *

Although research on alcohol availability is increasing, a focus on
alcoholism and chronic heavy drinking continues. Host recent research
on relationships between public policy, alcohol availability, alcohol
consumption, and alcohol-related public health problems has < used
cirrhosis mortality as the dependent variable. The effects of changing
alcohol availability by lowering or raising the legal minimum age for
purchase of alcoholic beverages is.one area where the focus has been on

acute alcohol problems, .particularly traffic accidents.

3.2 Recent Research on Effects of Changes ?n Lecal Drinking Aae

As a result of the drinking patterns of young people, characterized
by frequent intoxication, and the high rate of alcohol-related traffic
accidents among young drivers, a major issue in the controversy
surrounding drinking age has been the impact of changes in legal
drinking age wupon the incidence of motor vehicle accidents among young
drinkers. After man)" states and Canadian provinces Ilowered the Ilegal
drinking age in the early-1970s, numerous evaluations were conducted of
the impact of legal changes on the frequency of involvement in motor
vehicle collisions among young drivers. Most of the investigations were
based on comparisons between indices of youthful crash involvement
before and after a reduction in legal drinking age took effect. -

In addition to such pre-change post-change comparisons of crash
involvement among youth within the state or province experiencing a
reduction in drinking age, numerous studies included "an assessment of

pre-and-post-legal-change crash involvement for (A) comparison age



groups not directly affected by the legal change (such as drivers over
age 21), or (B) comparison jurisdictions that had not experienced a
contemporaneous change' in legal drinking age.

3.2.1 Lowered Drinking Aoe and Traffic Accidents. . Williams et
al. (197%0 examined fatal traffic accident frequencies among 15~T7 and
'18-20-year-old drivers in Michigan! Wisconsin,, and Ontario, where the
legal- drinking age had been lowered." Fatal accident frequencies for
three years prior to and one year after the legal changes were .compared
to the ‘contiguous states of Indiana, Illinois, and Minnesota,
respectively, where the drinking age had not been lowered during the
time period studied.

Significant increases in fatal crash frequencies were found for
both the 15"17 and 18-20 age groups in the jurisdictions experiencing a
legal drinking age reduction. Separate analyses of single-vehicle .and
nighttime fatal crashes, of which a large proportion -are known to be
alcohol-related, revealed larger increases in frequencyethan analyses of
all fatal ~crashes. The observed increases in fatal crash involvement
among youth were substantially larger for Michigan and Ontario than for
Wisconsin. The smaller effect for Wisconsin was most likely a result of
the less drastic change in the legal availability of alcohol. In
Wisconsin prior to the Ilegal change, 18-20-year-olds cjuld legally
purchase beer; the new law simply extended that right to all types of
alcoholic beverages.

Naor and Nashold (1975) also studied the impact of the Wisconsin
legal change wupon highway fatalities. Although the frequency of
alcohol-related fatalities did increase concomitant . with the legai

change, the proportion of all fatally injured drivers having elevated



blood alcohol levels did not change significantly.* Naor and Nashold
used the latter finding to argue that the reduced-drinking age had no
effect on traffic accidents among youth. However, since beer, the.
beverage of. choice among young people, was legally available prior to
the drinking age change evaluated, this investigation cannot be
considered a valid test of the effects of a lowered legal drinking age.

Cucchiaro et . al. . (1974) evaluated tr.1eB im|£)a.ct'o#f reduced dri.nking
age in Massachusetts using monthly time-series of trafficl accidents.
Traffic accident time-series were examined for the age groups 15" 17.
18-20, 21-23,. and 24 and over. The 18-20-year-old driving population
experienced significant increases in total fatal crashes, alcohol-
related fatal crashes,and alcohol-related property damage accidents,
after the drinking age was Ilowered. None of the accident measures
changed significantly for the 21-23 and 24-and-over drivers.

Douglass (1974), also using monthly time-series of motor vehicle
crash ‘'involvement, assessed the impact of reduced drinking ages in
Maine, Michigan, and Vermont. Collision involvement of 18-20 or 18-19-
year-old drivers in these states was compared with collision involvement
of 21-45-year-old drivers within the. same state, and with 18-20-year-old
drivers in Louisiana, Pennsylvania, and Texas, states which held the
drinking age constant over the study period. Tirne-series analyses
revealed significant increases in alcohol-related crash frequencies
among the 1[8-20-year-old population in both Michigan and Maine. No
significant increases in alcohol-re lated crash frequencies among youth

f
were observed in any of the comparison states, nor were there any

40n)y fatalities for which a blood alcohol concentration test was
administered were used in these analyses.



significant shifts for 21-1*5“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 resul.t of the relative ease with which 18-20-year*olds
in Vermont could obtain alcoholic beverages prior to the re'duced
drinking age by driving to New York, which has had a drinking age of 18
sinee 1937*

Douglass and Freedman (1977) replicated some of the .earlier
analyses, using four years of observations after the legal change.
According to the authors, the results demonstrated that the increase in
alcohol-related crash involvement among Michigan youth, identified . inI
the 19714 research, persisted over the four'years after the Teduced
drinking age took effect (i.e., 1972 through 1975)* F.valuation of the
Michigan experience- continued with Flora et al.'s (1978) analyses of
fatal accidents in Michigan from 1968 through 1978. Although these
authors did not use the same analytical techniques.as Douglass, the
impact of the 1972 reduction in legal drinking 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 year'y accident data for
Ontario from. 197 through 1971* Although lack of monthly data and the
inability to analyze separately only 18-20-year-old drivers made this
study a conservative test of the effects of a reduced drinking age, the

r

researchers found a significant increase in crash involvement among
f
[6-19-ycar-old drivers after the law changed.

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

2A-year-old drivers in London, Ontario, for the 1968 through 1973 time



period. Increases of 150 to 300 percent in alcohol-related crashes
among drivers age 18-20 were eviden.t after Ontario's drinking age was"
lowered.* In contrast, 2A-year-old drivers 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 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 involvemenfdata after
the reduction in drinking age demonstrated the permanence of the
increased alcohol-related collision frequency documented in the 1975
investigation. -
*e * ° *

Warren et al. (1977) evaluated the impact of reduced drinking ages
in Alberta, Manitoba, New Brunswick, and Saskatchewan on traffic
fatalities between 1968 and 1975* Only those fatalities for which a
blood alcohol concentration test was administered were included in the
analyse,l1. Frequency of alcohol-related fatalities, for 15~20-.year-old
drivers before and after a reduction in 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 blood alcohol concentration
legally defined as drunk driving was reduced to .08 percent at about the
same time that drinking ages were lowered, Warren et al. pointed out
that the effects of the .08 legislation were confounded with the effects
of lower legal drinking ages. Furthermore, insufficient numbers of pre-

change observations were available to control adequately for the

stochastic error in traffic fatality time-series. According to Warren

‘Police reports were used as indicator of alcohol involvement.



et al., although increases in fatalities among youth occurred after the.
drinking age was lowered, one is Ith able to conclude that the increases
were due to drinking age changes.

One of the provinces investigated by Wa-ren et al., Saskatchewan,
was also studied by Shattuck and Whitehead . (J976). After the drinking
age was. lowered from 21 to 19 in April. 1970, 1.6-20-year-old drivers
exhibited 20 to 50 percent increases in alcohol-related., crashes.’
.After drinking age was lowered from 19 to 18 in June 1972, 16-18 year
old drivers'experienced further increases in alcohol-related collision
involvement. Thus, two reductions in the legal drinking age were
associated with increased’alcohol-related crash involvement among both*
the newly enfranchised drinkers and the underage population.

Bako et al. (1976) examined the frequency of drivers with blood
alcohol concentrations of .08 percent or greater among those fatally
injured in the province of Alberta. An increase of 118 percent was

observed in incidence of alcohol-related fatal collisions among 15-19

year-old drivers after the drinking age was mmlowered. The researchers
concluded that.their findings support the argument that lowered drinking
ages lead to increased alcohol-related collisions among .youth.

The reduction in legal drinking age for beer and wine in MPnois
(from 21 to 19) was evaluated by the Illinois Department of
Transportation (1577)- Comparisons between fatality incidence in
[llinois and five control states were wused as the basis for the
conclusion that the Iowered drinking age in Illinois caused a 1.6

percent increase in fatalities among drivers age 19 and 20,

"Police reports were used as indicator of alcohol involvement.



The National Institute on Alcohol Abuse and Alcoholism’s Alcohol
Epidemiologic Data System (1980) examined annual traffic fatality counts
iri the 50 states from 1970 through 1978. Th* authors concluded that
" .differences in highway fatalities with the change in drinking -laws
do not appear significantly large." The authors readily admit, however,
that their analyses did not adequately control for the effects of
several confounding factors that occurred in the 1970s (e.g.' fuel
shortages, speed limit reductions, etc.). 3

After Alabama lowered its drinking age from 21 to 19 -in 1975#%
alcohol—relatgd crashes increased r «nificantly among#drivers age 18-20,
according to Brown and' Maghsoodloo (1981). Koch (1981) points out the
methodological limitations of Brown and Maghsoodloo‘s study, and, argues
that it does not establish a causal connection between the drinking age
and crashes, because the study did not include adequate comparisons
be’tween alcohol-related and non-alcohol-yelated crashes sand between
states that changed the drinking age and those that did. not. However,
the association be.ween Ilowered drinking age and increased alcohol-
related crashes in Alabama is consistent with the results from studies
of other states, and provides additional support for the conclusion that,
lower drinking ages .increase alcohol-related traffic crashes.

Lynn (1981) analyzed annual counts of alcohol-related crashes in
Virginia from 1969 through 1979* -Drivers ‘age 16-20 experienced an
identifiable increase in alcohol-related crash involvement beginning in
197L when the drinking age for beer was lowered to 18. In contrast,
drivers #25 and over experienced a decrease in alcohol-re lated crashes
during the same period. The author concluded that the' lowered .drinking

age was responsible for increased alcohol-related crashes among young



drivers in Virginia in the late 1970s, and recommended a gradual return
to the 2l-year-old drinking age.

It is gvident from the literature reviewed here that most of the
investigations of the .impact of lowered legal drinking ages ori .motor
vehicle collision involvement have found significant increases in crash
involvement frequencies among previously underage drivers who acquired
the right to drink under the new laws (usually 18-20-year-old drivers).
A number of studies have also 'demonstrated substantial increases' in
crash invo.lvement among underage drivers (usually 16 -and 17 years old)
following reductions in minimum m'drinking age. Consistency of the
results leads to the conclusion that lowered drinking ages result in
increased highway safety problems among youth.

The view that lower legal drinking ages cause increased youthful
crash involvement is not wuniversally held, with Zylman a well-known
opponent of a causal interpretation of the observed relationships.
Zylman (1973, 197¥, 1976. 1977) has criticized several of the studies
reviewed above. He argues that observed increases in alcohol-related
crash involvement among youth after the drinking age was lowered were
not due to the drinking age change, but rather were a result of (1)
random fluctuations in traffic accident time-series, (2) the
continuation of trends of increasing alcohol consumption (and alcohol-
related accidents) among youth evident prior to the legal changes, or
(3) increased attention to alcohol-related traffic offenses by law
enforcement officers. However, those studies explicit'y 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-repcrted alcohol



einvolvement, lowered drinking age' effects (although of smaller magnitude
° *

than analyses based on police reports), have been observed using
alternative measures of alcohol-involvement not influenced by police
reporting practices, such as analyses of single.—vehicle, nighttirpe, and
weekend crashes.

3.2.2 Ra?sed Drink ?2ng Aoe and Traffic'Accidents. In addition to
the evaluations of the lowered drinking age, there are several early
reports, on effects of raising the drinking age. Roy and Greenblatt
(1979) compared the number of teenagers charged with driving under the
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.* Snail increases in youthful DUIL arrests were
used to conclude that the raised drinking age led to increased drinking-
driving problems among youth. This study, however, does not merit
serious attention because of the following serious flaws in its design
and data analyses:% (1) DUIL arrests are an, I*inadequate measure  of
alcohol-related highway safety hazards because young drivers are more
likely than older drivers to be involved in an alcohol-related ‘crash,
but less .l.ikely to be arrested for DUIL (Organization for Economic
Cooperation and Development, 1975);* (2) the design is a one-group
pretest-posttest, inherently characterized by Ilow internal validity
because of its lack of a control group and an extended time-series of
observations (Cook and Campbell, 1979)5 (3) related to the basic

*The Massachusetts legal drinking age was raised from 18 to 20 on
April 16, 1979* The pre-post comparison was the number of DUIL arrests
in February 1979 versus the number in October 1979*

Mn addition, subjective considerations are more likely to

influence whether a particular drinking-driver is arrested than whether
a drinking-driver is crash-involved.



3 )
inadequacy of the design is the lack of any statistical control on time-
ordered trends, seasonality, or random fluctuations in the frequency of

o o .
DUIL arrests. As. a result, this study provides little .useful
information concerning the effects of a raised drinking age.

Another study of the higher drinking age in Massachusetts., with
substantially, better design and analysis methods, was conducted by
Hingsoﬁ,et al. (1981). Analyses of fatal crashes among y?ung drivers
revealed no permanent effect of the higher drinking age. Self-reports
(via telephone interviews) of quantity of alcohol drunk and driving-
after-drinking behavior among young people did not change substantially
as a result of the new law. .

.

Filkins and Flora (198i), using a partitioned chi-square
statistical analysis technique, analyzed youth crash involvement and
frequency of arrest for Driving Under the Influence of Liquor (DUIL) in
Michigan. Significant reductions both in crash involvement and DUIL
arrests among 18-?.0-year-old drivers were found after the drinking- age
was raised. The authors concluded that the minimum legal drinking age'
"clearly influences" the drinking-driving patterns of young people.

Wagenaar. (1980. 1981) analyzed a 20% random sample of all reported
motor vehicle accidents in the State of Michigan between January t1972
and December 1979* Using a multiple tirne-series design, the frequency
of alcohol-related crashes among young 'drivers was compared to the
frequency of pon-alcohol-re lated crashes, and the crash involvement of
young drivers was compared with that of older drivers. Results showed

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

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



Williams et al. (1S8l) analyzed fatal crash involvement in nine
states that rais.ed the drinking age, comparin;; them to adjacent states
with unchanged drinking ages during the period studied. Eight of the
nine states experienced'decreases in youth fatal crash involvement after
the drinking age was raised. The authors concluded that raising the
drinking.age in any given state should result in a 28% reduction in
nighttime fatal crash . involvement among the age group affected by the
legal change. ' "o n

In summary, of the studies conducted to date on the effect of
returning to higher drinking ages, most found significant reductions i
drinking-driving or al'cohoi-related crash involvement after states
raised the drinking age. The two studies that found no effect of a
higher drinking age both examined the experience in Massachusetts.
Furthermore, in Williams et al. (1981 study of fatal crashes in nine
states, the estimated fatal crash reduction in Massachusetts was only
6%, a non-significant difference. Without further research, it-is not
clear why the Massachusetts experience with a raised drinking age was
different from that in all of the other states examined to date.

3.2.3 Drinking Age and Alcohol Consumption AmongeYouth. Existing
literature on the ef-fects of changing the drinking age on youthful
alcohol consumption has focused on three main types of alcohol
consumption data: (1) self-reported consumption, (2) perceptions of
youthful consumption patterns reported by school officials, and @)
aggregate sales volumes. Wolfe and Chapman (1973a* 1973b) surveyed
MichiganI high school students in 1971 before the drinking age was

lowered, and again in 1973 after the reduction in 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 could not be unambiguously 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, Al percent of the students reported no
change in drinking patter-s, 20 percent reported drinking more, A
percent reported drinking less, and 9 percent indicated that they had
started drinking since the drinking age had been reduced. Smart and
Schmidt also surveyedmcol lege students, the majority of whom reported no
change in frequency or quantity of alcohol consumption, although 55
percent did report increased patronization of public drinking,
establishments since the legal change.

McFadden and Wechsler (1979) surveyed Massachusetts teenagers in
1955, 1970, and 197A. Youthful alcohol consumption increased between
1965 and 1970. when there was no change in the drinking age, as well as
between 1970 and 197A, when there was a reduction in the legal age from
21 to 18. The authors also surveyed New England college- students in
1977* arxd found that students from states'with a low legal drinking age
consumed alcohol more frequently than students from states with a high
drinking age.

Rooney and Swartz (1977) surveyed high school students in three
selected states with minimum legal' drinking ages at 18, and two selected
states with drinking ages at 20 and 21, respectively. The samples were
not demonstrably representative of the high school age population in the

states examined; They found that A2 percent of the responding students



#

In states with the drinking ages at 20 or 21, andW] percent in states
with the drinking age at 18, reported consuming beer once a week or
.more. Furthermore, students in states with a high drinking age had a
lower prevalence of abstainers ' (19 versus 2K percent), and a/higher
incidence of alcohol-related problems. The *authors concluded .'that a
high drinking age has no beneficial »f*ect in controlling alcohol
consumption among young people, and that it may even have adverse
effects. . '

Opposite results were obtained by Maisto and Rachal (1980) in their
analyses of a nationwide probability sample of high school students.
They found that students in states with a higher Vegal drinking age were

[¢
more likely to be abstainers, less likely to be heavy drinkers, and
experienced intoxication less frequently 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 the

drinking age. Hammond (1973). questioning 3514 Michigan 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-principals reported more -drinking
among students at school functions after the drinking age was lowered
(Smart and Schmidt, 1975)e

The third major type of data that has been wused to assess the
impact of reduced drinking ages on alcohol consumption patterns is

aggregate sales volumes. Smart and Schmidt (1975). in a comparison of



Ontario beverage alcohol shipments before and after a reduction in the

legalage, found that consumption in the first five months after the
l.egal change was higher than expected onthe basis of the pr.e-change
figures. Increased alcohol sales were particularly noticeable fo.r on-

premise sales, strengthening the argument that the lowered drinking age
'was at least a partial cause of the observed changes.

Barsby and Marshall (1977). examining aggregate distilled spirits
sales in 25 states, didnot identify anysignificant impact of lowered
legal purchase ageson spirit sales. The authors temper their
conclusions, however, by noting four limitations of their study. First,
any change in distilled.spirits consumption by youth following drinking
age changes would have to be substantial before the impact would be seen
in the aggregate statistics. Second, very little is known about changes
in  consumption patterns after legal changes; a change in location or
guantity .consumed per occasion resulting from the lowered drinking age;
For example, could have significant adverse health consequences,
independent of the total quantity consumed. Third, the analyses applied
only to distilled spirits, not beer or wine, which are more popular
beverages among young drinkers. Fourth, the time-span covered by the
study was short, incJuding only one year before and one year after the
legal changes.

Douglass and Freedman (1977) avoided the last two design
l[imitations of Barsby and Marshall's study by examining the monthly
aggregate sales of draft beer, packaged beer, wine® and distilled
spirits in  Michigan over an eight year Deriod. A statistically
significant increase ir. draft beer sales was associated with- lowering

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



to the lowered drinking age, isince no other confounding factor® were

identified ' that could have plasibly accounted for the observed
relationship. No significant shifts were identified for -any of the
other beverage categories.

Smart and Goods;c*adt (1977) discuss*ed a study conducted by Smart and
| ] < )
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Fi.nley in which per capita beer con.sumption in ten Canadian provinces
was examined. Eight p\)rovinces that lowered .their drinking ages .were
compared with two that- had not 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 of beer, wine,, and distilled
spirits in 25 states which reduced the drinking age with 25 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.

3.2.A Summary and Conelusions A review of the |literature on
effects of changed legal drinking.ages clearly indicates that there s
an inverse relationship between the minimum age for purchase and
consumption of alcoholic beverages and alcohol-related motor vehicle

crash involvement among young drivers. In contrast, the literature

concerning .effects of changing the., legal drinking age on beverage



alcohol consumption among's youth has significant methodological
[ ]

limitations and brovides inc-o-n-sistent results.
3.3 Model of Effects of the Leaal Drinkino Aoe . "

The impact 'of legal drinking age changes on traffic crash
involvement.is not direct, but rather is -mediated by a variety of
intervening variables. A model of the mechanism through which changes i/i
legal drinking age cause changes in traffic crash involvemient is
presented in Figure 3*1* »t is proposed that changes in legal drinking
age influence drinking behavior and alcohol-related crash involvement by
causing: (A) changes in social norms concerning youthful drinking, (B)
changes in marketing activities of the beverage alcohol industry, and
(©) changes in availability of alcohol to the target age group. Drinking
norms change due to the symbolic funct.ion of- the law (Bonnie, 1980;
Mosher, J. F.,2980); that is, a reduction in legal drinking age may be
perceived as an indicator that alcohol wuse is acceptable or even
encouraged foryoung people. As a result, new patterns of drinking are
established; young people who were non-drinkers or only occasional
drinkers before the lowered drinking age experience increased social
pressure to drink, as more of their friends and associates increase
their drinking, and as they participate in more social situations in
which beverage alcohol is an integral part. Such changes in drinking
norms, according to.the model, result in increased drinking among 18-20-
year-olds after a reduction in drinking age. A higher drinking age is
expectedf to have opposite effects, symbolizing society's disapproval of
youthful drinking, causing the reduction or elimination .0f certain
drinking patterns (bar anc tavern drinking, for example), and causing a

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



.social situations. Empirical support for these propositions is provided
by Maisto and Rachal (1980), who analyzed data on a nationwide sample -of
high school students and found that youth in states with higher legal.
drinking ages report less peer approval of drinking and less perceived
drinking among peers than students in states with lower drinking ages.
. .

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

Changing the legal drinking age also results in altered
availability of beverage-a’'cehol to the afre~ted population.'The concepte
of beverage alcohol availability has numerous dimensions and has been

defined in many ways (for example, physical availabilityi economic

availability, and legal availability). For present purposes availability

will be broadly defined as the ease with which alcoholic beverages can
be obtained. On an individual level, availability of alcohol is an
inverse function of total costs (monetary and non-monetary) of

physically obtaining alcohol. These costs include: (A) nominal price of
alcoholic' beverages, (B) search costsinvolved in obtaining alcohol,
such as value of the time expended and costs of any transportation
required, and (C) risks associated with obtaining alconol, a function of
the perceived magnitude of potential disutilities accompanying attempts
to acquire, and use alcohol, and the perceived probability of

experiencing such disutilities.



Figure 3.1 Model of the Impact of Changes in the Legal Drinking Age on Motor Vehicle Crash Involvement



Social policy at. the aggregate level, such as a change in lega"
minimum drinking age, -is expected to influence a number, o f- th(
components  of total Cost of obtaining alcohol by underagi
individuals. The nominal cost of alcohol may increase with a raisei
drinking age as a result of a premium .charged by those who suppl;
.alcohol illegally to underage drinkers..A raised drinking age is likel;
to increase the.search costs (since there are fewer suppliers), av»
increase the risks associated with apprehension and processing by th*
law.enforcement system.

The legal drinking age does not totally determine the availabilit
of alcohol to wunderage drinkers, since numerous other aspects of bot
public policy and the private market of alcoholic beverages influenc
availability. What is argued here is simply that the legal drinking ag
is a significant influence on the ease with which alcoholic beverage
can be obtained by young drivers. Support for th-is proposition i
provided by cross-sectional surveys .of high school students, which hav
revealed that young people residing in.states with lower legal drinkin
ages are more likely to report that they can "obtain alcoholic fDeverage
when they want them" than youth in states with higher drinking age
(Maisto and IiQachaI, 1980).

Returning to the overall model in  Figure 3-1» increased o
decreased frequency of alcohol consumption and quantity consumed pe
drinking occasion, caused by changed social norms, marketing activities
and alcohol availability,, are expected to increase or decrease th
Smount of .alcohol-impaired driving, and consequently, increase a

decrease the frequency of alcohol-related collision involvement amor

drivers in the affected age group. Maisto and Rachal (1980) provic



preliminary findings concerning the effect of such .factors intervening
between a legal drinking age <change and alcohol-related crash
involvement outcomes. Their analyses led to the conclusion that there
was less alcohol consumed less frequently by students ir. sta\tes with
higher drinking ages than in states with Jlower drinking ages.
Furthermore, questions on driving after drinking revealed that students
in states with higher .drinking ages report less frequent driving after
drinking than students in'states with lower drinking ages.

In addition to the impact of changes in availability of’ alcohol on
the quantity-frequency of alcohol consumed, changes in availability
resulting from legal drinking age modifications are also likely to lead
to important changes in the situations in which drinking takes place.
Lowering the drinking age results in increased drinking in bars and
taverns by the age group. Since private automobiles are Ilikely to be
the usual mode of transportation to and from such public drinking
places, lowering.the drinking age can be expected to increase the
frequency of driving' after drinking among the 18-20 age group. With
regard to the effect of a raised drinking age, supporters of the lowered
age have argued that raising the legal age of drinking will cause
replacement of bar and tavern drinking with drinking in automobiles
while driving, increasing the alcohol-related crash risk of the age
group. An alternative plausible hypothesis is that a raised drinking age
will result in a larger proportion of the drinking by 18-20-year-olds
occurring at private parties. Since, in contrast to a public drinking
house, 9participants are not as likely to be compelled to leave at a

specific hour and drive home, the incidence of alcohol-related crashes

might be Jlower' with a raised drinking age. This hypothesis remains



plausible even if one assumes'that a raised drinking age has no impac
on the overall quantity-frequency of alcohol consumed.

In short,, changes in Ilegal drinking age, according to the mode
presented in Figure 3-1¢« are expected to result in changes in drinkin
norms,, industry marketing practices, alcohol avai-labi li'ty, and th
situations in which drinking .takes place, all .of -which influenc
drinking-driving- behavior of the 18-20-year-old age group. Note tha
this model illustrates plausible mechanisms by which the legal drinkin
age influences alcohol-related crash involvement frequencies. Severa

other socio-cultural, political, social-psychologicaland situations

exogenous variables are likely to have a.‘*causal impact on all of th
o ol

variables in the system depicted in Figure 3*1* The purpose of th

model is not to provide a comprehensive theory concerning drinkin

behavior and driving behavior, but only to indicate the potential causa
factors mediating the impact of legal drinking age changes -on .th
frequency of traffic accidents among youth. Although empirical evidenc
for the specific intervening variables postulated here is scant, earl
results of surveys of youthful drinking practices generally support th
model (Maisto and Rachal, 198 0). Further research examining th
specific causal mechanisms through which legal changes influence eras

outcomes is necessary.

3.IT- Specific Research Ouest ions
The core purpose of thi.s investigation wasto determine the effee
t
of raising the minimum legal alcohol purchasing age on the frequency o
alcohol-re lated crash involvement among young drivers. It could b

argued that the raised drinking age also affected al!cohol-re lated eras

involvement among underage drivers (16-17), since the altered norms



marketing practices, and availability of beverage.alcohol resulting'from
a changed drinking age may also influence drinking behavior of the
proximal peers of the directly affected age group. It is reasonable to

suppose that changed marketing practices and social norms concomitant

with changes in drinking age would alter the wvisibility and

acceptability of using alcohol among l6-17-year-olds as well as 18-20|—0/

[ ] , o 0

year-olds. Furthermore, the availability of alcohol to 18-20-year-olds
#

is likely to influence the ease with which youth age' 16-17 obtain
alcohol-ic beverages, since a prime source of alcohol for 16-17~year.-old
drinkers is likely to be older ' friends and associates' with great‘er
access to alcohol. .Therefore, the effect of the raised drinking age on
alcohol-related crash involvement of 16-17~year-old drivers was also
analyzed. Because of the indirect nature of the .impact of the legal
drinking age on the collision experience of underage drinkers, however,
the magnitude of the effect on underage drinkers was expected to be
smaller than the effect on 13-20-year-old drivers. Furthermore, the
impact on underage drinkers was expected to evolve over a longer period
of time after a legal change than the impact on 18-20-year-old drivers,
since a large portion of the effect of legal changes on underage
drinkers is due to prior changes in drinking norms and practices among
18-20-year-olds.

A differential effect magnitude was also expected between a lowered
and raised drinking age. It is usually much easier to change a person's
pattern of behavior (here, alcohol consumption and drinking-driving) by
adding new behaviors, without requiring a change in existing habits and

established behavioral patterns, than it is to change personal behavior

by requiring one to change or eliminate already -established behavioral



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 one's day-to-
day activities. In short, it is easier to learn a new behavior than to
unlearn anoold one. Therefore, results of £;1is research, in conjunction
with, results of previouseresearch on effects of the lower drinking < age,
were- used to determine whether raising the drinking age has the same
magnitude of effect as lowering the legal age; that is, whether raising
the drinking age reduced alcohol-related crash involvement as much as
lowering the drinking age increased crash involvement.

A major intervening variable between legal drinking age change .and
crash involvement shown in Figure 3*1 is drinking behavior. One
mechanism by which the drinking age is expectedto influence alcohol-
related crash involvement is by reducing the total quantity of a'cDholic
beverages consumed Dby young drivers, and as a result reducing alcohol-
impaired driving. Therefore, another goal of the present investigation

was an assessment of the extent to which the raised drinking age

affected aggregate sales of alcoholic beverages.'



A.O. METHODS
This chapter describes the methods selected to measure effects of
changes in legal drinking age in Maine and Michigan. Methodological
issues discussed include: (1) the quasi-experimental design used, (2)
operationalization of the dependent variables (i.e., ‘'traffic crash
involvement and alcohol consumption), (3) overall design validity of the

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

k.1 Research Des?an -« .

The preferred design for inferring a causal relationship is" the
true experimental design in which the subject population is randomly
assigned to two or more treatment conditions. In the present study this
would mean comparing young drivers randomly assighed to a condition of
legal availability of beverage alcohol (lower drinking age)., to young
drivers randomly assigned to a condition ofe'no legal availability of
beverage alcohol (higher drinking age). Since such random assignment
was impossible, a quasi-experimental design had to be used (Campbell and
Stanley, 1966; Cook and Campbell, 1976, 1979)- Of the numerous quasi-
experimcntal designs in use, the nonequivalent multiple time-series
design rules out the largest number. gf. plausible altern.ative
explanations for-a postulated causal relationship. The design involves
a comparison of a series of observations over time expected to be
affected by the intervention, with comparison series not expected to be
affected. In this research, the postulated causal relationship s
between changing alcohol availability (i.e., changing the legal drinking
age) and traffic accidents. The design, as implemented in the present

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

[».1, where each 0~ represents the number of crash involvements in a
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particular month, | represents raising the drinking- age, nj is the
number of monthly observations before the drink.ing age was raised, and

n®. is the number of monthly observations after the drinking age was

raised. The second, .row in the design diagram represents a comparison
time series, not influenced by the intervention included in’ the -first
row.

Although the simple diagram shown in Figure A.l depicts only ore
experimental and one comparison series, multiple measures of -motor
vehicle crash involvement and multiple comparison groups were included
in the design. The broadest of the three levels of comparison included
in the design was analyses.of four different states (Figure A.2), two
“hat had raised the drinking age in the late 1970s (Maine and Michigan),
and two with no such legal changes (New York with a consistent drinking
age at 18 and Pennsylvania with aconsistent drinking age at 21).
Within each state comparisons were made between young drivers directly
affected by the- drinking age change and their proximal peers not the
focus of the legal change (Figure A.3)e Since in Maine the drinking age
was increased from 18 to 20, the crash involvement experience of 18-19"
year-olds was compared to that of 20-21-year-olds, the two-year age
cohort most similar -to the focal 18-19 group, and yet were legally
enfranchised drinkers throughout the study ©period. Similarly in
Michigan, drivers age 18-20, the focus of the drinking age increase from
18 to 21, were compared to the three-year cohort 21-23*

In addition to the core experimental and comparison age groups,
drivers age lu- <7 were examined to assess any possible "trickle-down™
effect of raising the drinking age. Finally, the crash involvement

experience of older drivers (22-Ap in Maine and 2A-A5 in Michigan) was
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Experimental States Comparison States

Raising the Drinking Age «with Unchanged Drinking Age

Maine Michigan New York Pennsylvania

Figure 4.2 First Level of Research Design Comparisons



Underage Drinkers  Focal Age Goup Corparison Age Goup - Conrparison Age GQoup

1G17 Maine 1819 Mare 20-21 Mane 22-45 Maine
16-17 Mchigan 18-20 Mchigan 21-23 Mchigan 24-45 Mchigan
16-17 New Yok 18-20 NewYork 21-23 NewYork 24-45 New Yok

16-17 Parsyivania 1819 Permsyivania 20-21 Persylvania 22-45 Penmsylvania

Figure 4.3 Second Level of Research Design Comparisons



Figure 4.4 Third Level of Research Design Comparisons



analyzed to provide further comparisons with the crash experience
young drivers. The .four age groups were analyzed for both the st;
that changed the drinking age as well as those that did not.

Within each state-age group combination, alcohol-related d
involvement wes conpared with non-alcohol-related crash involve!
(Figure U.k) . Since the raised drinking age wes expected to affect
frequency of alcohol-related- crashes ana'have no effect on the frequi
of non-alcohol-related crashes, comparison of 4-these .two classe:
accidents indicated whether observed changes in crash' frequencies »
due to the drinking age changes a. other coincident factors.

In short, the full tri-levsl hierarchical design involved
following comparisons; (1) states that raised the dr-inking age \
compared with states with unchanged drinking ages; () within <
state, crash involvement experience of young drivers was compared
that of older drivers; and () within each state and age ¢
combi nat.ion, the frequency of aicohol-reiated crash, involvement
compared to 'the frequency of non-aicohol-related crash involvemi
Each dependent variable in the full design matrix waes analyzed for
extended time series of observations, using the statistical node

methods described in section la.l..

h.2 Qperational ization and Data 1lection

14.2.1 Definition of Variables. The core dependent time:
variables were measures of the monthly frequency of aicohol-re 1ated
non-alcohol-related motor vehicle crash involvement for the states
age groups included in the research design. Two indicators of alcol
related crashes and non-aicohoi-re lated crashes were analyzed,

first is based on information provided by police officers investiga'



traffic accidents. Accident.report.forms in many states include an
indication of the officer's judgement concerning whether or not the
driver had been drinking at the time of the crash. Sore states, for
example Michigan, include a separate dichotomous forced-choice item on
the statewide standardized accident report requiring the i..vesti®ating
officer to identify the driver as non-drinking or drinking. The data
resulting from such an item is a reasonably good indicator of the
involvement of alcohol in acrash. In contrast, other states, such as
New York, have police officers identify factors contributing to the
crash, selected from a list of possible factors, of which alcohol'
consumption is one of kO possible choices. The resulting data are a
less adequate indicator of alcohol-related crash involvement because,
although alcohol use interacts with many other crash causes, an officer
must select one factor as the primary cause of the crash. For exanple,
an officer might select "driver fell asleep” or ."unsafe speed' as
factors contributing to a crash, rather than "alcohol involvement,” when
in fact heavy drinking may have been the prior cause of falling asleep
or speeding. .
To provide.a consistent indicator of alcohol-re lated crashes for
comparison across states, and to control for reliability and validity
problems in  police-reported aicohol-involvement in sore states, an
indirect indicator of alcohol-related crashes wes also analyzed. The
alternative indicator involved separate analyses of mnmale drivers
involved in single-vehicle nighttime crashes. Previous research has
shonn thaf a majority of single-vehicle nighttime male crashes involve

drinking drivers (Douglass, 19/M. Daytime crashes were used as an



indirect indicator of non-alcohol-related crashes for comparison with
single-vehicle nighttime male crashes.

A.2.2 Crash File Construction. Data collection efforts were aimed
at the acquisition of complete crash records for all crash-involved
drivers reported to police authorities in each ofthe four states
between January 1972 and December 1979 A census of all reported
crashes was successfully obtained for Maine, Michigan, and Pennsylvania.
Files for the State of New York were subset prior to acquisition. Two
subset files were obtained; the first included all crashes occurring
between January 1975 and December 1979 in which alcohol wes reported' (by
the investigating police officer) to have been; a contributing factor;
the second New York subset file contained all single-vehiclé crashes
involving male drivers, also for the 1975°197/9 period. Thus, both
indicators of alcohol-related crashes were available, but no indicators
of the frequency of non-alcohol-relatcd crashes were analyzed for the
State of New York.

Variables used from the oi;ginal crash data files acquired from the
states included: (1) police officer's judgement concerning whether or
not the driver had been drinking; () type of vehicle (i.e." automobile,
pickup truck, motorcycle, heawy truck, etc.); (3) ageof driver; [h) sex
of driver; (5) time of day the crash occurred; (5) severity of the crash
(i.e., seriousness of injuries and property damege resulting from the
crash); (7 ad number of vehicles involved in the crash. The
operational definition of most of these variables, for exanple age/sex
of driver and time of crash occurrence, isstraightforward and
comparable across states. However, there were sone differences in the

definition of type of vehicle, nunber of vehicles involved in the crash.



and reported alcohol-involvement. * The definitions .desired for this
investigation are Dbrieflydiscussed here, and specific temns in each
state's datasets are discussed' in sections i*.2.2.1 through b.2.2.k.

The vehicle type variable wes simply used to exclude a variety of
miscellaneous traffic units included in comprehensive crash files. The
goal wes to include drivers of. automobiles, pickup trucks, and
motorcycles, but exclude from the dependent variables drivers of a
variety of miscellaneous traffic -units such as farm tractors,
snowmobiles, busses, and heawy trucks.

A single-vehicle crash for the purposes of this study wes defined
as a crash involving one vehicle in transport. Thus, one moving vehicle
striking an automobile stopped in traffic is not a single-vehicle crash,
while one vehicle striking a parked vehicle is a single-vehicle crash.
Moving vehicles striking pedestrians or bicyclists were also not
considered single-vehicle crashes, since pedestrians and bicyclists are
moving traffic units and frequently cause the crash.

The desired operational definition of police-reported drinking
behavior was the officer's simple judgement whether or not the driver
had been drinking at the time of the crash, not a nuch nore complex
judgement by the officerconcerning the extent to which  alcohol
consumption was a primary or contributory cause of the crash.
Furthermore, results of chemical tests for- the presence of alcohol in a
drivers body were not used as an indicator for the incidence of alcohol-
relatedcrashes because only a small fraction of all’drinking  drivers

involved in crashes are chemically tested for alcohol.



The datasets acquired from the several states had a variety of dat

structures and file formats, and therefore required different processin
*

protocols. Details for each state follow. e

14.2 .21 Mchican. The State of Michigan, Department of
Police has routinely supplied The University of Michigan Highway Saf-et
Research Institute (HSR) with comprehensive c.ash data files sine
13%1* The data were origina 1ly formatted in a hig([archical structure
and.were reformatted into rectangular files, with one record for eac
mot'-.” vehicle occupant, for use on the HSR Automated Data Access a.
Analysis System (ADMS . Because almost three quarters of a millie
drivers are involved in reported motor vehicle crashes in Michigan eac
year, 20* random samples of all crashes were selected for. each year frc
1972 through 1977» for use in HSRI's earlier research on Michigan'
legal drinking age. To reduce.data processing costs, these availabl
files were used for the Michigan baseline time period for the preser
investigation. For brs and 1979, censusfiles ofall reported crashe
in Michigan were: constructed and used as the basis for the depender
variables used in this study. Becausethe 1972-1977 files contain*
only 20* of all crashes, the resulting crash frequencies for these year
were multiplied by five to nmeke them comparable to the 1978 and 19/
census data.

All  of the Michigan datasets were filtered to include only driver
of passenger cars, trucks, and motorcycles. Excluded from analysis wer
the drivers of busses, farm and construction machinery, and othe
miscellaneous vehicles.

The Michigan, crash files included nominal missing data rates c

such variables as police-reported drinking, age of driver, and type c



vehicle. Missing data rates for the 1978 Michigan file are shoan irr

Table (ul. ’ X

TABLE L.I
Missing Data Rates for State of Michigan: 1978

Percentage
Variable Missing
0
Police-reported '

Had Been Drinking ' 8.7
Driver Sex 0.0%
Driver Age 2.3%
Vehicle Type J.71%
Time cf Crash 0.0%
Month of Crash 0.0%

Driver records with missing data on any of the variables required
by the research design were excluded fromt analysis. As noted earlier,
the drinking involvement item on the statewide Michigan accident report
form 'requires the investigating officer to nmeke a decision about
drinking for every driver of every crash-involved vehicle. As a result,
the missing data rate is low conpared to other states. The exact
phrasing of the."had been drinking" item on the Michigan accident report
foorm is:  "Driver had taken alcohol or drugs" or "Driver had not taken
alcohol or drugs". "Unknown" is coded in the data files only when the
investigating officer leaves this item blank.

L.2.2.2 Mine. The State of Maine, Department of Transportation
provided state accident data in .a hierarchical format which wes
reformatted for use on the HRR system. Unfortunately, the original
Maine files did not contain the necessary information to. link specific

driver records with the corresponding record containing information on



the vehicle they were driving at.the time of the crash. As a result,
miscellaneous vehicles could not be filtered out, and the Maine data
used in the time-series analyses included all types of vehicles recorded
in the original fi les.

The condition-of-driver variable wes coded using the-following six
categories: () Apparently Normal, (2) Had Been Drinking, (3) Under
Influence-Liquor, (@ ) Under Influence-Drugs, ((5) Asleep, ad (6
Fatigued. Ay driver identified and "had been drinking" or "under
influence-liquor" was considered a drinking driver for this study.

No unusual missing data problems were identified for the variables
required for -this research (see Table k.2).. Those cases missing'
information or with code values undefined for any cf the required
variables were excluded from subsequent analyses.

TABLE A.2
Missing Data Rates for State 6f Maine: 1979

Percentage

Ver i able Missing
Condition of Driver 0.0*
Driver Sex O.b*
Driver Age 1 2%
Time of Crash 0.0*
Month'.of Crash 0.0*

A.2.2.3 New York. New York motor vehicle crash involvement data
were obtained from the New York Division of Alcohol Abuse and
Alcoholism. Two sets of files were obtained for the 1975 through 1979
period. The first contained all crash involved drivers for which the

investigating police officer indicated that alcohol wes a contributing



causal factor in the crash. . The second set of files included all
single-vehicle crashes involving male drivers. As a result, time series
of police-reported aicohol-related crashes and single-vehicle nighttime
male crashes were analyzed, but the frequency of all daytime crashes or
crashes with no police-reported drinking were not available. The
frequency of daytime single-vehicle male crashes wes used as an
indicator of non-aicohol-related crashes. \

The frequency of police-reported alcohol-related crashes wes
relatively low in these Naw York data. About }% of all 1979 .New York
crash-involved drivers were coded with alcohol as an apparent facto- in
the accident,swhiie about ¢ .5~ of all 1979 Michigan crash-involved
drivers were coded as "had been drinking." Part of the difference is
due to the nature of the item used to code alcohol involvement. As
noted earlier, in Michigan the question put tothe officer filling out
the accident report is simply whether the driverr.\ad been drinking/ at
all. -in New York the investigating officer m!st neke the more complex
judgement that alcohol involvement wes a contributory cause of the
crash. Aicohol- invoivement is one of U0 possible causative factors from
which the officer must select two which he/she believes are the most
important causative factors, in the crash. Frequently immediate causes
such as "excess speed' or "failure to yield" are coded rather than the
arcohoi-impaired condition of the driver, which often is the wunderlying
cause of immediate driver errors that result in crashes.

Information on the type of vehicle involvedin reported crasheswas
not included in the data files provided by NewYork. As a result, all
vehicle types were included in the final time-series variables.

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



affect the results since over 92* of all crashed vehicles in New Yorl
were automobiles, light trucks, or motorcycles (vehicle types which wen
the focus of this investigation).

An important change in crash reporting procedures in New Yor
affected interpretation of the data. In September 1978 the minimu
dollar- amount of property damege -for- mandatory crash reporting wa
increased from $250 to $400. As a result, the nunber of recorde

property damege crashes ¢lecreased.

" -

. Missing data rates for the New York crash variables are shown i
Figure 4.3. Note that the lack of 4y missing data on the drinkin
variable wes due to the nature of the variable. The choice "None
(i.e., no apparent causative factors) precludes the need for a -missin
data code. About $5* of all crash-involved drivers In New York had t
apparent causal factor recorded.

TABLE A.3
Missing Data Rates for State of New York: 1979

Percentage
Variable Mssing
Police-reported Alcohol
as a Causative Factor 0.0*
Driver Sex . 4.5*
Driver Age 4.5*
Time of Crash 0.0*
Month of Crash 0.0*
Finally, since NewYork City is anunusual crash reportin
f
jurisdiction, the finaltime-series variables were constructed in tw

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

entire state, as was donefor the other three states. The second set c



variables were constructed excluding all crash reports from New York
City. *

U.2.2.U Pennsvlvan?a. A census of all reported motor vehicle
accidents in the state of Pennsylvania from January 1972 through
December 1979 wes obtained from the PennsylvaniaDepartment of
Transportation. An important characteristic of. the Pennsylvania data
wes changes in the criteria for reporting a crash which occurred between
1972 and 1979 Priorto June 30 1977 local police departments were
not required to use a statewide standardized accident report .form, nor
were they required to submit -the reports to the State Department of'
Transportation. Beginning July 1, 197/ a uniform statewide reporting
form wes adopced and local police departments were required Tc submit
these reports to the Pennsylvania Department of Transportation. At the
sare time the mnimum reporting criteria for drivers involved in an
accident also changed. Before June 30* 1977 drivers involved in any
crash resulting in darege amounting to $200 or nore had to report the
crash to the local police department. After this date only accidents
resulting in a vehicle being towed from the scene of the crash required
reporting. Personal injury accidents always required reporting, both
before and after these changes.

As a result of these data collection systemchanges, the frequency
of reported injury crashes increased (all injury crashes were now
reported to the state office on standard forms), and the frequency of
reported property damege crashes decreased substantially (because
propertV damege crashes were only reported if a vehicle was towed from
the scene). Such effects of reporting system changes were controlled in

the time-series analyses reported in Chapter 5*



Since the data received from Pennsylvania contained all reported
accidents, the data were subset to include only drivers of passenger
cars, light trucks (pickups, vans, etc.), .and motorcycles. De to
incompatibilities between computer systems approximately 5 crashes per
year were deleted from analyses. Since this very small data loss wes a
random- occurrence it was not expected to affect the results. .

As wes the case in the other states, rates of missing data for
Pennsylvania were- quite low;, the rates for calendar 1979 are shown in
Table A.A.

TABLE U.U
mMissing Data Rates for State of Pennsylvania: 1979

Percentage
Variable Missing
Alcohol as
Causative Factor 0.6%
Driver Sex 13%
Driver Age A.6%
Vehicle Type m3e
Time of Crash 0.7%
Month of Crash 0.0%

The police-reported drinking variable in Pennsylvania wes coded
much like New York. The investigating officer must identify alcohol as
a causative factor in the accident, selected from a list of 91 possible
causes. As aresult, the percentage of all crashes reported as alcohol-
involved wes very low (26% in 1979)* Also, note that.the alcohol item
in the Pennsylvania data indicated that the officer judged alcohol to be
a causal factor in the accident; this alcohol item could not be linked

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



series were constructed of the ‘frequency of Pennsylvania drivers
involved* in alcohol-related accidents, not the frequency of drinking
drivers involved in crashes, as wes done for the other three states in
the present investigation. .

A.2.3 Ceveraoe Sales and Beveraoe Control Law Enforcement., In
addition to the primary emphasis on traffic crash dependent variables,
additional analyses were conducted of aggregate alcoholic beverage sales
and data on the enforcement of the higher drinking a\ége. Data on.
aggregate monthly beer, wine, and distilled spirits wholesale
distribution in the State of Maine were obtained from the Maine Bureau
of Alcoholic Beverages. The figures for monthly wholesale distribution
of wine, draft beer, and package beer in the State of Michigan lvvetre
obtained from the Michigan Beer and Wne Wholesalers Association. Data
on wholesale monthly draft and package beer- distribution in the State of
New Hampshire and the United States as a whole, used for comparison with
the Maine and Michigan results, were obtained from the U S, Brewers
Association. In addition to the analyses of aggregate beverage sales,
annual frequencies of citations for selling or allow! g minors- to
consume alcoholic beverages were briefly examned. Annual frequencies
of such citations brought before the Administrative Court in the State
of Maine from 1971 through 1979 were provided by the Maine Department of
Public Safety, Bureau of Liquor Enforcement.- Similar data for the State
of Michigan for the period from 1970 through 190 were provided by the

Michigan Liquor Control Commission.

A.3 Research Desion Validity
There are numerous potential threats to the validity of conclusions

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



the most frequent being the dichotomization of internal and external-
validity originally presented by Campbell and Stanley (1966)* However,
the present discussion is structured after the nore comprehensive
discussion of validity presented in Gook and Campbell's (1979) recent
volume. Cook and Canpbell present four major categories of research
design, validity: (1) statistical conclusion validity, (2) internal
validity, (3). construct validity, and (A external validity.

A.3.1 Statistical Conclusion Validity. Sgatisltdcal conclusion
validity is concerned with the possibility that random error and/or the
inappropriate use of statistical tests may invalidate research
conclusions.  Statistical conclusion validity is essential to establish
that there is in fact a covariation between the operationalizations of
the concepts wunder 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 causai analysis.

There are a variety of threats to statistical conclusion validity.
First, inadequate power of the statistical tests used naey invalidate
one's conclusion that no covariation is present. This threat to
statistical conclusion validity wes minimized by a number of design
features in the present investigation. Since there is a direct
relationship  between sanple size and power, a large nunber of
observations over an extended period of time surrounding the
intervention point were used in estimating the statistical
relationships. Poner was also increased by refraining from the use of

very low levels of . Type | error probabil»ty as..the' criterion for a



statistically significant relationship, since power »s directly related
to the level of Type | error probability chosen.

Statistical conclusion validity wes strengthened by the use of the
most sensitive statistical methods available that could be appropriately
applied to the data. For.this reason, the present study was designed to
meet the requirements of the recently developed Box-Jenkins transfer
function methods (Box and Tiao, 1975, Box and Jenkins, 1976).

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

A second threat to statistical conclusion validity is the violation
of the assumptions of the procedures used. This threat to validity is
minimized by explicitly noting the assumptions accompanying the
statistical procedures, the robustness of the procedures to a vi''lation
of those assumptions, and an assessment of the extent' to whit , the
assumptions  are violated. Further discussion of the assumptions
underlying the procedures used in this investigation, and an analysis of
the extent to which the assumptions were'met, can be found in Section
k.I*.

A third threat to statistical conclusion validity is the analysis
of multiple tests. Examining multiple tests increases the probability
of making a Type | error; that is, it- increases the probability of



.falsely concluding that covariation exists.10 This threat to validity
can be avoided either by explicitly making adjustments in the critical
significance levels to account for the number of- tests conducted (for
example, using Bonferrcni multiple t-tests; Dunn and Clark, 197*0. or by
concluding. that true covariation exists only on the ba%g§ of a pattern
of results rather than on the basis of one or two "significant” findings
among a large number of tests conducted. In the present investigation,
conclusions were made on the basis of the pattern of results over a
number of tests, rather than one or two isolated statistically
significant results. Furthermore, the significance-criterion chcsen for
this study was the more conservative .01 probability level, rather than
.05. - - oo

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

,0For example, 1if one sets the critical significance level at .05,

one would expect to find five "significant” results in any 100 tests
conducted, simply as a result of chance.



consequently, systematic patterns in the series were nore easily
discernable in the aggregated data.' . *

A fifth threat to statistical conclusion validity identified by
Cook and Campbell (1979:7) 1is "random irrel evancies in the experimental
setting,"” that, is, the random errorin the observations due to allof
the other influences upon the frequency of accidents that are not
explicitly brought into the analyses.1l It should be noted that a large
number of other-causes of <cra.H frequency, although not explicitly
identified, were controlled in the analyses by. specification of
systematic trend, seasonal, and other autocorrelation components in the
dependent variables. , uddition to the components of the.series that
reflect causal influences, part of the random component in each “series
is due to other omitted causal 1influences. The differential operation
of these other factors across jurisdictions is suppressed”™ by using
aggregate data across a Jlarge number of jurisdictions. As in any
research, there always remains, however, a random component due e to
omitted causes of the phenomenon under study.® This random error over
time, along with other random errordue to measurement error, provides
the basis for an assessment of the statistical significance of the
effects of the legal interventions.1l.

11Major exogenous factors with known effects on reported frequency
of crashes”™ include the fuel shortage and national maximum legal speed
limit reduction of early 197”» and changes in criteria for reporting
crashes. Known effects of such factors were explicitly controlled in
the time-series models before assessing the drinking age impact.

. laThe model of statistical 1inference used 1in this research was an

econometric or time-series model, where statistical significance of an
intervention parameter is assessed by comparing its size with the size

of the total random component in the dependent variable. The purpose of
statistical inference was to separate the systematic effects from the
random component, not generalizations to a specified population. For

additional discussion of this issue, see Berk and Brewer (1978).



*3.2 Internal Validity. After a high degree of statistical
conclusion validity has'been achieved, that is, after the existence of
covariation between operationalizations of the concepts of interest has
been established, the question as to whether the covariation is
plausibly indicative of a truly causal relationship has to be addressed.
Establishing the causal nature of 'observed covariations between
operationalizations is the domain of.internal'validity. There are a
large number of potential threats to the interpal .;/alidity, of an
investigation and each threat should be explicitly considered and ruled
out as a plausible explanation of the observed covariation. Through the
successive ruling out ot potential alternative explanations for observed
covariations, one's confidence in inferring a causal relations * on the
basis of the observed covariation is strengthened.  Although from an
epistemological point of view one can never actually prove the existence
of a causal relationship, demonstrating the implausibility of potential
alternative explanations, for all practical purposes, functions to
establish the causal-, hypothesis as true until it can be disproved by new
evidence. For these reasons, as many potential alternativ;'explanations
of observed relationships between the measure of beverage alcohol
availability (i.e., legal drinking age) and measures of motor vehicle
accidents as possible were analyzed before dismissing them as
implausible explanationls of observed covariations.

Qe potential alternative explanation of an observed relationship
between legal drinking age changes and measures of accidents is-that the
proposed causal relationship is reversed, that is, changes in accident
frequency bring about changes in the Ilegal drinking, age rather than

vice-versa. This threat to internal validity weas ruled out in the



present design by. the time-ordered nature of the measurements. A cause
*, . *

must precede in time its effects, and since the measures of the. changes-

in legal drinking age precede the measures of accidents, the argument

that the causal relationship 1is reversed was discarded.

A g@cond major, threat to interqal .validity 1is history, a
contemporaneous event that may be the true cause of the observed effect.
For example, one might argue that any downward shifts in. accidents among
youth after the increase in legal drinking age were due to the moderate
gasoline-shortage (and increased gasoline prices) of the late 1970s, and
the resultant decrease in miles driven. The plausibility of such
explanations of observed shifts in the dependent series was reduced by

r
specific features of the research design. The use of quasi-control
groups, consisting of the affected age group"s older peers not affected,.

%

by the drinking age change, and comparison states that have not altered

their drinking age, permitted an assessment of the validity of.,
alternative explanations, of which the gasoline shortage is one example.

Such contemporaneous historical events would most likely affect all age

groups in all four states, not just 18-19 or 18-20-year-olds in Maine

and Michigan, and the effects of such factors would be obserYed in the

comparison dependent variables.

A  third threat to internal validity is maturation, gradual
developmental changes -in the dependent variables cimply due to the
passage of time.- The time-series design used in the present research
rules out this threat by including a series of observations prior to the
intervention, permitting a determination of whether the. post-

intervention observations were simply the continuation of a pre—

intervention maturational trend. It should be noted that a gradual



trend in the dependent series can be attributed to maturational effects
or to the effects of sore om.tted variables such as economic or-
.population growth or decline; in any case, observed trends in the
dependent variable series were explicitly taken into accountin the data
analyses. . .

A fourth potential threat to internal validity is instrumentation,
a change in the measuring instrument occurring coincident with the
intervention. . That is, the process by which accident frequencies are
measured may have changed at the same time point as legal changes in
drinking age, and may account for any observed shifts in *the series at
the point of the legal, changes.” This argument - is not a plausible

alternative explanation of the proposed causal relationship because

multiple comparison groups were included that would also have

experienced basic changes in measurement process. Such changes in
.

measurement process cannot be used to explain differential shifts in

frequency of accidents for the 18-190r 18-20 age groups as compared to
age groups presumably unaffected by legal drinking age changes. The
time-series nature of. the design also reduces the plausibility of
attributing observed changes in crash involvement at the time the
drinking age was raised to instrumentation changes. With a large number
of observations over an extended period of time prior to the
intervention, u substantial instrumentation change exactly at the point
of the intervention 1is less plausible.

Regression to the mean is another often mentioned threat to
internal validity. Regression to the mean 1is a particular problem if an
intervention is 1implemented exactly at a point at which the dependent

series is at a very high or a very low point, since the subsequent



observations will tenu to be closer to the mean of- the series simply by
chance, regardless of any intervention effect. For example, if the
dr.inking age was raised at precisely that point in time when alcohol-
related traffic accidents among youth were at their highest level in
years, one would expect the level of accidents to fall somewhat 'after
that unusually high point. Such a regression effect could be mistaken
as the effect of the drinking age change*. Such an argument is not a
threat to the internal vaIidit)} of the present design for several
reasons. First, a long series of observations was available prior to
the interver?tions, facilitating determination of the exceptionality of
the observations immediately prior to the interventions.  Second, and
perhaps more important, the data analysis techniques used to assess
shifts in the series were based on all of the observations in the
series, rather than relying only on observations immediately prior to
and immediately afte- the intervention.  Furthermore, the analysis
methods take into account seasonality and autocorrelation regularities
in the series, ensuring that the intervention effect identified was
independent of effects due simply to the particular time points at which
the interventions were implemented.

The sixth ancj- seventh potential threats to internal validity are
selection and mortality. That is, particular characteristics of the
subjects selected for study, and particular characteristics of those
subjects who drop out of the study, may invalidate the results. One
type of selection threat occurs when differences in the kinds of
subjects in the experimental and control groups account for differences
in the post-intcrvention measures between the two groups, rather than an
impact uf the intervention. Thi.. alternative explanation was not a



threat in the present design because the criterion for establishing an
intervention effect was not simply differences in the post-intervention
servations between experimental and comparison groups, but rather

-rences in the shifts found within the experimental a.d the control

ient series. However, when intervention effects are assessed by
examining shifts within each of. the series, selection and mortality may
threaten internal validity if the composition of the.experimental group
changes substantially at the point at which th@ intervention wes
implemented, thus providing a plausible alternative explanation of
observed shifts in the series. The composition of the experimental group
does change over time with the addition of new drivers who attain the
age of 18 and dropping out of Individuals who attain the age of* 20 or
21. This change in composition of the group, however, occurs gradually,
with only a small proportion of the total experimental population
changing from month to month. Furthermore, these changes in composition
of the experimental groups are primarily due to a stable aging process
that cannot be . influenced by the intervention or extraneous factors.
Thus, it was highly implausible that changes in the ‘composition of
experimental groups accounted for observed shifts in the dependent
variables. ’

There are three threats to internal validity which involve
interaction with selection of particular threats already discussed.
First, sclection-maturation refers to a differential maturational trend
across the experimental and control groups. This was not a threat to
internal validity for the sane reasons that the main effect of
maturation wes not a threat, namely, the long.series of observations

available prior to the interventions,, and the data analysis methods



used, which explicitly take into account any maturational trends in each
group's series of observations.

The second interaction threat to internal validity is the
interaction of selection tnd history. It is possible that each
experimental group experienced a different "local"” history, and this
differentially experienced contemporaneous event is actually the cause
of shifts observed iri the series concomitant with drinking age
interventions. For example, two contemporaneous events, the moderate
gasoline shortage and price increases of the late 1970s, ad the ban on
non-returnable beverage containers in Michigan and Maine (increasing the
cost of alcoholic beverages), may have had a differential impact on the
various age groups. Qe could conceivably argue that both of these
contemporaneous events had an influence upon youth but not adults.
Since youth naey have less discretionary disposable inc)ne available, and
since these contemporaneous events.increased the cost of both driving
and drinking, ‘the ban on non-returnable beverage containers and the 1973
fuel shortage/price increases nay explain why there were reduced
alcohol-related accidents or youth ad no such shifts for older age
cohorts during 1979* If it is true that the increased. cost of fuel and
alcoholic beverages influenced the drinking and driving patterns of
youth nore than the drinking and driving patterns of older cohorts, the
major fuel shortage and pr.ice increases of early 197% should also ..ive
had a greater impact on young drivers. However, the time-series
analysis results presented in Appendix B reveal that the 197 fuel
shortage/price increases did not affect young drivers nore than older

drivers. This finding reduces the plausibility of the'argument;thit the



increased fuel prices in the late 1370s account for the larger
reductions in accidents observed for young drivers than older drivers.

The final interaction with selection that is a potential threat to
internal «valid*ity Is selection-instrumentation.  This threat could
obtain |If 'alterations in the procedures for reporting a!coholrrelated
accidents occurred only for accidents involving youth. The
instrumentation change could then account for shifts in accident
frequencies specific to this agegroup. 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 arong young drivers. The
argument is tlu c with a lonered legal age police officers are nore
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 isin effect.
Although the extent of any such police: reporting bias has not been
documented, the selection-instrumentation challenge to internal validity
wes controlled through the use of a second, indirect indicator of
alcohol-rel ated crashesas discussed in Sectior it2 (i.e., single-
vehicle nighttime male crashes). It is highly unlikely that reporting
of the driver's sex, .the time of the crash, or the number of vehicles
involved, would change at the time of the. drinking age modifications,
either for young drivers or for older cohorts.

Cook and Campbell (1979). also point out the potential threat to
internal validity of the "diffusion or imitation of treatments," where
there is contamination of comparison groups as a result of their

experiencing a portion of the intervention. Diffusion of the



interventions was possible in the present design for the ..... age
group, since a major change in the level of availability of alcoholic
.beverages for the 18-19 or 18-20 age group indirectly changes the level
of alcohol availability for the 16-17 age group. As a result, the
interventions ney iiave an impact on the l6-17~year-old cohort as well as
the focal 1819 or 1820 age groups. Diffusion of the intervention to
16-17-year-olds wes no threat to the present investigation since other
comparison age groups, whose levels of alcohol availability were not
affected by the interventions, were included in the design. Effects of
drinking age changes on the 16-17 age group were directly assessed along
with the impact upon 18r19 or 18-20-year-olds.

In summary, the goal in de:signing this research was to obtain ?\./alid
conclusions as to whether reductions in availability of beverage
alcohol, as represented by raising the drinking age, cause substantial
reductions in the frequency of alcohol-re lated accidents. The first
step wes to establish that there was a true covariation between changes
in availability and changes in accident frequency, achieved by assuring
the statistical conclusion validity of observed shifts in the accident
time series. The second step was to rule out extraneous hypotheses,
those other than the causal hypotheses under investigation, that could
plausibly explain thecovariations observed. The result was high
internal validity and a high level of confidence that the covariation
observed represents a causalrelationship between the particular
operationalizations of alcohol availability and alcoho!-related
accidents. The next validity issue was whether the causal relationship
established between the particular measures was, in fact, indicative or

a causal relationship between thebroader 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.
14,3 .3 Construct Val id?ty- gonstruct validity answers  the
° ° ° ° ¢
guestion,given  the established causal relationship between the

operationalizations wused (i.e., high internal validity), do .the
operationalizations adequately reflect the concepts' of interest? The
first threat to construct validity is inadequate explication of
constructs prior to their operationalizs£ion. Clear specification of
the concepts of interest is an important aid for obtaining measures that
are appropriate to the concepts under study.

A second threat to construct validity is labeled "mono-operation
bias" by Gook and Campbell (19791&5)- Mono-operation bias refers to the
use of only a single operationalized measure of each concept. The use
of single indicators prevents an assessment of convergent .validity, that
Is, the extent to which different measures of the sanre concept produce
the sare result.  Mono-operation bias wes reduced in the present
research-through the use of multiple indicators of each concept. /As
discussed in Section b.2, the traffic crash dependent variable measures
include frequency of police-reported "had not been drinking" crash-
involved driv?rs, frequency of pol ico-reported accident-involved drivers
where the driver "had been drinking,” and an indirect measure of
alcohol-related accidents based on previous research (i.e., single-
ve*hicle nighttime male crashes). Furthermore, two categories of crash
involvement were examined, frequency of property ..damage crash

involvement, and frequency of injury or fatal crash involvement. Use of



such multiple indicators of' traffic accidents and alcohol-related
traffic accidents  permitted an assessment of  convergentvalidity. The.
measure of changes in alcohol avai labi lity was  based onthe effective,
date of the legal changes, and was accepted as a validmeasure on the
basis of face validity.

A threat to construct validity closely related to mono-operation
Dias 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 accidents, was measured using two methods.- The "had been
drinking" measure  is basedon judgements of investigating police
officers, while the single-vehicle nighttime male indicator  was
empirically constructed on the basis of demographic characteristics of
the driver and circumstances surrounding the collision,

There are threesthreats to construct validity that are potential
reactive effects of the experimental situation. The first threat,occurs
if subjects within the various experimental conditions guess what the
researcher's hypothesis is and act in such a manner to confimi' (or

contradict)  that hypothesis. ~ The second threat is' "evaluation
apprehension"  (Cook and Campbell, 1979:67) on the. part of the
experimental subjects, where', as a result of the subjects' awareness of
being evaluated, behave in a socially desirable manner. The third
reactive effect that may threaten construct validity is the expectation
of the experimenter.  If the experimenter's expectations are
communicated to the subjects under investigation or those who collect

data, distortions in the subjects' behavior or the data collected may



result. The experiment examined 'here was a natural part of the social

environment, not inposed on the social system by outside researchers,

and thus wes unlikely to create reactive effects. However, a form of-
the third threat, experimenter's expectations, could threaten construct

validity if expectations of police officers, who are responsible for

collection of data <h traffic accidents, influence reported frequencies

of "had been drinking" crashes. This threat is minimized by use of

measures over which the police had little control and were thus unlikely

to be distorted by such subjective factors (i.e., single-vehicle

nighttime male crashes).

Another threat to construct validity is somewhat obscurely labeled
"confounding constructs and levels of constructs” by Cook and Campbell
(1979°c/y. This source of invalidity occurs when there IS
implementation of only a small nunber of all possible levels of the
intervention variable, and/or measurement of only a subset of all
possible levels of the outcome variable. Invalid conclusions nay result
if the effect (or lack of effect) observed is due to the fact that only
particular levels of the intervention are administered, or only a
portion of the potential range of the outcome variables is measured. In
the present design, the full range of possible values for the outcome
variables was examned and the independent variable wes a dichotomy
(beverage alcohol legally available to an age group versus beverage
alcohol not legally available to that age group). Qne could argue that
the concept of alcohol availability is continuous and the present design
only examines two of many possible levels of alcohol availability. Jf
one accepts’ this very reasonable argument, it nmust be noted.that the two

levels of availability examned are at widely divergent, points of the



availability continuum. Although a detailed examination of the pattern
of impact of marginal changes ir availability of beverage alcohol wes
not- possible, conclusions concerning the impact of a major change in
availability upon motor vehicle accidents, the purpose of the present
investigation,-could be validly reached.

U.JF.U External Validity. External validity answers the question,
given that ore cpn confidently, conclude that there isva causal
relationship between the focal constructs, towhat extent is this, causal
relationship generalizable across persons, settings, and times? The
first major threat to external validity is the interaction of selection
a.d treatment. That is,'the plausibly causal relationship that has been
established nay only apply to the particular atypical population
analyzed. The selection of a target population of all accident involved
youth in four states, analyzing a census of all reported crashes,
reduced this constraint on generalizability.

There are two major limitations on the populations to which
findings can  safely begeneralized. First, since the analyses were
limited to the aggregate of all reported crash involved youth in the
four states, no generalizations -can be nede to particular youth
subpopulations. -For-example, without specific analyses of particular
subgroups based on socio-demographic or social-psychological variables,
one cannot determine the deferential impact of changes in legal
availability of beverage alcohol upon particular types of youth.
Although the overall impact wes determined, this overall impact nay be
the result of differing impacts on particular subgroups of the total
yojth population. Second, because the analyses were based solely on ,he
population in Maine, Michigan, New Yok, and Pennsylvania, the



generalizability of the results is, strictly speaking, limited to thes
states. It must be recognized that generalizing to other states i
based on one's judgement as to the similarity between those states ar
the states, examined here, rather thar bestd on explicit features of th
research design. Since the jurisdictions studied include; larc
mheterogeneous states, generalization .to numerous, similar states ar
provinces can reasonably be made.13

The interaction of setting and treatment is a second basic thre«
to - external validity. ‘This limitation on generalizability occurs wht
the intervention effects observed are due to. implementation of tl
interventions in a particular socio-cultural setting. Since the presei
investigation assessed the effects of changing legal.-drinking age
only one socio-cultural setting, one cannot necessarily generalize tl
results to widely different' states- or countries. However, t!
experimental setting was not substantially atypical of a nurber =
industrialized states, and sone generalization can plausibly be made,
it is done with caution, recognizing that one is generalizing
inference, not on the basis of explicit features of the research desig

A third major threat to external validity is the interaction
history. and trea"[ment. If ' intervention effects occur' only under t

particular historical circumstances present when the interventions we
i

130ne' important difference between states, potentially limiti
generalizability, is the degree .to which the state is isolated fr
contiguous states with different drinking ages. For example, a rais
drinking age is likely to have less impact in a state with a long bord
with a state that retains a lower drinking age because young drinke
nmey drive to the neighboring state to obtain alcohol. Such a situati
Is an example of the operationalized measure, a legal change in drinki
ago, not reflecting a major change in the construct of., interest, alcoh
availability. Since only a marginal change in alcohol availabili
occurs after a legal drinking age change in such circumstances, Xk
effect on alcohol-re lated collisions might be expected.



imp®, "_merited, the general izabi lity of the findings 1is limited. Comparing
the results of this investigation of the vraised drinking age with,
earlier studies of the lowered drinking age substantially reduced this
threat to external validity. Since the differential impact of lowered
drinking age in the. early 1970s and raised drinking age 1in the Ilate
1970s was examined, the plausibility of the “@rgument that particular
historical circumstances interacted with the drinking age intervention
in both cases, bringing r.bout both observed shifts, was greatly reduced.
Howeverthe drinking age changes were implemented in- a particular
historical period, and the extent to which similar results would occur
during different time periods 1is unknown. For example, the Vietnam war,
the military draft, and associated youth protest activities of the late
1960s and early 1970s may have facilitated the move to a lower age- of
majority (including drinking age). The movement to.raise the drinking
age may be affected by the frequently discussed conservative drift of
the United States in the late 1970s and early 1980s. One. can only
speculate as to the effect of larger socio-historical developments on
the interaction between drinking age public policy and motor vehicle
accidents. ma L

In summary, it is evident that a number of features of the design
of this investigation, such as () appropriate use of sensitive
statistical procedures”, (2 use of long series of observations for
multiple measures, and (3 analyses, of multiple comparison groups,
increase the wvalidity of the findings. The high levels of statistical

9
concision validity and internal validity of this study facilitate the

establishment of a causal relationship between changesin the legal

availability of beverage alcohol, as measured by modifications in the



drinking age, and traffic accidents, as measured by the frequency .of
collisions. The levels of design validity for construct and external’
validity wer' somewhat lower, however, and broad generalizations to
related concepts and other populations and settings should be nmade with
care. In particular, the conceptual i'zation and measurement, of alcohol-
involvement in traffic crashes requires further development. As Gook
and Canpbell (1979) pointed out, construct and external validity are, in
the final analysis, matters of replication. Therefore, replication of
the present investigation in other states, using various measures of the
concepts and using the sensitive .design and data analysis features used
here, would'strengthen the conclusion that there exists a general causal
relationship between beverage alcohol availability and The frequency °of

alcohol-related public health problems.

Data Amalys1s Methods

Ordinary < least squares regression and other commonly used
statistical procedures assunme independent observations, that is, o
serial correlation between the observations. Since a series of
observations on- the sarme wunit over time are very likely to be
autocorrelated, violating the assumption of independence required for
the use of standard- statistical procedures, alternative data analysis
strategies are necessary. Qe such approach is the modeling strategy of
Box and Jenkins -(1976) and Box and Tiao (1975)* The Box-Jenkins
approach involves modeling the autocorrelation in time-series variables
to produce unbiased estimates of error variance in the presence of
serially correlated observations.14 Recent methodological developments

14Reid provides evidence of the superiority of the Box-Jenkins
methodology by applying five different time-series analysis and



min the wuse of transfer functions along with the Auto-Regressive
Integrated Moving Average (ARMA) modeling-, strategy neke these
techniques the best currently available for the analysis of time-series
quasi-experiments (Box and Tiao, 1975? Hibbs, 1977? McCleary and Hay,
1980).- The techniques identify a wide variety of patterns in dependent
time-series variables, provide a sensitive test of intervention effects,
and allow for . the analysis of a variety (E)f intervention effect
patterns.1* L * '

The first step in the Box-Jenkins intervention analysis strategy is
the identification or specification of a parsimonious Auto-Regressive
Integrated Moving Average (ARIMA) nodel for each dependent time-series
variable. The ARIMA nodel is conmonly called the "noise model" since
its purpose is to isolate all of the aspects of the stochastic
autocorrelation structure of the series, and provide a benchmark for the
assessment o* intervention effects. The ARMA nodel accounts for the

variance in the d'.dat series that is due to'identifiablc trend,

forecasting techniques to 113 different series. In the great majority
of the applications, the Box-Jenkins techniques produced the smallest
residual error variances. The Box-Jenkins techniques performed
especially well with long series characterized by seasonal components
(cited in Kendal 1, 1973"125°127) « COther assessments of time-series
analysis techniques generally support the superiority of the Box-Jenkins
methods (see Vigderhous, 1977 f°r a brief review).

a,See Glass, Willson and Gottman(1975: M) for a des:ription of
possible intervention effect patterns. The purpose of the data analyses
in this investigation wes to determine the impact of changes in legal
drinking age on each dependent variable. After the effects of legal
changes on each variable were determined through -the statistical
procedures described below, the effects were conpared across those
measures expected to be influenced by the legal change and those not
expected to be influenced by the intervention. The present section
discusses procedures used to determine the effect on each isolated
dependent  time-series; the comparison of these effects across
experimental and con.iarison age groups, as called for in the design, is
discussed in Chapter 5.0 on results of the statistical analyses.



function).1ll Using the Box-Jenkins nomenclature, these models are
labeled as rsb (1,0,0)*- and rsb (0,0,0), where r is the order of the
auto-regressive component,-s is the order of the shift or <change if
level component, and b is the amount of delay or dead.time after the
beginning of the intervention before any.impact 1is expected. No dela)

parameter b was included the anaTyses because the initial effects of
the legal changes were expected in the month immediately following the
change in drinking age.l* The impact patterns assessed by.the modeli

are shown in Figures **.5 through A.10. All of the major changes 1in the
dependent time series variables were modeled with simple shift transfei

functions (Figures A.7 and A.8) except the increase in draft beer sale:

in Michigan following the 1972 reduction in drinking age, which"was bes*“
explained by a temporary impact mode"l (Figure ~.10) .

e After the order of the ARIMA component was 1identified on the basi-
of a plot of the raw data and autocorrelation and partia
autocorrelation functions, and the appropriate transfer functio
components were added, preliminary estimar.es of the parameters of tQ
identified model were calculated on the basis of the raw data plot an
the estimated autocorrelations. These preliminary estimates were inpu

~Techniques for specifying the form of the transfer function mode
on the basis of" cross correlations between input and output seric
(following similar principles as outlined above for the specification o
AP"MA models), have been proposed (Box and Jenkins, 197&; Haugh and Box
1977) . However, these procedures require the variance of the inpu
series to be similar in magnitude to the variance of the output series
Since this investigation involved dummy input variables and outpu
accident variables with large variances, such empirical transfe
function identification procedures could not be used. Instead, transfe
function models were specified a priori on the basis of theoretica
expectations, and assessed within an hypothesis testing framework.

N"Immediate effects of the higher drinking ages were hypothesize

because previous research had identified immediate effects of bot
lowered (Douglass, 1970 and raised (Wagenaar, 1980) drinking age.
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Figure 4.5 Negative Impact Pattern Estimated by the
rsb (1,0,0) Transfer Function Model with
a Step Function Input

Figure 4.5 Positive Impact Pattern Estimated by the
rsb (1,0,0) Transfer Function Model with
a Step Function Input : -



seasonal, and other autocorrelation patterns in the data. The- residi
"white rioise" or random error variance then permits a sensitive test
the statistical significance of intervention effects.

Since traffic accident time-series often contain large seaso
components, the general multiplicative seasonal model Was applied
each dependent series. The general seasonal ARIMA model is shown
equation one, o

(T) . ro(I- - .. aBqgg - ea- .. +a
a-ma-..rms )(i-y -..*B(i-/VvVtt . Bd

where p is the order of the auto-regressive process, d is the degree
non-seasonal differencing, q 1is the order of the moving-average proce
P is the order of the seasonal auto-regressive process, D is the deg
of seasonal differencing, Q 1is the order of the seasonal moving aver
process, s is the seasonal span, pj to Pp are the seasonal au
regressive parameters, * to ~ are the regular autorregress
parameters, A] to Ag are the seasonal moving-average parameters,

to Oq are the regular moving—avera%F parameters, ]_is the rar
(white noise) error component, a is a constant,” and B 1is the backsh

operator such that B(z*) equals Z*~ ~. It is important to realize t

the ARIMA model is not based on a theory concerning the" causes of

dependent series. It is a model to describe the nature of the ongc
o

regularities in the series due to any number of (most lik

unidentified) causes. The ARIMA model for each variable, therefc

must be empirically determined by an examination of a series



Initial specification of an ARIMA model for a particular series was
made on the basis of a visual examination of a plot of the vraw series
and the autocorrelation and partial autocorrelation functions estimated
from the series observations. The raw time-series plot provided initial
information as to trend and seasonal characteristics of the series,
facilitating the 1identification of differencing factors and the seasonal
span. Differencing refers to the ~calculation of a -.new series by
subtracting each observation from a previous one in the same series.
For example, the first difference is , the first seasonal
difference with a seasonal span of..12 is zt"2t-12 * the seconc* difference
is the first difference of the first differences. Differencing is us?d;
to obtain a series with a constant mean or overall level, an assumption
of ARMA models. The plot of the raw series was also visually examined
for constant variance across the series; 1if the variance appeared non-—
constant, appropriate transformations were performed before
proceeding.1%*

Theoretical autocorrelation and partial autocorrelation functions
corresponding to various ARIMA models have been described by Box and
Jenkins . In- the-.-present study, a p-eliminar,y ARIMA

(p,d,q)(P,D,Q)s model was identified for each series on the basis on an

examination of the. estimated autocorrelations and partial
autocorrelations, .assessing the degree to which the actual
autocorrelations fit one of the theoretically expected patterns. The

simplest model that could plausibly account for the behavior of the
i

series was selected.

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



A first-order moving average, Tfi-rst-order seasonal moving average
model .on the seasonally differenced series was identified for the.
majority of the dependent variables.1” In terms of the general model in
equation one, the specific baseline model for most of the- series is

shown 1in equation two.

' *

"(1-Ai812)(1-0iB)ut + a
1 B1*

(2) Zt

The variance of several series was roughly proportional to the mean;
therefore, they were logarithmically transformed before proceeding with
model 1identification.

After an ARIMA model of the series was- identified, transfer
functions representing hypothesized effects of the raised drinking age
were added to the ARIMA noise model. The general form of the transfer

function 1is shown 1in equation three, e m

where too and to- 6r specify the manner in which the ™input”
or independent variable 1~ influences the "output" or dependent variable
y», B is the backshift operator such that B(z") equals , 1™ s

either a step function with the value zero before the intervention and

17A plot of each time series and the final identified model is
shown in Appendices A, B, C, D, G, I, J, and K.



one thereafter, or a pulse function with the value one for the month 'in
which the intervention begins and zero otherwise, and b is a delay
parameter indicatingmshe length of lag or "dead time" between the
intervention and the. initial effects of the intervention (Hibbs,
1977: 1*9). . . - *

The main intervention of interest in the present investigation waes
the increase in drinking age. In addition, since several reports found
that the fuel shortage, national maximum legal speed limit'- reduction,
and related factors of early 197* resulted in a reduction in motor
vehicle crashes (Borg et al., 1976, Burritt et al., 1975 Carpenter;f
1977 1975, Gu and Nunn, 1976; Dart, 1977; Kahane, 1975; Klein et al.,
1976; ODay et al., 1975, Seila et al., 1977, Tofany, 1975, United
States Department of Transportation, 1978, Workowski and Heckhard,
1977)» a transfer function representing the effects of this major
exogenous influence on the frequency of traffic accidents was included
in the analyses of those variables exhibiting a substantial decrease in
frequency in early 197 Other major shifts in the dependent variables,
due to reporting changes or other historical events, were controlled by
including additional transfer functions where appropriate. All of the
exogenous factors were modeled with simple forms of the general transfer
function model shown in equation three.

Two specific forms of the general transfer function nodel were used
in the present investigation, a temporary impact nmodel (1 MGB D
where u is the shift or change in level component, 6 is -the auto-

regressive "memory" component, and P! is defined as a pulse function),

and an abrupt permanent impact model (u 1" with 1 defined as a step
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as starting values for the computer estimation program BttDQ2T (Liu,
1979)* Since the models are intrinsically non-linear, EM:QH;USQS* the
Gauss-ttarquardt'method to ob;ain neximum Iikeliho;)d estimates of’ th.e
parameters..  The unconditional least . squares (i.e. backcastirig)
estimation algorithm wes used rather than conditional least square!
because seasonal moving average models were being estimated; Box ac
Jenkins (197&) reconmend unconditional least squares estimation for sucl
models. < x

Perhaps the most important step in the Box-Jenkins model in;
strategy follows the initial®estimation of a model. The estimated node
must be evaluated with regard to its parsimony and its ability ti
account for all of the autocorrelationpatterns in the original eceries
There are several considerations inassessing nodel adequacy. First
the estimated parameters should meet the conditions of stationarity
invertibility required for the particular model under consideration (Bo
and Jenkins, 1978 ¢ Second, the estimated parameters of the ARM
component should be significantly different from zero. Third, th
correlations anong the parameters should not be excessive, indicatin
redundancy in the nodel specified. Fourth, the overall "flatness" o
the autocorrelation function of the residuals should be documented by
non-significant Q-statistic (Box and Pierce, 197°; Ljung and Box, 197&)
Fifth, the autocorrelation functionshould not reveal significan
correlations at the first few lags or the first seasonal lag. Sixth
parameter estimates should be interpretable in terms of theoretica
expectations and knoan characteristics of the dependent variable.

Inadequacies in the combined ARIMA/transfer function model

detected when evaluating the estimation results, were used to guide re



specification of the model. After re-specification, mexinum likelihood
estimates were obtained, and the revised nmodel wes evaluated according
to the above criteria. ff the nodel wes still inadequate, the
specification, estimation, and evaluation steps were repeated again; if
more than one nodel was adequate by these criteria, the nmodel with the
lowest sum of squared deviations from the fitted nodel wes selected.
The values of the transfer function parameter estimates, along with
unbiased estimates of. their standard errors, were used to determine the
existence of effects of the interventions, and where, intervention
effects were evident, to assess the direction and magnitude of the
impact in terms of the nunber of crashes apparently caused by or
prevented by the intervention.

All of the specific models fit to the series were variations of the
underlying nodel which views a particular time series as a realization
of a general discrete linear stochastic process (Nelson, 1973:30-33)*
In modeling a time-series as a realization of a discrete linear
stochastic process, one assunes that: (1) the time-series is stationary
and characterized by a constant nean, i.e., the series does not exhibit
a substantial trend or change in overal.l level, (2 all random errors
U. in equation one) are drawn independently from the sane distribution
over time and thus are characterized by constant variance, and (3) the
autocovarianccs are constant over time, depending only on the extent of
lag between the observations. If one adds the assumption of normally
distributed errors, what is referred to as strict stationarity is
achitved. The assumption of a stationary nean or level in the original
series is not strictly required, because the nodel remains appropriate

provided stationarity is obtained after using the appropriate



differencing factors on the original series. If a stationary level is
obtained after differencing, the series is said to exhibit "homogeneous
non-stationary behavior" (Box and Jenkins, 1976:11)".

A important strength of the Box-Jenkins modeling strategy is that
an assessment of the extent to which the assumptions underlying the
analyses are met is explicitly included in 'the model  building pfocess.
Thus, after each particular nmodel wes specified and estimated, the
residuals .were examned to ensure that they displayed: . the
characteristics of white noise (i.e., were independently and identically
distributed with constant variance).*0 Evidence that the assumptions of
the model were met increased the validity of the findings.

In summary, the data analysis strategy wes as follows. F.irst, an
ARIMA noise nodel wes specified on the basis of a plot of the raw series
and the estimated auto- and partial autocorrelation functions. Second,
transfer functions for the major exogenous factors were added to the
noise-model and the combined noise and intervention nodel wes estimated.
The combined model wes evaluated and the specification, estimation, and
evaluation process wes repeated until an adequate nmodel wes obtained.
The statistical significance and magnitude of the transfer function
parameter estimates were used to identify the impact of a legal change
in drinking age on that particular time series dependent variable. The
data analysis strategy wes repeated for each dependent variable, and the
results, as called for in the research design, were conpared across (1)
indicators of alcohol-re lated accidents and indicators of non-alcohol-
related accidents, (20 experimental age groups (youth under 20 or 21)

JeA more general discussion of the importance of examining

residuals tc ensure that assumptions are not violated is provided by
Draper and Smith '(1966) .



and comparison age groups (drivers over 20 or 21), and (3) states that
changed their drinking age (Michigan and Maine) andstates that did not

(New York and Pennsylvania). *



5-0 HNDINGS /

Results are presented, in. three sections. Section present# the
findings of the main study,-the effect g~'the drinking age on traffic
crashes. Section 5*2 discusses analrs®"s of aggregate alcoholic beverage
sales in several states, where the effects of the drinking Tage and other
public policy changes were evaluated. Finally, section 5«3 examines

L] #
data on beverage control law enforcement activities and the role of
enforcement when using the m.inimum drinking age as an alcohol-related
problem prevention strategy. In each of these sections, the main
findings are discussed and summarized, 1in tabular form. Additional
information on the data and statistical models®used 1is provided in the
appendices.

5.1 Effects of the Ra?sed Dr ink ?no Age on
Motor Vehicle Crash Involvement

Results of the time-series modeling of ~crash involvement® in
Michigan, Maine, New York, and Pennsylvania are summarized in.Tables 5*1
through 5-12 below. Shown for each dependent variable 1is the estimated
average change in monthly frequency of driver crash involvements after a
change in drinking age was implemented. As noted in the tables, some
series were logarithmically transformed to reduce heteroscedasficity,
that is, variation over time 1in the series variance. In such cases, the
parameter estimates refer to the log of crash frequency, and cannot Dbe
directly interpreted as the change 1in number of crash-involved drivers
per month. In addition to the time-series model estimates, the summary

table* include the t-ratio for the estimates, and the estimates

calculated as percentage change between actual crash involvement



frequencies after Vwe implementation of the raised .drinking age and
frequency expected had tvere been no change in dr:nlking age.1l

The reader is encél}rage to concentrate .on the percent figures,
;omparing changes in alcohol-relateo crash involvement with changes in
non-alcohol-related crash involvement,” and comparing changes .in crash
involvement for young drivers with the figures for older drivers. The
t-ratios identify . those shifts in crash involvement that are
statistically significant (indicated in the tables with .footnotes).
Wore that the results sunmarized in Tables 5*1 through were
extracted from comprehenclvc models " each time-series dependent
variable. The estimates,’ therefore, represent the net change in crash
involvement associated with raising the drinking age, controllin.g |for
the effects of long-term trends, seasonal cycles, and other major
factors affecting the frequency of reported crash involvement, including
motor fuel shortages, meximum speed limit changes, and modifications' in
criteria for reporting a crash. Taking into account these factors
produced models which in nmost cases explained well over 50" of the
variance in the dependent variables. A plot of each time series, the
complete nmodel developed for each series, and an estimate of goodness of
fit between each .model and the data (i.e. the adjusted R-square
statistic) are shown in the appendices.

3XPerccnt change figures were based on the first 12 months after an
increase in drinking age, ad were calculated as follows:

(10 -~ = percent chanae

where u is the shift in the frequency of driver crash involvement
estimated by the time-series model, and f- is 'the actual monthly
frequency of crash involvement.



5%1*1 Michigan. Net changes in property damage crash involvement
associated with the Decenber 1978 increase in drinking age in Michigan
are summarized in Table 5*1* The following findings emerge. First,
alcohol-related crash involvement decreased significantly for drivers
age 18-20, the target of the increase in drinking age (see- Appendix B
Figure  10); non-alcohol-related crash involvement also decreased
significantly for this age group, but the magnitude of the decrease is
only half as large as the decrease in alcohol-related crashes.
Subtracting the percent decrease in general non-alcohol-related crash
involvement  from the percent - decrease in aicohol-retated crashes
produces a net reduction of 11 to 22 percent in aicohol-reiated property
damege crash involvement attributable to implementation of the /hiéher
drinking age. The 11 to 2 percent reduction represents 725 to 1,617.
fewer young-Michigan drivers involved in alcohol-related property damage
crashes over the first 12 months with the higher legal age than would
have been expected had the drinking age not been increased. The
conclusion that the raised drinking age !s responsible for these
observed crash reductions is strengthened by the results for the older
age groups; drivers age 21-23 and 2k-k5 exhibited no significant change
in crash involvement, in contrast to 18-20*year-olds, the target of the
drinking age change.

A second major finding wes that there was no observed effect of the
raised drinking age on the frequency of. property damege crashes anog
16 and 17-year-old drivers. Although police-reported alcohol-re lated
crashes decreased significantly, crashes with no police-reported

drinking decreased by about the sare amount; as a result, the decrease



TABLE 5.1
Time-series Model Estimates of Changes in Phoperty-
damage-only Crash Involvement Associated With Raising
the Legal Minimum Drinking Age in Michigan

Age of Driver
Type of Crash
'16-17 18-20 21-23 215 .
Alcohol-related
Indicators
Poli ce-reported "
Drinking
Estimate 21U -208.2 -7.6 HU.s'
*T-ratio 3-01 7.2% 0.5 ° 1.2
Percent -1L.7 =300 -1.7 3.8
Single-vehicle
Nighttime Male.
Estimate -3A.9 -129.1* -31.2 -20.7 o
T-ratio 2.6 5.11 2.3 0.5
e Percent -15.5 -2L.0 -8.8 -2.5
Non-alcohol-r elated
Indicators
No Police-reported
Drinking
Estimate -U00.2 -0.11 -0.1J -0.13
T-ratio 3-71 3-01 ' e« 271F 2.3
Percent -13-3 -12.2 -10.L -9.5
Dayt ime
Estimate -32i».2 -539.9 -315.5 -1186.7
T-ratio- 2.91 2.0 2.U
Percent -13-3 -12.8 -9.6 -10.0

JP<0.01, two-tailed test.
1Series logarithmically transformed to reduce
heteroscedasticity; estimate based on transformed series.

in alcohol-related crashes cannot be attributed to the drinking age
increase.

A third trend evident in Table 51 is that the parameter estimates
for non-alcohol-re L2ted crash indicators for all age groups are negative

ad have relatively large t-ratios, even if not significant at the .01



level. Furthermore, all of these estimatedcrash reductions are in the
10 to 13range. Reduced economic activity in Michigan in1979 is the
likely cause of the uniform reduction in general non-alcohol-related
crash frequency across all age groups.

The effect of a raised drinking age waes also evident from analyses
of/injury and fatal crash involvementj in Michigan (Table 5*2). Pal ice-
reported alcohol-related accidents anong 18-20-year-olds decreased 28
percent when the drinking age wes raised; single-vehicle nighttime- male
crashes decreased 22 percent. Daytime injury and fatal accidents also
decreased significantly for this age group but the magnitude of the
decrease wes only half as large as the decrease in nighttime crashes.
If one subtracts the 11 percent decrease in daytime accidents from the
2 percent decrease in single-vehicle nighttime male crashes, an 11
percent reduction in alcohol-related accidents remains attributable to
the raised drinking age. Since there was no significant change in
crashes with no police-reported drinking, the 28 percent reduction in
police-reported alcohol-related accidents also can be considered an
estimate of the effect of the drinking age change. In short, raising
the drinking, age resulted in an 11 to 28 percent reduction in alcohol-
related injury/fatal motor vehicle crash involvement..- This 11 to 28
percent reduction represents 373 to 1.726 fewer young drivers involved
in injury/fatal crashes oyer the first 12 months after the drinking age
increase than would have been expected had the Irw not been changed.
The conclusion that these reductions are due to the drinking age is
strengthened by finding no significant reductions in alcohol-re lated or
ncn-alcohol-related crashes anong drivers age 21-23 or :L-L5. ..In fact,

results for drivers age 2U-Lc, indicate increased alcohol-re lated crash



involvement, in contrast to the decreases evident for 18-20-year-old
drivers.  Although the increases arong drivers age 2A-A5 were not
significant at the .01 level', examination of the time-series plots
reveals higher alcohol-related injury/fatal crash involvement in 1979
than previous trends.would lead one to expect (see Appendix B, Figures
25 and '27) . ‘

TABLE 5.2
*Time-series Model. Estimates of Changes in Injury/Fatal Crash Involvement

Associated With Raising the legal Mnimum Drinking Age in Michigan '

Age of Driver
Type of Crash
16-17 18-20 71-23 2 AA

Alcohol-related Indicators
Police-reported Drinking

Estimate -20.2 -1A3 .8 9-6 88.2
T-ratio 2.5 A6l * 0.6 )
Percent -16.8 -27.8% 25 8.7
Single-vehicle
Nighttime Male
Estimate -12.7 -63.0 " 0-3 38.6
T-ratio 2.3 3.61 1-3 2 A
Percent -12.6 -21.54. 51 0.8

Non-alcohol-related Indicators
No Police-reported Drinking

Estimate -100.8 -160.A -60.3 -263.0

T-ratio 25 1.8 0.8 1.0

Percent -85 -7.8 -3-8 -A 8
Daytime

Estimate -73-2  -187..7 -53.0 -2199

T-ratio 2.1 3.01 0.8 1.0

Percent -7.7. -10.9 -A.0 -AA

1P<0.01, two-tailed test.



As wes the case for property danmege crashes, no significant .effect
of the raised drinking age on injury and fatal crash involvement anong
Michigan drivers age 16-17 wes found.

5-1.2 Maine. Effects of the raised drinking age on less, serious,
property damege crashes in Maine are showmn in Table 5*3* Dri*ers age
18-19 experienced a significant 16.8 percent reduction in police-
reported alcohol-related property damege crash involvement, and a 21.5
percent reduction in single-vehicle nighttime male ' crashes (the
significant decreases are evident in Appendix A Figures' 10 and 12,
where the 12-month moving average levels off after the drinking age 'was
raised, ¢ in contrast to the previous long-term upward trend). -In
contrast, drivers age 18-19 showed no significant change in non-alcohol-
related property damege crash involvement, measured either by police
reports or daytime crashes. In addition, no significant changes in any
of the four crash time series were observed for drivers age 21-22 or
2-1*5 in Maine. A significant reduction in alcohol-related property
damage crashes for young drivers in Maine at the time the drinking age
wes raised, with no comparable reductions in either non-alcohol-reiated
crashes anong young drivers in Maine, or alcohol-related crashes arog
older drivers in Maine, indicates that raising the drinking age
apparently caused the observed reduction in alcohol-related property
damage crash involvement. The 16.8 to 21.5 percent reduction represents
6l to 90 fewer young drivers involved in alcohol-related property damege
accidents the first year with the higher drinking age than expected on
the basis of previous trends.

Although the time-series nmodel estimates indicate reductions in

alcoho 1-re lated property damege crashes anong drivers age 16 and 17 » the
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TABLE 5-3
Time-Series Model' Estimates of Changes in Property-damage-only Crash
Involvement Associated With Ralsmg the Legal Minimum Drinking Age in
aine

Age of Driver.
Type of Crash

1617 . 18-19 20-21 20_1*5

Alcohol-related Indicators
Police-reported Drinking

Estimate -0.31  -5.i -3.0 ' -7.0
T-ratio L. 1* 3.71 K5 1.8
Per.cent 2 4.4 -16.8 -10.5 -6.9
Singie-vehicle
Ni ghttim™ Maie
Estimate 2.8 -7-5 0.9 1.1
T-ratio 2.2 3-51 0.5 0.2
Percent -15.9 -21.5 -3-6 IV 9
Non-alcohol-related Indicators
No Police-reported Drinking
Estimate 58  -19.8 125 -28.8
T-ratio 0.5 1.2 0.6 0.3
Percent 3.0 -6.A 1».8 1.9
Dayt ime
Estimate 3.5 -10.8 -8.0 -31.A
T-ratio 0.3 0.7 . 0.5 .0.3
Percent 22 o -1.3 -3.6 23
X¥<0.01, two-tailed test.
JSerics . logarithmically transformed 10 reduce

heteroscedasticity; “estimate based on transformed series.

estimates were not significant using the .0L probability level chosen
for this study. However, the small monthly crash counts for 16-17-year-
olds in Maine, and the resulting large random component in the time
series may mask the effect of the raised drinking age on underage
drinkers. Examination of the raw frequency plots (Appendix A Figures 2
and vy indicated a decline in crash involvement among underage drinkers



for the first year after the drinking age wes raised; however, the crash
frequency series resumed the Jong.-term upward trend in 1979%*

Analyses of serious crashes, that is, those involving at least one
injury or fatality, revealed no significant shifts in alcohol-related
crash involvement anong Maine drivers age 18-19 (Table * Similarly,
there were-no measurable changes in the frequency of serious crashes for
Maine drivers age 22-*"5, and no change;s in  non-alcohol-related serious
crash involvement anong Maine dri:/ers age 20-21. Howéver, I18-19 year-
old drive*rs were involved in 2k% more daytime seriT)us crashes after
October 1977 than previous trends indicate would be expected.11 Maine
drivers age 20-21 experienced a significant increase in alcohol-related
crashes, averaging k.9 drivers per month (21.7%9 for the police-reported
drinking series, and 2.A drivers per nonth (U.2*) for the single-
vehicle nighttime male series.

A significant increase in serious daytime crash involvement anong
18-IP-year-old drivers in Maine, with no significant change.in serious
single-vehicle nighttime male crash involvement, might indicate that the
raised drinking age prevented an increase in single-vehicle nighttime
male crash involvement that would have occurred had there been no legal
change. Such a conclusion is strengthened by finding a significant
increase in alcohol-related crash involvement for drivers age 20-21, the
proximal peers of the focal age group. In addition, although serious
single-vehicle nighttime mt' » craTsh involvement anong drivers age 18-19
shoned no statistically significant change, the time-series model
estimation results indicate an 1816 decrease when the drinking age wes

J,Note that daytime crash involvement for 18-»9-yeai—olds and

20-21-year-olds decreased significantly in 1979? as wes the case in
Michigan (see Appendix A Figure 15 and 23).



TABLE 5.4 .
Time-series Model Estimates of Changes in Injury/Fatal Crash Involvement
Associated With Raising the Legal Minimum Drinking Age in Maine

Age of Driver
Type of Crash
16-17 1819 20-21 : 22-45

Alcohol-related Indicators
Police-reported Drinking

Estimate 2.7 1.9 4.9 3.2
T-ratio 1.6 0.8 2.81 0.8
Percent 30.5 7-9 21.4 3o
Single-vehicle
Nighttime Male
Estimate 0.4 -3.2 2.4 ) &
T-ratio 0.3 11+ 2.81 c.9
Percent 2.8 -181* 14.2 4.4
Non-alcohol-related Indicators
No Police-reported Drinking
Estimate 0.8 -1.8 -1.4 -18 .3
T-ratio 0.2 0.2 0.2 0.7
Percent e 11 -1.5 -1.4 -3.5
*Dayt ime
Estimate 2.1 ,QO0 5-7 -26.4
T-ratio 0.5 4.4* 1.1 1.0
Percent 3-2 24.0 7.2 -5.4

*P<0.01, two-tailed test.

raised. Because the -megnitude and di-rection of the estimated (non-
significant) change in single-vehicle nighttime male crashes arog
drivers age 18-19 is consistent with hypothesized drinking age effects,
one might interpret the results as evidence that Maine's raised drinking
age alfected serious crash involvement. Given the tcnuousness of the
argument concerning single-vehicle nighttime male and daytime serious
crashes, and no changes in serious police-reported drinking crashes or

serious crashes with nc police-reported drinking, the safest conclusion



is that there was no cleariy -demonstrable effect of Maine's .raised "
drinking age on injury and fatal alcohol-related crash involve..,ent anong
18- and «19-year-old drivers.
As in Michigan, there wes also no effect of the raised drinking age
on injury/fatal crash involvement anong 16-17~year-old Maine drivers.
5-1-3 New York. The sare time-series analysis strategy used for
Maine and Michigan wes applied to New York, to determine whether
youthful alcohol-related crash involvement in that .state decreased
significantly at the time either Maine or Michigan raised the legal
mnimum drinking age. If New York, which did not change its drinking-
age, she* ¥ eases in crash involvement similar to Maine or Michigan,
one mif .t >oncludu that observed crash reductions in the experimental
states were due to sore factor unrelated to the raised drinking age.13
Estimated changes in New York property damege crash involvement
beginning November 1977 (When Maine raised the drinking age)' are
summarized in Table 5*5* There were no signi.icant changes in any of
the crash involvement categories for 18-20-year-old drivers, in contrast
to Maine, where 18-19-ycar-old drivers experienced significant
reductions in' alcohol-related property darage crashes beginning in
November 1977 Note that the parameter estimates for single-vehicle
nighttime male and daytime single-vehicle male crashes were negative for
all age groups, and were significant for drivers 21-23 and 24-45*
Furthermore, the reported crash .eductions were substantial, ranging
33As noted earlier, the NewYork.crash datawere analyzed twice,
first including the entire state aswas done for other study states
(Appendix C), and second, excluding New York City from the statewide
totals (Appendix K). Exclusion of New York City did not appreciably

change the results, and results discussedhere are based on the
statewide totals excluding New York City.
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from 30 to 5204 This pattern of lower than expected reported property
damage crash involvement across- all age groups for both daytime and
nighttime single-vehicle male driver crashes waes a result of an
important change in crash reporting criteria, 'mentioned earlier in
section 4.2.2.3* After Septerrber 1978, any crash causing property
damege of $4Q0 or nore had to be reported; prior to this date, any crash
causing$250 or nore in damege had to be reported. This instrumentation
change, occurringwithin the.first year after the October 1977 drinking
age change in. Maine, apparently caused the significant reduction in
reported property damege crashes identified in the New York time-series
models.

Estimated changes in New York injury and fatal crash involvement,
concomitant with Maine's increase in drinking age, are shoan in Table
5.6. As with property damege crashes, there were no significant changes
in any crash category for [8-20-year-old drivers. The other three age
groups experienced significant increases in police-reported alcohol-
involved crashes. Becauseof the nature of the New York reporting
system concerning  alcohol-related crashes, 14sthefrequency of reported

alcohol-related crashes using this indicator is probably quite sensitive

.to increased public interest in the aicohol-related crash problem. In

recent years, mnore nmedia ad public policy attention has been given to
the alcohol/highway safety issue, and as a result, observed increases in
police-reported alcohol-related serious crash involvement ney very well
be due to improved reporting of the involvement of alcohol in New York

crashes. *

*Refer to section 4.2.2.3 for details.



TABLE 5-5

Time-series Estimates of Changes in Property-damage-only
Crash Involvement in New York After October 1977. When
Maine Raised the Legal Minimum Drinking Age

Age of Driver *

Type of Crash
16-17 ' 18-20 21-23
Alcohol-related Indicators
Police-reported Drinking
eEstimate 0.2 35 1.-6
T-ratio 0.2 2.1 0.9.
Percent 31 12.7 6.9
Single-vehicle
Ni ghttime Male
Estimate -0.73 -0..3 -0 .14
T-ratio 3-71 15 6.73
Percent -52.3 -23.7 *-29-5
Non-alcohol-related Indicator
Daytime Single-vehicle Mae
Estimate -0.33 -0.33 -0.LJ
T-ratio 2.5 1.9 ' 3-73
Percent -28.8 -22.9 -32.3
XP<0.01, two-tailed test.
1Series logarithmically transformed to

heteroscedasticity; estimate based on transformed series.

The New . York time-series models also included estimates

In crash
Michigan findings.

in Table 5 .7.

in 1979,

involvement beginning January 1979.

for comparison

2 A-Ls

-0 .61

-15.1

reduce

of. shifts

with the

Results for property danmege crashes are summarized

in  property damege alcohol-

related crash involvement occurred anmong.New York 18-20-year-old drivers

No significant reductions

In contrast to significant.decreases in Michigan.

This finding

provided*further support for the hypothesis that the crash reductions in

Michigan were a direct result of the higher drinking agg not other more



*TABLE 5-6
Time-series Model Estimates of Changes in.Injury/Fatal
Crash Invotvement in New York After October 1977, When
Maine Raised the Legal Mnimum Drinking Age

Age of Driver .
Type of Crash

16-17 1820 21-23 24-A5

Alcohol-related Indicators
Police-reported Drinking

Estimate 5-3 5.f 215 27.5
T-ra'tio 401 0.4 5-01 2.8X
Percent 18.1 31 18.0 m7-3

Single-vehicle
Ni ghttime Maie

Estimate 5-6 -3-¥ -5-3 :7*9
T-ratio 1.7 0.4 0.6 0.5
Percent 105 -1.3  -3-0 2.3,
Non-alcohol-related Indicator
Daytime Single-vehicle Male
Est imate -3.4 . -01 -1.0 -32.7
T-ratio 0.7 0.0 0.2 7 .11
Percent -3-9 -0.5 -0.9 -8.9 *

XP<0.01, two-tailed test.

general nationwide factors influencing crash involvement during this
per iod.

The only significant time-series model estimates in Table 5-7 were
for single-vehicle nighttime male crashes anong drivers age 21-23, and
daytime single-vehicle male crashes anong drivers age 18-20. In both of
these cases, the significant positive time-series model estimates were a
result of the Ileveling off a pre-existing dowward trend in crash
frequency (see Appendix K Figures 18 and 12).

Table.5.8 shows estimated changes from pre-existing trends in New

York serious crash involvement in 1979 Again, no significant decrease:;



TABLE 5.7
Time-series Model Estimates of Changes in Property-damage-
only Crash Involvement in New York After December'1978, \hen
Michigan Raised- the Legal Mninmum Drinking Age

Age of Driver
Type of Crash

16rl7 18-20  21-23 . 2A-A5

Alcohol-related Indicators
Pol ice-reported.Drinking

Estimate 2.0 -1.5 A.2° 2.1
.T-ratio- 1.6 0.8 1.9 05 e
Percent 3A.6 * 7 16.A 2.6

Single-vehicle

Nighttime Male
Estimate 0.0* CL31 0.32 0.13
T-ratio 0.1 1.7 7.2*% 0.0
Percent 3.0 35.0 * 35.0 6.2

Non-alcohol-related Indicator

Daytime Single-vehicle Male
Estimate 0.03 0.A3 0.03 0.13
T-ratio 0.2 3. 11 0.0 0.6
Percent 2.0 1D6.2 Al 7.2

e ' 1P<0.01, .two-tailed test.

JSeries logarithmically transformed . to reduce
heteroscedasticity; estimate based on transformed series.

in injury/fatal crash frequency for 18-20 drivers wes found, in contrast
to the Michigan results, providing further evidence that Michigan's
crash reductions anmong youth were due to the increase in drinking age.
Significant increases in police-reported alcohol-involved crashes
for three of the four age groups might be due to improved police
reporting of alcohol involvement, 'the suggested explanation of the
increased frequency of police-reported alcoho l-involved property damage
crashes in New York identified with the November 1977 time-series model

parameter. Unlike the pattern of results in “able 5&> however, Table



TABLE 5-8
Time-series Model Estimates of Changes in Injury/Fatal
Crash Involvement in'.New York After December 1978, When
Michigan Raised the Legal Mnimum Drinking Age

Age- of Driver
Type of Crash

16-17 1820 21-23 24-45

Alcohol-related Indicators
Police-reported Drinking

Estimate 11.2 23.7 311 * 56.8
T-ratio 7.01 2.3 6.61 ' 501
T-ratio’ 7.01 2.3 6.6* 501-
Percent 33-1 11.9 21.2' 1-37

Single-vehicle

Nighttime Male
Estimate 3.2 327 21*3 50.8
T-ratio 0.9 3.61 2.6 4.61
Percent 52 12.2 14.C 17.5

Non-alcohol-related Indicator .

Daytime Single-vehicle Male
Estimate 11 7-0 w0 7.6
T-ratio 0.2 1.0 1.0 15
Percent 12 *&.7 3.7 2.2

1P<0.01, two-tailed test.

5.8 reveals that the nore reliable alcohol-related indicator, single-
vehicle nighttime male crash involvement, also exhibited significant
increases for tﬁe 21-23 and 241<5 age groups, and an esltimated increase
for 18-20-year-olds that was significant at the less conservative .05
level. The pattern of consistently positive point estimates, with five
of the eight significant at the .01l.levelj suggests that a real increase
in injury/fatal alcohol-related crash involvement occurred in 1979 among
New York :Jlrivers.

5.1.L Pennsylvania. Crash involvement in Pennsylvania from 1972

through 1979 was also analyzed, for comparison with the Michigan and



Maine results. The police-reported alcohol indicator was not well

suited for this research. Few crashes were' identifTed as alcohol-

* * ° *
related,.and for those that were, the alcohol item applied to the
accident,"” and could not be linked to particular drivers. As a result,
frequencies of. police-reported alcohol-involved crashes were not
analyzed in detail; although a plot of. each time series is included in
Appendix D. Instead of detailed analyses of frequencies of crashes with
no police-reported alcohol involvement, the total frequency of crash -

involvement wrs examined.

Results, shown in Table'5*9. indicated that Pennsylvania drivers
experienced no change in property damage crash involvement in 1S77» at
the time Maine raised its drinking age and experienced a significant
decrease in alcohol-related property damage crash involvement among
young drivers. Again, a state without -a drinking age change,
Pennsylvania, experienced no significant change -in  youth crash
involvement at the time a state that raised its drinking age, Maine,
experienced significant decreases in alcohol-related crashes.

Analyses of Ponr.sylvania injury crashes revealed no significant
changes beginning in 1977 for any of the crash category/age group
combinations (Table 5*10)*

When Michigan raised its drinking age and experienced significant
decreases in alcohol-related property .damage crash involvement among
young drivers, Pennsylvania showed no change in alcohol-re lated property
damage crash involvement anong youth (Table 5-11) « Daytime property
danmget crashes in Pennsylvania anong drives of all ages were down 9 to.

in 1979. however. Similar reductions in non-alcohol-rel ated crashes

across all age groups were found in Michigan, indicating that some more
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TABLE 5-9
Time-series Model Estimates of Changes in Property-damage-
only Crash Involvement in Pennsylvania'After October 1977,
When Maine Raised the Legal Minimum Drir.King Age

Age of Driver °
Type of Crash

16-17 18-19 20-21 22-1*5

Alcohol-related Indicator
Single-vehicle
Nighttime Male

Estimate 0.2 -17.2 -12.7 wmr77-1
T-ratio 0.0 0.8 0.8 1.6
Percent 0.1 -8.9 -7-3 -12.6
Non-alcohol-related Indicator
Daytime
Estimgte -0.i11 -0.01 -0.11 -0.01
T-ratio 1.9 0.5 0.7 0.3
Percent -12.2 -3t -L.8 -2.1
/ *
Total '
Estim_ate -0.11 -0.11 -0.01 --0.0%
T-ratio 1-7 0.8 0.5 0.3
Percent -10.6 -5.0 -29 -2.0
Series logarithmically transformed to reduce

hetcroscedasticity; estimate based on transformed series.

general factor affecting crash frequencies in multiple states, such as
reduced economic activity in 1979. nmey be the cause of reduced non-
alcohol-related crash involvement. Further support for such an argument
can be found in the Maine results, where non-alcohol-related property
damage crash involvement also decreased significantly in 1979 (see
Appendix A). Of the four states analyzed here, only New York did not
exhibit obvious decreases in non-alcohol-re lated property damage crash

involvement in 1979*



TABLE- 5-10
Time-series Model Estimates of Changes in Injury/Fatal
Crash Involvement in Pennsylvania After October- 1577. \When
Maine Raised the LegaleMinimum Drinking Age

Age of Driver .
Type of Crash
16-17 18-19 20-21 22-I»5

Alcohol-related Indicator
Single-vehicle : -
Nighttime Male

Estimate 'e 0.11 -0.01 -0.21 . -o0.0%*.
T-ratio e 0.7 0.1 2.1 0.5
Percent -7.5 -0.6 -U.8 -3 *
Non-alcohol-related Indicator
Daytime
Estimate 20.8 317 -6.0 133.7
T-ratio 0.5 0.5 0.1. 0.5
Percent 31 3.7 -0.7 2.8
Tota l
Estimate * 315 25-1 -76-5 170.1
T-ratio 0.5 0.3 1.2 e 0.5
Percent -3.5 19 -5.7 2.6

1Series logarithmically transformed - « to reduce

heteroscedasticity; estimate based on transformed .series.

Analyses of serious crash involvement in Pennsylvania revealed no
significant changes in 1979 for any of the crash category/age group
combinations (Table 5*12); Finding no change in alcohol-related serious
crash involvement among. Pennsylvania youth in )97% when Michigan had
significant decreases in youthful serious alcohol-related crash
involvement strengthens a causal, interpretation of the drinking age/
crash association observed in Michigan.

95.1.5 D scussion of crash Findinos. The time-series model

estimates represent thenet shift in the frequency of crash involvement



TABLE 5.11
Time-series Model Estimates of Changes in Property-damage-only
Crash Involvement in Pennsylvania After December 1978 When
Michigan Raised the Legal Minimum Drinking Age

Age of Driver
Type of Crash
16-17 18-19 20-21 22-A5

1
Alcohol-related Indicator
Single-vehicle
Nighttime Male :
Estimate - -11.8 “20.7 12.7 \2.U
T-ratio 0.7 1.0 0.8 0.9
Percent -11.0 -10.8 8 A 8U
Non-alcohol-related Indicator
 Daytime
Estimate -0.2s -0.23 -0.23 -0.1I3
T-ratio 3-81 3.11 3-31 2.1.
Percent -16.6 -1h.it -16.5 -9.1
Total
Estimate -0.21 -0.13 -0.13 -0.13
T-ratio 3.31 2.6 2.5 1.3
Percent “13-9 -10.7 -10.2 “5.5

1P<0.01, two-tailed test.
NSeries logarithmically transformed to reduce
heteroscedasticity; estimate based on transformed series.

associated with increases in the legal minimum drinking age in Maine and
Michigan, independent .of the effects of long-term trends, seasonal
cycles, and other factors. Alcohol-related property damage crash
involvement' anong young drivers after an increase in drinking age wes
significantly lower than previous trends would lead one to expect in
both Mainefand Michigan.  Significant reductions in alcohol-related
property damege ct ash involvement were not found for older, drivers
within either experimental state, or for young drivers in the two

comparison states that did not change the drinking age. Furthermore,



TABLE 5-12
Time-series Model Estimates of Changes in Injury/Fatal Crash
Involvement in Pennsylvania After December 1978. When
Michigan Raised the Legal Minimum Drinking Age

mhge of Driver -
Type of Crash

16-17 18-19 20-21 20-1%5

Alcohol-related Indicator
Single-vehicle
Nighttime Male

Estimate 0.01 0.11 0.11 0.11
T-ratio 0.5 0.7 1.1 1.9
Percent 3-9 5-1 ft.6 m 9-0
Non-alcohol-related Indicator-
Daytime
Estimate -52.6 -20.3 -8.3 6lf. 1
T-ratio 1.2 0.3 0.2 0.2
Percent -8.5 -2.6 -1.2 1-5
Total
Estimate -10L.0 277 -91-3 ' 108.0
T-ratio 1.6 o.i* |.ft 0.3
Percent -11.3 -2.2 -7 . * 1-7

aSeries logarithmically transformed to reduce heteroscedasticity;
estimate based on transformed series.

identified reductions in non-alcohol-related property damage crashes
during this period were less than half the magnitude of the decrease in
alcohol-re lated crashes. The sane analyses applied to serious
(i.e. injury and fatal) alcohol-related'crash involvement demonstrated
significant reductions anmong young drivers associated with the higher
drinking age in Michigan, with no clegr effect observed in Maine.
Analyses of older drivers in Michigan and young drivers in them

comparison states revealed no significant reductions in alcohol-related

serious crashes. The most plausible explanation of this pattern of



findings is that raising the legal drinking age caused significant
reductions in alcohol-related property damage crash involvement anong
young drivers in both Michigan and Maine, and caused ‘significant

reductions in serious crash involvement in Michigan.

5.2 Effects of.Raised Drinking Aoe on Beverage Alcohol Sales

In addition to analyses of crash involvement discussed above,
aggregate alcoholic beverage sales were examined to identify whether the
drinking age has a noticeable effect on the beverage alcohol market in
Maine or Michigan. Beverage sales data for the United States as a whole
were used as a comparison time-series. Finally, sales data for New
Hampshire were also examined to assess whether observed reductions in
Maine beverage sales were due to increased cross-border purchases rather
than a reduction in actual consumption of alcoholic beverages.

521 Mchiaan. Results of analyses of aggregate beverage
distribution in Michigan are summarized in Table 5-13 with a plot of
each time series and detailed modeling results shown in Appendix H.
Application of the iterative model building strategy to wine
distribution in Michigan resulted in the model shown in Appendix H,
Figure 1 Time-series modeling estimation results show that,
controlling for the wunexplained significant increase in October 1970.
there were no significant changes in wine sales in 1972, after the
drinking age wes lowered, or 1979. after the drinking age wes raised.

The final model for total beer distribution is shown in Figure H.2.
From Table 5-13. it is evident that no significant change in total beer
sales occurred in 1972, and a significant decrease of 5.384 Kiloliters

per nonth in total beer sales occurred beginning in January 1979. when a



e TABLE 5.13
Time-series Model Estimates of Changes 1in Average Monthly
Beverage Alcohol Sales 1in State of Michigan

Intervention

Type of Beverage . January 1972 January 1979s
Michigan Lowered Michigan Raised
Drinking Age . Drinking Age

Draft Beer

Estimate 1321 » 1600.2
T-ratio 6.31 11.91
Percent 18.9 19.8

Package Beer

Estimate 10L9.2 -7658.7
T-ratio 0.6
Percent 1.9 -11.5

Total Beer

Estimate IL62.0 -5383.5
T-ratio 0.8 3.01-
Percent 2.0 . -7.3

- Wine
Estimate 165.9 * 86.8 -
T-ratio 1.2 0.7
Percent 0.2 0.1

IP<0.01, two-tailed test.

mandatory beverage container deposit law and the raised- drinking age
went into effect.

Since package beer (Appendix. H Figure 3' accounts for more than
three-fourths of all beer distributed in Michigan, the time-series model
is very similar to the model for mtotal beer. Again, no significant
shift iIn  package beer sales in 1972 wes observed.. However, a
significant decrease in package beer sales of 7.659 kiloliters per month

occurred over the January 1979 through October 1980 period.-



|
The large one-month drop in wholesale package beer distribution in

October 1978, evident"in the time-series plot, was most likely a result
of wholesale and retail dealers reducing their purchases in an attempt
to eliminate their inventory of nonreturnable containers before the
December deadline when the mandatory deposit law went into effect.

'The 1979“80 decrease in package beer distribution is substantially
larger than the decrease in total beer sales, leading one to suspect
that pi.rt of the decline in packageME)eer sales was offset by an inc.'ease
ir. draft beer sa.les, which is confirmed by separate analyses of : the
draft beer series. Time series analyses produced the model of draft beer
sales shown in Appendix H, Figure k. An additional step function for
1980 wes added to the model because draft beer sales increased
substantially in 1980 over and above the increase in 1979* The results
reveal a significant temporary increase in draft beer sales beginning in
January 1972, when the drinking age was lowered. The effect dissipated
by the end of 1972, however, and no significant permanent shift in draft
beer sales associated with the lowered drinking age wes observed (r‘fte
the pattern of the 212-month moving average in Appendix H Figure A).

Results for 1979 and 1980 indicate dramatic increases in draft beer
sales in Michigan. Distribution in 1979 waes 1,600 kiloliters per month
higher than expected given baseline patterns; the first 9 months of 1980
exhibited an additional 1,19” kiloliter per month increase. In spite of
the large increases in draft beer distribution,, total beer distribution
was down significantly for 1979“80 because package beer, which decreased
in 1979"80, Accounts for over three-fourths of all beer distributed in

the State of Michigan.



The significant increase in draft beer distribution in 1972
immediately after the drinking age was reduced from 21 to 18 can be
interpreted as a result of the sudden expansion in the population of
legal drinkers. Wy the positive shift in draft beer sales rapidly
decayed is not clear. One might speculate that the effect of the
reduced drinking age was a sudden experimentation. with consumption of
draft beer, with the novelty wearing off after the first year, followed
by a return to drinking patterns practiced before the drinking age was
lowered. This argument seens less plausible, however, -given the-
permanent  significant increases in alcohol-related public health
problems, such as traffic collisions, following reductions in drinking
age.

A plausible hypothesis is that other exogenous factors, unrelated
to the lowered drinking age, caused draft beer sales to decrease in
1973 Since youth age 18-20 constitute only a fraction of the total
beer drinking population, a substantial increase, in consumption’ by the
18-20 age group could be easily masked by a small reduction in
consumption by all other drinkers. Therefore, the significant increase
in aggregate draft beer sales in 1972, concomitant with the lowered
drinking ac,j, may be offset by a small reduction in consumption among
all drinkers in 1973* due to other unidentified factors.

The substantial decrease in package beer distribution in 1979"8°»
when the drinking age was raised and non-returnable containers were
banned, also has multiple explanations. Although the raised drinking
age may "account for a portion of the decrease, the magnitude of the
decrease suggests that other factors, affecting the entire population of

package beer consumers, were operating.. One such factor is the



mandatory container deposit law implemented in Michigan the same month
the drinking age wes raised. Ore result of the. container law was a 10
percent increase in the real price of package beer.**  The price jump
and the inconvenience of returnable containers may explain the decrease
in sales. In addition to reduced consumption of package beer resulting
from its increased cost (both direct monetary costs and in terms of
inconvenience), some consumers residing near Michigan's borders nay have
shifted-their package'beer purchases to retailers.in bordering -states.
However, -since most of Michigan's population does not reside near the
state's borders, they do not have easy-.access to adjoining states with
non-returnable containers where lower package beer prices prevail.. As a
result, it would appear that cross-border purchases do not account for*
the entire decrease in package beer sales in Michigan. This is not to
say cross-border purchase of beer does not account for a significant
portion of the observed decrease in Michigan package beer sales, since
the densely populated metropolitan Detroit area is less than an hour
drive from the Ohio border, where non-returnable containers are sold.
In 1981 the Michigan Commerce Department eeannounced a crackdown on
persons crossing the State's borders to purchase package beer, arguing
that a smuggling "epidemic" was harming Michigan business (Detroit Free
Press. 1981).Jt

Given substantial increases in draft beer distribution during the
same period, it appears that a number of beer drinkers shifted sonme of

**Real price refers to price in constant dollars, controlling for
the effects of inflation.

**The political debate surrounding the implementation of. the
mandato y container law included discussion as to whether the beverage

industries were justified in raising prices; it is simply noted here
that retail prices did, i fact, increase.



* the"ir consumption from package t<? draft  Dbeer. Michigan®s economic
recession, with associated unemployment and reductions in disposable
income, may have contributed to the shift to less expensive draft
beer. 2l .

Michigan®s raised drinking age may have had a larger effect in

reducing package beer consumption among youth than draft < beer
* #
consumption because the law did not prohibit young people age 18-20 from
patronizing public drinking establishments; only purchase and
consumption of alcoholic® beverages were prohibited. 1In a crowded bar or
tavern a legal drinker might easily purchase alcoholic beverages for e
%
friends under age 21. As a result, draft beer sales may be higher than
expected if those under 21 were not allowed to frequent public drinking
establishments. In addition, part of the increased draft beer sales in
1979-80 may be a result of an increased number of "kegger™ parties among

18-20—year—olds, where a legal drinker purchases a keg of draft beer for

consumptionoff-premise at a party attended by underage drinkers.

5.2.2 Ma ine. Results of analyses of aggregate beverage alcohol -
distribution in Maine are summarizedin Table 5-1~. and a plot of each
time seriesand detailed modeling results are shown 1in Appendix G

Application of the iterative model building strategy to the Maine beer
distribution time series resulted in the model shown in Appendix G,
Figure 2. Controlling for long-termtrends and seasonal cycles, there

was no significant change 1in beer sales associated with the reduction in

N>\ telephone survey of a random sample of Michigan bars, taverns,
and restaurants revealed that draft beer has a significantly lower
retail price than than an/ other on-premise alcoholic drink. Depending
on region of the state, retail price of dra“t beer was 17 to N percent
lower than on-premise package beer, usually the second least-expensive
drink (Douglass et al., 1980).



drinking age. However, there was a significant decrease in- total beer
sales averaging 1114 Kkiloliters per month (11.8%) after the drinking
age wes raised. The lower than expected sales after November 1977 are
clearly evident in the time series plot.

TABLE 5-14 ' -

Time-series Model Estimates of Change®) in Average
Monthly Beverage Alcohol Sales in State of Maine

A 1

Intervention

Type of Beverage June 1972 Noverrber 19772
Maine Lowered Maine Raised
Drinking Age Drinking Age
Total Beer
Estimate 179-4 -1114.2
T-ratio 11 6.8*
Percent 2.6 -12.9
*
W ne
Estimate -14.2 46.9
T-ratio 0.7 2.5
Percent -4.1 . 10.2
.. t
Spirits
Est imatie -23.3 25-7
T-ratio 1.2 1.3
Percent -3-7 36

1P<0.01, two-tailed test.

No change in wine .sales at the time the drinking age was Jlowered
was identified. As shown in Table 5*14, the model estimation results
indicate an increase in wine sales of 10.2% after the drinking age was

1
raised in late 1977; the increase 1is significant at p<_05, but not at

pc.ol, the significance level selected for this study. Consistent with

the marginal significance of the estimate, examination cof the wine sales



plot (Appendix G, Figure 1) indicates that wine sales after October 1977
were not dramatically different than expected, given the long-term
upward trend in wine sales.

The time series model for spirits sales in Maine (Appendix G,
Figure 3) revealed no measurable .changes.associated with either lowering
or raising the legal drinking age.

One might conclude,'on the basis of these findings, that the raised
drinking age in Maine resulted in significantly reduced alcohol
consumption among youth, since sales of beer, the beverage of choice
anong yr,,ng drinkers, decreased significantly after, the raised drinking
age was implemented. . Although the interrupted time-series design
eeroned here is characterized by high internal validity, a serious
threat to a causal interpretation of the findings remairing iv
contemporaneous history, that other events occurring at about the same
time as the raised drinking age nmaey account for the observed decrease in
beer sales. As in Michigan, the major confounding historical factor is
a mandatory beverage container deposit law, implemented in Maine in.
January 1978, just two months after the higher drinking aae went into
effect (Maine, State of, 1977)- Inconvenience of returnable containers,
along with substantial increases in the price of canned and bottled beer
may have caused the reduction in beer sales. Reduced sales, in turn,
may have been due to reduced consumption and/or a shift from purchasing
beer in Maine to purchases in neighboring states, particularly New
Hampshire, where beer prices are substantially lower. Beer prices have
traditionally been lower in New Hamoshire than Maine because of lower
tax rates. Maine's taxes on beer include excise tax of” 25 cents per

gallon and general sales tax of 5 percent; in contrast, New Hampshire



has a 15 cent per gallon excise tax on beer and no sales tax (Distil led
Spirits Council of the United States, 1980). According to the Maine
state officials, the beer price differential has widened noticeably
since implementation of the mandatory deposit law, with Maine residents
increasingly purchasing the lower-priced New Hampshire beer.1*

52.3 New Hampsh?re and Uni ted States as Conparison Jurisdictions.
The only change in alcohol distribution associated with lowered drinking
ages in the two focal states of this investigation, Maine and Michigan,
was a temporary increase in draft beer sales in Michigan in the first
year after the lower drinking age was implemented. When the drinking
. age wes raised; however, there were significant decreases’ in total beer
sales in both Maine and Michigan. In Michigan, where beer sales . were
also examined separately for draft and package beer, the decrease' in
total beer sales in 1S79“SO was due to a substantial decrease in sales
of package beer, while sales of draft .beer increased.

Interpretation of the changes in beer sales at the time these two
states raised the drinking age is complicated by a major confounding
historical factor in both states, implementation of mandatory beverage
container deposit laws at about mite same time the higher drinking ages
went into effect.

In an attempt to separate the effects of the drinking age change
and the beverage container deposit: law, beverage sales in the State of
New Hampshire were analyzed. New Hampshire is the only state bordering

J,Beer prices increased "considerably,”™ after the mandatory
container law was implemented, and consumers complained "bitterly"

according to S. Rcdfield, Maine Department of Agriculture; personal
conversation, June 1’ 1981



with' Maine,1’ and Maine state officials have suggested that Maine beer
drinkers ney have shifted sone of their beer purchases-to NewHam'pshire
after the container law was implemented and beer prices increased.30 If
such cross-border purchases account for the 1,114 Kkiloliter per month
decrease in Maine beer sales concomitant with the increase in drinkinji
age and imple.mentation of the container Iaw..NeV\; Hampshire beer -s,ale!i
should increase by a. comparable amount. Time-series modeling of New
Hampshire beer sales, however, reveal no significant change at the time
the Maine container law was implemented (Table 515 - As a result.,, one
has more confidence that observed reductions in Maine beer sales are due
to the increase in drinking age, and not the mandatory container deposit
law.

New Hampshire lowered the legal minimum drinking age from 2L to 18

* ® o

for all alcoholic beverages in June 1973* Parameters for this legal
change were included in the time-series models for beer sales in New
Hampshire, and results showed a significant 7-7% increase in package
beer sales after the drinking age was lowered (Table 5*15)e Draft beer
sales were up an estimated 10.7% (significant at p<.05 but not at p<.01,
using two-tailed tests). Based on these results, it appears that
lowering the drinking age in New Hampshire contributed to an increase in
sales of package and draft beer.3l

3,Although there might be beer purchases across Maine's northern
border with Canada, the great majority of Maine's population resides in
the southern region of the state. e .

30S. Redfield, Maine Department of Agriculture, personal
conversation June 1, 1981, and F. Robie, Maine Liquor Control Board,
personal conversation, June 1, 198l

31£ffects of New Hampshire's increase in drinking age from'18 to 20

in May 1Q79 could not be evaluated because beer sales data were only
available throjgn 1979. providing only seven post-change observations.



TABLE 5.15
Time-series Model Estimates of.Changes in Average Mohthly
Beverage Alcohol Sales in State of New Hampshire

Intervention

Type of Beverage June 1973s January 1978:
New Hampshire Maine Mandatory
Lowered Drinking Age Deposit Law .
Draft Beer
Estimate 67.8 11.3 wm
T-rat.io - 2:5 0.8
Percent 10.7 1.5

Package Beer

Estimate 539.7 - . 258.6
T-ratio 2.81 1.5
Percent 7-7 3.1

1P<0.01, two-tailed test.

Beer sales in the entire United States from 1970 through 1980 were
analyzed .for comparison with the results for Maine, Michigan, and New
Hampshire (Table 5*16) .33 Results showed no significant changes in
nationwide draft beer sales after January 1972, when Michigan lowered
the drinking age and experienced a temporary increase in draft beer
sales. Second, there were no changes in nationwide draft or packagev

beer sales after November 1977 when Maine raised the drinking age and

J,The time-series models .-included parameters for January 1972
(Michigan lowered drinking-age), November 1977 (Maine raised drinking
age), and January 1979 (Michigan raised drinking age). Parameters for
Maine and New Hampshire's drinking age reductions were not included
because they occurred within a relatively short time. Inclusion of
parameters for all of the drinking age reductions would have resulted in
mullicoi linear ity problems when estimating the parameters of the full
time-series  model (see Pindyck and Rubinfeld, 1976:66-68 for an
introduction to the nullicollinearity issue). In any event, mthe raw
time-series plot with a simple 12-month moving average shown in Appendix
J, Figures 2 and 3 can be examined for the exact nature of beer sales
trends in the early 1970s.



experienced a 12.9* reduction in beer sales. Third, nationwide package
beer sales did 'not change . significantly after January 1979, when
Michigan raised the drinking age and experienced a significant 115%
package beer sales reduction. In each of these cases, nationwide *>eer
sales showed hp measurable change at a time when sales in a state -.that
has changed the minimum drinking age changed'significantly.--—

TABLE 5.16- L

Time-series Model Estimates of Changes in Average Monthly
Beverage Alcohol Sales’ in the United States

(]
Intervention

Type of Beverage January 1972 November 1977 - January 1979:
Micnigan Lowered Maine Raised Michigan Raised

Drinking Age Drinking Age Drinking Age

Draft Beer

Estimate I0L5.8 -2765.2 » 11515.2

T-ratio .0.5 I.A 5.81

Percent 0.6 -1.5 59
Package Beer ° - *

Estimate 01*31-0 17099.6 -13L07.8

T-ratio 2.0 1.0 0-9

Percent 2.8 1.2 -0.9

1P<0.01, two-tailed test.

Total draft beer sales in the United States increased significantly
beginning January 1979, .when Michigan implemented the higher drinking
age and also experienced a significant increase in draft beer sales.
The pattern of sales of U.S. total draft beer in recent years wes
similar to that found in Michigan. That *-, draft beer sales increased
significantly in 1979 over expected sales given previous trends, with an

additional significant increase in 1$80 over the already higher than



expected 1979 figures. However, nationwide draft beer sales In 1979 was
only 59% higher than expected (Table 5*16). while Mchigan draft beer
sales increased 19.8% (Table 5*13)* It is clear that part of the

increased Michigan draft beer sales 1in recent years 1is a reflection of a

nationwide trend. Significant increases 1in draft beer sales nationwide

] t . .

may be a result of such factors as the very successful introduction and
. #

marketing of low-calorie ("light") beers. The substantial increases in

Michigan draft beer sales over the nationwide 1increases are likely due

to factors unique to Michigan, such as the increase in drinking age,

mandatory container deposit law, and unusually severe economic
slowdown .13 ‘m *
5.2.A Discuss ion of Sales Findinns. Controlling for the effects of

long-term trends and regular seasonal patterns, the present study found
significant changes in aggregate sales of alcoholic beverages
concomitant with modifications in the legal minimum drinking age. In
all states--examined, beer, the beverage of choice amo%g young drinkers,
was the beverage category most affected by changes in drinking age. In
Michigan and New Hampshire, reductions 1in drinking age from 21 to 18
were associated with significant increases in beer sales. In Maine and
Michigan, increases in drinking age from 18 to 20 and from 18 to 21,
erespectively, were associated with significant decreases in total beer
sales. Results of analyses of nationwide beer sales for comparison with
the state-specific analyses strengthen the argument that observed

33Subtracting the .5.9* reduction 1in U.S. total draft Dbeer sales
from the 19.8% reduction observed in Michigan leaves a 139" reduction

in Michigan that cannot be directly attributed to the factors —causing
the nationwide 1increase in draft beer sales.



relationships between drinking age and beer sales reflect a causal,
effect of the drinking age and not some other factors.

However, the results on beverage sales are not as unambiguous as
the results of analyses of crash data. Simultaneous implementation of a
higher drinking age and a mandatory beverage container deposi.t law in
both Maine and Michigan complicates interpretation of the results. ! In
addition, poor general economic conditions in the late 1970s and early
1980s in states such as Michigan may be influencing the beverage alcohol
market In ways that are not yet fully understood. These complications
illustrate limitations of analyses of aggregate sales data. Without
age-specific''consumption data, the differential effects of drinking age
changes and other policy changes, such as the mandatory deposit law*
cannot be unambiguously determined. Furthermore, detailed information
on the arinking practices of various subpopulations, identified by
stratification variables such as income level and employment status, is
needed'to assess the influence of economic conditions and beverage-

specific price changes on individual drinking pat;ferns.*

5.3 Beverage Control Law Enforcement

In addition to detailed analyses of crash involvement and alcoholic
beverage sales, the-frequency of enforcement citations for violation of
beverage control laws concerning selling or providing alcoholic
beverages to wunderage persons in Michigan and Maine were briefly
examined. The objective was simply to provide a preliminary impression
of enforcement of the drinking age, focused on the providers of
alcoholic beverages. Citations for underage individuals purchasing or

consuming alcoholic beverages were not examined.



5*3*1 Hichioan. The substantial effect of Michigan'® higher*
drinking age in reduc.ing alcohol-related crashes, anong youth in the
first six months after the law was implemented was apparently not a
result of strict enforcement of the law. In the early months after the
increase in drinking age, enforcement wes minimal, and the new law. was
“flagrantly” disobeyed, according to an advisory panel established by’
Hichigan's governor (Grand Rapids Press, 1979)* Increased enforcement
efforts in late 1979 and 1980 were reflected in the frequency of
citations issued by the Michigan Liquor Control Commission for selling,
serving, or allowing minors to consume alcoholic beverages. Although
the number of citations was 68% higher in1979 than 1978, citation
frequency in 1980 wes 156% higher than 1978 (see Appendix F, Figure 1).
These increased citation frequencies in 1979"80 were in contrast to the
relatively constant 300-A00 per year citation frequency in the
mid-1970s. The effect of higher frequency of citations on alcohol-
related crashes anong youth in 1980 remains a question for further
research.3*

5.3.2 Haine. The frequency of citations brought before
Administrative Court in Maine for selling or allowing minors to consume
alcoholic beverages are shown in Appendix E  Figure 1. -Although the
pattern of increase in citation frequency the first two years after the
higher drinking age was implemented wassimilar to the Michigan
experience, the magnitude of the increases weresubstantially smaller.

J<In spite of the increase in citations in ’1980, underage Yyouth
were still atyle to acquire alcoholic beverages from licensed outlets.
For example, of Al underage youth arrested between April and September
198C by an Oakland County (Michigan) special enforcement team for

driving while intoxicated or driving under the influence of liquor, 2%
resorted they had been at a bar prior to arrest (Wolfe, 1S81).

the



Citations for providing alcoholic beverages to underage persons in Mainel
increased 1A@6 from'1977 to 1978, and 63% from 1977 to 1979- Based on
these data, it appears that Mainealso nmay have had minimal enforcement
the first year after the nrew law was implemented, with increased
enforcement efforts in the second year with the higher dri-nking age.
One might also speculate that smaller increases in citation frequency in
Maine compared to Michigan after the raised drinking age went into
effect indicates less rigorous enforcement of the law in./teine. The
lower enforcement efforts may account for the lack of a clear effect of
the higher drinking age on injury crashes in Maine, in contrast to the
significant effect of the increased drinking age on. injury crashes in
Michigan.

5.3.3 Oiscussion of Enforcement Findincs. This very brief
examination of enforcement of the legal mininum drinking age was based
only on .‘enforcement focused on the providers of alcoholic beverages,,
primarily off-premise retail outlets, bars and taverns, and restaurants.
Enforcement of the drinking age focused on the individual underage
drinker, and enforcement of laws against drinking-driving all would be
expected to influence the frequency of alcohol-related crash
involvement, the main dependent variable of the present study. The
frequency of citations is.also only a gross indicator of the level of
enforcement, since information was not available on the number of
citations in relation to the total nunber of citable violations, or the
perceived risk of experiencing sanctions for providing alcohol to
minors. 'The role of enforcement of drinking age laws is complex and

deserves the attention of a separate study. .



6.0 SUMMARY, DISCUSSION, AND RECOMMENDATIONS

6.1 Summary

"e The core issue of this investigation was whether raising the legal
minimum age for' purchase of alcoholic beverages has a significant effect
in reducing alcohol-related motor vehicle crash involvement among young
drivers, the leading cause of death for this age group. The findings
are unambiguous; analyses of extended crash time series, comparing (1)
alcohol-related with non-alcohol-related crashes, (2) young drivers with
older drivers, and (3) states that raised the legal age with those that
have not, demonstrate that significant reductions in alcohol-re lated
crash involvement among young drivers result from increases- in I:he.
minimum drinking age. Taking into account the results from analyses of
multiple states, age groups, and indicators of alcohol involvement, the
best estimates of the effects of the raised drinking age .in Michigan and
Maine are as follows. First, Michigan drivers age 16-20 experienced a
net reduction of approximately 2% in the frequency of . involvement in
alcohol-related injury-producing crashes due to the higher drinking age.
The 2% reduction means that about 1100 fewer young Michigan drivers
were injured in the first 12 months with the higher drinking -age than
would have been expected had the legal age not been raised. Second,
young Michigan drivers were involved in 17 fewer alcohol-related
property damage crashes after the drinking age change, representing a
reduction of about 1500 crash-involved drivers per year. Third, 18-19*
year-old Maine drivers were involved in approximately 20 fewer alcohol-
related property damage crashes after the drinking age was r.-ised; that

is, 75 fewer young drivers were involved in property damage crashes than

one would have expected had the law not been changed. These crash



reductions are causally attributable to the higher drinking ages because
substantial decreases in*crash involvement were limited to alcohol-
related -crashes among young drivers instates that raised the drinking
age, with no comparable reductions in non-alcohol-related crashes among
youth, crash involvement of older drivers within the same state', or
crash"”involvement of young drivers in comparison states with uncharged
drinking ages. . ’

Although the public health benefits and reduced social costs
resulting from injury and property damage reductions identified in this
research are large, note that the benefits of higher drinking ages are
understated, because reductions in injuries to passengers of young crash
involved drivers have not been taken into account.

The conclusion that the legal minimum drinking age affects youth
crash involvement is further strengthened by comparing'results of this
research on the raised drinking age with results of earlier research on
effects of lowered drinking age. Douglass and Freedman (1977) analyzed
a subset of Michigan jurisdictions with complete accident reporting over
the 1968 through 1975 period, wusing a time-series design. Results
revealed a 17 (p<06) increase in total (i.e., property damage and
injury producing) single-vehicle nighttime male crash involvement anong
drivers age 1820 associated with the lowered drinking age in 1972,
Police-reported drinking driver crashinvolvement increased 35 (p<<Ol)
after the drinking age wes reduced. Similar analyses for the State of
Maine revealed a 29* (p<O02)decrease in reported alcohol ~rel ated
crashes, and "a IbS (p<10) decrease in single-vehicle nighttime male
crash involvement associated with Mainelsreduction in drinking age from

20 to 18 in 1972 (Douglars et al., 15/Me Comparisons between these



earlier findings and results of the present investigation reveal that,
raising the drinking age reverses the effect of prior reductions in
drinking age. Estimates of the increase in alcohol-related crash'
involvement among young drivers associated with Michigan.and Maine's
lowered drinkin.g ages'ranged from 16 to 3 remarkably similar to . the
Tl to 34 range of estimates obtained in the-present study of decreased

alcohol-related crash involvement associated with raising the drinking

age in these two states.

6.2 D?scussion

Although the effect of the raised drinking age in reducing youthful
auto crashes is now clearly documented, some caution is warranted before
a blanket statement is mede that any state raising the drinking age can
count on a 20* decrease in youth crash involvement. The effect of
higher drinking ages is not necessarily uniform across states. In this
research, the effect in Michigan was larger and nore obvious that the
effect in Maine, ‘particularly for the more serious, .injury-producing
crashes. As noted in section 3-2.2, two studies of fatal crash
involvement in Massachusetts found no significant reductions due to an
increase in drinking age from 18 to 20 (Hingson et al., 1981, W.illiams
et al.. 1981),.

One possiole reason for the lack of an effect in Massachusetts is
that four of the five state bordering Massachusetts had minimum drinking
aged of 18 for all alcoholic beverages- after Massachusects' higher

drinking age wes implemented.3* The availability of beverage alcohol to
v . i,

3,Vermor.t, New York,. Connecticut, and Rhode Island permitted 18
year-olds to purchase all types of alcoholic beverages during the period
for which the Massachusetts law wes evaluated. New Hampshire increased



Massachusetts youth was not reduced as much®" as in other states that
raised the.drinking age, since Massachusetts youth had a legal .supply of
alcohol in contiguous states. Hingson et al."s (1981) survey, results
provide some support for this line of reasoning, since underage
Massachusetts youth reported little difficulty obtaining alcohol after
the drinking age was raised. Evidence that contiguous states with
differential minimum drinking ages <create problems with cross-border
purchases of alcohol by youth was provided by Lillis et al. 098D , who
found that 18-20-year-old Pennsylvania residents were over-represented
in alcohol-related traffic <crashes occurring in New York —counties
contiguous with Pennsylvania.34 Taking such cross-border problems into
consideration, one might suggest the development of a nationwide
consensus for a drinking age at 20 or 21, with uniform effective
enforcement of the law across states. In any event, potential Cross-
border purchase of alcohol must be considered when evaluating effects of
state-specific drinking age laws. «

Another potential explanation of the lack of an observed effect of
Massachusetts®™ higher drinking age 1is related to the data analyzed. In
both studies where no effect of higher drinking ages was found (Hingson
et al., 1981; Williams et al., 1981) , the dependent variable, fatal
crash involvement, had low frequencies. The number of alcohol-related
crash fatalities among a limited age group within one state is
relatively small for analysis purposes, and, as a result, the large
random variation in the number of fatalities from month to month, or
its drinking age from 18 to 20 in May 1979. just one nmonth after the
Massachusetts increase wes implemented.

‘The minimum drinking age is 2L in Pennsylvania and - 18 in New
York.

\'



even year to year, makes it difficult-to identify a significant effect-
of a policy change such as the drinking age.- Even in Michigan, where
substantial reductions in both injury-producing and property damage
crash involvement due to the raised drinking age were clearly found, no
significant effect of the raised drinking age waes discernable when fatal
crashes alone were analyzed (Wagenaar, 1980 .The problems’ with low
crash counts for analysis might also emerge for non-fatal crashes in
less populous states like Maine, making it more difficult to detect any
effect of policy changes. As a result, while evidence to date clearly
demonstrates an effect of raising..the drinking age, reductions in
crashes and injuries may not always be clearly evident in less populous
jurisdictions. - N

One implication of these findings for future evaluations of the
drinking age or other public policy changes is that analyses should not
be limited to fatalities only, but should also include the much larger,
nunber's' of injury and property damage crashes. Although the effort and
costs associated with analyzing non-fatal crashes is substantially
higher, such analyses may avoid incorrec.. conclusions that a policy
change had no effect on the outcome of interest.3l

In spite of the substantial effect of the raised drinking age in
reducing alcohol-re lated crash involvement among young drivers, it is
important tokecp in mind that the drinking age does not eliminate this

31 Increased cost and effort vrequired for analyses of non-fatal
crash involvement is readily apparent when the number of fatally injured
drivers is compared with the total number of crash involved drivers.
For example, in 1979 about 2-500 Michigan drivers were fatally injured
in crashes, while about 025.000 drivers were involved in reported
crashes. Analyses of all crash-involved drivers over a multi-year

period in several states, as was done in the present investigation,
requires the processing of millions of crash records.



very serious public health problem. If a raised drinkijig age reduces'
the magnitude of the prpblem by 20% by implication 8% of the alcohol-
related crashes are continuing to occur, and require continuing
prevention efforts. If a large number of alcohol-related crashes
continue to occur anmong underage pc . s, it isclear that some youhg
people continue to drink alcoholic beverages .after an increase in
drinking age, and therefore must still have alcohol available to them
Raising the legal mnimum drinking age does not eliminatej . the
availability of alcohol to young people, but rather is one public policy
that reduces alcohol availability and publ.ic health problems associated
with alcohol use.

Minimum purchasing ages have never prevented underage youth from
drinking any alcoholic beverages. Recall the literature reviewed . in
Section 2.1, which indicates that a majority o: high school youth are
not abstainers.-. It is not reasonable to expect a raised legal drinking
age to eliminate all youthful alcohol consumption. The observation that
youth continue to drink after implementation of higher drinking ages has
been cited as evidence that the laws have no effect. However,
evaluation of any prevention policy or program is based on marginal
effects in reducing public health problems. No prevention effort Is
realistically expected to prevent all of the incidence of a major public
health problem. The legal minimum drinking age substantially reduces
alcohol-related crash involvement among young drivers; that it does not
eliminate this serious problem is no reason not to consider mnimum
drinking age g” one component of a broader prevention effort.

The minimum drinking age is one of many public policies affecting

the availability of alcoholic beverages. The drinking ~ age is a
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particularly good test of effects of. alcohol control laws and alcohol
availability  for several reasons. First, changes in alcohol
availability are focused on a specific age-group, permitting other age-
groups to serve as comparisons. Abundant high quality data over an
extended period of time are readily available for motor vehicle crashes,

the leading alcohol-related health problem among the focal age group.J*

e The outcome variable is an acute (not chronic) alcohol-related health

problem, the.incidence of which can be expected to respond immediately
to a major- change in dr;nking patterns. Finally, the drinking age is
one indicator of alcohol availability that has changed in both
directions in the past decade, providing the opportunity to evaluate
effects of reduced as well as expanded availability. For these reasons,
the legal minimum drinking age has provided an ideal opportunity for the
scientific evaluation of propositions based on availability theory.

In addition to the primary focus on motor vehicle crashes, this-
investigation also analyzed the effect of the drinking age on aggregate
alcoho i, beverage sales. Implementation of mandatory beverage
container deposit laws in both Michigan and Maine at the same time the
drinking age was raised complicated interpretation of the findings.
Mandatory container deposit laws also affect alcohol availability not
only by increasing the inconvenience of purchasing package beer (and

JIAlthough data on traffic crashes are far from perfect, their
qguality is high compared to data on the incidence of other alcohol-
related social and health problems such as non-motor-vehicle accidents,
homicide, assault, child or spouse abuse, divorce, unemployment, and
chronic ~diseases resulting from or exacerbated by heavy alcohol
consumption.  Furthermore, although data on police-reoorted alcohol-
involvement in traffic crashes is often disparaged, such data are often
very useful, particularly for states (such as Michigan) -with separate

dichotomous alcohol involvement items on statewide standard crash
reporting forms.



returning empty containers), but also by causing a significant increase
in retail price of package beer. ,lthough the -independent effects of
the drinking age and container laws could not be determined, major
changes in sales of beer-were associated with the legal changes of the
late 1970s. These, results provide further evidence of the importance pf
evaluating public policies for their effects on alcoholic beverage

sales/consumption and associated public health problems.

6.3 Recummendat ?ons

Followup studies should be conducted, assessing whether the effects
observed ?n this research increase or decrease over time. This research
wes limited to an examination of the first year or two after higher
drinking ages were implemented. One might hypothesize that the long-
term effect w11l be larger than the short-term effect identified here,
since the 18-20-year-old cohort the first few years after a legal change
includes individuals who had. had the right to drink prior to
implementation of the higher drinking age. One might suppose that those
who were drinking legally prior to the new laws would be less likely to
give up their drinking habits than later cohorts who never had the right
to drink. Thus, one would hypothesize that the reduction in alcohol-
related crash involvement'during the transitional age cohort are smaller
than the long-term effect of raising the drinking age.

The pre-drivino drirkino environment and drirkino practices of
youth should be investigated. The present research established a link
between legal drinking age and crash involvement. As wes discussed in
Section 3*3. ~ variety of intervening factors mediate this relationship.
Ore main intervening factor is the drinking practices’ of youth,

including both quantity-frecuency of consumption and social situations



in which pre-driving drinking occurs." Further research on drinking-
practices of youth should focus on behavioral patterns which precede
dr-iving after drinking.'-

Another intervening.variable between a change in legal drinking.age
and crash outcomes is enforcement of the drinking age. ‘Levels of
enforcement activity, as perceived by both law enforcement officials and
young people the focus of4the enforcement efforts, deserves nore
attention.

Amalyses of specific subpopulations of crash-?nvolved drivers
should be conducted. This research"assessed the effect of drinking age
on the aggregate of all reported 18-20-year-old crash-involved youth in
Michigan.  Analyses of single-)./ear age categories would aid in fthe*
determination of an optimal legaldrinking age. For example, if the
beneficial effect of a higherdrinking age is largely due to reduced
alcohol-related crash involvement anong 18 and Ig-year-olds, with little-
effect on 20-year-olds, a minimumdrinking age at 20 may provide most of
the benefits of the higher legal age at a lower cost in terms of
restricting the freedom of young people. A second main demographic
characteristic of crash-involved drivers that should be taken into
account is sex. As discussed in Chapter 2.0, the alcohol-re lated crash
problem is largely a problem of male drivers. However, there is sone
evidence that the differential drinking /(and perhaps driving after
drinking) patterns between males and females is decreasing (National
Institute on Alcohol Abuse and Alcoholism, 1980). Very little research

to date has focused on the young female alcohol-re lated crash-involved



Other maior changes in alcohol ava?lability should be evaluated for
public health effects, Since substantial changes in the availability of
alcohol to young drinkers, as reflected in the legal drinking age, have
been found to have a .clear impact on a major alcohol-related health
problem, other changes in alcohol availability should be examined for
.public  health effects. Governmental  actions, either  through
administrative policy, regulatory changes, .or legislation, freqLJJgntIy
have : direct implications for alcohol availability. For example,
deregulation or other changes in alcoholic beverage prices, changes in
alcohol tax formulae, and zoning and other local ordinance modifications
snould be adequately evaluated regarding their conseaiences for alcohol-
related morbidity and mortality. Some of these policies, which may
appear to have no direct connection with alcohol policy, such as
mandatory container deposit laws, were found in this research to be
associated with major changes in aggregate alcoholic beverage sales.
The effects of new legislation and regulations should be regularly
measured, and the results should be used to guide the formulation . of
public policies designed to prevent alcohol abuse and other alcohol-
related problems.

Alcohol control policies historically have been used to accomplish
many purposes. In addition to protecting the public health, these laws
have been used to ref lect .socia 1 and moral standards, to ensure a stable
market for beverage alcohol, and to create mechanisms for governmental
revenues. Altlhough other considerations enter into a du.termination of
the minimum age at which alcoholic beverages can be legally purchased,

the recommendation below 1is based solely on the public health and social



cost implications of research findings concerning- effects of the
drinking age on alcohol-related motor vehicle crash involvement.

A legal drinkino aoe at £L should be encouraged. Rarely in
the field of public health is it possible to identify a law, public’
policy, or programmatic effort that has a demonstrable effect on a major
cause e<of' morbidity due to individual behavioral patterns. Few traffic
safety prevention programs have been found to have prevented significant
numbers of alcohol-related traffic accidents among young drivers.
Recent changes in legal drinking age in Michigan and Maine produced
significant reductions in injuries and social _costs associated- with
traffic accidents. The higher drinking age can be considered- a
successful public health countermeasure against a leading cause of
morbidity and mortality anmong youth. If the basis for a determination
of the minimum age of purchase for alcoholic beverages is the public
health consequences of alternative drinking ages, one must conclude that
higher drinking ages should be encouraged.3*

The view that demonstrable effects of the drinking age lead to the
conclusion that the drinking age should be high is not universally held.
It has been argued (Bowen and Kagay, 1973 Cucchiaro et al., 197 that
the higher frequency of alcohol-related collisions among young drivers
when the drinking age is low should not be interpreted as support for a
higher drinking age,, because the lower legal age simply results in young
drivers experiencing the high rates of alcohol-related collisions
charactelristic of drivers in their early 20s. Since the proportion of
all collisions that are alcohol-related is approximately the same for

3,The "protection of life and limb" was found by the courts to be

the rational basis for the 1978 change 1in Michigan®s legal drinking age
(Guy. 1978:50.



18-20-year-olds under a lower legal drinkir.g age as the proportion that
are alcohol-related among drivers in the early 20s, the increased
frequency of alcohol-related crashes anong 18-20-year-olds resulting
from a lowered drinking age provides insufficient justification for a
higher minimum drinking age, according to these authors.

However,- it must be recognized that the lower drinking age expands
the age group with a particularly high risk of alcohol-related crash
involvement by three years. There is no evidence that a lower drinking
age causes a shift in the high risk age group from those in their early
20s to those in their late teens. When the drinking age is reduced to
18 drivers age 21-2*4 remain at high risk of alcohol-related collision
involvement, while those age 1£1-20 are added to the high risk age group.

The prevention of alcohol-re lated crash involvement is inevitably
an ethical, value, or political issue. The prevention of health
problems that are a result-of individual behavioral patterns is based on
the exercise of power >/ those who want to change individual behavior to
minimize health problems, against those who are viewed as contributors
to the problems. With regard to the legal drinking age, there is a
compromise between the pleasures/liberties of young drinkers and other
positive functions alcohol may provide for society (e.g., enhancing the
stability of the socio-political system), and dysfunctional consequences
of youthful alcohol use, of which traffic crash involvement is one
example. The classic issue for public health prevention is, how nuch
interference in the lives of individuals is acceptable in pursuit of
improved health? Do we only intervene when the individual's actions
affect otners? Almost everything a person does afft'ts others to some

extent in our increasingly complex social system. A balance between



competing values such as individual freedom and the public's health and
safety must be obtained through the political system, where, hopefully,
a compromise is achieved that is acceptable to most of the members of

the social system.40

AI1t is important to note, however, that those with an economic
interest in increased use of alcoholic beverages are-likely to have a
disproportionate influence in the political process.
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6.0 SUMMARY, DISCUSSION, AND RECOMMENDATIONS

6.1 Summary
The core 1issue of this investigation was whether raising the legal
minimum age for purchase of alcoholic beverages has a significant effect
in reducing alcohol-related motor vehicle crash 1involvement among young
drivers, the leading cause of death for this age group. The findings
are unambiguous; analyses of extended crash time series, comparing (1)
alcoho 1-related with non-alcohol-related crashes, (2) young drivers with
older drivers, and (3) states that raised the legal age with those that
have not, demonstrate that significant reductions in alcoho 1-re lated
crash invo"vemant among young drivers result from increases in the
minimum drinking age. Taking into account the results from analyses of
multiple states, age groups, and indicators of alcohol involvement, the
best estimates of the effects of the raised drinking age 1in Michigan and
Maine are as follows. First, Michigan drivers age 18-20 experienced a
net reduction of approximately 20% 1in the frequency of involvement in
alcoho I-related injury-producing crashes due to the higher drinking age.
The 20% reduction means that about 1100 fewer young Michigan drivers
were injured 1in the first 12 months with the higher drinking age than
|

would have been expected had the 1legal age not been raised. Second,

young Michigan drivers were involved in \]% fewer alcoho I-re lated
property damage <crashes after the drinking age change, representing a
reduction of about 1500 crash-involved drivers per year. Third, 18-19°
year-old Maine drivers were 1involved 1in approximately 20% fewer alcohol-

related property damage crashes after the drinking age was raised; that
is, 75 fewer young drivers were 1involved 1in property damage crashes than

one would have expected had the law not been changed. These crash
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reductions are causally attributable to the higher drinking ages because
substantial decreases in crash involvement were limited to alcohol-
related crashes anmong young drivers in states that raised the drinking
age, with no comparable reductions in non-alcohol-related crashes anong
youth, crash involvement of older drivers within the same state, or
crash involvement of young drivers in comparison stales with unchanged
drinking ages.

él_thom_Jgh ‘the public health benefits and reduced social costs
resulting from injury and property damege reductions identified in this
research are large, note that the benefits of higher drinking ages are
understated, because reductions in injuries to passengers of young crash
involved drivers have not been taken into account.

The conclusion that the legal mininum drinking age affectc youth
crash involvement is further strengthened by comparing results of this
research on the raised drinking age with results of earlier research on
effects of lowered drinking age. Douglass and Freedman (1977) analyzed
a subset of Michigan jurisdictions with complete accident reporting over
the 1968 through 1975 period, using a time-series design. Results
revealed a 17* (p<06) increase in total (i.e., property damage and
injury producing) single-vehicle nighttime male crash involvement anong
drivers age 18-20 associated with the lowered drinking age in 1972.
Police-reported drinking driver crash involvement increased 35 (p<0l)
after the drinking age wes reduced. Similar analyses for the State of
Maine revealed a 29* (p<02) decrease in reported alcohol-re Jated
crashes, and a 16 (p<10) decrease in single-vehicle nighttime male
crash involvement associated with Maine's reduction in drinking age from

2 to lifOin 1972 (Douglass et al., 19/ - Comparisons between these



earlier findings and results of the present investigation reveal that
raising the drinking age reverses the effect of prior reductions in
drinking age. Estimates of the increase in alcohol-related crash
involvement among young drivers associated with Michigan and Maine®s
lowered drinking ages ranged from 16 to 35%. remarkably similar to the
11  to range of estimates obtained 1in the present study of decreased
alcohol-re lated crash involvement associated with"-aising the drinking

age in these two states..

6.2 Discuss ion

Although the effect of the raised drinking age 1in reducing youthful
auto crashes 1is now clearly documented, some caution is warranted before
a blanket statement 1is made that any state raising the drinking age can
count on a 20% decrease in youth ~crash involvement. The effect of
higher drinking ages 1is not necessarily uniform across states. In this
research, the effect 1in Michigan was larger and more obvious that the
effect in Maine, particularly for the more serious, injury-producing
crashes. As noted in “wCtion 3*2.2, two studies of fatal crash
involvement in Massachusetts found no significant reductions due to an
increase in drinking age from 18 to 20 (Hingson et al., 1981; Williams
et al., 1981). |

One possible reason for the lack of an effect in Massachusetts is
that four of the five state bordering Massachusetts had minimum drinking
aged of 18 for all alcoholic beverages after Massachusetts” higher
drinking age was implemented.55 The availability of beverage alcohol to

557ermor.t, New York, Connecticut, and Rhode Island permitted 18-

year-olds to purchase all types of alcoholic beverages during the period
for which the Massachusetts law was evaluated. New Hampshire increased
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Massachusetts youth was not reduced as much as in other states that
raised the drinking age, since Massachusetts youth had a legal supply of
alcohol in contiguous states. Hingson et al."s (1981) survey, results
provide some support for this line of reasoning, since underage
Massachusetts youth reported little difficulty obtaining alcohol after
the drinking age was raised. Evidence that <contiguous states with
differential minimum drinking ages create problems with cross-border
purchases of alcohol by youth was provided by Lillis et al. (1981), who
found that 18-20-year-old Pennsylvania residents were over-represented
in alcohol-related traffic <crashes occurring in New York counties
contiguous with Pennsylvania.*“ Taking such cross-border problems 1into
consideration, one might suggest the development of a nationwide
consensus for a drinking age at 20 or 21, with wuniform effective
enforcement of the law across states. In any event, potential Cross-
border purchase of alcohol must be considered when evaluating effects of
state-specific drinking age laws.

Another potential explanation of the lack of an observed effect of
Massachusetts® higher drinking age is related to the data analyzed. In
both studies where no effect of higher drinking ages was found (Hingson
et al., 1981; Williams et al., 1981), the dependent variable, fatal
crash involvement, had low frequencies The number of alcoho I-re lated
crash fatalities among a Ilimited age group within one state is
relatively small for analysis purposes, and, as a vresult, the large
random vacation 1in the number of fatalitiesfrom month to month, or
its drinking age fronm 18 to 20 in May 1979. just one month after the
Massachusetts 1increase was implemented.

3 The minimum drinking age 1is 21 1in Pennsylvania and 18 in New
York.
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even year to year, makes it difficult to identify a significant effect
of a policy change such as the drinking age. Even in Michigan, where
substantial reductions in both injury-producing, and property damage
crash involvement due to the raised drinking age were clearly found, no
significant effect of the raised drinking age wes discernable when fatal
crashes alone were analyzed (Wagenaar, 1980). The problems with low
crash counts for analysis might also emerge for non-fatal crashes in
less populous states like Maine, making it nmore difficult to detect any
effect of. policy changes. As a result, while evidence to date clearly
demonstrates an effect of raising the drinking age, reductions in
crashes and injuries nmay not always be clearly evident in less populous
jur isdictions.

Ore implication of these findings for future evaluations of the
drinking age or other public policy changes is that analyses should not
be limited to fatalities only, but should also include the much larger
numbers of injury and property damage crashes. Although the effort and
costs associated with analyzing non-fatal crashes is substantially
higher, such analyses may avoid incorrect conclusions that a policy
change had no effect on the outcome of interest.3l

In spite of the substantial effect of the raised drinking age in
reducing alcohol-re lated crash involvement among young drivers, it is
important to keep in mind that the drinking age does not eliminate this

3lIncreased cost and effort required for analyses of non-fatal
crash involvement is readily apparent when the number of fatally injured
drivers 1is compared with the total number of crash involved drivers.
For example, in 1979 about 2,500 Michigan drivers were fatally injured
in crashes, while about 025.000 drivers were involved in reported
crashes. Analyses of all crash-involved drivers over a multi-year

period 1in several states, as was done in the present investigation,
recuires the processing of millions of crash records.



very serious public health problem. If a raised drinking age reduces
the magnitude of the problem by 20% by implication 80%of the alcohol-
related crashes are continuing to occur, and require continuing
prevention efforts. If a large number of alcohol-related crashes
continue to occur among underage persons, it is clear that sone youhg
people continue to drink alcoholic beverages after an increase in
drinking age, and therefore must still have alcohol available to them
Raising the legal mnimum drinking age does not eliminate the
availability of.alcohol to young people, but rather is one public policy
tsat reduces alcohol availability and public health problems associated
W n alcohol use.

Minimum purchasing ages have never prevented underage youth from
drinking any alcoholic beverages. Recall the literature reviewed in
Section 2.1, which indicates that a majority of high school youth are
not abstainers. It is not reasonable to expect a raised legal drinking
ane to eliminate all youthful alcohol consumption. The observation that
youth continue to drink after implementation of higher drinking ages has
been cited as evidence that the lanws have no effect. However,
evaluation of any prevention policy or program is based on marginal
effects in reducing public health problems. No prevention effort is
realistically expected to prevent all of the iicidence of a major public
health problem. The legal mininum drinking age substantially reduces
alcoho I-re lated crash involvement among young drivers; that it does not
eliminate this serious problem is no reason not to consider minimum
drinking age as one component of a broader prevention effort.

The minimum drinking age is one of many public policies affecting

the availability of alcoholic beverages. The drinking age is a



particularly good test of effects of. alcohol control- laws and alcohol
availability  for several reasons. First, changes in alcohol
availability are focused on a specific age-group, permitting oth'jr age-
groups to serve as comparisons. Abundant high quality data over an
e.tended period of time are readily available for motor veh:cle crashes,
the leading alcohol-related health problem among the focal age group.3*
The outcome variable, is an acute (not chronic) alcoho l-related health
problem, the incidence of which can be expected to respond immediately
to a major change in drinking patterns. Finally, the drinking age is
one indicator of alcohol availability that has changed in both
directions in the past decade, p< iding the opportunity to evaluate
effects of reduced as well as expanded availability. For these reasons,
the legal minimum drinking age has provided an ideal opportunity for the
scientific evaluation of propositions based on availability theory.

In addition to the primary focus on motor vehicle crashes, this
investigation also analyzed the effect of the drinking age on aggregate
alcoholic beverage sales. Implementation of mandatory  beverage
container deposit lans in both Michigan and Maine at le same time the
drinking age wes raised complicated interpretation of the findings.
Mandatory container deposit laws also affe]kct alcohol availability not

only by increasing the inconvenience of purchasing package beer (and

3,Although data on traffic crashes are far from perfect, their

quality is high compared to data on the incidence of other alcohol-
related social and health problems such as non-motor-vehicle accidents,
homicide, assault, child or spouse abuse, divorce, unetnploym nt, and
chronic diseases resulting from or exacerbated by heavy alcohol
consumption. Furthermore, although data on police-reported alcohol-
involvement in traffic crashes is often disparaged, such data are often
very useful, particularly for states (such as Michigan) with separate
dichotomous alcohol involvement items on sta.ewide standard crash

reporting forms.



returning empty containers), but also by causing a significant increase
in retail price of package beer. Although the independent effects of
the drinking age and container laws could not be determined, major
changes in sales of beer were associated witl. the legal changes of the
late 1970s. These results provide further evidence of the importance of
evaluating public policies for their effects on alcoholic beverage

sales/consumption and associated public health problems.

6.3 Recommendat ions

Followua studies shouid be conducted. assessing whether the effects
observed in this research increase or decrease over time. This research
wes limited to an examination of the first year or two after higher
drinking ages were implemented. One might hypothesize that the long-
term effect will be larger than the short-term effect identified here,
since the 18-20-year-old cohort the first few years after a legal change
includes individuals who had had the right to drink prior to
implementation of the higher drinking age. One might suppose that those
who were drinking legally prior to the new lans would be less likely to
give up their drinking habits than later cohorts who never had the right
to drink. Thus, one would hypothesize that the redaction in alcohol-
related crash involvement during the transitional age cohort are smaller
than the long-term effect of raising the drinking age.

The pre-dr iving drink ing pnvj rcnment and  dr ink ina pract ices of
youth should be invcst igated. The present research established a link
between legal drinking age and crash involvement. As was discussed in
Section 3*3* #variety of intervening factors mediate this relationship.
One main intervening factor s the drinking practices of youth,

including both quantity-frequency of consumption and social situations



A variety of exposure variables have been suggested as explanations
for the overrepresentation of" youth among accident-involved drivers,
especially involvement 1in more serious 1injury-producing collisions, such
as: (€)) driving at more hazardous times/locations (for example, night—
time and weekends); (2) more frequent driving with passengers present

(increasing the probability of distraction); (@) driving vehicles that

are in poorer condition; and (A) more frequent use of two-wheeled
vehicles. Although much work remains to be done concerning the effects
of differential exposure,” studies to date indicate that < the

overrepresentation of young drivers in the accident-involved population
remains, even after a variety of controls on accident exposure
(Organization for Economic Cooperation and Development, 1975, Preusser
et al., 19/5)

In addition to their overrepresentation in all collisions, young
drivers also have the highest rates of alcohol-related crashes of any
age group (Cameron, 1977; Flora et al., 1978).4 The high rates of
alcohol-related collisions anong youth are apparently not due simply to
increased driving after drinking. In fact, roadside breath test surveys
have revealed that the proportion of youthful driyers with elevated BACS
Is the sane as, or lower than, the proportion of 'drivers in their 30s or
AOs with e'evated BACs (Preusser et al., 1975; Wolfe, 1975).

A important explanation of the excessive rates of alcohol-re lated
collision experience of young drivers is the finding that the relative
risk of crash involvement at various BAC levels is higher for youth than
the relative risk of crash involvement at the same BAC Ic/els of middle-

4Alcohol-related crash rate is here defined as the alcohol-re lated

crash frequency divided by the total crash frequency for the relevant
age group.



	SHES12 HB 112



