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110 1NTRODUCTIC)N 

The minimum age a t  which beverage alcohol may be legally 

purchased and consumed has b e ~ n  a major political issue in the United 

States during the past decade, The current controversy began in 1'370 when 

the 26th amendment to the US, Constitution, extending the right to vote 

in federal ~lectic?ns to citizens between 18 and 21 years of age, was 

passed by Congress and rapidly ratified by the necessary Sr8 states, The 

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

all 50 states extended the right to vote in state elections to 18 year 

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

to 181 During this period, 24 states reduced their minimum legal drinking 

ages for all alcoholic beverages as one c~omponent of reductions in the age 

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

and/or beer only (National Cloarlnghouse for Alcohol Information, 1'?76, 

19791, The trend toward a lower legal drinking age stopped by the end of 

1973, as evidence began to acc~mulate that the lowered drinking age 

resulted in increased alcohol-related problems, particularly traffic 

accidents, among the 18 to 21 year old population, Since 1972 no states 

have lowered their legal drinking gge, and beginning in 1'?76, the trend 

has reversed, with numerous states recently raising their legal drinking 

ages, (2) 

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

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

State Legislature, 1?71)1 Considerable controversy in intellectual, 



political, law enforcement, and industrial circles surrounded the 

reduction in the drinking age (Michigan Council on Alcohol Prohiemst 1973; 

Michigan Licensed Beverage Association, 19733 Works, 1373; Distilled 

Spirits Counal of the United States, 1973a, 1973b; Bowen and Kagayt 1'373; 

Zylman, 1973? 19741, Early preliminary evidence was used to argue that 

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

year old population resulted from the 1'372 legal change (Michigan Couna! 

on Alcohol Problems, 13731, Subsequent controlled research demonstrated 

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

traffic accidents among youth (Douglass, 1374; Douglass and Freedman, 

1'3771 Flora e t  al,, 19781, Although the estimates of the magnitude of the 

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

partisans in the drinking age debate using preliminary evidence, they were 

consonant with the growing literature on the adverse effects c f  lower 

legal drinking ages i n  various states a n d  Canadian provinces, 

Building on the accumulating evidence documenting the adverse 

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

particularly traffic accidents, those opposed to the reduced drinking age 

lobbied in favor of raising the drinking age, The Michigan Legislature, 

responding to increasing pressure, passed Public Act '34 early in 1978, 

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

1378, Since a number of voters were not satisfied with the driniung age 

move from 18 to lBt the Michigan Counal on Alcohol Problems' "Coalition 

for 21" continued their statewide petition drive that successfully placed 

a proposed constitutional amendment raising the driniung age to 21 on the 

November 19?8 general election ballot, The proposal passed with a 



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

Michigan to 21 on December 23,1978+(3) Note that the constitutional 

amendment did not include a "grandfather" clause whereby 1'3 and 20 year 

olds who had had the legal right t o  drinv prior to the effective date of 

the constitutional change would continue to possess that right+ After 

December 23,1?78, persons aged 19 and 20 who had had the right to d r i n ~  

were no longer legally allowed to purchase alcoholic beverages, A s  

occurred after the 11372 reduction in the legal drinking aget preiiminary 

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

to bolster their positions (Distilled 5pi;:its Counal of the United 

States, 15'73; Michigan Council on Alcohc!l Problemsl 19771 Publicom, 1?7P), 

The need for a rigorous, controlled eva:iuation of the impact of the 

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

Michigan Department of Public Health, OfFice of Substance Abuse Services 

initiated the present project+ (41 

The goals of this investigation w~ere twofold, The first goal 

was to provide objective information coricerning the effect of the legal 

drinking age upon traffic acadents arnorg youth to policy-makers and 

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

drinking age issue, (5 )  A ~najor concern in discussions of soda1 policy 

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

drinking age caused changes in the motolp vehicle acadent experience of 

young drivers+ A s  a result, a major ieat8?lre of this investigation was a 

strong emphasis on a research design w i t h  h igh  validity and an explicit 

explanation of numerous potential alternative explanations of the observed 

relationships between the drinkng age itnd traffic acadents, The second 



goal of the present study was to utilize naturally occurring experiments 

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

emerging theory concerning the impact of beverage alcohol availability on 

alcohol consumption and alcohol-related public health problems, 

Several features of the present investigationt few of which have 

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

literature on the drinking age, First, this s t u d y  used longer time-series 

of observations than any drinking age evaluation conducted to date; (61 

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

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

s tudy;  thirdt the impact of the drinkng age was assessed while explicitly 

incorporating the effects of the fuel shortage and  national minimum speed 

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

a raised legal drinking age was systematically examined for the first 

time; and fiftht a comparison was made between the effects of a lowered 

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

drinkng age in a single geographic and soao-cultural environment, The 

above features of the present investigation provide important new 

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

legal drinking age, and for the continued refinement of preliminary 

theories concerning the impact of changes in the availability ot' beverage 

alcohol on acute alcohol-related health a n d  safety problems, 



Notes to Chapter 1 

1+ States that reduced their legid drinking ages for all 
alcoholic beverages between 1979 and 1373 were: Alaska, Arizona, 
Connecticut, Delaware, Florida, Georgia, Hawaii, Idaho, Iowa, Maine, 
Massachusetts, Michigan, Minnesota, Montana, Nebraska, New Hampshire, New 
Jersey, Rhode Island, Tennessee, Texa!;, Vermontt West Virginia, Wisconsin, 
and Wyoming (National Clearinghouse for Alcohol Information, 1Y7kt)+ 

2+ States that raised their legal drinking ages after 1?76 
include: Illinois, Iowa, Maine, Massachusetts, Michigan, Minnesota, 
Nebraska, New Hampshire, New Jersey, and Tennessee (based on Hammond, 1979 
and information provided by the Nationid Cle~ringhouse for Alcohol 
Information )+  

3+ After the constitutional amendment was approved in November 
1378, the legislature passed implementation legislation that was signed b y  
the Governor just two days before the effective date of the constitutional 
amendment (Public Ac t  531 of 19781, 

4, Michigan provided an ideal site for a detailed exainination 
of the differential effects of a lowered and raised drinking age, since i t  
was the first s tate to raise i t s  drinkins1 age from 18 to 21 after an 
earlier reduction from 21 to 18, 

9, Efforts to place a proposed constitutional amendment 
lowering the legal drinking age from 21 to 19 on the November 1'?:30 
Michigan general election ballot through the initiative process were 
underway when, in early July 1910, the Xichigan legislature, with a 
substantial margint bypassed the initiative efforts by approving a measure 
placing the proposed constitutional amendment on the November 1980 ballot 
(Detroit Free Press, 1380)+ 

Cl+ Twelve years of monthly fatal acddent frequencies (144 
observations), and eight years of monthly total acadent frequencies (36 
observations)+ 

7+ Frequency of crash involvement and frequency of fatal crash 
involvement , 

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

?+ Using  the Box-Jenkins transfer Function modeling techniques, 





2t0 BACKGROUND LITERATURE, THEORY , AND 
DEVELOPMENT OF HYPOTHESES 

This chapter reviews several distinct areas of research 

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

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

(B) traffic accident experience of young drivers, iC )  previous evaluations 

of drinking age changes, (Dl general moclels for the prevention of 

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

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

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

Michigan, 

2 , l  Alcohol and Highway Safety Among 'Youth 

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

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

vehicle collision experience of y o u t h +  Rzcent trends in youthful drinking 

patterns and the role of alcohol in traffic accidents, espeaally w i t h  

reference to young drivers, are discussed below, 

2+1,1 Drinking Patternst I t  is  well1 established that most 

young people in the United States regularly drink alcoholic beverages, 

Blane and Hewitt (1977) reviewed 120 suirveys of adolescent drinhng 

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

that the prevalence of youthful drinkers was increasing prior to the 

mid-lt?60s, and that about 70 percent o f  junior and senior high school 

students were consistently identified as drinkers over the 1966 through 



1?75 period, A similar pattern was revealed for lifetime prevalence of 

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

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

ten-year period + The prevalence of monthly intoxication similarly 

increased from 10 percent before 1966 to about 17 percent during the 1866 

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

of monthly intoxication limits the conclusions that could be made 

concerning trends in recent yearst Blane and Hewitt also could not 

identify trends in drinking frequency among adolescents over the past two 

decades because of the inconsistent measures of drinking frequency used in 

the various surveys, Their best estimate of average drinking frequency 

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

month, 

Note that although these estimates were based on a comprehensive 

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

from dearly defined populations, A s  a result, the estimates of the 

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

cautiont Nevertheless, many studies over an extended period have 

indicated that the great majority of adolescents do drink regularly and a 

substantial number also frequently beco~ne intoxicated, 

The above discussion has been limited to the drinking practices 

of junior and senior high school youtht The literature on college 

students, also reviewed by Blane and Hewitt (19771, i s  even more limited 

than the literature on adolescents, Existing surveys of college students 

indicate that the prevalence of drinkers has been continually increasing ' 

since World War 11, I t  is  estimated that about 83 percent of all college 



students are drinkers, There are indications that the frequency of 

intoxication among college students has increased in the past quarter 

century, Furthermore, those aged 18 t o  25 consume more beverage alcohol 

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

quantities o f  alcchol per occasion than older drinkers (Blane and Hewitt, 

19771 National Institute on Alcohol Abuse and Alcoholism, lt?73)+ 

The most recent information conc:erning y~uthful drinking 

practices was provided by the ongoing langitudinal nationwide probability 

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

al+, 1979a, 137?b)+ They reported that 88 percent of high school seniors 

surveyed in 1973 were at least occasional users of alcohol, 72 percent 

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

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

Furthermore, similar surveys conducted each year since 1'375 revealed that, 

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

prevalence of high school seniors who frequently beccme intoxicated has 

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

in 151731 Johnston et  al,, 197?b), (1) 

These recent data confirm and exi:end the conciusion Blane and 

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

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

adolesc~nts and young adults has apparently been reached, with about 80 to 

30 percent identifying themselves as drinkers, However, the prevalence of 

young people w h o  regularly become intox:icated appears to  be increasing, 

with current data indicating that more than me-third of the young people 

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



experience of frequent intoxication by  a sizeable proportion of American 

adolescents creates the potential for serious mortality and injury 

outcomes if young drinkers operate motor vehicles while i n  an 

alcohol-impaired state, 

2+1 $2 Traffic Acadents+ Motor vehide accidents are the 

leading cause of death among youth aged 15 to 24, claiming 18,0'32 lives in 

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

of interacting factors that have been identified as causes of traffic 

addents are presented in Figures 2+1 through 2+6,  Figure 2,l depicts 

five broad classes of motor vehide accident causes, while Figures 2,2 

through 2,4 indicate the specific variables within each class, 

Intensive investigations of random samples of accidents 

conducted a t  Indiana University b y  the Institute for Research in Public 

Safety have revealed that vehicular factors (Figure 2+3) were a definite 

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

factors (Figure 2+2) were a definite cause in about 20 percent of the 

acadents examined (Institute for Research in Public Safety, 1975)+ Human 

direct causes (Figure 2,4), on the other hand, were documented as a 

definite cause of the collision in over 30 percent of the accidents, The 

researchers emphasized the dominant role of human factors in accident 

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

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

combination of such factors with human error that brought about the 

collision + 

A s  shown in Figure 2+1, the human errors that cause most 

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

















the crash, (2) The multidisciplinary investigations of the causes of 

traffic collisions mentioned above have revealed that, for samples of all 

acadents 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, l???!, I t  should be reiterated that the 

accident sample included all motor-vehicle accidents a t  all times of the 

day./weekt as  a result, the great majority of the investigated collisions 

were relatively minor property-damage accidents occurring during daytime 

rush hours+ 

The epidemiological literature on the role of beverage alcohol 

in traffic acadents 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 (BAGS) over +05 percentt about 15 percent of drivers 

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

or greater, approximately 25 percent of drivers involved in seriuus injury 

acadents have BACs of or greater, and the most serious accidentst 

fatalities, have the highest rates of alcohol-impairment, with about 

one-half of the drivers having a BAC of at  least +10 percent (Cameron, 

19771 Jones and Joscelyn, 1?78), The findings of these epidemiological 

studies are supported b y  studies that include control groups, matched in 

time and place to samples of accidents, Such controlled studies have 

found that the relative risk of being involved in a crash accelerated 

rapidly at  BACs over ,(I8 percent (Carr~eron, 13771 Jones and  Joscelyn, 

19781, (3)  



Figure 2,6 depicts a variety of ir~dividual charactzri~tics that 

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

which consequently results in a collision+ Of all of the predisposing 

characteristicst age a n d  sex of driver are consistently among the best 

predictors of accident involvement (Cameront 19771, f oung drivers (15 to 

241, especially malest are overrepresented in all types of traffic 

accidents in most developed countries, Young drivers have accident rates 

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

(Organization for Economic Cooperation and Developmentt 1:'175) 

A variety of exposure variables have been suggested as 

explanations for the overrepresentatior~ of youth among accident-involved 

drivers, especially involvement in more serious injury-producing 

collisions, such as: (A) driving at more hazardous timesiiocations (for 

example, nighttime and weekends): iB) more frequent driving with 

passengers present (increasing the probability of distraction); (C)  

driving vehicles that are in poorer condition; and (Dl inore frequent use 

of two-wheeled vehicles, Although much work remains to be done concerning 

the effects of differential exposure, sti~dies to date indicate that the 

overrepresentation of young drivers in the accident-involved population 

remains, even after a variety of control:; on accident exposure 

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

aLt 11!75), 

In addition to their overrepresent:ation in all collisions, young 

drivers also have the highest rates of al.coh01-related crashes of my age 

group (Cameront 1?7?1 Flora st s l+t  137:3)t (4) The high rates of 

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



increased driving after drinking in the age groupt In factt roadside 

breathtest surveys have revealed that the proportion of youthful drivers 

with elevated BACs is  the same as, or lower thant the proportion of 

drivers in their :30s or 40s with elevated BACs (Preusser et al,, 1975; 

Wolfe, lt?75)+ 

An important explanation of the excessive rates of 

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

the relative risk of crash involvement at various BAC levels was higher 

for youth than the relative risk of crash involvement at  the same BAG 

levels of middle-age drivers (Perrine et altt 1771; Zylman, 1372; Farris 

et al,, 19751, Thus,  a young driver with a given BAC level is mare likely 

to be involved in an accident than an older driver at the same BAC level, 

and the risk of a crash increases inore sharply with increasing BAC levels 

for youth than for drivers of other ages+ 

The particularly high susceptibility to traffic crashes arnong 

youth as compared to older drivers at identical BAC levels may be due to 

the lack of extensive experience with drinking and driving after drinking 

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

(19731 who reported that, amang 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, 13731, their recent 

initiation into regular drinking may not have afforded them sufficient 

experience with drinking effects a n d  drivirig at'ter 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 impulsivity and 

propensity toward risk takng behavior characteristic of adolescents and 

young adults (Klein, 13711 Pel: and  Schuman, 1971; Makela, i378)+ 

2,1,3 Summary and Conclusions, The literature on mo t~ r  vehicle 

acddents has revealed that, of the multiple environmental, vehic~lar, and 

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

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

the alcohol-impaired condition of the driver, The drinking patterns af 

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

consume large quantities of alcoholic beverages per occasion, and the 

increased sensitivity to impairment at  a. given BAC level of young drivers 

as compared to older drivers, combine to make them particularly 

susceptible to alcohol-related collision involvement+ The combination of 

( A )  high rates of motor vehicle collision!; regardless of alcohol 

involvement (reflecting inexperience with driving), with (B) the highest 

proportion of all accidents involving alcohol of any age group (reflecting 

inexperience w i t h  drinksng), indicates that young drinking drivers are an 

appropriate high-risk target group for t,ne prevention of death a n d  injcrry 

resulting from alcohol-related traffic ac:ddents, The legal minimum 

drinking age has been identified as  ilne potential mechanism that i i in be 

used as part of these prevention efforts, 

2+2 The Legal Drinkmg Age and Highway Safety 

A s  a result of the drinking pattern of young people, 

characterized by frequent intoxication, and the high rate of 



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

the controversy surrounding the drinking age has been the impact of 

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

accidents among young drinkers, After many states and Canadian provinces 

lowered the legal drinking age in the early lS?7(3s, numerous evaluations 

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

involvement in inot~r  vehicle collisions among young drivers, Most of the 

investigations of the impact of the lowered legal drinlung age were based 

on comparisons between indices of youthful crash involvement before and 

after a reduction in the legal drinking age took effect, 

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

involvement among youth within the state or province experiencing a 

reduction in the driniung 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 the age of 

211, or (B) comparison jurisdictions that had not experienced a 

contemporaneous change in the legal drinking age, 

2,2+1 Studies of the Lowered Drinking Age, Williams e t  al, 

(19741 examined fatal traffic accident frequencies among 15-17 and 18-20 

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

drinking age had been lowered, The fatal acddent frequencies for the 

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 riot been lowered during the time period 

studied+ 

Significant increases in fatal crash frequencies were Found for 



both the 15-17 and li3-20 age groups in the jurisdictions experiencing a 

legal drinking age reduction + Separate analyses of single-ve hide and 

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

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

of all fatal crashes+ The observed increases in fatal mash involvement 

among youth were substantially larger for Michigan a n d  Ontario than they 

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

result of the less drastic change in the legal availability of alcohol, 

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

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

alcoholic beverages+ 

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

legal change upon highway fataiities, Although the frequency of 

alcohol-related fatalities did increase c:oncomitmt with the legal change, 

the proportion of all fatally injured drivers having elevated blood 

alcohol levels did not change significantly, (5) Noar and Nashold used 

the latter finding to argue that the red~~ced drinking age has no effect an 

traffic accidents among youth* However? since the bevsrage of choice 

among young people, ite, beer, was lzgally available prior to the drink.lng 

age change evaluated? this investigation cannot be c~nsidered a valid test 

of the effects of a lowered legal drinking age* 

Cucchiaro et  alt (19741, evaluated the impact of a reduced 

drinking age in Massachusetts using monthly time-series o f  traffic 

accidents, The traffic acddent time-series were exmined for the age 

groups 15-17? 19-20, 21-22, and 24 and crver, The 18-20 year old driving 

population experienced significar~t increases in total Fatal crashes, 



alcohol-related fatal crashes, and alcohol-related pruperty damage 

accidentst after the drin king age was lowe~ed, None of the acddent 

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

Douglass et al+ (1'3741, also using monthly time-series of inotor 

vehicle crash involvement, assessed the impact of reduced drinking ages in 

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

drivers in these states was compared with the collision involve~nent of 

21-45 year old drivers within the s a ~ e  state, and with 18-20 year old 

drivers in Louisianat Pennsylvania, and Texast states which held the 

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

revealed significant increases in alcohol-related crash frequenaes among 

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

increases in alcohol-related crash frequenaes among youth were observed 

in any of the comparison statest nor were there any significant shifts for 

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

suggested that the lack of significant changes in traffic crash frequency 

in Vermont, which also lowered i t s  drinking age,  nay have been a result of 

the relative ease with which 15-20 year olds in Vermont could obtain 

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

Yorkt which has had a drinking age of 13 since 1334, 

Douglass and Freedman (1977) replicated some of the earlier 

analysest using four years of observations after the legal change, 

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

alcohol-related crash involvement among ldirhigan yout h, identified in the 

1974 research, persisted over the four years after the reduced drinkng 

age took effect (ite+ 1472 through 13751, The evaluation of tne Michlgan 



experience continued with Flora et all's 113781 analyses of fatal 

accidents in Michigan from 1'768 through 1976, Although they did not use 

the same data analysis techniques as Douglassr the impact of the 1972 

reduction in the legal drinking age upon alcohol-related traffic accidents 

among youth was again demonstrated* 

An increase in alcohol-related ccllisions was also reported by 

Schmidt and Kornaaewski (1975) who exramined yearly acadent data for 

Ontario from 1967 through 1971* Although the lack of monthly data and the 

inability to separately analyze only 18-20 year old drivers made this 

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

researchers found a significant increase in crash involvement among Ib-I? 

year old drivers after the law changed* 

Whitehead et  al, 11975) examined ,the crash involv~l~nent of 115-20 

and 24 year old drivers in London, Ontario, for the 1963 through 1'773 time 

period, Increases of 150 to 300 percent in alcohol-related nashes among 

drivers aged 19-20 were evident after Clntario's drinking age was lowered, 

(h )  In contrast, 24 year old drivers exp~!rienced only a 20 percent 

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

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

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

followup s tudy ,  Whitehead (1977) examined an additional two years of 

collision data, A total of four years of i u a s h  involverrient data aiter the 

reduction in the drinlung age demonstrat:ed the permanence of the increased 

alcohal-related collision frequency documented in the 1'?75 investigatirsn, 

Warren et  all (1'777) evaluated the impact of reduced drinking 

ages in Alberta, Manitoba! New Erunswii:kt and Saskatchewan on trafiic 



fatalities between 19bg and 1375+ Only those fatalities for which a blood 

alcohol concentration tes t  was administered were included in the analyses, 

The frequency of alcohol-related fatalities for 15-20 year old drivers 

before and  after a reduction in the drinking age were compared wi th in  each 

province, Some increases in fatalities among 15-20 year old drivers were 

observed within the study jurisdictions a t  the time the drinking age was 

lowered+ However, since the blood alcohol concentration legally defined 

as drunk driving was reduced to +(I8 percent at  about the same time that 

drinking ages were loweredt Warren e t  al+ pointed out that the effects of 

the +(I8 legislation were confounded with the effects of the lower legal 

drinkng ages+ Furthermore, insufficient numbers of pre-change 

observations were available to adequately account for the stochastic error 

in traffic fatality time-series, According to Warren et  allt  although 

increases in fatalities among youth occurred after the drinking age was 

lowered, one was not able to conclude that the increases were due to the 

drinking age changes* 

One of the provinces investigated by Warren et  alt, 

Saskatchewant was also studied by Shattuck and Whitehead (1976)+ After 

the drinking age was lowered from 21 to 19 in April of 13713, 1G-20 year 

old drivers exhibited 20 to 50 percent increases in alcohol-related 

crashes+ (7) After the drinking age was lowered from 1'3 to 13 in June of 

1972, 16-18 year old drivers experienced further increases in 

alcohol-related collision involvement, Thus, two reductions in the legal 

drinking age were associated w i t h  increased alcohol-related uash 

involvement among both the newly enfranchised drinkers and the underage 

population+ 



Bako e t  al, (1?76) examined the frequencj of fatally injured 

drivers with blood alcohol concentrations of ,r38 percent or greater in the 

province of Alberta, An increase of 118 percent was observed ill the 

inadence of alcohol-related fatal collisions among 15-13 year old drivers 

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

findings support the xrgument that lowered drinking ages lead to increased 

alcohol-related collisions among youth, 

The reduction i n  the legal drinkiq age for beer and wine in 

Illinois (from 21 t o  19) was evaluated b y  the Illinois Department of 

Transportation (1977!, Comparisons between the fatality incidence in 

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

that the lowered age in Illinois caused a 1,6 percent increase in 

fatalities ammg drivers aged 19 and 20. 

I t  is  evident from the literature reviewed above that ,nost of 

the investigations of the impad of lowered legal drinking ages on motor 

vehicle collision involvement have found significant increases in the 

crash involvement frequencies of previo!~sly underage drivers that acq~ired 

the right to drink under the new laws (uejually 18-20 year old driversf, A 

number of studies have also demonstratnd stibstantial increases in the 

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

following reductions in the ininimljm drickmg age, Although i t   nus st be 

noted that most of these studies are cha.i.acterized b y  ~nethodological 

inadequacies? the consistency of the resj~lts  leads to the conclusion that 

lowered drinking ages result in increased highway safety problems among 

youth, 

The view that lower iegal duiniung ages cause increased youthful 



crash involvement is not universally held, with Zyl~nan a well-known 

opponent of a causal interpretation of the observed relationships, Zylman 

(1973, 1$74at 1974b, 1 3 7 4 ~ ~  1?74dt i1?74e, 1376a, 1376b1 13771 has 

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

increases in alcohol-related crash involvement among youth after the 

drinking age was lowered were not due to the drinkng age change, b u t  

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

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

consumption (and alcohol-related accidents) among youth evident prior to 

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

offenses by law enforcement officers, However, those studies explicitly 

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

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

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

alcohol involvement, 1owered.drinking age effects (although of smaller 

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

alternative measures of alcohol-involvement not infiuenced by police 

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

weekend crashes, 

2+2+2 Studies of the Raised Drinking Age+ In addition to the 

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

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

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

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

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

drinking age change, (8) Small increases in youthful EUIL arrests were 



used to condude that the raised drinking age led to increased 

drinking-driving problems among youth, This s t u d y ,  however, does not 

merit serious attention because of the following serious flaws in it5 

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

population than drivers involved in alcc~hol-related accidents 

(Organization for Economic Cooperation and Development, i8?7f)l (B) 

the design was a one-group pretest-porittest, inherently characterized b y  

low internal validity because of i ts  lack. of a control group a n d  an 

extended time-series of observations (Cook and Campbell, 1P7?); i C )  

related to the basic inadequacy of the design was the lack of a n y  

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

fluctuations in the frequency of DUIL arrests, A s  a result, this study 

provided little useful information concerning the effects of a raised 

drinking age, 

Early reports of the effect of the raised drinking age in 

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

s t u d y  sponsored by the Michigan Licensed Beverage Association and others, 

that compared the alcohol-related accidri;nt frequency of young drivers 

(based on data provided by the Michigan State Police) far the f i~ l j t  six 

months of 11779 with the first six month:; of 1978, A 25 percent decrease 

in the frequency of 18-20 year old drinking-driver accident involvement 

was noted (from 5,521 drivers in 1978 to 4,138 in 197'?), Xowever, 

fatalities increased b y  6 percent (from b15 in 1978 to 69 in 19791, There 

were no appreaable change.5 in alcohol-related collisions or fatalities 

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

fatalities to argue that the raised drinking age had an effect cpposite of 



that which was intended, namely increased drinking-driver fatalities after 

the raised legal age, The Michigan Counal on Alcohol Problems (14791, 

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

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

i t s  intended effect, although they argued that these early data were 

insuffiaent for an adequate determination of the effect of the raised 

drinhng age+ When the crash data for the last six months of 1973 were 

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

Problems (13:30) reported the 21 percent reduction in police-reported 

alcohol-related crashes for July thraugh December 1'379 as compared to the 

same period in 1978, I t  was again argued that these data supported the 

effectiveness of the raised drinking age i n  reducing the frequency of 

motor vehide collisions, 

2+2+3 Summary and Conclusions+ The for~going review ~f the 

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

conclusion that demonstrable increases in alcohol-related traffic 

collisions and fatalities occurred following reductions in the legal 

minimum drinking age+ ( 9 I Since a major issue in tbe continuing public 

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

drinhng age on motor vehide crashes, i t  i s  clear that early findings 

based on simple comparisons between 1978 arid 1379 should be replaced w i t h  

findings from comprehensive controlled investigations of the impad of the 

raised drinking age+ 



?+:3 Conceptual ModeLs for the F'reven t:ion of Alcohol-related Problems, 

Three basic models have emergecf in the alcohol studies 

literature concerning the prevention of alcohol-related social and health 

problems (Popham et al,, i8?76f Room, 197:3), The three models pruvide 

alternative conceptualizations of the nature of alcohol problems, widely 

divergent hypotheses concerning the ef.feds of various prevention 

activities, and conflicting rec9mmendat:ions for public policy, induding 

the minimum legal drinking age, 

2+:3+1 The Bimodal Model, The bj.modal model argues that there 

are two distinct populations of alcohol :onsumerst First, there are 

normal social drinkers, who may drink alcoholic beverages regularly but do 

so in a moderate controlled manner, and as a result, do not experience 

soda1 or health problems as a result of t h ~ i r  drinking, Second, there 

are alcoholic drinkers, who, because of ijome particular physiological or 

personality characteristics, become a1cc)holics (i+e,, addicted drinkers) 

and experience numerous soda1 and heilth problems as a result of their 

chronic heavy drinking, The bimodal moi!el i s  illustrated in Figure 2,7, 

where the distribution of drinkers according to the quantity consumed is 

depicted, The distribution is  characterized by two modal points, the 

first at a low level of consumption, forming the peak of the skewed 

distribution of normal drinkers, the second at a high level of 

consumption, forming the mean llrf the roughly normal distribuition of 

alcoholic drinkers, 

The model was derived from the disease concept af alcohoiism, 

which argues that problems attributable t o  alcohol are caused by chronic 

excessive alcohol consumption, which, in turn, is a result of an 
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Figure 2 . 7  The Bimodal Model of Alcohol Consumption 

Source: From Drinking by John A. Ewing 
and Beatrice A. Rouse, editors.  Chapter 
14,  "Government control Measures to ' 

Prevent Hazardous Drinking" by R .  Popham, 
W. Schmidt, and J .  de l in t ,  page 259. 
Copyright @ 1978 by John A. Ewing and 
Beatrice A.  Rouse. Reprinted by per- 
mission of Nelson-Hal 1 Pub1 ishers ,  Chicago. 



underlying disease state+ Prevention policj based on the bimodal model 

involves establishment of early detection case-finding programs to 

identify individuals with the "warning sjigns" of indpient alcoholism and 

the provision of treatment and rehabilitation services during the early 

stage of the disease (Rouse and Ewing, 1?78!364)t Prevention theorists 

have generally discarded the bi~nodal model because a substantial 

proportion of alcohol-related problems are assodated with one's 

life-cycle stage and social environment, including the norms and 

expectations of one's reference others, as well as the ease with which one 

can obtain alcoholic beverages (Cahalan and Room, 1'374)+ The situational 

and socio-environmental determinants crf alcohol use patterns and 

consequent problems are espeaally sigrificant for adolescents and young 

adults (Smart, 1975/)+ Furthermore, there are some indicatiuns that 

measures aimed at reduang the consumption of the general population have 

similar effects on both the soda1 drinker and the chronic alcoholic 

(Popham e t  al,, 1976, 1973)+ A s  a result, the dichotomization of drinkers 

into social h,e+ non-problem) drinkers a n d  alcoholic (itel proble~nl 

drinkers i s  not the most appropriate model for the prevention of a wide 

spectrum of alcohol-related problems+ 

2 J t 2  The Intagration Modelt A second model for prevention 

efforts is  variously known as the "integration model" (Popham et al,, 

1376), the "inoculation theory" (Room, 1?7S), or the "sodo-cultural 

model" (FThitehead, 15/77), The theory is  based on anthropological and 

sodological studies of primitive sodetins and ethnic subgroups within 

the United States (Horton, 1'343; Ull,~~an:, 19581 Snyder, 1758, 13421, which 

reveal that societies and subcultures ch.aracterized b y  widespread inoderate 



drinking, integrated into normal daily activities (such as eating and  

recreation), have few alcohol-related problems, The observed correlation 

between a high prevalence of moderate (itel high frequency./low quantity 

per occasion) drinkers with low inddence of alcohol-related problems is  

used as the basis for prevention policy recommendations such as making 

alcohol readily available in all restaurants and places of recreation to 

fadli tate the integration o f  moderate drinking into normal daily 

activities (Wilkinsont 1'370)+ Another recommendation designed to reduce 

the mystique assodated with alcohol and facilitate the development of 

moderate drinking, and thereby prevent alcohol-related problems, is  to 

lower the minimum legal drinking age (Willunsont 1$70), or even eliminate 

all drinking age restrictions (Chafetz, 1'3t.5; Plaut, 13871, However? as  

seen above i n  Section 2+2, when lowered legal drinking ages are 

implemented, they are characteristically followed by increased 

alcohol-related problems, particularly motor vehicle accidents, contrary 

to the predictions of the integration theorists, Moreover? on those 

occasions when other recommendations based on the integration model have 

been implemented? such as  making alcohol more readily available b y  

increasing the number and types of beverage outlets? the cmsequences have 

usually been the opposite of those anticipated on the basis of the 

integration model (Popham et  altt 19761, 

2,3,3 The Availability Model, The general avdabil i ty model 

posits that the ease with which one can obtain beverage alcohol influences 

the amount md pattern of consumptiont arrd as a result? influences the 

incidence of alcohol-related social and health problems, 4 major 

component within the broader availability theory is  the single 



distribution model, which argues that the overall distribution of 

consumption of alcoholic beverages is not characterized b y  two separate 

distributionst as the bimodal node1 postulates, b u t  is  one continuous 

skewed distr ib~tion~as illustrated in Figure 2+8+ This distribution of 

consumption has been found to charact~rize the drinkng behavior of a 

variety of divergent populations (Bruun et  all, 11?751+ One need not 

resolve the continuing debate in the lit,zrature concerning the specific 

parameters describing the distribution md their invariance across 

populations to use the model for the de,velopment of prevention policy+ 

(10) The main point is  that the "wetness" of the soda1 environment in 

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

be obtained and the soda1 visibility of alcohol, influences the 

prevalence of both moderate and heavy i!rinkers+ Thus, if one reduces the 

availability of alcohol through such ~neasures as increasing the relative 

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

and raising the drinking age, the distribution of consumption (Figure 2 , S )  

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

assodated problems, There is  a growing body of evidence that dcahol 

consumpticn and alcohol-related problems are related to changes in the 

availability of alcohol (Popham et  dl+, 15'76, 17731, 

In short, the model hypothesizes that ( A )  a reduction in 

availability leads to iB) a reduction in overall consumption (i+e, the 

mean of the distribution shifts to the left)! which ieads to (C )  a 

reduction in the prevalence of heavy drirlkers (since it is assumed that 

the variance of the distribution remains constant), which results in (11) a 

reduction in problems associated with chronic heavy consumption, Although 
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Figure 2.8 The Single Distribution Model of Alcohol 
Consumption 

Source: From Drinking by John A.  E w i n g  
and Beatrice A.  Rouse, edi tors .  Chapter 
14 ,  "Government Control Measures t o  Prevent 
Hazardous Drinking" by R. Popham, W. Schmidt, 
and J.  deLint, page 260. Copyright @ 1978 
by John A. Ewing and Beatrice A. Rouse. 
Reprinted by permission of Nel son-Hal 1 
Pub1 ishers, Chicago. 



the single distribution model has received much attention in the 

prevention literature, i t  is  only sne component of a broader theory 

ccncerning the effects of alcohol availability, The foclls of the single 

distribution model on reducing aggregate consumption a5 a means for the 

prevention of chronic alcohol-related health problems needs to be 

supplemented with a focus on the impact of availability on acute 

alcohol-related problems+ With the excsption of the evaluation studies of 

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

work has been conducted on the relationship between various public policy 

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

is  Douglass, Wagenaar, and Barkey, lS?7?), The model of the impact of the 

legal drinking age on motor vehide collisions presented below in Section 

2,:3,5 is  an initial step toward the development of inore comprehensive 

models o f  the relationship between controls on alcohol availability and 

acute alcohol-related soda1 a n d  health problemst 

2 J t 4  Discussion of Prevention Models, The three models for 

the prevention of alcohol-related problems grzw out of different sets  o f  

research findings x d  are focused on different kinds of alcohol pr0b1em.i~ 

The bimodal mode!, focused on problems resulting from chronic heavy 

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

subscribed t o  by  numergus treatment personnel, However, empirical support 

for the model i s  lachng, and i t  has not prov~d to be useful for the 

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

prevention of alcohol-related problems is  impossible until a clear 

understanding of the physiological causes of the disease is  achievedt The 

single distribution model also focuses ori the prevention of problems 



assodated with chronic heavy alcohol intake+ This model, in contrast to 

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

soda1 influences as moderate drinkers, Thus, the more visible alcohol is 

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

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

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

the other hand, focuses on the reduction of intoxication, and  i ts  

associated acute problems, more than overall consumption, with i ts  

attendant chronic health problems, By making alcohol readily available as 

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

soaety will learn moderate drinking habits and refrain from becoming 

intoxicated, 

Room (1978) points out that both the integration model and the 

single distribution model were originally developed based on 

cross-sectionai correlatian=f the integration  model is  based on 

assodations between widespread moderate drinking and low alcohol problems 

across homogeneous cultures and subcultures, and the single distribution 

model is based on positive correlations between aggregate consumption and 

alcohol problems across international and  intra-national jurisdictions+ 

Although such static correlations can be profitably used for the 

construction of models and the development of hypotheses concerning the 

prevention of alcohol problems, comprehensive controlled evaluations of 

natural experircents are necessary to test the validity of the divergent 

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

have supported the availability model and not the integration modei, 

These evaluative studies have revealed a critical problem in the 



integration theory, The theory assumes that the incroass in inoderate 

drinking? following an increase in alcohol availabilityt will replace 

existing heavy driniung practices in a population+ In fact, what 

character~stically occurs following an increase in alcohol availability 

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

operation of alcohol outlets? or a decrexe in the drinking age) is the 

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

with a consequent increase in alcohol-rslated problems (Makela, 1972, 

1Y78)t 

When the three models are app1is;d specifically to the legal 

minimum drinking aget three different hypotheses concerning the effects of 

the 1ec;al changes on motor vehicle co1li:;ions emerge, First, the bimodal 

model would predict no impact cf the leqal changes, since those who are 

causing collisions are likely to be alcohlolics or incipient alcoholics, 

who cannot control their drinking to adjust to changes in statutes 

conc~rning beverage dcoiiol, Second, the integration inodel predicts that 

a lowered drinking age would reduce co1:;isions and a raised legal age 

would increase collisions, since a high drinkng age would increasz the 

mystique and desirability of slcohoi and reduce the extent t o  bhlch normal 

social controls could influence drinkng ,~at terns+ Third, the 

availability inodel predicts that a raisecl legal drinking age would reduce 

alcohol-related traffic accidents by redudng the consumption crf alcohol 

and thereby reduang the risk of collisions+ Because of the evidence in 

support of the general availability mi~del, and because of the literature 

reviewed above on the impact of changing the drinkng agot the third 

hypothesis was adopted for the present investigation, However, before 



specifying in detail the expected effects of the changes in the legal 

drinking age in Michigan, a more detailed specification of the mechanistns 

through which the legal changes were expected to influence the frequency 

of alcohol-related motor vehicle collisions is needed* 

2+3+5 A Model of the Effects of the Drinking Age, The impact 

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

b u t  rather is  mediated b y  a variety of intervening variables+ A model of 

the mechanism through which changes in the legal drinhng age cause 

changes in traffic crash involvement is  presented in Figure 2+'3, Changes 

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

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

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

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

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

symbolic function of the law (Mosher, 1380; Bonnie, 1'?:30), and as a result 

i t  becomes more acceptable for 13-20 year olds ta drink regularly after a 

reduction in the drinlung age+ New patterns of drinlung are established, 

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

lowered drinking age experience increased sodal pressure to drink, as 

more of their friends and assodates inoease their drinking, and as they 

participate in more sodal situations in which beverage alcohol is  an 

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

result in increased drinking among 18-20 year olds after a reduction in 

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

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

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





pressure to drink, since alcohol is  present in fewer soda1 situations, 

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

drinking, 

The marketing activities of the beverage alcohol industry are 

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

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

drinking outlets oriented toward the youthful drinking population (for 

example, locating more establishments with entertainrrient near college 

campuses), A raised drinking age i s  expected to reduce these marketing 

practices designed to encourage youthful drinking, 

A lowering of the legal drinking age also results in increased 

availability of beverage alcohol to the affected population, The concept 

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

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

availability, and legal availability), For the present purposes 

availability will be broadly defined as  the ease with which alcoholic 

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

alcohol i s  an inverse function of the total costs (monetary and 

non-monetary) of physically obtaining alcohol, These costs indude: (A)  

the nominal price of alcoholic beverages, (B) the search costs involved i n  

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

any transportation required, and iC )  the risks assodated with obtaining 

alcohol, a function of the perceived magnitude of potential disutilities 

accompanying attempts to acquire and use alcohol, and the perceived 

probability of experiencing such disutilities, 

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



legal minimum drinking age} is expectzcl to influence a number of the 

components of the total cost of obtaini,ng alcohol by  underage individuals, 

For example} the nominal cost of alcoh13l may increase with a raised 

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

illegally to underage drinkers, A rziseli drinking age is  likely to 

increase the search costs (since there are Fewer  supplier^)^ and increase 

the risk assadated with other disutilities such as apprehension and 

processing by the law enforcement system, 

The legal drinking age does not totally determine the 

availability of alcohol to underage drinliers, since numerous other aspects 

of both public policy and the private inarket of alcoholic beverages 

influence availability, What is  argued here is simply that the iegal 

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

beverages can be obtained by young d r i~ r e~s ,  

Returning to the overall model in Figure 2,3, the increased or 

decreased frequ~ncy of alcohol consumption and quantity consumed per 

drinking occasion, caused b y  changed soiial norms, marketing activitiest 

and alcohol availability, are expected to incease or decrease the amount 

of alcohol-impaired driving, a n d  conseqiiently, inwease or decr~ase the 

frequencj of alcohol-related collision irrvolvement ajnong d~ivers  in the 

affected age group, 

In addition to the impact of changes in the availability of 

alcohol on the quantity-frequency of alc~hol consumed, changes in 

availability resulting froin legal drinking age modifications are also 

likely to lead to important changes in the situations in which drinking 

takes place (see Figure 2 , 3 ) ,  Lowering the drinhng age leads to 



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

automobiles; aie likely to be the usual mode of transportation to and from 

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

expected to increase 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 driniung will cause 

additional drinking in automobiles while driving, increasing the 

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

hypothesis is that a raised drinking age will result in a larger 

proportion of the drin!ting by  18-20 year olds occurring at  private 

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

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

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

age+ This hypothesis remains plausible even if one assumes that a raised 

drinking age has no impact on the overall qumtity-frequency of alcohal 

consumed + (12) 

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

model presented in Figure 2,9,areexpected ta result in changes in 

drinking norms, industry marketing practices, alcohol availability, a n d  

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

drinking-driving behavior of the 18-20 year old age group, Note that the 

model discussed above illustrates plausible ~nechanisms by which the legal 

drinking age influences alcohal-related crash involvement frequencies, 

Several other sodo-cultural, social-psychological, psychological, and 

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

of the variables in the system depicted in Figuro 2,?, The purpose of the 



model is not to provide a comprehensive theory concerning drinking 

behavior and driving behavior, bl~t only to indicate the potential causal 

factors mediating the impact of the legid drinking age on the frequericy of 

traffic accidents among youth, 

2+4 Specification of Hypotheses 

Two m a i n  hypotheses described in general titrms in the previous; 

section constituted the central issues cf the present investigation, 

Specifically, they were: 

Htl The raised legal drinking age (from 18 to 21) caused a 
reduction in alcohol-related rr10tc1.r vehicle crash involvement 
among 18-20 year old drivers; 

Ht2 The lowered legal drinkng age (from 21 to 18) caused an 
increase in alcohol-related motor vehicle mash involvement 
among 18-20 year old drivers, 

Two corresponding hypotheses were considered for the 11;-17 year 

old driving population, since the altered norms, marketing practicest and 

availability of beverage alcohol resulting From a changed drinking age may 

also influence the drinkng behavior cf the proximal peers of the directly 

affected age group, I t  is reasonable to suppose that changed marketing 

practices a d  social norms concomitant with changes in the drinking age 

would alter the visibility and acceptabil.ity of using alcohol among 16-17 

year old5 as well as 19-20 year oldst Furthermor~, the availability of 

alcohol to 13-21) year olds is  likely to influence the ease with which 

youth aged lh-17 obtain alcoholic beveragest since a prime source of 

alcohol for 16-17 year old drinkers is likely t o  be older ffiends and 

assodates with greater c c e s s  to alcahol, Therefore, i t  was hypothesized 

that: 

H + 3  The raised legal drinhng age ifram 18 to 21) caused a 



reduction in alcohol-related motor vehide mash involvement 
among underage drinkers (16-17); 

H+4 The lowered legal drinking age (from 21 to 18) caused an 
increase in alcohol-related motor vehide crash involvement 
among underage drinkers (16-171, 

Hypothesis three was supported by those studies reviewed in 

Section 2+2 that explicitly examined the effects of a reduced drinking age 

on underage drinkers, where the lowered legal age was found to be 

associated with increased alcohol-related collisions among underage 

drinkers, 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 war expected to be 

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

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

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

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

due to prior changes in drinking norms a n d  practices among 18-20 year 

olds, Therefore, it was hypothesized that: 

H + 5  The magnitude of the impact of changes in the legal 
drinking age on alcohol-related motor vehide crash involvement 
among 16-17 year old drivers was smaller than the magnitude of 
the impact on alcohol-related crash involvement among 12-20 year 
old drivers, 

A differential effect magnitude was also expected between a 

lowered and raised drinking age, I t  is  usually much easier to change a 

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

behaviors, without requiring a change in existing habits and established 

behavioral patternr, than i t  is to change personal behavior b y  requiring 

one to change or eliminate already established behavioral patterns, 



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

perhaps encouraging) new drinking patterns to supplement pre-existing 

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

than a raised drinking age, restricting already established drinking 

patterns that have become a part s f  one's day-to-day activities, In 

short, i t  is  easier to learn a new behav:ior than to unlearn an old one+ 

Therefore, the final hypothesis to be tested in this investigation wa.3 

that: 

H+4 A lowered legal drinking agE! has a g~ea te r  effect than a 
raised legal drinkng age on the frequency of alcohol-related 
motor vehicle crash involvement among young drivers, 



Notes to Chapter 2+0 

1, These high prevalence rates of frequent intoxication were 
also found by  Wechsler (13731, in his recent surveys of youthful drinking 
practices, 

2+ For example, FilkLns e t  all i1'370) have found that elevated 
blood alcohol concentrations are strongly related to driving at excessive 
speeds at  the time of a crash+ Thus, the human condition of alcohol 
impairment in Figure 2+5 i s  causally antecedant to excessive speed in 
Figure 2+4, which i s  the human error identified as an immediate cause of 
collisions, 

:3, Relative risk i s  the probability of crash involv~meni at  a 
particular BAC divided by the probability of crash involvment with a BAC 
of zero, 

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

5 ,  Only fatalities for which a blood alcohol concentration test 
was administered were used in these analytes, 

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

7, Police reports were used as the indicator of aiiohol 
involvement + 

8, The Massachusetts legal drinking age was raised fram 18 to 
20 on April l b ,  1979, The pre-post comparison was the number of D U i i  
arrests in Febvuary 1479 versus the number af DUIL arrests in October 
197Yt 

9 + Similar conclusions were reported in other reviews of this 
literature such as Smart and Goodstadt, 1777; Whitehead, 1977; Smart, 
197?, 

10 + For some of the arguments in this debate? sEe Guttorp and 
Song, 1977, 1'3791 Parker and Earmont 187%; Schmidt and Popham, 1978; Skog, 
197Pa, 1?79b+ 



11 , Relative price refers to the prica of beverage .alcohol in 
relation to personal income, 

1 2  + In Figure 2,':) an effect of the drinking age an collisior; 
involvement independent o i  my ch~nge in quantity-frequencj uf  alcohol 
consumption is represented by the path from legal drinking age to alcohol 
availability, to drinking situations, t o  alcohol-impaiued driving, to 
collisicn involvement, 





3+17 RESEARCH DESIGN AND :DATA ANALYSIS METHODS 

This chapter describes the methods selected to measure the 

effeds  of the changes in the legal drinlung age in Michigan* The 

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

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

variables (i,et traffic accidents), ( C )  the validity of the overail 

design? and (Dl the time-series statistical data analysis techniques used, 

3+1 Research Design 

The preferred design fcrr inferring a causal relationship is  the 

true experimental design in which the subject population is  randomly 

assigned to two or more treatment cond:.tions, In the present study this 

would mean comparing 1G-20 year old drivers randomly assigned to a 

condition of legal availability of beverage alcohol (drinking age 18), to 

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

availability of beverage alcohol (drinking age 21)+ Since such random 

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

used (Campbell and Stanley, l'?bbl Cook and Campbell, 1P7il; Cook and 

Campbell, 197'3, O f  the numerous quasi--experimental designs in use, the 

non-equivalent multiple time-series design rules out the largest number o f  

plausible alternative explanations for a postulated causal relationship, 

In this research, the postulated causal relationship was between changing 

alcohol availability (i,e, changing the legal drinking age) and traffic 

accidents, The designr as implemented in the present investigation, can 



be diagramed as follows: 

where each 0, represents the number of crash involvements in a particular 
1 

month, ll represents the lowering of the drinking age in 1 9 7 2 , ~  is  the 

number of monthly observations before the drinking age was lowered, 9 is 

the number of monthly observations between the lowered and raised drinking 

age, I2 represents the raising of the drinking age in 1079, and n3 is 

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

second row in the design diagram represents a comparision time-series, not 

influenced by the interventions induded in the first row, Although the 

diagram depicts only one experimental and one comparison series, inultiple 

measures of motor vehicle crash involvement and multiple comparison groups 

were induded in the design, 

.-I .-, 

.>+A Operationali~ation and Data Collection 

The design called for measures of traffic aciident frequency 

that were hypothesized to be affected b y  a change in the legal drinking 

age, and control measures that were not likely to be affected by changes 

in the legal drinking age, The two experimental groups consisted of 18-20 

and 16-17 year old drivers in Michigan, The impact of the changes in the 

legal drinking age on the acddent involvement of these two experimental 

groups was compared with "control" or comparison groups consisting of 

21-24 and 25-45 year old drivers in Michigan, The complete design, 





including the experimental and control groups and the multiple 

operationalizations of the dependent variable, traffic acddents, is  

depicted in Figure 3,1, 

Two major se ts  of data were used to implement the design 

illustrated above, The first dataset consisted of measures of trafiic 

acadent inadence based on all crash-involved drivers as reported to the 

Michigan State Police, Computer tapes were obtained from the Michigan 

State Police containing records on every reported accident in the State of 

Michigan from January of 1972 through December of 1379, To reduce the 

volume of data to a more manageable size, a random sample of 20 percent of 

all acadents during this time period was selected, 11 

New files were constructed containing all of the traffic units 

h e ,  vehicles) involved in each sampled accident, These files, with 

vehicle-drivers as cases, were used to construct monthly time-series 

traffic crash involvement frequency variables for the January 1972 through 

December 1379 time period, The final time-series measure of total crash 

involvement incidence was the monthly frequency of drivers of passenger 

cars, trucks, or motorcycles involved in a crash, (2) 

Since the changes in the legal drinking age were expected to 

affect the frequency of automobile crash involvement through their 

influence on alcohol-related crashes, two measures of alcohol-related 

crashes were analyzed for each age group, The first measure was the 

monthly frequency of crash involvement in which the police accident report 

form indicated that the driver "had been drinking" (HBCI), Since this 

measure of alcohol-related traffic acddents was subject to unreliability 

in police reporting practicesr a second more reliable measure of 



alcohol-related traffic crash involvement was also usedt 

The second measure was the "three factor surrogatz" (3FS), 

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

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

dl+, 1974)+ Analyses of crash data from various jurisdictions, different 

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

a consistent subset of all alcohol-re1ati.d crash involvements was 

identified by three parameters, nai~ely, sex of driver, time of crash! a n d  

number of moving vehicles involved in the crash+ Specifically, 

single-vehicle crashes with a male driver occurring between 9 P,Xt and b 

AtMl  were 58 to h:3 percent alcohol-related as measured by the HBD 

designation on the police accident report form+ This proportion was 

relatively consistent regardl~ss of the precise operational definiticn of 

alcohol involvement in the official crash ~ ~ p o r t s ,  Furthermore, i t  is 

unlikely that police officer discretion or bias would affect the reporting 

of the driver's Sex! numbsr of vehicles involved, or time of the mash, 

Thus, the three-factor-surrogate! being operationally consistent, grovided 

a reliable alternative t o  reported alcahcl involvement based on the 

subjective assessments of the investigating police officer, 

The three factor surrogate was esipedally useful for conparative 

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

where the consistency of the reporting of alcohol involvement in traffic 

crashes may vary considerablyt Since th~: operational consistency of the 

outcome measures is especially important in the analysis o f  time-series 

(Xendall, 1376), the three-factor-surrogate was an important supplementary 

measurg of alcohol-related accidents, It. should be pointed out ,  however, 



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

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

one-half of all drivers designated as  XBD (Flora et  al+, 1P78)+ In short, 

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

accidents, its operational consistency over time made i t  a useful measure 

for time-series analyses+ (3) 

The first time-series crash file included the monthly frequency 

from January 1972 through December 1'379 of "had not been drinking" (HNBD) 

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

(3FS) drivers, stratified by age groups as indicated in Figure 3+1+ This 

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

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

the Michigan State Police master files, From 1368 through 1771 there were 

a large number of major urban reporting jurisdictions (including major 

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

non-fatal traffic crashes to the Michigan  stat^ Police for substantial 

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

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

evaluating the differential effects of lowering the legal drinking age and 

subsequently returning i t  to i t s  former level+ The measures of driver 

crash involvement discussec! above were, therefore, only used to evaluate 

the impact of the 1978 increase in the legal drinking age, 

The complete design, examining both the lowered and raised 

drinking ages, was implemented us ing  the fatal accident measures depicted 

in  the second half of Figure 3,1, The Michigan State Police master tape 

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



files? with the addition o f  the master files for January 15'68 through 

December 1971, were ~ ~ s e d  to construct time-series variables of the ~nont hly 

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

because of the much smaller nl~mber of cases than the crash filest were 

based on a census of all fatal accidents in the State of Michigan, In 

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

well-reported throughout the 14?58 to 11?7? tiine period, and the reported 

monthly frequency of fatal crashes was an accurate reflection of fatal 

crash experience in Michigan, However, with r~gard to the measurement of 

drinking drivers involved in fatal crasht?~, the HBD./HNBD measure was ?ot  

used because of high rates of missing d83ta in the early years (from 11 to 

25) percent of drivers involved in Fatal accidents had missing data on the 

HBD/HNBD variable in the late 1360s and ~ a r l y  1 9 7 0 ~ ) ~  and data col!ectizn 

system changes that significantly affected the reporting of HBD drivers, 

The first important change in the measurement of HBD drivers 

occurred in January of 1371 when a major change i n  the police accident 

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

as a valid response to  the HBQIHNBD item, The result was that drivers 

previously placed in the "not known if dr-inlung" category were now coded 

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

drinking," Consequently, the frequency zf HBD drivers incueased 

substantially during January 1971 when the new form was implemented 

(Douglass and Freedman, 11?77), The secsznd major change in the measurement 

of HBD drivers was the Fatal Accident F!eporting System (F$RS)t initiated 

b y  the National Highway Traffic Safety  administration? which became fully 

operational in 1374 (United States Depar.tment of Traniportation, !'?77), 



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

the HBD./HNED variable, Because of these two major operational 

inconsistencies in the measurement of HBC drivers prior to 1374, the three 

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

drinking drivers involved in fatal accidents, 

The origindl research plan provided for a determination of the 

differential effects of the lowered and raised legal drinking age using 

consistent time-series of the inddence of fatalities from 1368 through 

19713, However, preliminary analyses of the fatality time-series revealed 

that the small monthly count of fatalities, especially when stratified by 

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

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

Sectior! 4,.3)+ A large proportion of the total variance in fatality 

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

baseline time-series models, A s  a result, the major emphasis was placed 

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

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

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

lowered drinking age was not examined in detail, 

The differential effects of the lowered and raised drinking age 

were assessed by comparing the results reported in Chapter 4,U, concerning 

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

investigations of the effect of the lowered drinkng age in Michigan, 

Previous time-series investigations of the Michigan experience with the 

lowered drinlung age were limited to analyses of those Michigan 

jurisdictions with ccnsistently reported motor vehicle collision 



frequencies over the baseline period prior to the 1'372 reduction in the 

drinking age (approximately 55 percent of d l  Michigan reporting 

jurisdictions had complete crash involve?ment files for the 18?68 through 

1971 period; see Deuglass arid Freedman, 1977), The actual shift in crash 

involvement frequency associated with the lowered drinking age in Michigan 

identified in the earlier research is not directly comparable to the 

shifts in frequency associated with the raised drinking age identified in 

this research, because this s t u d y  included all reporting jurisdictions in 

Michigan* The percentage changes in crash invulvement assodated with the 

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

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

drinking age reversed the effect of the lowered legal age, 

:3+3 Design Validity 

Design validity involves consideration of the ability of the 

research design to adequately answer the rese~rch question, In the 

present case, the fj~ndamental research question is,  d o  changes in the 

legal drinking age in Michigan cause chainges in alc,ohol-related mash 

incidence among the affected age groups? 

In order to determine the strength s f  the design in answering 

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

the position of devil's advocate arid identify the potential alternative 

explanations for an apparent or measured change in the phenomenon under 

investigation, in the present case, alcohm31-rnlated traffic crashes among 

young drivers, The non-equivalent multiple time-series quasi-experimental 

design used in this research is a superior design to determine if legal 



drinking age changes cause changes in alcohol-related crash frequencies 

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

experimental and comparison groups, the use of ~nultiple measures of 

alcohol involvement, including official "had been drinking" figures a n d  

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

validity by providing a control over potential measurement 

inconsistenaes , 

In addition to the design structures and measure~nent features 

used here, the state of the art Box-Jenkins analysis methodologyt 

discussed in detail in Section 3+4, is  the most app'ropriate analytic 

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

extensive period of time, A full, technical discussion of design validity 

and specific controls for numerous potential threats to the validity of 

the research conclusions is found in Appendix 9, 

3+4 Data Analysis Methods 

Grdinaiy least squares regression and other cummonly used 

statistical procedures assume independent observations, that is, no serial 

correlation between the observations+ Since a series of observations on 

the same unit over time is very likely to be autocorrelated, violating 

the assumption of independence required for the use of standard 

statistical procedures, alternative data analysis strategies are 

necessary, One such approach is the inodeling strategy of Box and Jenkins 

(1976) and Box and Tiao (1975), The Box-Jenkins approach is a powerful 

and versatile strategy for modeling time-series variables that produces 

unbiased estimates of error variance in the presence ilf seriaily 



correlated observations, ( 5 ) Recent methr?dological developments in the 

I J S ~  of transfer f u n c t i o n s  along with the Auto Regressive Integrated Moving 

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

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

Box and Tiao, 1975; Hibbs, 1977; XcCleary and Hay, i8?80)+ These 

techniq-ues identify a wide variety of patterns in the dependent 

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

and a l l~w  the analysis of a variety of intervention effect patterns, i 6 )  

The purpose of the data analyses in this investigation was to 

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

dependent variable, After the e f f ~ d i  of the legal changes on each 

variable were determined through the statistical analysis procedures 

described belaw, the effects were compa.red across those rneasures expected 

to  be influencsd by the legal changes and those not expeltad to be 

influenced by the interventions, The present section discusses the 

procedures used to determine the effect on each isolated dependent 

time-series; the comparison of these ef1:ects across experimental and 

compari~on age groups, as called f o ~  in ?:he design, is discussed in 

Chapter 4,0 on the results of the statistical analyses, 

The f i r i t  step in the Sox-Jenkins intervention analysi.5 strategy 

is the identification or speafication of ;i parsimonious Auto Segressive 

Integrated Moving Average idPJMd) model for each dependent time-s;.erizs 

variable, The ARIMA model is commonly called the "noise model" since its 

purpose is  to isolate all of the aspects i ~ f  the stochastic autocorvelation 

structure cf t h s  series, and thus provide a benchmark For the assessment 

of my intervention sffects, The ARIXB model accounts far ths variance i n  



the dependent series that is due to identifiable trendt seasonalt and 

other autocorrelation patterns in the data, The residual "white noise" or 

random error variance then permits a sensitive test of the statistical 

significance of intervzntion effects, 

Since traffic acudent time-series often contain large seasonal 

components, the general ml;ltip!lcative seasonal model was applied to each 

dependent series, The general seasonal A X M A  model is 

and is identified as ARIMA (p,dtq)(P,DtQ)st where p is the order of the 

auto-regressive process, d is  the degree ~f non-seasonal differenang, q 

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

span, T 1 to r p  are the seasonal auto-regressive parameters, 0 ta 0, 

are the regular auto-regressive parameters, A 1  to bQare the 

seasonal moving-average parameters, 0 1 t o  B q  are the regular 

moving-average parameters, u t  is the randain (white noise) error 

component, is  a constant, and  B Is the backshift operitor such that 9(zt) 

equals zt-1,  It is important to realize that the A X M A  model is not 

based on any theory concerning the causes af the dependent series, I t  is 

a mode! to describe the nature of the ongoing regularities in the series 

due to any number of (most likely unidentified) causes, The ARIMA model 

for each variablet therefore, must be empirically determined b y  an 

examination of a series af observations of that particular variable, 

The initial specification of the ARIMA model for a particular 



series was made on the basis of an exaiiiination of 3 plot o f  the raw series 

and the autocorrelation a n d  partial autocorrelation functions estimatzd 

from the series obsevvations, An examination of the yaw time-series plot 

provided initial information as to the trend and seasonal characteristics 

of the series, facilitating the identificztion of differencing factors and 

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

constant variance across the series; if ':he variancz appeared 

non-constant, appropriate transformations were performed befove 

proceeding, ( 7 I Theoretical auto and partial autocorrelation functions 

corresponding to various bR1M.A models have been identified, A preliminary 

ARIMA (p,d,qj(P,O,Q)s model was identifried on the basis at' an examination 

of the estimated auto and partial autocorrelations, assessing the degree 

to which the actual autocorr~lations fit  one of the theoretically expected 

patterns, 

After the order i;f the A X M A  model was identified on the basis 

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

functions, preliminary estimate; of the parameters of the identified model 

were calculated on the basis of the estimated autocorrelations, These 

preliminary estimates were input as starting values to obtain rn~~itnurn 

likelihood estimates of the parmeters ur,ing a non-linear iterative 

computer estimation prograin, i 8 ) 

Following the initial estimation of an ARIMd model is perhaps 

the most important s t ~ p  in  the Box-Jenk.in-; mcdeiing strategy, The 

estimated mcdel i n ~ ~ t  be evaluated with regard to i t s  parsi~nony and it.5 

ability to account for all af the autocorrslation patterns in the original 

series, There are several lconsideration!; in assessing ~ ~ o d e l  adequaq, 



First, the estimated parmeters should imeet the condition; of 

stationarity-invertability required for the particular model form under 

consideration (Box .and Jenkins, 3376)+ Second, the estimated parameters 

should be significantly different From zero, Third, the correlations 

between the parameters should not be excessive, indicating redundancy in 

the model specified, Fourth, the overall "flatness" of the 

autocorrelation function of the residuals should be dommen ted b y  an 

insignificant Q-statistic (Box and Pierce, 1'?70)+ Fifth, the 

autocorrelation function should not reveal significant correlations at  the 

first few lags ar the first seasonal lag, 

The nature of my inadequa~es observed weve u s ~ d  to re-speafy 

the model, After re-specification, preliminary estimates of the 

parameters o f  the revised model were calculated, Maximum likelihood 

estirnatils were obtained, and the revised model was evaluated according to 

the above critsria, If the model was still inadequate, the specification, 

estimation, and evaluation steps were repeated again; i t  (more than ane 

model was adequate b y  these criteria, the model w i t h  the lowest sum of 

squares was selected, Using such an iterative procedure of inadel 

building, a parsimonious   mad el) accounting for all of the significant 

autocorrelation patterns in  the series, was obtainedt 

All of the specific A X M A  models f i t  to the series were 

variations of the underlying model which views a particdlar time-series as 

a realization of a general discrete linear stochastic prccess (Nelson, 

1?73:30-33), I n  modding a time-series as a realization of a discrete 

linear stochastic proczss, one assumes that the tiine-series is  stationary, 

that is, that the series has 3 constant mean, that all random errors (u t  



in  equation I! wz independently drawn From the sane distribution ovEr 

time and thus are charactzrized b y  constant vairiance, and that the 

autocovxriance~ are constant over time, dependi~y only on the extent of 

lag between the observations, If one adds the assumption of normaily 

distributed errors, what is referred to iis stvict stationarity is 

achieved, The assumption cf a constint mean in the origiral series i s  not 

strictly reqvired, because the model remains appv3priats provided s 

constant linean is obtained after using tke appropriate differencing Factors 

on the original series, ( 9 ! If a constant inean is obtained after 

differencing, the series is  said to exhibit "homogeneous non-stationary 

behavior" (Eox and Jenkins, 12?7b:! 11, 

The disc~ssion of statistical conclusion validity in Appendix a 

notes the importance oi  ensuring that the data under investigation meet 

the assumption.i of the statistical proced~res used, An important styength 

of the Box-Jenkins modeiing strategy is that an assessment of the extent 

to which the assumptions are met is explidtly induded in the inodei 

building process, T h u s ,  after each parti:ui.ar inode1 was spsldfied .and 

estimated, the residl~als were examined to snsure that they !were 'white 

noise (i,e+ independently distributed #with constarit variance)+ (10 The 

assurance that t!e assumptions of the ir~aiel wers rriet wa5 an important 

factor incrsasing the statistical conclus:.on validity of the study 

findings, 

After an optimal ARIMA model of the saries was identified, 

transfer functions representing the hypothesized effects of the drinking 

age changes wefo added to the ARIMA noisz model, The general iovm of the 

transfer FcncCion is 



where w o  to o, a d  5 1 to 6, specify the manner in which the 

"input" or independent variable It influences the "output" or dependent 

variable Yt , 9 i5 the backshift operator such that 8(r t  1 equals %,I, 

It is  either a step fl~nction with the vahe zero before the intervention 

and  one thereafter) or a pulse function with the value one for the month 

i n  which the intervention begins and zero otherwise? and b is a delay 

parameter indicating the length of lag or "dead time'' between the 

intervention and the initial effects of the intervention (Hibtrs) 

1377:143)+ 

The two main interventions of interest in the present 

investigation were the lowering of the legal drinking age in Tanuavy of 

1972 and the raising of the drinking age in December lt?7:3+ In addition! 

since i t  has been established that the fuel shortage, national minimt?~~ 

legal speed limit reduction? and related factors of early 1974 resultzd in 

a reduction in rnotoi- vehicle crashes (Borg et  al,, 13763 Burritt et  al,, 

1'3751 Carpenter, 1'374, 13751 Chu and Nunn,  19761 Dart, 1377; Kati~ne, 1'775; 

- -c, Klein e t  al,, 1'3761 O'Day et  al,, 1'3751 Seila et  al,, 1'377; Tofany, l '?!.~, 

United States Eepartment of Transportation, :'!78; Wiorkowski and Xerkha~d~ 

1'3771, a transfer function reprssenting the effects of this ~msjou 

exogenous Influencs on the frequency ~f traffic accidents was included in 

the analyses of those variables exhibiting a decrease in frequencj in 

early 1'373, (11) Each of  the exogenous factors was  modeled with a simple 

form of the general transfer function modsi shown in equati~n 2 ,  



Two ipenfic forms of the general transfer function model were 

considered for the drinking age change, a gradual permanent impact model 

( c u l l - B G ;  with It defined as a stzp func:tion), and an abrupt 

permanent impact model ( wIt with It disfined as a step fi~nctioni, (121 

Using the Box-Jenkins nomenclature, these ~nodels are labelzd as rsb 

(ItCifO) and rsb (C!,O,Oft where r is the oriler of the auto-uegressive 

component, s is the order ~f the shift alp change in lev..: coinpcnent, ;nd b 

is the amount of delay or dead time after the b~ginning of the 

intervention before a n y  impact is expected, No delay parameter h was 

included i n  the analyses because the initial effects of tP,s legal ~ztranges 

were expected in the [month immediately following the drinking age change, 

The impact patterns as.z.essed b y  the node15 are s h o w n  in F igur~s  ::ill 

through 3+4, Preliminary analyses reveilled that the effect of the raised 

drinking age was adequatgly representelj b y  an abrupt pzrnment iinpalt 

model, Two factors influenced the decision to use the abrupt permment 

impact model, First, the effects of the scaised drinking age OTI crash 

frequencies were evident .iccn aftev the legal change went into effect; 

that is+ no gvadul impact waz observed, Second, the small TiIJ~~iber of 

observations !12 months) after the raised drinking age was insiuffici~rri to 

adequately estimate the gradual impact trlr~sfer function model, 

- - Two hrms of the general tr.msteip f u n c t i o n  inodel (equation 2 )  

were also cansidered to accoun t for the Fuel shortage and  related r ' a i j~ rs ,  

Existing literature on the i~npact of the events of early 1974 revealed m 

abrupt reducti~n in crashes, with a s ~ b ~ i : ~ , t i d  portion of the impact 

dissipating over time, although a demon:itrable permanent crash o fatality 

reduction was zvident (O'Day ot &,, 1975; Seila et a1,,14771 Vnited 
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States Department of Transportation, 1'?75if Xiorkowsk and Heckhard, 1377)+ 

A s  a resultt both the abrupt permanent impact model (Figures :3+3 md 3+4) 

and the abv~pt  temporary impact model (Figures 3,5 and  3+6)  were 

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

analyses of each dependent variable, the inode1 with the best fit  to the 

data was selected to represent the effects o f  the fuel shortage and 

related factors of early 1774, 

The transfer functions representing hypothesized intervention 

effects were combined with the identified ARIMA model appropriate for a 

particular dependent variable and the combined mode! parameters were 

simultaneously estimated using a non-linear iterative computer estimation 

program developed by Box and Jankins ii370, 1'?761 and marketed by National 

CSS, Incorporated (!974)+ i13) The general form of the combined 

ARIMA./transFer function model (depicting only one transfer function) 

applied to each d~pendent time-series variable is 

Noise (ARINA)  model 
Intervention (transfer 
function) &el 

(1 - i i B S  - ... A ~ B " ) ( I  - OIB - ... 5 B q ) "  + i 
q t 

SP - .. . r P 6  ) (1 - + 1 ~  - .. . ap6') (1 - B')'(I - B )  ( I  t-h 

The estimation results of the combined inodel were evaluated cn 

the basis of the same criteria used to evaluate the preliminary noise 

model, Additional c r i t~ r i a  were applied to the transfer function 

parameters, First, estimates of 6 had to be within the limits vequirecf 

for system stability (Box and Jenkizs, 1976::341i)+ Second, the parameter 

estimates had to be interpretabli! in terims of theoretical egecirations and 

known characteristics of the dependent variable* For 2xmplet the 
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estimate of 61 should not be negative! indicating an oscillating impact 

pattern, The estimate of 61 also should not be extremely close to unity 

in an rsb (ltrJtO) model with a step function input! since such a result 

implies a permanent change in slope of the dependent variable associated 

with the intervention + An estimated intervention impact of a change fvom 

a positive or zero slope to a negative slope, for example, would imply 

that at some point after the intervention no more accidents would occurt 

since a line with a negative slope eventually crosses the x-axis, 

Inadequaaes in the combined model, detected when evaluating the 

estimation resultst were used to guide re-specification of the modelt The 

specificationf estimation, and evaluation process was continued ljntil an 

adequate model was obtained, The vdues of the transfer function 

parametev estimates of the final model! along with unbiased estimates of 

their standard errors, were used to determine the existence of any effects 

of the interventions, and, where intervention effects were evident, to 

assess the direction and magnitude of the impact in terms of the number of 

crashes apparently caused by or prevented by  the intervention, 

In summary! the data analysis analysis strategy was as follows, 

First! an ARIMA noise model was built by repeating the specificationf 

estimation! and evaluation process until an adequate model was obtainedt 

Second, transfer functions for the raised driniung age and the 1974 fuel 

shortage were added to the noise model and the combined noise and 

intervention model was estimated* The combined model was evaluated and 

the re-specification, estimationf and evaluation process was repeated 

until an adequate model was obtained, The statistical significance and 

magnitude of the transfer function parameter estimates were used to 



identify the i~npact o f  of the raised lsgal driniung age on that particular 

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

for each dependent variable, and the results of these analyses were 

compared across experimental age groups (15-17 and 13-20) and comparison 

age groups (21-24 and 25-45) as called For in the research design, 



Notes to Chapter 3+0 

1, The Michigan State Police master files contained 
approximately b25tO~30 cases (vehicles) per year, The selection of a 20 
percent random sample reduced the number of cases to about 125,000 per 
year + 

2+ Traffic units excluded from the time-series included busses, 
farm or construction equipment, pedalcycles, pedestrians, and other 
miscellaneous motor vehicles a n d  non-motor vehicles inciuded in the 
original Michigan State Police files+ 

3, The results of chemical tes ts  for blood alcohol 
concentration was another potential measure of alcohol-related accidents, 
However, since more than 75 percent of all crash-involved drivers in 
Michigan reported as  "had been drinking" were not tested for blood alcohol 
concentration (Flora e t  allt 11?78), this measure was of limited utility 
for the present investigation+ 

4, A s  w i t h  the crash files, only drivers of passenger cars, 
trucks, and motorcycles were included in the fatal crash variables+ 

5+ Reid provided evidence of the superiority of the Box-Jenkins 
methodology by applying five different time-series analysis and 
forecasting techniques to 113 different series+ In the great majority of 
the applicationst the Box-Jenkins techniques produced the smallest 
residual error variances+ The Box-Jenkins techniques performed especially 
well with long series characterized b y  seasonal components (cited in 
Kendall, lt?73:125-1271, Other assessments of time-series analysis 
techniques generally support the supeviority of the Box-Jenkins methods 
(see Vigderhous, 1377 for a brief review)+ 

b+ See Glass, Willson and Gottman (1975:44) for a description 
of possible intervention effect patterns* 

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

8, The program used for this stage of the analysis is  
BSAD:TIME, developed by The University of Michigan, School of Business 
Administration, 

9,  Differencing refers to the calculation of the differnce or 
change between adjacent observations in the series+ For example, the 
first difference of a series 3 is  Yt - Yt-l; the second difference of 
a series is the first difference of the first differences+ 



10, A more general discussion of the importance of examining 
residuals to ensure that assumptions were not violated was provided by  
Draper and Smith (136i3, 

11, Similar et'fects of fuel shortages and reduced speed limits 
have been found in other developed countries such as Australia (Road 
Safety and Traffic Authority of Victoria, Australia, 1:378), Great Britain 
(Scott and Berton, 1'3761, and Xew Zealand (Toomoth, 19751, 

12, Techniques for specifying the form o f  the transfer function 
model on the basis of the cross correlations between the input and output 
series (following similar prinaples as crutlined above for the 
specification of ARIMA models>, have been proposed (Box and Jenkins, 1776; 
Haugh and Box, 19771, However, these procedures require the variance of 
the input series to be similar in magnitude to the variance of the output 
series, Since this investigation involves dummy input variables and 
output accident variables with large variances, such empirical transfer 
function indentification procedures could not be used, Instead, transfer 
function models were speafied a priori or! the basis of theoretical 
expectations, and assessed within an hypothesis testing framework, 

13, Those models which were linear in the parameters were 
estimated using a conventional OLS regression programl 





4 t O  RESULTS 

The data analysis results are presented in four sections, The 

first two sections discuss the set  of variables based on a 20 percent 

sample of all crashes, Since these data wers not  available prior to it?72, 

the effect of the lowered drinking age bras not evaluated, The first 

section is  a detailed discussion of the aa lyses  of the fraquency of 

three-factor-surrogate crashes ainong 18-20 year old drivers, to illustrate 

the Box-Jenkins method, The final resijlts of the other total mash 

vari&les are presented in  Section 4,2 ,  Section 4,:3 presents the results 

of the analyses of fatal crash frequenci.5 from 1'36E1 through 1379, 

encompassing both the lowered and raised driniung age changes, 

4,1 An Example of the Sox-Jenkins Method: Thrze-factor-surrogate Crash 
Freq~lencj Among Drivers Aged 15-25) 

A s  discussed in Section there are two broad stages in the 

Box-Jenkins time-sevies analysis method, First, a parsimonious AilIl4A 

(ilet baseline) model is spenfied, estimated, and evaluated, and second, 

the resulting ARIMA model is combined dith transfer functions, 

representing hypothesized intervention isffectst The combined model's 

parameters are then simultaneously estimated, 

The first step in the APJMA model identification process is the 

examination of a plot of the raw time-series, The variable used in this 

example, depicted i n  Figure 4,1, is  the frequency o f  "three factor 

surrogate"!i,e, late-night, single-vehicle!, male driver) crashes among 
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18-20 year old drivers in Michigan from Januxy 1972 through Secember 

1978, 

Based on the plot of the raw data series for the baseline 1972 

through 1'?78 period (Figure 4,1It i t  appeared that there was no dominant 

trend or other non-stationarities in the level of the ,series, A strong 

seasonal component was evident, with the frequencj of :3FS collisions 

regularly high in the summer months and low in the winter months, The raw 

data plot does not reveal any systematic changes in the variance of the 

series over time, obviating the need for data transformations, 

The second step in the ARIMA mc~dei ider~tir'ication process is the 

examination of the acjtocorrelation function af the data series, s h o w n  i n  

Figure 42 ,  Significant autocorrelation:; were evident at lags 1, 11, 12, 

and 24, The first two aut~correlations appeared t o  decay exponentially, 

indicating the presencz of a first-order auto-regressive component, The 

seasonal autocorrelations at  lags lZi 24, and 36 also exhibited a decaying 

pattern, indicating the presence of a first-order seasonal auto-regressive 

componen t + 

In addition to the autocorrelation function, the partial 

autocorrelation function was used to identify a preliminary noisi! model 

for each crash frequency time-series, The partial autocorrelation 

function for 3FS crash frequency among 18-20 year old drivers supported 

the identification of the ARIMA (1,0,0)(1+0,0)12 model, (1 1 The partial 

autocorrelation function (figure 4,::;) had spikes at lags 1 and 12, with a 

drop off after the first lag and a drop off at the seasonal lags a t ' t e~  lag 

12, the pattern theoretically expected from an ARIMA (1,1:),0)(1,(:1~0)12 

model, 
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Figure 4.2 Autocorrelation Function of the Frequency o f  Three-factor- 
surrogate Crash Involvement Among 18 - 20 Year Old Drivers 
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Figure 4.3 Par t i a l  Autocorrelation Function o f  the Frequency o f  Three- 
factor-surrogate Crash Involvement Among 18 - 20 Year O l d  Drivers 



After the order of the AIiIMA noise inodel was determined by 

examining the autocorrelations and partial autocorrelationst preliminary 

estimates of the identified model's parameters were calculated on the 

basis of the estimated autocorrelations using the for~nulae and charts 

provided by Box and Jenkins (1?76)+ (2) The preliminary estimates were 

then input into an iterative maximum likelihood estimation computer 

program, the results of which are presented in Table 4+1+ 

The results of the ARIMd model estimation were used to assess 

the adequacj of the speafied model on the basis of several criteria} 

First, the parameter estimates were examined to ensure that the values of 

the estimates were within acceptable limits determined b y  the 

stationarity-invertability requirements of the particular model ;Box and 

Jenkins, 1976)+ Second, the residual wrrelogram was examined for the 

presence af significant autocorrelations, espeaally at the first few 'lags 

or the seasonal lag} A non-signficant Q-statistic indicated that the 

overall residual autocorrelation function was "flat," that is, did not 

deviate from zero autocorrelation more than would be expected by chance 

alone, In those cases where a significant Q-statistic was obtained and/or 

significant autocorrelations remained in the residuals, the residual 

autocorrelation function was used to re-specify the model, and the revised 

model was then re-estimated and re-evaluated+ 

Model adequacy is  also indicated by parameter estimates that are 

significantly different from zero+ Table 4+1 reveals that the seasonal 

auto-regressive parameter and the first-order auto-regressive parameter 

were significant+ A fourth criterion for model adequacy is the 

correlation matrix of the parameter estimates+ Very high correlations 



Table  4 . 1  ARIMA Model Estimation Results for the Frequency of Three-factor-surrogate Crash 
Involvenlent knong 18 - 20 Year Old Drivers in Michigan 

ESTIMATION SUMMARY T E R M I N A T I 0 N : S S Q  CONVERGENCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VARIABLE : 9 

D I F F E R E N C I N G :  0 L A B E L : F 3 S 1 8 . C  
SEASONAL D I F F E R E N C I N G :  0 C A S E S  : 1- 8 4  
SEASONAL SPAN : 1 2  A D J U S T E D  S S Q : 0 . 2 5 7 6 3 E + 0 5  
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between the parameters may be an indication of redundancy in the model 

that could be reduced by simplifications in the specified model, One 

consequence of high parameter correlationst according to McCleary a n d  Hay 

(1'?80:303)t is that the s u m  of squares fl~nction 

, , , may not have one clearly defined minimumt but rather 
several minima, each associated with a particular 
configuration of the redundant parameters, When the 
(non-linear estimation) algorithm attempts to solve a 
function of this sort, i t  may oscillate between several 
minima without ever converging, 

Although the correlation between the seasonal auto-regressive and the 

constant terms was relatively high (-17b)t the decision was made to retain 

the constant term in the preliminary noise rriodel and reassess the need for 

the constant term when the cambined ARIMA/transfer function model was 

evaluated, 

For several of the variables examined in the present study, an 

examination of the autocorrelations and partial autocorrelations for the 

appropriately transformed and differenced data revealed that more than one 

model could plausibly be specified to account for the observed pattern of 

serial correlations, In such cases maximum likelihood parameter estimates 

were obtained for each plausible model, Each model was assessed using the 

criteria discussed above and any modified models that appeared necessary 

were also evaluated, If more than one resulting A N M A  model met ail of 

the evaluative criteria, the model with the lowest sum of squares was 

selected to represent the baseline series, 

The second major stage of the Box-Jenhns intervention analysis 

strategy is  the identification, estimation, and evaluation of a transfer 

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



criterion variable+ The form of the initial transfer functions for each 

of the accident series was selected on ,the basis of the hypothesized 

intervention effects+ The major exogenous factor of interest, the raised 

legal drinking age, was represented b y  an abrupt, permanent impact pattern 

t rans fe~  function model, 

A second major exogenous faitor influencing the frequencj of 

motor vehicle crashes between 1972 and 1'?73 was the fuel shortage and 

maximum legal speed limit reduction of early 1974+ To reduce the residual 

error variance and more accurately assess the impact of the raised 

drinking age, a first-order dynamic transfer function was included to 

account for the changes in crash frequenlrj associated with the events of 

early 197P+ 

In summary, the complete model included: (A)  a transfer 

function for the determination of the raised drinking age impact, iE) a 

dynamic transfer functian contvollirfg for the effects uf the fuel 

shortage./speed limit reduction of 17'74, and (C)  a parsimonious ARIMA   nod el 

controlling for trends, seasonality, and other autocorrelation cornponefits 

in the criterion time-series, The parameters of this combined rnodel were 

simultaneously estimated, 

The estimation results are presented in Table 4 2 ,  Since the 

estimate of the const~nt term was not significantly different froin zero, 

i t  was likely that a more parsimonious 17-~odel, without a constant term, 

would also adequately account for the pattern of crash frequency over 

time, The moderat~ly high correlations betbeen the corrstant and the 

auto-regressi\ie parameters noted earlier (Table 4 + l ) ,  indicated that the 

s u m  squares fvnction might not have a 5.teop depression but r a t h ~ r  a 



T a b l e  4 .2  I n i t i a l  E s t i m a t i o n  R e s u l t s  f o r  Combined 
ARIMA/Transfer F u n c t i o n  Model of  T h r e e - f a c t o r - s u r r o g a t e  
C r a s h  F requency  Among D r i v e r s  Aged 1 8  - 20 

No i se  Model:  ARIMA ( 1 , 0 1 0 ) ( 1 1 0 , 0 ) 1 2  w i t h  no 
t r a n s f o r m a t i o n s  
F u e l  S h o r t a g e  T r a n s f e r  F u n c t i o n :  r s b  ( 1 , 0 , 0 )  w i t h  p u l s e  
f u n c t i o n  i n p u t  
R a i s e d  D r i n k i n g  Age T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  
s t e p  f u n c t i o n  i n p u t  

P a r a m e t e r  Estimates S t a n d a r d  E r r o r s  
F u e l  S h o r t a g e  w = -17.27 14 .03  

6 = . 7 1  .39  
R a i s e d  D r i n k i n g  Age w = -29.86 8 .34  

$1 = .34 .I1 
r l  = .74 .09 
a = 1 2 . 9 1  13 .27  



shallow trough, Based on these considerationst the model's parmeters 

were re-~stirnated without a cznstant term indudedt The results, 

presented in Table 4 2 ,  indicated that the   nod el adequately a n d  

parsimoniously accounted for the frequency of 3FS crashes among drivers 

aged 18-20 over the 1'772 through 1379 time period (Figure 4+4)+ First, 

the noise model parameters and the auto-regrrssive parametzr in the fuel 

shortage transfer fr~nction ]net the reqitirements for system stability, 

Second, the noise model parameters were significantly different from zero+ 

Third, none of the residual autocorrelations were significantly different 

from zero (the Q-statistic was 18+01 for lags one through 24; p:;.t051+ 

Fourth, all of  the parameter correlations were 2 7  or less+ Finally, the 

full model accounted for about b7 percer~t of the variance of the raw 

time-seriest The goodness of fit sf the model to the data can be seen in 

Figure 3 3 ,  where the actual crash freqcencj and the frequency predicted 

by the final imodel are plotted sn the same graph+ 

On the hasis of the criteria discussed above, i t  was dear that 

an adequate model of the frequencj of 3FS crashes among drivers 15-20 had 

been achieved, and the model could theusfore be used to assess the changss 

in crash frequency associated with raising the legal minimum drinking age+ 

The estimation results indicated that after the drinking age was raised in 

December af 1378, there was an average vecluction of 275 crashes per moi-ith 

in the time-series analyzed (Table 4,311 ,this effect was statistically 

significant with p,:::+O! + The average inonthly reduction of 2 7 3  crashes over 

the first 12 inonths after the drinkng age was raised represents a 17+74 

percent reduction in late-night, single-vehicle, male, 1S-2(:) year i;ld 

driver crash involvements lwhen czmpareij to the frequency of such washes 



T a b l e  4 .3  F i n a l  E s t i m a t i o n  R e s u l t s  f o r  Combined 
ARIMA/Transfer F u n c t i o n  Model o f  T h r e e - f a c t o r - s u r r o g a t e  
C r a s h  F r e q u e n c y  Among D r i v e r s  Aged 1 8  - 20 

Noise Model:  ARIMA ( 1 , 0 , 0 )  ( 1 , 0 , 0 )  1 2  with n o  
t r a n s f o r m a t i o n s  
F u e l  S h o r t a g e  T r a n s f e r  F u n c t i o n :  r s b  (1 ,0 ,O)  w i t h  p u l s e  
f u n c t i o n  i n p u t  
R a i s e d  D r i n k i n g  Age T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  
s t e p  f u n c t i o n  i n p u t  

P a r a m e t e r  E s t i m a t e s  S t a n d a r d  E r r o r s  
F u e l  S h o r t a g e  = -16 .91  1 4 . 1 0  

6 = . 7 1  .40 
R a i s e d  D r i n k i n g  Age w = -27.50 8 .06  

91 = .3 5  .11 
r l  = . 7 3  - 0 9  

R e s i d u a l  V a r i a n c e  = 320 R-sqr = . 6 7  Q = 1 8 . 0 1  

R e s i d u a l  A u t o c o r r e l a t i o n s :  Approx .  s t a n d a r d  e r r o r  = .11 
1:- .09 2: .19  3 :  . O O  4:-.17 5 :  . 0 8  
6:- .07 7:-.07 8:- .03 9:- .08 10 : - .07  

11: . 1 3  12:- .17 1 3 :  .07 14 : - . 05  15:- .06 
16:- .03 17:- .13 18:- .04 19:- .03 20:- .07 
21:-.O1 22:-.09 23: . 08  24 :  .13 







expected had there been no change in the drinking agel The 17+74 percent 

reduction i n  crashes can be interpreted a5 the net effect assodated with 

the raised drinking age, controlling for the effects of (A)  the fuel 

shortage/speed limit reduction of early 1974, iB) ti-end ad seasonal 

variation in crash frequency, and ( C )  random variation in the frequency uf 

motor vehicle crashes, 

However, the drinking age transfer function estimate of -275 

crashes cannot be directly used as a point estimate of the actual number 

of :3FS crashes prevented by raising the drinking age, since the model was 

estimated using a time-series based on a random 20 percent sample of all 

reported crashes+ The best point estimate of the actual number o; crashes 

prevented by the legal change is  cbtained b y  multiplying the transfer 

function point estimate iitett -273) b y  the inverse of the sampling 

fraction (itelf 51, resulting in the estimate of 137+5 crash involvement% 

per month prevented by the legal change, Clver the first twelve months 

after the drinking age was r i s ed ,  therefore, an estimated ib50 3FS 

crasher; among 18-20 year old drivers were prevented+ 

Although not the focus of the present investigation, the full 

model results presented i n  Table 4,3 alslc provide information concerning 

changes in :3FS crashes assoaated with the fuel shortage.i'speed limit 

factors, The results indicat~d that a statistically ncn-significant, 

temporary reduction in 3FS crashes occurred in early 1974, I t  should be 

noted, however, that the fuel shortage./:ipeed limit effect estimates based 

on the analysis of 1'772 through !P7? cr3.sh frequenaes should be 

interpreted with caution, since the point estimates were based on a short 

baseline series+ A s  discussed in Chapter :3,i:), the main purposgs f o r  



including the transfer function for the fuel shortage/'speed limit effects 

in the analyses were: (A) to determine the effects associated with the 

modifications in the legal drinking age independent of the well 

established impact of the fuel shortage and speed limit reduction, and (13) 

to reduce the residual error variance (and consequenctly increase the 

precision of the drinking aye parameter estimates) b y  accounting for this 

major exogenous shock to the system causing the crash time-series, 

In summary, the iterative specification estimation, and 

evaluation strategy of modeling time-series suggested by Box and  Jenkins 

resulted in an ARIMA model that adequately represented the autocorrelation 

structure of the monthly frequency of 3FS crashes among 18-20 year old 

drivers, The AFUMA model was combined with two transfer functions, 

representing the effects of the 1974 fuel shortage/speed limit reduction 

and the hypothesized effects of raising the legal minimum drinkng age, 

The iterative specificaton, estimation, evaluation process was repeated 

for the combined ARIMA./transfer function model, The final resulting model 

revealed a highly significant reduction in :3FS crash t'i-equency assodated 

with raising the drinking age, with a magnitude of approximately 1S 

percent, or 137+5 crash involvements per month, 

4,2 Time-series Models of Michigan Tatal Crash Frequencies, 1972 - 1979 

The iterative model building strategy was applied to each o f  the 

time-series included in the full design matrix (see Table 3,1), The 

estimation results for each of the variables based an the 20 percent 

random sample file are presented bzlow, Included for each variable are: 

(A) a plot of the raw series (Figures 4,6 to 4,15), and (B) the finai 



combined ARIMd.:ti-ansfer function inode1 estimation results (Table.5 4,4 to 

4,141, (3) The full complement of diagnostic statisties ave included for 

each model, verifying it; appropriateness for estimation of the effect of 

the raised drinking age, 

The first hypothesis of this investigation was that raising the 

legal minimum drinking age would resul,t in reduced alcohol-related traffic 

crashes among 13-20 year old dri\iers, The time-series modeling results, 

summarized in Table 3+15, revealed higtlly significant reductions both in 

police-reported had-been-drinkng crashes and three-factor-surrogate 

alcohol-related crashes among 18-20 year old drivers after the drinking 

age was raised, Police-reported EBD crashes dropped by :::O+72 percent, a n d  

3FS crashes were down  by 17+75 percent. from what would have been expected 

had there been no drinking age change, (4) 

The m a i n  "control" series specific to 18-35 year old drivers was 

the frequency of police-reported "had not been drinking" crashes, A small 

reduction in HNED crashes was evidentr b u t  i t  was not statistically 

significant and small in magnitude compared to the drop in the frequencj 

of HBD or 3FS crashes iTabl~ 4,151, The observed substantial reductions 

in HBD and 3FS dcohcl-related crash frequencies, and no significant 

change in HNBD non-alcohol-related irashes, provided strong suppcrrt for 

hypothesis one, that is, that the raised legal drinking age caused a 

reduction in alcohol-related traffic acatients among drivers aged 18-20, 

It was also hypothesized that the raised legal drinking age 

would cause a reduction in alconol-related crash involvement zmong dri,,ers 

aged 16-17+ Analyses of 3FS crashes among drivers of this age group 

revealed a significmt reduction asscciated with the raised legal age 
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T a b l e  4 .4  F i n a l  E s t i m a t i o n  R e s u l t s  f o r  Combined 
kRIMA/Transf  e r  F u n c t i o n  Model  of  ad-been-drinking C r a s h  
F r e q u e n c y  Among D r l v e r s  Aged 1 8  - 20 

N o i s e  Mode l :  ARIMA ( 3 , 0 , 0 )  ( 1 , 0 , 0 )  1 2  w i t h  l o g  
t r a n s f o r m a t i o n  
F u e l  S h o r t a g e  T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  f o u r  
m o n t h  p u l s e  f u n c t i o n  i n p u t  
2 a i s e d  D r i n k i n g  Age  rans sf er F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  
s t e p  f u n c t i o n  i n p u t  

P a r a m e t e r  E s t i m a t e s  
F u e l  S h o r t a g e  w = - . 2 9 3  
R a i s e d  D r i n k i n g  Age u = - . 3 6 7  

$1 = . 8 8 0  
$ 2 '  . 0 2 1  
0 3  = , 3 3 5  

= . J 9 2  
a = . 3 3 1  

S t a n d a r d  E r r o r s  
. 0 5 5  
, 0 6 3  
. 1 1 3  
. 1 1 2  
- 1 1 3  
. 0 8 4  
. 1 9 5  

R e s i d u a l  V a r i a n c e  = .0165 R-sqr  = . 7 7  Q = 2 7 . 7 5  

R e s i d u a l  A u t o c o r r e l a t i o n s :  A p p r o x .  s t a n d a r d  e r r o r  = .ll 
1 : - . 04  2 :  . 0 2  3 : - . 02  4 :  . 0 3  5 : - . 0 9  
6 :  . 0 2  7 :  . 1 2  8 :- .10 9 : - . 2 1  1 0 :  .10 

11: . 1 0  12 : - . 19  1 3 :  . 3 1  1 4 :  .0S 1 5 : -  . l o  
1 6  :- . 16  1 7 : - . 0 7  1 8 : - . 1 1  1 9 : - . 0 6  2 0 : - . 0 5  
2 1 :  . 0 7  22:- .19 2 3 :  . 0 7  24 :  . 0 7  



FREQUENCY 



T a b l e  4 .5  F i n a l  E s t i m a t i o n  R e s u l t s  f o r  Combined 
ARIMA/Transfer  F u n c t i o n  Model  o f  T h r e e - f a c t o r - s u r r o g a t e  
C r a s h  F r e q u e n c y  Among D r i v e r s  Aged 1 6  - 1 7  

N o i s e  Model :  ARIMA ( 0 , 0 , 0 )  ( 1 , 1 , 0 ) 1 2  w i t h  no 
t t a n s f o r m a t i o n s  
R a i s e d  D r i n k i n g  Age T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  
s t e p  f u n c t i o n  i n p u t  

Pararne t e r  E s t i m a t e s  S t a n d a r d  E r r o r s  
R a i s e d  D r i n k i n g  Age w = -9 .45  3 . 0 5  

r l =  0 . 5 0  . 1 0  

R e s i d u a l  V a r i a n c e  = 1 1 2  

R e s i d u a l  A u t o c o r r e l a t i o n s :  Approx .  s t a n d a r d  e r r o r  = .11 
1:-.11 2: . 1 0  3:-.16 4 :  . 0 4  5 : - .24  
6 :  .05  7 : - . 1 5  8:  .11 9:- .02 1 0 : - , 0 4  

11: . 1 3  1 2 : - . 1 1  13: - .04  1 4 : - . 0 6  15:  .09  
16 : - . 17  1 7 :  . 0 7  18 : - . 02  1 9 :  . 0 9  20: - .1Q 
21:  - 0 0  22:  . 0 7  2 3 :  . 0 9  24: - .16  





Tab le  4 .6  F i n a l  E s t i m a t i o n  R e s u l t s  f o r  Combined 
ARIMA/Transfer F u n c t i o n  Model of Repor t ed  Had-been- 
d r i n k i n g  Crash  Frequency  Among D r i v e r s  Aged 16  - 17 

Noise  Model: ARIMA ( 1 , 0 , 0 )  ( 1 , 0 ? 0 )  1 2  w i t h  no 
t r a n s f o r m a t i o n s  
F u e l  S h o r t a g e  T r a n s f e r  Func t ion :  r s b  ( 1 , 8 , 0 )  w i t h  p u l s e  
f u n c t i o n  i n p u t  
Ra i sed  D r i n k i n g  Age T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  
s t e p  f u n c t i o n  i n p u t  

Pa rame te r  E s t i m a t e s  S t a n d a r d  E r r o r s  
F u e l  S h o r t a g e  U s -  7.88 5.10 

6 = .90 .13 
Ra i sed  Dr ink ing  Age w = - 3.40 3 .36  

$1 = *19 .12 
I'1= .54 -10  
a =  4.56 2.82 

R e s i d u a l  V a r i a n c e  = 75 R-sqr = .57 Q = 22.38 

R e s i d u a l  A u t o c o r r e l a t i o n s :  Approx. s t a n d a r d  e r r o r  = .11 
1 : - . O 1  2 :  .05 3 :  .04 4 :  .05 5:-.02 
6 :- .17 7:-.02 8:-.09 9:-.15 10 :  .15 

11: .15 12:-.17 13 :  .15 1 4 :  .10  15 :  .06 
16:- .12 17 : - , 06  18 :  . 0 4  19:-.22 20:- .09 
21:-.03 22:-.O1 23:-.04 24: .10 





T a b l e  4 .7  F i n a l  E s t i m a t i o n  R e s u l t s  f o r  Combined  
ARIMA/Transfer  F u n c t i o n  Model  o f  R e p o r t e d  Had-no t -been  
d r i n k i n g  C r a s h  F r e q u e n c y  Among D r i v e r s  Aged 1 8  - 20 

N o i s e  Mode l :  ARIMA ( 1 , 0 , 0 )  ( 1 , 0 , 0 )  1 2  w i t h  n o  
t r a n s f o r m a t i o n s  
F u e l  S h o r t a g e  T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  s t e p  
f u n c t i o n  i n p u t  
R a i s e d  D r i n k i n g  Age T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  
s t e p  f u n c t i o n  i n p u t  

P a r a m e t e r  E s t i m a t e s  S t a n d a r d  E r r o r s  
F u e l  S h o r t a g e  UJ = - 8 6 . 0 5  7 3 . 1 3  
R a i s e d  D r i n k i n g  Age w = -92 .05  6 5 . 5 9  

$1 = . 3 3  .11 
r l  = . 7 4  - 0  8  

R e s i d u a l  V a r i a n c e  = 2 2 , 7 2 8  R-sqr = . 6 6  Q = 2 5 . 9 1  

R e s i d u a l  A u t o c o r r e l a t i o n s :  A p p r o x .  s t a n d a r d  e r r o r  = .11 
1: . O 1  2 :- .13 3 :  ..I9 4: - .05  5 :  . 00  
6 :  . 0 2  7 :  . 0 0  8 :  .r12 9 :-.09 1 0 :  . 0 5  

11: .16 1 2 : - . I 7  1 3 :  .:20 1 4 :  .20  15 : - . 19  
1 6 :  . 0 7  1 7 :  . 04  1 8 : - . 1 1  1 9 :  . 0 2  20:- . l 0  
21: - .07  22 : - . 10  23:-.10 2 4 :  . 1 3  
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T a b l e  4 . 8  F i n a l  E s t i m a t i o n  R e s u l t s  f o r  Combined 
ARIMA/Transfer  F u n c t i o n  Model  o f  R e p o r t e d  Had-not -been-  
d r i n k i n g  C r a s h  F r e q u e n c y  Among D r i v e r s  Aged 1 6  - 1 7  

N o i s e  Model :  ARIMA ( 0 , 0 , 0 )  ( 1 , 1 , 0 )  1 2  w i t h  no 
t r a n s f o r m a t i o n s  
F u e l  S h o r t a g e  T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  s t e p  
f u n c t i o n  i n p u t  
R a i s e d  D r i n k i n g  Age T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  
s t e p  f u n c t i o n  i n p u t  

P a r a m e t e r  E s t i m a t e s  S t a n d a r d  E r r o r s  
F u e l  S h o r t a g e  w = - 4 1 . 9 2  26 .50  
R a i s e d .  D r i n k i n g  Age u = -55 .98  2 7 . 1 6  

r l =  - .27  . 1 3  

R e s i d u a l  V a r i a n c e  = 8300  R-sqr = . 6 8  Q = 1 6 . 4 2  

R e s i d u a l  A u t o c o r r e l a t i o n s :  Approx .  s t a n d a r d  e r r o r  = .11 
1: . 0 5  2: .13  3 :  . 2 1  4: . 0 5  5 :  . 6 4  
6:- .04 7:- .05 8 : - . 06  9 :  . 0 9  1 0 : - . 0 3  

11: . 1 0  12 : - . 05  1 3 :  . 14  1 4 :  . 0 5  1 5 : - . 0 9  
1 6 :  . 0 7  17 : - . 03  18 : - . 06  1 9 : - . 1 0  2 0 : - . a 6  
21: - .10  22:-.20 23:-.16 24:- .04 





T a b l e  4.9 F i n a l  E s t i m a t i o n  R e s u l t s  f o r  Combined 
ARIMA/Transfer  F u n c t i o n  Model  o f  T h r e e - f a c t o r - s u r r o g a t e  
C r a s h  F r e q u e n c y  Among D r i v e r s  Aged 2 1  - 24 

N o i s e  Model :  ARIMA ( 0 , 0 , 2 )  ( 1 3 ~ 1 ~ 1 )  1 2  w i t h  no  
t r a n s f o r m a t i o n s  
F u e l  S h o r t a g e  T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  
s t e p  f u n c t i o n  i n p u t  
R a i s e d  ~ r i n k i n g  Age T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  witn 
s t e p  f u n c t i o n  i n p u t  

P a r a m e t e r  Estimates S t a n d a r d  E r r o r s  
F u e l  S h o r t a g e  w = 7 . 0 7  6 .14  
R a i s e d  D r i n k i n g  Age u = 2 .96  6 . 6 9  

01 = -.10 . 1 2  
e 2  = - .33  . 1 2  
A1 = - 5 0  . 1 3  

R e s i d u a l  V a r i a n c e  = 2 4 1  R-sqr = . 66  Q = 2 0 . 6 3  

R e s i d u a l  A u t o c o r r e l a t i o n s :  A p p r o x ,  s t a n d a r d  e r r o r  = .11 
1 : - . 0 2  2 : - .09  3 :  . 1 2  4 : - .12  5 :  . 0 1  
6 :  . 1 8  7: . 0 4  8:  . 0 9  9 :  .ll 1 0 : - . 2 9  

11: . 0 3  1.2:- .02 13:-.O1 1 4 :  . 1 6  1 5 :  . 0 8  
1 6 :  . 0 3  1 7 : - . 0 3  1 8 : - . 1 2  1 9 : - . 0 3  2 0 :  . 1 4  
2 1 :  . 0 3  22:  . 0 6  23 :  . 1 5  24:- .14 





T a b l e  4 . 1 0  F i n a l  E s t i m a t i o n  R e s u l t s  f o r  Combined  
ARIMA/Transfer  F u n c t i o n  Model  o f  R e p o r t e d  Had-been-  
d r i n k i n g  C r a s h  F r e q u e n c y  Among D r i v e r s  Aged 2 1  - 24 

Noise M o d e l :  ARIMA ( 0 , 0 , 0 )  ( 1 , 1 , 0 )  1 2  w i t h  l o g  
t r a n s f o r m a t i o n  
R a i s e d  D r i n k i n g  Age T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  
s t e p  f u n c t i o n  i n p u t  

P a r a m e t e r  E s t i m a t e s  
R a i s e d  D r i n k i n g  Age u = . a 9  

r1 = . 0 0 2  

R e s i d u a l  V a r i a n c e  = . 0 2 4 7  * R-sqr  = . 5 2  

S t a n d a r d  E r r o r s  
. 0 5  
. 0 0 9  

R e s i d u a l  A u t o c o r r e l a t i o n s :  A p p r o x .  s t a n d a r d  e r r o r  = .11 
1: .08  2:-.09 3 :  .10  4 :  .08  5:- .02 
6 :  . 0 2  7 :  . 18  8 :  . 0 3  9 :  . O O  1 0 :  .10  

11: .05  1 2 : - . 3 6  1 3 : - . 0 6  1 4 :  . 1 7  1 5 : - . 0 4  
1 6 :  . 0 3  1 7 :  . 0 6  1 8 : - . 0 6  1 9 : - . 2 2  20 : - . 06  
2 1 :  . 0 5  22: - .05  23:- .10 24 : - . 03  



FREQUENCY 



T a b l e  4 . 1 1  F i n a l  E s t i m a t i o n  R e s u l t s  f o r  Combined  
ARIMA/Transfer  F u n c t i o n  Model  o f  T h r e e - f a c t o r - s u r r o g a t e  
C r a s h  F r e q u e n c y  Among D r i v e r s  Aged 2 5  - 4 5  

Noise Mode l :  ARIMA ( 2 , 0 , 0 )  ( : 1 ,1 ,0 )  1 2  w i t h  no  
t r a n s f o r m a t i o n s  
R a i s e d  D r i n k i n g  Age T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  
s t e p  f u n c t i o n  i n p u t  

P a r a m e t e r  E s t i m a t e s  S t a n d a r d  E r r o r s  
R a i s e d  D r i n k i n g  Age u = 3 . O O  1 2 . 2 2  

$1 = . 0 9  . 1 2  
- 3 5  

4)2 = -..44 
- 1 2  

r1 = .11 

R e s i d u a l  V a r i a n c e  = 6 1 3  R-sqr  = . 68  Q = 21 .39  

R e s i d u a l  A u t o c o r r e l a t i o n s :  A.pprox. s t a n d a r d  e r r o r  = .11 
1 : - - 1 0  2:-.05 3 :  . 0 2  4:- .14 5 :  . 0 4  
6 :  . 00  7 :  . 0 3  8 : - . 02  9 : - . 1 1  10:- .O1 

11 : - . 09  1 2 : - . 0 7  1 3 :  . 04  1 4 : - , 1 0  1 5 :  . 0 7  
1 6 : - . 1 8  17 : - . 06  1 8 :  . 0 3  1 9 : - . 0 6  20:  . a 9  
21:  . 0 2  2 2 : - . 1 1  23:  . 3 3  2 4 : - . 2 4  





T a b l e  4 .12  F i n a l  E s t i m a t i o n  R e s u l t s  f o r  Combined 
ARIMA/Transfer F u n c t i o n  Model of  R e p o r t e d  Bad-been- 
d r i n k i n g  C r a s h  F r e q u e n c y  Among D r i v e r s  Aged 25 - 45 

N o i s e  Model:  ARIMA ( 1 , 0 , 0 ) ( l r 0 , 0 ) 1 2  w i t h  no 
t r a n s f o r m a t i o n s  
F u e l  S h o r t a g e  T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  s t e p  
f u n c t i o n  i n p u t  
R a i s e d  D r i n k i n g  Age T r a n s f e r  ? u n c t i o n :  r s b  ( 0 , 0 , 0 )  with 
s t e p  f u n c t i o n  i n p u t  

P a r a m e t e r  E s t i m a t e s  
F u e l  S h o r t a g e  w = -46.49 
R a i s e d  D r i n k i n g  Age w = 2.1.12 

$1 = .36  
rl' - 7 3  

S t a n d a r d  E r r o r s  
1 9 . 0 2  
1 6 . 9 2  

- 1 0  
. 0 8  

R e s i d u a l  V a r i a n c e  = 1 4 0 1  R-sqr = . 6 6  Q = 1 7 . 6 4  

R e s i d u a l  A u t o c o r r e l a t i o n s :  h p p r o x .  s t a n d a r d  e r r o r  = .11 
1 : - . 02  2: - .a4  3:  . 2 5  4 :  . 0 2  5:  .05  
6 :  .11 7 :  . O O  8 : - .05  9 :  . 0 2  1 0 :  .19  

11: .04 12 : - .16  13:- . .03  1 4 :  - 1 2  15 : - . 07  
16:-.E15 1 7 :  .05  1 8  : - - ,12 19:- .02 2 0 :  . 0 7  
21:-.07 22:- .12 23:  - 0 5  24 :  .04  



FREQUENCY 



T a b l e  4 . 1 3  F i n a l  E s t i m a t i o n  R e s u l t s  f o r  Combined 
ARIMA/Transfer  F u n c t i o n  Model  o f  R e p o r t e d  Had-no t -been-  
d r i n k i n g  C r a s h  F r e q u e n c y  Among D r i v e r s  Aged 2 1  - 24 

Noise Mode l :  ARIMA ( 1 1 0 r 0 )  1 : l r 0 r 0 ) 1 2  w i t h  n o  
t r a n s f o r m a t i o n s  
F u e l  S h o r t a g e  T r a n s f e r  Funct . , ion :  r s b  ( 0 , 0 , 0 )  w i t h  s t e p  
f u n c t i o n  i n p u t  
R a i s e d  D r i n k i n g  Age T r a n s f e r  F g n c t i o n :  r s b  ( 0 , 0  , 0 )  w i t h  
s t e p  f u n c t i o n  i n p u t  

P a r a m e t e r  Estimates S t a n d a r d  E r r o r s  
F u e l  S h o r t a g e  w = -6 '0 .41  7 8 . 3 6  
R a i s e d  D r i n k i n g  Age w = -42 .32  69 .24  

$1 = . 3 7  011 
I-1 = . 7 4  . 0 9  

R e s i d u a l  V a r i a n c e  = 2 3 , 2 4 4  R-sqr  = . 6 9  Q = 1 7 . 8 2  

R e s i d u a l  A u t o c o r r e l a t i o n s :  A p p r o x .  s t a n d a r d  e r r o r  = .11 
1: . O O  2 : - . 04  3 :  .15 4 :  . 0 5  5 : - . 0 4  
6 : - . 0 1  7 :  . 0 5  8 : - . 02  9 : - . 03  1 0 :  . 0 7  

11: . 1 8  1 2 : - - 1 0  1 3 :  . 2 6  1 4 :  . 1 4  1 5 : - . 1 3  
16 : - .O1  1 7 :  . 0 2  1 8 : - . 0 6  1 9 : - . 0 5  2 0 : - - 0 9  
2 1 : - . a 2  22: - .07  23:- .06 24 :  . a 8  





T a b l e  4 . 1 4  F i n a l  E s t i m a t i c n  R e s u l t s  f o r  Combined  
ARIMA/Transf e r  F u n c t i o n  Node1  o f  R e p o r t e d  H a d - n o t - b e e n -  
d r i n k i n g  C r a s h  F r e q u e n c y  .Among G r i v e r s  A ~ e d  2 5  - 4 5  

Noise M o d e l :  ARIMA ( 1 , 0 , 6 )  ( . 1 , 0 , a )  1 2  w i t h  n o  
t r a n s f o r m a t i o n s  
F u e l  S h o r t a g e  T r a n s f e r  F u n c t i o n :  r s b  ( 0 , 0 , 0 )  w i t h  s t e p  
f u n c t i o n  i n p u t  
R a i s e d  D r i n k i n g  Age T r a n s f e r  F u n c t i o n :  rsb ( 0 , 0 , 0 )  w i t h  
s t e p  f u n c t i o n  i n p u t  

P a r a m e t e r  Z s t i m a t e s  S t a n d a r d  E r r o r s  
F u e l  S h o r t a g e  w = - 5 7 . 1 7  1 6 3 . 0 8  
R a i s e d  D r i n k i n g  Age u = - 1 4 7 . 3 3  1 7 9 . 4 6  

bl = . 3 2  .I1 
r l  = . 8 0  . 0 8  

R e s i d u a l  V a r i a n c e  = 1 4 5 , 9 7 9  R-sq r  = . 7 2  Q = 2 3 . 3 9  

R e s i d u a l  A u t o c o r r e l a t i o n s :  A p p r o x .  s t a n d a r d  e r r o r  = .11 
1: . O O  2 : - . 0 3  3 :  . 1 6  4 :  . 0 9  5 :  . O 1  
6 : - . 0 2  7 :  . 0 3  a :  . 0 0  g : - . a l  1 0 :  . 0 6  

11: . 2 i  1 2 : - . 1 4  13:  . 1 9  1 4 :  . 1 9  1 5 : - . 1 0  
1 6 : - . 0 9  1 7 : - . 0 2  18 : - .D6  1 9 : - . 0 8  2 0 : - . 0 6  
2 1 : - . 0 2  22 : - . 02  2 3 : - . 1 7  2 4 :  . l 4  





(Table 4,!5), The frequency of 3FS crash-involved drivers was down an 

average of 4725 crashes per month over the first year after the drinking 

age was raised, The estimated reduction of 567 crash involvements over 

the first 12 months following implementation of the raised drinking age 

(i,e+ 4725 per month for 12 months), represents a 14,74 percent deciease 

from what one would have expected on the basis of the 7 year baseline 

period, 

Analyses of police-reported HBD 16-17 year old crash-involved 

drivers, however, indicated no significant change in Frequency assodated 

with the raised drinking age change (Table 4,15)+ Although not 

statistically significant, the raised drinking age transfer function 

pararnstt~r estimate was in the expected direction, with a estimat~d 

reduction of 17 HBD driver invol.~ements per inonth associated with raising 

the legal drinki~g agel 

Analyses of police-reported HNED crash involvement of drivers 

aged 16-17 identified a significant reduction in crash frequency 

concomitant with the raised drinking age (Table 4,15), The estimated 

average reduction of 280 crash involvements per (month represents ?,I2 

percent fewer police-reported HNBE crash-involved drivers in 1'779 than (me 

would have expected given the 1972 through 137:3 baseline trends, 

The finding of a significar;? drop in HNSD crash in.volve~neni. 2nd 

no significant change in HBO crashes anong 11;-17 year old driveus appears 

to indicate that raising the drinhng age caused non-alcohol-related 

crashes tc  increase with no effect on alcohol-related crashes, However, 

i t  is important to reinember that the H 3 D  and HNBE variable. )were only  

indicators of the underlying excepts, In Appendix B the threats ta 



internal validity of instrumentation and selection-instrumentation 

interaction, and the threats to construct validity of "mono-operation 

bias" and  "mono-method bias" are discussed+ In short, all of these 

validity threats are concerned with the extent to which the indicator used 

b e +  HBDIHNBD) is a consistent and valid measure of the concept 

"alcohol-related cras h involvementt" These threats to \ialid causal 

conclusions ccncerning the impact of the drinking age on youthful oa sh  

involvement were reduced by the indusion of the 3FS measure of 

alcohol-related accidents, 

In the present case, a significant drop in HNBD cfash 

involvement and no significant ihange in HBD crashes was found+ A t  face 

value, these findings suggest that there was a significant drop in 

non-alcohol-related crash involvement among drivers aged 16-17 after the 

drinking age was raisedt A general reduction in crash involvement of the 

age group due trr zome factor unrelated to the drinking age may account for 

the significant drop in both HNBD and 3FS crash involvement, However, the 

reduction in alcohol-related crashes as measured by the 3FS variable was 

twice as large as the reduction in HNBD cfashes, perhaps indicating that 

the reduction in HNBD crashes was a result of a decrease in that 

proportion of the HNED series representing alcohol-related crashes that 

were reported as HNBD+ A proportion of alcohol-related crashes among 1.i-17 

year olds may, in fact, have been included in the HNBD series because of 

reluctance on the part of the investigating police sfficer to report the 

presence of alcohol in a crash involving an underage driver+ In any 

event, support for the hypothesis was provided b y  analyses of the more 

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



drinking age inay have had some effect an alcohol-related collision 

involvement among drivers aged 1 b-17, 

I t  was also hypothesized that the effect of the drinking age on 

drivers aged lh-17 would be less than the impact on the focal 15-20 age 

group, Comparisons of the analyses of the more reliable alcohol-related 

crash indicator, the three-factor-surrogate, for the two age groups 

revealed that the percentage reduction in crash frequency was somewhat 

smaller for the 16-17 group than for 19-20 year old drivers (Table 4,15), 

In addition, the decrease in HET) washes for drivers aged 16-17 was much 

smaller than the decrzase identified for drivers aged 13-20, The findings 

for the 16-17 age group, although indicative of some effect of the raised 

drinking age, inrere more ainbiguous thm the c!earc~t sfC;ects observed for 

the 18-20 age group, and the effect as  measured by the 3FS variable was 

smaller i n  ~nagnitude f ~ r  drivers aged 111-17 than for those aged 12-20, 

The results were consonant with the hypothesis that a raised legal 

drinking age has less effect on underage drivers than those directly 

affected by the legal change, 

In addition to examining the effect of the raised drinking age 

on the frequency of alcohol-related crashes among 15-20 year old di-ivers, 

the same measures of both alcohol-related and non-alcohol-related 

accidents were examined for older drivers, Coinparisions between the crash 

experience of young driver.; with the mash experienc~ of older drivers 

controls for the possibility that otjserved shifts in crash involvement 

among young drivers were simply d u e  to general downward shifts in 

co1lic;ion frequencies among all drivers, S~immary results of the iterative 

time-series modeling process for the :3FS a n d  XED measures of 



alcohol-related crashes and the BNED measure of nun-alcohol-related 

crashes, for drivers aged 21-24 and 25-4Jt are 3150 presented in Table 

4,15+ A significant increase of about 9 percent (p'.:,C15) in HBD crash 

involvement was identified for drivers aged 21-24, Although the other 

measures of alcohol-related accidents for the comparison groups aged 21 -24 

and 25-45 revealed no significant changes, i t  was instructive to note that 

they all had positive coeffiaentst compared to the consistently negative 

coefficients for the HBD and :3FS measures for drivers under 21, The 

differences between the younger and older drivers can be easily seen by 

comparing the plot of HBC! t'reqliency for 18-20 year olds (Figure 4,h) with 

the plot of HSD frequency for 21-24 year olds (Figure 4,121, A dear drop 

occurred in 15'79 for the 13-20 groupt while the frequency for the 21-24 

group increased, Such a pattern of findings further supports the 

hypothesis that the reductions in alcohol-related crash involvement for 

drivers under 21 was caussd by some factor spedfic to that age group, 

i,ett the legal drinking age, and not a result of general redudons in 

alcohol-related crash involvement for all drivers, 

No statistically significant changes in HNED crash involvement 

were identified for drivers over the age of 21, Furthermore, an 

examination oC: non-alcohol-related crash involvement across the four age 

groups, revealed negative pararneteir estimates Fo? all age graups (Table 

4,151, Although only the estimated reduction in FINED crash invclvement 

for drivers aged lh-17 was statistically significant, the consistently 

negative ~s t imates  across all age groups indicated that there was a small 

reduction in general crash involvement in 1'373, The raw Frequency plots 

of HNBD cyash involvement (Figures 4,3, 4,10, 4,15, and 4,15) demonstrated 



the reduced HNBD frequency for all of the age grmps in 1'?79 as compared 

to previocrs years, The economic vecession in Michigan, increased motor 

fuel prices, and a inoderate fuel shortage vay account for the small 

reduction in overall crash involvement , The number of HIIET) crash 

involvements for all of the age groups appeared particularly lower than 

exoected for November and December of ls79, The unusually mild winter 

weather, with the concomitant lack of snow and associated driving hazards, 

may have caused the substantial reduction in crash frequenaes in late 

1'379, 

The implications for a determination of the causal effect of the 

raised drinking age was that a small p i ~ t  of the reduction in HBE and ::;Fa 

alcohol-related crash involvement may he due to the general reduction in 

crash involvement i n  1479, I t  was dear horn the pattern o f  tindings 

shown in Table 4,l5, howeve?, that the general reduction in 

non-alcohol-related crash involvement auld  accolint for only a mal l  

portion c\f the statistically significant and substantial feductions in z:FS 

and HBD crashes among drivers under 21 , 

4,:3 Time-series Models of Michigan Fatal Crash Frequencies, 1968 - 197P 

Data an Michigan fatalitis5 were ;avi,ilable for the entire 19(11:3 

through 197? period including r-weral years prior to the lowered legal 

drinking age in 1772, the seven year; during which the drinking age was 

13, a n d  one year after the returz to a drinking age at 21, A s  was 

discussed in Section :2+2, the fatal cfash frequencies were not stratified 

by the police reported E.:SD./'HNBD variable because o f  instrcment changes and 

data collection problems over the 19t;:3 to 1'372 time period, A s  a result, 



the total frequency oi fatalities and the frequency of alcohol-related 

fatalities as measured by  the the-factor-surrogate were examined for 

each of the four age groups+ 

The original design tcllled for the explicit testing of 

hypotheses concerning the differentia! effect of the lowered and raised 

legal drinhng age using the time-series analysis methods discussed in 

Section 3+4, Traffic fatalities are relatively rare events, however, and 

the fatal crash time-series had low  monthly counts, especially when 

stratified by age and the 2:FS indices, compared to the time-series 

variables based on a 20 percent sample of ail crashes presented in the 

previous section+ One consequence of the !ow monthly frequency was a 

larger random error component in the series+ The volatility of the 

fatality time-series could be seen b y  comparing the plots of the totai 

crash series (Figures 4,b through 3,161 with those of the fatality series 

(Figures 4,17 through 9,241, The contras;t was mcst dramatic for the 

variables of primary interest, i+ect underage drinkers involved in 3FS 

fatal crashes (compare Figures; 4,4 and 4+7 with 4,17 and 4,19)+ The 

unpredictability of the fatality time-series was also evident in the 

preliminary modeling of :3FS fataltities for drivers under 2!+ The  

percentage of total variance in the fatality variables accounted for was 

less than half the percentage accounted for b y  the total crash models 

presented in Section 4 2 ,  As a result of these characteri.;tic-; of the 

fatality variables, statistical time-series intervention inodels were not 

constructed, Sl~ggestive results were based on a visual examination of the 

!2 year fatality time-series variables+ 

The time-seriez plot of the frequencj of 3FS fatal crash 
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involvement among drivers aged 18-20 (Figure 4,171 revealed increased 

monthly frequencies in 1972 after the drinking age was lowered and 

decreased frequencies in 1973 after the legal age was retl~rned to i t s  

pre-1'772 level, One might argue that a silnilar pattern was evident for 

total fatal crash involvement arr~ong 18-20 year olds (Figure 4,1:3:+ No 

obvious  shifts in the frequency of 3FS or total fatal mash involvement 

for drivers aged 1A-17 were assodated with the lowered drinhng age in 

1P72 or the raised drinking age in 1978 (Figures 4+1? and 4,201; 

Three-factor-surrogate fatal crash involve~nent for drivers aged 21-24 and 

25-45 did not change appreciably when the drinking age was changzd, The 

frequency oi  total fatal crash involvemtrnt among the 21-24 and  25-45 

groups, however, appeared to decline slightly in 1473 compared to previous 

years (Figures 4,22 a n d  4,24!+ 

The observed changes in fatal wash frequencies based on a 

visual examination of the 12 year time-series plots should be interpreted 

very cauticusly because o f  the large amount of "noise" or random erriji* in  

the time-series, Irregular fluctuations in the frequency of 

alcohol-related fatalities among young drivers in  Michigan made it 

difficult to detect small changes in the extent o f  the drlnkirtg-driving 

problem among youth using the fatal crash involvement time-ssries+ Given 

the available data, i t  m u s t  be tentativeiy concll~ded that there was no 

demonstrable effect of the raised drinking age on the frequency r;f 

alcohol-related fatalities in Michigan, :Furthey analyses of the fatality 

data, using yearly aggregates and alternative analysis techniques, wzre 

underway at  the time this was written, (53 



A placsible explanation for the lack of a significant change in 

alcohol-rslated fatal trrash in,,~olvement associated with the raised 

drinking 2gst in contrast to the findings for total alcohol-related crash 

invol\iement, mi5 h t  be suggested Fatal alcohol-related crash involved 

drivers tend to have the highest blood alcohol concentrations of all 

drinking drivers, A s  a result, fatal alcohol-related crash involved 

drivers are likely to be heavier drinkers than drinking drivers involved 

in non-fatal crashes, I t  is reasonable to argue that the heaviest 

drinkers among the youthful drinking-driver population [itett  those with 

the highest chance of heing involved in a fatal crash), are the least 

likley to  be infl~enced b y  the altered drinking norms, industry marketing 

practicest .and alcohol availability resulting From a change in the legal 

drinking age (,see Figure 2,9),  In constrast, youthful social drinkers are 

less likely to have extv~mely high blood alcohol concentrations when 

driving after drinking} and therefore are more likely to be involved in a 

non-fatal alcohol-related collisionl Youthful social drinkers are alr;o 

likely to be more influenced b y  availability and legal norms concerning 

drinking than heavy drinkerst In short, if alcohol-related fatai crash 

involvement is  viewed as an indicator of alcohol-related problems ainong 

heavier drinkers, and alcohol-related non-fatal crash involvement is  

viewed as an indicator o i  alcohol-related problems among inore  moderate 

drinkers, one could condude that changes in t h ~ !  legal drinking aye have a 

larger effect on the inadence of alcohol-related problemc; among moderats 

drinkers than on the incidence of alcohol-related problems among heavy 

drinkers, 

In summary, since the monthly frequenej o i  fa td i t ies  was ~nuch 



less prgdictat\le than the frequency of total ira.ihes, i t  was more 

difficult to identify significant changes in the frequency of fatal 

crashes associated with exogenous fackors such as modifications in the 

minimum drinking age, Although same changes in alcohol-related fatality 

frequency associated with the legal drinkng age were noted, they could 

not be confidently attributed to the legal drinking age changes+ Because 

of their reduced usefulness for legal impact analysis using time-series 

methods, and because fatalities repr(.slznt only a small fracticn of total 

youthful alcahol-related crash involven!entt little emphasis has heen 

placed on the results of the separate analyses of that subset of d l  

crashes involving one or more fatalities, 



Notes to Chapter 4+(l 

1, See Section :I++ for a definition of each term in the "ARIMA 
(1 ,Ot0)(l tOtO)  12" nomenclature, 

2 +  The parameter starting values are based on the theoretical 
relationships between autocorre!aticns and model parameters, substituting 
sample autocorrelation estimates for the corresponding population values, 

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

4, Percentage figures for those variables not log transformed 
were calculated as follows: percent change equals (12x1 /xg )lrSCit where 
x l  equals the transfer function point estimate of change in monthly 
number of crasb involvements associated with the intervention, x2 equal,; 
s u m  of actual 20 percent sample crash involvement frequency For the 12 
months of 1'?7Yt and x3 equals x2  - 12x1 , that is, the expected 
number of 20 percent sample crash involvements for 1'379 had there been no 
drinking age effect+ Percentage figures for those variables that were log 
transformed were calculated as follows (McCleary and Hayt lt?8C):174): 

W percent change equals (e - 11100 

5 +  The aggregation of the frequency of fatal crash involvement 
for one year before and one year after the raised drinhng aget and 
assessments of the effect of the raised drinking age using ilternative 
data analysis techniques were underway at The University o f  Michigan, 
Highway Safety Research Institute at  the time this was written+ The 
principal authors of an evaluation of the effect of the lowered drinking 
age on fatal crash involvement (Flora et al+, 17781 u s s d  the same methcds 
to evaluate the effect of the raised drinking age on fatalities, Although 
the method does not control for long term patterns in the outcome 
variables, it avoids some of the problems encounteyed when malyzing 
fatalities in a time-series design, 



5+0 THE RAISED LEGAL DRINKING AGE AND AGGREGATE ALCOHGL 

Although assessments of the effects of changes in the legal 

drinking age have largely been csncerned with the inudence of inotor 

vehicle collisions among youth* a major intervening variable between legal 

drinking age modifications and chmges in the frequency of alcohol-related 

traffic cullisinns is the amount and pattern of youthful alcohol 

consumption (see Figure 2+3!, In this chapter, the limited research on 

changes in youthful alcohol consumption following redudions in ~ninurnum 

age of purchase statutes is  reviewed, and changes in aggregate beverage 

alcohol sales in Michigan associated w i t h  the raised drinking age are 

examined + 

5,1 Literature Review 

Existing literature on the effect:; of changing the drinking age 

on youthful alcohol consumption has foci?sed or1 three main types of aicohol 

consumption data: (A)  self-reportzd consimption, (13) perceptions of 

youthful cnnsumption patterns reported b y  school officials, and ( C )  

aggregate sales volumes, Wolfe and Chapman ;1873a, 1973b) surveyed 

Michigan high ich001 students in 1971 bsfore the drinking age was lowered, 

and again in I??::: after the reductinn in the drinking age, and found 

substantially increased frequency o f  drin'rcing, a d  increased quantity 

consumed per occasion, According to the authors, the increases were 

consistent with pre-existing trends in youthful alcohol use! a n d  therefore 



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

Smart and Schmidt (1'775) conducted a similar before and after 

survey of Toronto junior and senior h igh  school students, After a 

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

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

reported drinking less, and Y percent indicated that they had started 

drinking since the drinking age had been reduced, Smart and Schmidt also 

surveyed college students, the majority of whom reported no change in 

frequency or quantity of alcohol consumption, although 55 percent did 

report increased patronization of public drinking establishments since the 

legal change, 

McFadden and FJeschler (1979) surveyed Massachusetts teenagers in 

196Zt 1978, and 1874, Youthful alcohol consumption increased between 1965 

and 1970, when there was no change in the drinking aget as well as between 

1970 and 1974, when there was a reduction in the legal age from 21 to 13, 

(1) The authors also surveyed New England college students in 1977, and 

found that students from states with a low legal drinking age consumed 

alcohol more Frequently than students from states with a high drinking 

age, 

Rconey and Swartz f1977) surveyed high schooi students in three 

selected states with minimum leg4 drinking ages at  18, and two selected 

states with drinking ages at  251 and  21t respectively, The samples were 

not demonstrably representative of the high school aged population i n  the 

states examined, They found that 42 percent o f  the students in states 

w i t h  the drinking ages at  20 or 21, and 47 percent in states with the 

drinking age at 18, reported consuming beer onre a week sr more* 



Furtherrn;ire, student5 in  states with a high drinking age had a lower 

prevalence of abstainers (1'3 versus 24 percent:!, a n d  a higher inudence of 

alcohol-related problems, The authors concluded that a high drinking age 

has no beneficial effect in controlling alcohol consumption among young 

people, and that i t  in iy  even have adverse effects} 

Opposite results were obtained by Maisto and Rachal (13!30) in 

their analyses of a nationwide probability sample of high school studsnts+ 

They found that students in states with a higher legal drinking age were 

more likely to be abstainers, less like!;/ to be heavy drinkers, and 

experienced intoxication less fvequenctly than students in .states with a 

lower drinking age, The authors condutjed that the legal availability of 

beverage ,alcohol, as reRected in the dr:inking age, is assodatzd with the 

drinking practices of young people, 

Perceptions o f  school officials have also been used as an 

indicator of changes in youthful alcohol consump tion concomitant with 

lowering the drinking age, Hammond (1 7731, questioning 354 Michigan high 

school principals, found that the majority reported mar2 drinking Among 

15-17 year old students after the drinking age was lowered} d siiiiiiar 

survey in the Toronto area found that ~ ~ c ~ - p r i n a p a l s  reported ,nor9 

drinking among students at school functions after the drinking age was 

lowered iSmart and Schmidt, 1875), 

The third major type of data that has been used tn assess the 

impact of reduced drinking ages on dcoho! consumption patterns is  

aggregate sales volumes, Smart a n d  Schmidt (1375!, in a comparison of 

Ontario beverage alcohol shipments before and after s. ,reduction in the 

legal age, found that consumption i n  the first five months after the legal 



change was higher than expected on the basis of the pre-change figures, 

Increased alcohol sales were particularly obvious for on-premise salest 

strengthening the argument that the loweued drinking age w a s  a t  ieast a 

partial cause of the observed changes, 

Barsby and Marshal1 (19771, examining aggregate distilled 

spirits sales in 25 states, did not identify any significant impact af 

lowered legal purchase ages on spirit sales, The authors temper their 

conclusions9 however, by  noting four limitations of their study, First, 

any change in distilled spirits consumption by youth following drinhng 

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 conwmption patterns after legal changes; a change in location or 

quantity consumed per occasion resulting from the lowered drinking age, 

for example, could have significmt adverse health consequences, 

independent of the total quantity consumed, Third, the analyses were 

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

popular beverages among young drinkers, Fourth, the time-span covered b y  

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

legal changes, 

Douglass and Freedman (1377) avoided the last two design 

limitations of Barsby and Marshall's s t udy  by examining the monthly 

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

spirits in Michigan over an eight year period, A statistically 

significant increase in draught beer sales was associated with lowering 

the drinking age, The authors attributed the shift in draught beer sales 

to the lowered drinking age, since no other confounding fartors were 



identified that could have plausibly accounted for the observed 

relationship, No significant shifts were identified for any of the othsr 

beverage categories, 

Smart arid Goodstadt i1977) discussed a study conducted by Smart 

and Finley in which per capita beer con.surnption in ten Canadia provinces 

was examined, Eight provinces that lowered their drinking ages were 

compared with two that ha!! not ih.?tn~eij during the study period+ Although 

increased beer sales were evident in the pre-post comparisons for three 

provinces experiencing a redudion in the drinking aget the increases were 

similar in magnitude t o  the expzrience 'zf the ti40 contvol provinces, 

Moreover, beer sales deueased in the other five provinces+ Smart and 

Goodstadt conclude that the ztudy's findings do not allow any general 

ronclusion as to the e f f ~ c t  of loweved cvinking ages on total bepr sales, 

Finally, Smart (1977) compared sales of beert winet a n d  

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 spiritst 

increases in beer sales were about six percent greater in the stat55 with 

lowered drinking ages than states with an unchanged legal age, 

The existing literature concerning the effect of reduced legal 

drinking ages on beverage alcohol c~nsumption among youth h a s  significant 

lnethodological limitations and prsvides inconsistent results, Even less 

is known about the effect of raising the drinking aget in spite of a 

definite trend toward a higher minimum alcohol purchasing age in recent 

years, To help fill the gaps in present Fcnowlecig~, an examination of 

monthly aggregate beer and wine distribution volurn~s in the State of 



Michigan was conducted, 

5,2 Method 

Data obtained from the Michigan Beer and Mine Wholesaiers 

Association were used to construct lnonthly time-series of the aggregate 

volumes of packaged beer, draught beer, and wine distributed in the State 

of Michigan, These data were obtained for the eleven year period from 

January of 196P through February of 1'980 (see Figures 5+1, 5,2, a n d  5,:f:), 

Long series of observations were required to assess the degree to which 

beverage distribution volumes in 1979, after the drinking age was raised, 

were different from what would have been expected given the long term 

patterns in apparent alcohul co~sumption, 

Shifts in the volume of beverage alcohol distributed in Michigan 

at the time the drinking age was raised could have been statistically 

tested using the Box-Jenkins intervention analysis tschniques discussed in 

Section 3+4+ Iiowever, because of confounding events coincident with the 

raised drinking age, and because of the lack of age specific alcohol 

consumption data, simple shifts in  aggregate alcohol saies assodated with 

the raised drinking age were not expected, Without age-specific alcohol 

consumption data, conclusions curicerning the effect of the drinking age oii 

the drinking practices of youth m u s t  be (made cautiously, If changing the 

drinking age does influence consumption among young people, such an s f f ed  

would have to be large before it would be evident i n  the aggregate sales 

data, Therefore, rather than a hypothesis testing analysis, such as was 

reported in Chapter 4,0, an exploratory examination of changes in alcohol 

distribution during 1379 and early 1980 was conducted, 



The data analyses began with careful examination of each 

time-series plot for changes in the aggregate s a l ~ s  of alcoholic beverage.5 

associated with raising the legal drinking age, In addition to visual 

examinations of the raw data plots, the general multiplicative seasonal 

Auto Regressive Integrated Moving Average iARIMA) time-series  nodel ling 

strategy developed by Box and Jenkins (1371k') was used to build a 

parsimonious model that adequately accounted for the pattern of 

autocorrelation in each variable, The iterative specification, 

estimation, and evaluation inodeling strategy was applied to the 15?b:3 

through 1973 baseline period of each time-series, The resulting models 

were used to forcast beverage ilist;*ibution for 1379 and early 1980 and the 

actl~al distribution figures were compared to the forecasted values, 

Substantial deviations of the actual distribution volumes from the 

forecasted values based on previous distribution patterns were consider4 

indicative of the effects of exogenous factors such as the increase in the 

legal drinking age, the ban on non-returnable beverage containers, and the 

Michigan economic downturn of 1973, (2) 

5,:3 Results 

A Seasonal Auto-Regressive-Integrated-Moving-Average model was 

identified as the best description of wh831esale packaged beer shipments 

from l'?h33 through 1378 (Figure 5,i)+ The identified APJMA [model, shown in  

Table 5.1, was used to forecast packaged keer distribution for the 

subsequent 14 months, A comparison of the forecasted and actual values 

(Table 5,?!, indicated that the actual packaged beer distuibution for 10 

of the 14 post drinking age change months were 5 to 20 percent lower than 
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Tab1 e 5.1 Estimated Basel ine  Model of  Packaged Beer D i s t r i b u t i o n :  
January 1969 T h r o u g h  Decerber 1978 

Model Form: ARIMA (1,O , 0 )  (1 ,1 ,0)  w i t h  no t rans format ions  

Parameter -Estimates 95 Percen t  Confidence In t e rva l  

= ,2576 .0661 t o  .4491 

r1 = -.4022 -.6000 t o  -.2044 

Q - s t a t i s t i c  = 16.54 wi th  18 degrees o f  freedom 

R~ = .65 





expected given the baseline data, 

Important deviations from the overall pattern of lower than 

expected packaged beer distribution wEre present, First, the actual 

distribution for October 1'375' was about 25 percent higher than forecasted, 

The forecasted value for October 1973 was low because of the unusually 

low volume for October 11378+ Since the year immediately prior to the 

forecasts (i,e+ the last year of the baseline period) has a 

disproportionate influence on the farec.ast valuest the unusually low 

volume for October 1'?79 caused a low forecast for Cctober 1'?79, A s  a 

result, the actual October 1979 distribution was 25 percent higher than 

the forecast, 

A second deviation from the overall reduction in packaged beer 

distribution was a 19 percent higher than forecasted volume for January 

1979, The distribution volume in February 1977 was also higher than 

predictedt although only marginally (1,tl percent), A s  a result of the 

higher than expected distribution volumes for the early months of ia?7'Jit 

and the lower than predicted distributic~n for the suinmer months, the 

variation in packaged beer distribution was substantially less i n  1'379 

compared t o  the baseiine years, 

In short, two changes in the volume sf packaged beer 

distribution in Michigan were frund when comparing the first 14  months 

after the drinking age was raised to the previous 10 year period, First, 

an overall reduction in packaged beor distribution was evident, Second, 

higher than forecasted distribution for the first two rr~onths of 197'5 

combined with lower than forecasted distribution volumes for the summer 

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



packaged beer consumption+ 

The aggregate distribution of draught beer (Figure 5+2 )  from 

1959 through 1378 was also modeled with a specific form of the general 

seasonal multiplicative ARIMA  model+ The identified baseline model (Table 

5+3) was used to generate the forecasts presented in Table 5+4+ An 

examination of the time-series plot and the "percent change" colu~nn of 

Table 5+4 indicated that there was an overall increase in draught beer 

distribution in the first 14 months after the legal drinlung age was 

raised+ (31 Only three months deviated from the pattern of increased 

draught beer sales; sales were lower than forecasted in February, March, 

and November af 1'373, The deviations from the pattern sf increased 

draught beer consumption were small, however, and were attributed to 

random error+ 

A first-order moving average model was identified as the best 

description of  wine distribution in Michigan from 1369 through 1'778 

(Figure 5+3)+ Using this baseline model (Table 5 + 3 ,  the forecasts 

presented in Table 5'6 were generated+ The actual values were generally 

lower than forecasted, indicating a reduction in wine distribution from 

what one would have expected given previous trends+ An initial 

examination of the time-series plot (Figure 5+:3) might lead one to 

conclude that there was no change in total wine distribution after the 

drinking age was raised in December of 1?78+ The reduction in wine 

distribution was evident in Table 5+b because the model on which the 

forecasts were based included a significant constant term (equal to 5608 

gallons per month), representing the slope of the baseline trend+ Since 

the forecasting model assumed the baseline trend evident over the 1369 





Table 5.3 Estimated Base1 ine Mode1 of Draught Beer Distribution: 
January 1969 Through December 1978 

Model Form: ARIMA (2,1,0) (.I ,1 ,0)1 with no transformations 

Parameter Estimates .95 Percent Confidence Interval 

= -.6783 - ,8546 to -. 5020 

Q-statistic = 22.66 with 17 degrees of freedom 

R~ = .57 







Table 5 . 5  Estimated Baseline Model of Wine Distribution: 
January 1969 Through December 1978 

Mode1 Form: ARIMA (O,l,l)(O,O,O) with no transformations 

Parameter Estimates 95 Percent Confidence Intervals 

e l  = .9027 .a171 t o  .9882 

Q-s ta t i s t ic  = 23.32 on 18 degrees o f  freedom 





through 1978 period would continue, most of the forecastzd values were 

larger than the actual values, which did not follow the upward trend, The 

deviations of the actual values from the forecasts indicated, therefore, 

that there apparently was a change in slope starting at the beginning of 

1979, with the upward trend identified during the baseline period no 

longer eviden t ,  

Two months deviate from the overall pattern of lower than 

expected wine distribution in 1979 and early 19:30, Mine distribution in 

October and November 1979 was 24 a n d  21 percent higher than forecasted, 

respectively, Except for these two inonths, wine distribution after the 

drinking age was raised was consistently lower than predicted using th.: 10 

year baseline period, 

5,4 Discussion 

In summary, packaged beer distribution far January 1979 through 

February 135(3 was clearly lower than exgected, and dra~ght  beer was 

clearly higher than expected given the trends evident over the previous I;:] 

years, Wine distribution fell somewhat for ~nost of 1'379, but rebounded 

late in the year, A portion of the decrease in packaged beer sales may 

have been due to the raised drinking age, but other factors were also 

present, A main confounding factor waz the ban  on nun-returnable beverage 

containers in Michigan, which was implemented in the same month the 

drinking age was raised, The resulting increase in packageiJ beer prices 

(Michigan State Legislature, 19791 may have caused a shift to the less 

expensive draught beer by  those who consumed bottled beer in public 

drinking establishments, i4) The increased price of bottled beer and the 



inconvenience of returnable containers may have caused consumers residing 

near bordering states with non-returnable containers to purchase their 

packaged beer across state lines, 

The substantially increased sales of draught beer was contrary 

to the hypothesis that the raised drinhng age would reduce on-premise 

draught beer consumptian by  reducing the population of legal drinkers, I t  

is  important to note, however, that only a small proportion ot' total 

draught beer distribution represents consumption by 13-20 year oid 

drinkers, The increased distribution volumes may reflect changes in 

consumption among drinkers 21 and over+ A plausible explanation of the 

increased draught beer sales is that the economic recession i n  Michigan 

increased draught beer consumption among unemployed workers+ Another 

consideration is  that draught beer is  not solely consuined on-premise, 

Part of the increased draught beer sales in 1373 may be a result of an 

increased number of "kegger" parties among 18-20 year olds, where a legal 

drinker purchases a keg of draught beer for consumption off premise at  a 

party attended by underage drinkers, 

Finally, the lower than expected distribution of wine for most 

of 197'3 could be interpreted as a result of the raised drinhng age, 

However, the high wine distribution figures for October and November 1'373 

complicate such an interpretation , 

One can only speculate as to tile causal structure underlyling 

the observed changes in beverage alcohol distribution in Michigan in 1'379 

and early 1980+ Without age specific consumption data the effect of the 

raised drinking age could not be unambiguously determined, Furthermore, 

detailed information on the drinking practices o; various subpopulations 



within the state as identified by stratification variables such as incame 

level and employment status is  necessary f3r an assessment of the ~elat ive 

influence of economic conditions, price changes in various beverage 

categoriest and the legal drinking age, on individual drinkng patterns, 



rclotei; to Chapter 5+O 

1, The legal drinking age in  Massachusetts was lowered from 21 
to 18 in 1?7:3+ 

2, See McCleary a n d  May (1BE103222-224) for a di~cussicri of the 
limitations of using univariate forecasts for an assessment of the effects 
of exogenous factors on time-series measures+ 

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

41 In public drinkny establishments in Michigan, draught beer 
is  consistently the lowest priced alcoholic beverage (Gouglass et ale, 
1?50), 



6.13 SUMMARY ANL, CONCLUSIONS 

The present s t u d y  has investigated a complicated relationship 

between a legal change md a major pub!ic health problem, Discussed below 

are (A! the findings and conclusions of 'rhi.5 .research, ( B )  recommend;tions 

for further researrht and (C )  implications and recommendations for public 

health policj, 

Cl,l Summary of Findings 

The most important hypothesis a f  this research was that the 

raised legal minimum drinking age (from 13 to 21) caused a reduction in 

alcohol-related inotor vehicle crash involvement among drivers aged 18-20 

(see Section 2,41+ The data on crash involvement in  Michigan dearly 

supported this hypothesis, Contrcllling for trends, seasonaiity, and other 

patterns in the frequency of police-reported "had been drinking" M9D! 

crash involvement among 18-20 year old drivers, a reduction of 31 percent 

occurred in the first 12 months after the di-iniung age was raised from 

t o  21 in Decembpr of 1'378, 

To control for potential unreliabiiity in police-reported 

alcohol-involvementt a "three factor surrcgate" i:::FS) measure of 

alcohol-related crash involvement was also used, Analyses of late-nig h i ,  

single-vehicle crashes with a inale driver, of which a majority have neen 

consistently identified as involving a drinking !drivert revealed a 

statistica!ly significant reduction of 18 percent &Tong drivers aged 15;-20 

after the higher legal drinking age was implemented, In terms of the 



actual reduction in the frequency of coi'lision in\iolvemen t ,  an estimated 

reduction of 1313 alcohol-related crash involvements per irionth ocmi.red 

after the drinking age was raised, Over the first 12 months after 

implementation of the higher drinking ase in Michigan, the~efore, an 

estimated 1650 fewer alcohol-related mash involvements occurred than 

would have been expected, given the trends evident during the 1972 through 

1378 baseline period, 

Analyses of non-alcohol-related crash involvement among 13-26 

year olds identified a non-significant 7 percent drop in 1973, Since the 

significant crash reductions for IZ:-ZO year old5 were not found for 

general non-alcohol-r~lated crashes, one cannot attribute the observed 

reductions in HED and 3FS crash involvement to increa,sed fuel prices, 

economic recession, and other such confounding factcrr;, If one deducts 

the (non-significant) 7 percent reduction in "had not been drinking" 

(HNBD) crash involvement from the more conser\/ative drinking age impact 

estimated, i,et an 18 percent reduction in :3FS crash invillvement, an 11 

percent reduction in alcohol-related crash involvement remains, even after 

the (non-significant) effects of other factors are subtracted, it is 

clear that general reductions in crash involvement due to potential 

confounding f~lctors cannot explain away the siibstantia! reduction in 

alcohol-related crash involvement ,among drivers aged 1s-20 after the 

drinking age was raised, 

I n  addition to analyszs of dl alcohol-related crash invoivement 

(including property damage, injury? and fatal collsions), separate 

analyses of fatal crash invoivement were conducted, Treliminary analyses 

did not reveal substantial changes in 3FS fatal crash involvement that 



could reliably be attributed to the raised drinking age, See Section 4,3 

for a disc~ssion of the limitations on sepir3te analyses of fatalities, 

The second hypothesis was that :lowering the legal driniung age 

from 21 to 18 in 1372 caused an incre2s:s in alcohol-relatzd crash 

involvement, Inconsistencies in the recording of non-fatal crash 

invc!ve~nent in several Michigan jcrisdictions prior to 1372 predtided the 

use of those data for an evaluation of the lowered drinking age in the 

present ~ t ~ d : t r  Accurate coun t s  of fatal crash involvement were available 

for the 1368 through 1'?7'3 period, Exarcination of the time-series plcts of 

fatal crash involvement provided some evidence that t i e  lowered ]drinking 

age was associated with increased alcotiol-related fatal :<ash fr%ql;enaes, 

but the small monthly count af age-spedfi: fatalities preduded any 

reliable condusions+ The best sstimate of the effect of the lowered 

drinking age on lcohcl-related crash iniiriIvernent remans that of Douglass 

and Freedman (11?77)+ They analyzed a set of Michigan ;urisidicticns with 

complet~ accident reporting over the 1'3158 through 1'?75 pericd, ~ising a 

time-series design, The results revealed a 17 percent ip.:::,i:r6) increase in 

total (non-fatal and fatal) alcohol-related crash involvement (as measured 

b y  the 3FS indicator) among drivers agerj 1s-26 associated with the lowerzd 

drinking age, Since total crash invo!vement arnorig 13-20 year old driv2rs 

was up only 3 percent, and since ,alcohol-related trash involvemernt of 

drivers over 21 was up only 3 percent, the 17 percent increase in 

alcohol-related crash involvement .among young drivers was attributed t;, 

the raised drinking age+ 

Sypotheses three through Five stated that the raised and ictwered 

drinking age would cause changes in alcohol-related iuash involvement srf 



drivers aged 141-17, although with s smaller magnitude of impact than the 

focal 18-20 age group, The results of the current re-;earch provided .some 

support for these hypotheses, First, with regard to the sffect of the 

raised drinking age, a statistically significant 15 percent r~dudion  in 

3FS crash involvement occurred a t  the time the drinking age was raised, 

An estimated reduction of 47 crash involvements per inonth was associated 

with the raised drinking age, The results were more ambiguous than the 

results for the 18-20 age group, however, since only a small, 

non-statistically significant reduction in "had been drinking" crash 

involvement was identified for drivers aged 1h-17, 

The exact reasons for this discrepancf are unknown, However, 

the three-factor-surrogate is  generally considered the inore reliable 

measure, because the wbjective "had been drinking" measure maji be 

influenced by numerous uncontrolled influences, pai-tiiularly fur underage 

youth, A s  a result, i t  is  cautioirsly concluded that alcohol-related 

crashes amang 16-17 year old drivers did decrease subsequent to the higher 

legal drinking age, Since "had not been d~inking" crash involvernent also 

experienced a significant 7 percent decrease, part of the 15 percent 

decrease in alcohol-related ii,e,, :3FS) crash involvement !may have been 

caused by factors ~lnrelated to the drinking age, The remaining 13 percent 

(i,e+, 15 less 7) decrease in :3FS crash involvement can be considered the 

drinking age effect, supporting the hypothesis that the raised drinkng 

age has an effect on drivers aged 16-17' that is smaller in magnitude than 

the effect on drivers aged 12-20, 

With regard to the effect of the lowstred drinking age on drivers 

aged 1Lt-17, examination of the frequency of fatal :3FS crash involvement 



did not reveal any significant effects, Douglass and Freedman's ii'577) 

analyses of both fatal and non-fatal alcohol-related crash involvement for 

Michigan jurisdictions with con~istent!:~. reported nash involvement data 

also found no significant effect of the :Lowei.ed drinlung age on drivers 

aged 16-17+ 

In short, the lowered drinking age did not have a demonstrable 

effect on alcohol-related crash involvement of underage drinkers, There 

is  some evidence that the raised drinking age may be associated with 

reduced alcohol-related collsion involvement among 16-17 year old drivers, 

However, inconsistent results acioz,s the HED arid :2FS measures, and the 

signficant drap in non-alcohol-related i ~ a s h  involvemerit for the age 

group, indicate that one cannot unequivocaizly conclude that the raised 

drinking age caused reduced alcohol-related crash involvement among 

drivers aged 16-17, 

The final hypothesis proposed in Section 2,4 was that the 

lowered legal drinking age had a greatev effect on iol!i.;ion involvement 

than the raised drinking age, This hypothesis was not supported b y  the 

findings, Dcliglass and Freedman (1'377146:) veported a 55 percent increase 

in tats1 li,et fatal, injury, and property iianage) HBD r f i ~ h  involvement, 

and a 17 percent inc~ease in 2rFS crash involvement among drivers 2 g ~ d  

18-23 after the drinking age was lcwered in i1?72+ The present research 

identified a 31 percent reduction in totai H9D crash involvement and an 13 

percent reduction in 3FS ctash involvement among 18-20 year old driver.; 

after the drinking age was raised in 1978, The inagnitudes of t h e  two 

estimated legal impacts were remarkably similar, with the faised drinking 

age from 18 to 21 apparently reversing the effect o f  the earllev reduction 



of the legal age from 21 to 19, 

Since alcohol consumption i s  the major intervening variable 

between changes in the legai drinking age and changes in alcohol-related 

crash involvement, the aggregate distribution of alcoholic beverages in 

Michigan was examined for 1969 through early 1980, Packaged beer sales 

were lower than expected in 1973, !draught beer sale.5 were higher than 

expected, and wine sales were down slightly from what one would have 

expected given the baseline trends, No conclusion a s  to the effect of the 

raised drinking age on beverage conscmption could be made, however, 

because of several other factors that were likely to have infiuenced 

beverage sales in 197'?t and because age-specific alcohol consumption data 

were not available, 

t1,2 Recommendations for Research 

Age-speci:ic impact asssssment.5 of the raised leiial clrinkini: aqe 

should be condi~e~di  Analyses should be conducted of individual ases in 

addition to the 13-20 aggregation lrsed in the current research+ Although 

the costs involved in separate impact analyses of 18, 19, and 25) year old 

crash involved youth would tie substantially greater than aggregated 

analysest the increased precision of the results would tie hig hly useful, 

Evaluation of the raised legal drinkincl ape should be recreated 

in two to f o ~ r  v ~ x r ~ ~  The present study has evaluated the initial effects 

of the change of Michigan's legal drinking age to 21 on traffic safety, 

The Michigan Zepartment of Public Health, Office of Substance Abuse 

Services has previously sponsored research t o  a55e55 the long term eGect5 

of the 1972 change to an 13 year old drinking age; such a c~rnmitment to 



followup evaluation should be continued+ i t  will riot be kfiown if the 

effects identified in this reseavch are :Lasting or temporary if the 

present analyses are not replicated with data for a longer time period 

after the drinking age was raised, 

Future analyses should focus on all alcohol-related oa(;hes and 

not exclusivelv on fatal alcohol-related crashest Eeliance on fatal 

crashes as the principal dependent variabie in an evaluati~n of a change 

in the legal drinking age is  not advised, The problem with basing 

decisions solely on fatal accidents is that more than crash causation 

factors influence the distinction between a n y  alcohcl-related crash a n d  a 

fatal alcohol-related crash, The proximity and quality of emergency 

medical care, seat-belt usage, crashworthiness of the vehicle, and other 

factors are as important as the causes of the crash in determining whether 

a crash is  to be labeled "fatal," Many of the factors that determine 

whether a crash will be fatal are independent of mash causation, and 

therefore, add unnecessary variability to the data, The public health 

iss~te is not solely fatality production, :i,e, mortality, but all 

alcohol-related crashes in which injurie.5 have occurred, total 

alcohol-related traffic crash morbidity+ 

Xeliable iTeaSUYP5 of dcohol-related crash F~~ricencies s hou!d hp 

-. used in futt~re evaluations of the lead diqin%.ina q n ~  ~ t h ~ r  =.- 

alcohol availabilit~, The subjectivity and unknown intluences on 

officially reported "had been drinking" alcohol involvement in Michigan 

official crash records is  not a problem that will soon be resoived for all 

levels of crash sev~vity, mref o r e ,  it is recommended 



t h a t  i n  a d d i t i o n  t o  o f f i c i a l l y  r epo r t ed  a l coho l  

involvement,  a l t e r n a t i v e  measures 

continue to be l~sed as indicators of alcohol-related traffic crash 

involvement, In addition to the three-factor-surrogate measure used in 

the present s t u d y ,  separate analyses of weekend accidents, and separate 

analyses of accidents stratified b y  severity would provide additional 

insights into the effects of changes in alcohol availability on 

alcohol-related traffic safety problemst 

The are-drivina diminkina environment and drinkina oractices of 

youth should be investiaatedt Research on the drinking practices of 

youth, with an emphasis on behavioral patterns preceeding driving, should 

be conducted, These pre-driving drinking practices shouid be examined tor 

location, social environment, pcer structure, demographic, a n d  other 

characteristics which would provide a better understanding o i  the linkages 

between drinking behavior and driving behavior, These studies could 

become the basis for future changes in alcohol-specific laws and polides, 

as well a s  other prevention program develcpmentt 

h+3 Recommendations for Public Policy 

Alcohol control policy a n d  legislation has historically been 

usad to acccmplish many purposes, In addition to protecting the public 

health, these laws have been used to reflect social, moral, or political 

standards, to ensure a stable market for beverage alcohcl, md to creatz 

mechanisms for governmental revenues, The dainain of this research was 



exc1ur;ively that of public health, Although other considerations enter 

into a determination of the minimum age at which alcoholic beverages can 

be legally purchased, the relcommendations below are based solely on the 

public health implications of the research findings concerning the effect 

of the drinking age an alcohol-related inotor vehicle crash involve~nent+ 

The leaal drinkina w e  at 21 should he sustained+ Rarely in the 

field of pt~blic health is i t  possible to identify a legal or policy change 

which has a demonstrable effect on a major cause of morbidity, Few 

traffic safety prevention programs that have been evaluated sciilntifically 

have been found to have prevented significant numbers of alcohol-related 

traffic acddents among young drivers, The change in Michigan's legal 

drinking age in December, 1978 frrjm 13 to 21 produced a significant 

improvement in the public health of 13-20 year old youth+ This research 

has provided clear evidence that the higher legal drinking age has l e d  to 

a significant reduction in alcohol-related traffic accidents among 18-20 

year old drivers, while s l d e ~  drivers, during the same time period, 

experienced no changes or slightly increased frequency of alcohol-related 

traffic collisions, The higher drinking rige can be considered a 

successful public health countermeasure against a leading cause of 

morbidity among yocrth+ If the basis for a determination of the minimum 

age of purchase for alcoholic beverages is  the public health consequences 

of alternative drinking ages, one must conclude that the 21 year old 

drinking age should be sustained, (1; 

Other major chano~s in alcohol availabilitv should be evaluated 

far oublic heaith effeds,  Since I376 the Office o f  Substance Abuse 

Services has supported ongoing research on the relationships between 



alcohol availability and alcohol-related socialt healtht and  safety 

problems in Michigan, These studies have been concerned with the lowering 

and raising of the legal drinking age, licensing and  regulatory activities 

of the Michigan Liquor Control Commision, and the variability of retail 

prices of alcoholic beverages, Governmental actions, either through 

administrative policy or regulatory changes, or legislationt frequently 

have direct implications for alcohol availability, For example, 

degregulation of distilled spirits pricest changes in stat2 alcohol tax 

formulae, and zoning and other local ordinance modifications should be 

adequately evaluated regarding their consequ~nces for alcohol-related 

morbidity and mortality, Research conducted since 1376 on the Michigan 

experience has revealed that lnodificaticns in alcohol availability were 

associated with changes in the incidence of acute alcahol-related 

problems, The Office of Substance Abuse Services i s  encouraged to 

continue to  take advantage o f  apportunities to measure the effects of new 

legislation and regulations, and to use the results to guide the 

formulation of public policies designed to prevent alcohol abuse and other 

alcohol-related problems, 



Notes to Chapter hl+O 

1, The "protection o f  life and limb" was found by the courts t o  
be the rat ional  basis f o r  the 1378 change i n  Michigan's legal dr inking age 
(GUY, 1878:51)+ 





APPENDIX A 

BASELINE ARIMA TIXE-SERIES MODEL ESTIMATION RESULTS 
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Table A. 6 ARLMA Model Est imat ion Resul t s  for the Frequency o f  Three-factor-surrogate Crash 
Involven~ent Among 21 - 24 Year Old  Dr ivers i n  Michigan 

ESTIMATION SUMMARY TERMINA1810N:SSQ CONVERGENCE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

VARIABLE:  1 2  
D I F F E R E N C I N G ;  0 LABEL : 
SEASONAL D I F F E R E N C I N G :  1 C A S E S  : 1- 8 4  
SEASONAL SPAN : 1 2  A D J U S T E D  S S Q : 0 , 1 8 5 0 5 E + 0 5  
TRANS FORMATIONS : NONE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PARAMETER PARAMETER B E G I N N I N G  ESTIMATED 95 P E R  CENT 

NUMBER TYPE ORDER VALUE VALUE LOWER L I M I T  U P P E R  L I M I T  
.............................................................................. 

1 A R S  1 - . 3 5 0 0 0 E + 0 0  - . 3 2 4 7 0 E + 0 0  - . 5 8 3 3 3 E + 0 0  - 0 6 6 0 6 7 E - 0 1  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RESIDUAL AUTOCORRELATIONS: C A S E S  DF Q S I G  

13- 8 4  1 9  0 . 2 2 8 3 4 E + 0 2  . 2 4 4 7  
.............................................................................. 
1- 1 0  0 . 0 7  0 . 2 2  0 .07 - 0 . 1 4  0 .08  0 .03  0 . 0 9  - 0 . 0 2  0 .10 -0 .31 
S 'I' . E  . 0 . 1 2  0 . 1 2  0 . 1 2  0 . 1 2  0 . 1 3  0.13 0.13 0 . 1 3  0 .13  0 .13 
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$: * * * * * * * * * * * * * * * * * * 

9 * 
m  SL 
rg * 

m  9 * * 
rl* * * * 

a m *  
Qrl* 
9 Q \ *  

N Q m r  
' * *  

r i m *  
I * * * 

m m * *  
= a m *  
m m m w  

r ( a m l - *  
* . * *  

4 - I 5 r *  
I I *  * 

r 
d N m *  

r 



Table A.11 ARIMA Model Estimation Results for  the Frequency o f  Had-not-been-drinking Crash 
I n v o l v e ~ ~ ~ e n t  knong 25 - 45 Year Old Dr ivers  i n  Mi chi gan 

ESTIMATION SUMMARY TERMINATI0N:SSQ CONVERGENCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VARIABLE: 1 9  

DIFFERENCING: 0  LABEL : 
SEASONAL DIFFERENCING: 0  CASES : 1- 84  
SEASONAL SPAN : 1 2  ADJUSTED SSQ:0,12356ES08 
TRANSFORMATIONS: NONE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PARAMETER PARAMETER B E G I N N I N G  ESTIMATED 95 PER CENT 

NUMBER TYPE ORDER VALUE VALUE LOWER LIMIT UPPER LIMIT 
.............................................................................. 

1 DELTA 0.75800E-l-03 0.51644E+03 0.19635E+03 0.83654E+03 
2 AN 1 0.64000E+00 0.47842E+00 0.27736E+00 0.67949Ei-00 
3  ARS 1 0.63000E+00 0  .66412E+00 0.47t?46E+00 0.84977E+00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RESIDUAL AUTOCORRELATIONS: CASES DF Q S I G  

1- 84 1 7  0.18607E+02 - 3 5 1 6  
.............................................................................. 
1- 1 0  -0 .03  -0.02 0 .06 0 .07  -0.04 -0 .01 0 .00 -0.07 0 .05  -0 .01 
ST.E, 0 . 1 1  0 .11  0 . 1 1  0 .11  0 .11  0 .11  0 . 1 1  0 . 1 1  0 . 1 1  0 . 1 1  

11- 20 0 .27 - B . 1 1  0 . 30  0 .12  -0.89 -0 .09 0.00 -0 .07 -0 .01  -0.00 
ST.E. 0 .11  0 .12 0 .12  0 . 1 3  0 .13  0 .13  0 .13  0 .13  0 . 1 3  0 . 1 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PARAMETER CORRELATION MATRIX 
.............................................................................. 

1 2 3  
1 1 ,0000  
2 -0.4920 1 .0000  
3  -0.7639 -0 .1491 1 . 0 0 0 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



APPENDIX B 

DESIGN VALIEITY 



DESIGN 

There are numerous potential threats to the validity of the 

conclusions reached in the present investigation, These potential threats 

to the validity of conclusions can be categorized in a number of ways, the 

most popular being the dichotomization of internal a n d  external validity 

originally presented by Cciinpbell and Stalley (1'?66)+ However, the present 

discussion is strl~ctured after the more cumprehensive discussion of 

validity presented in Cook and Campbell's (1973) recent volume, Cook and 

Campbell present four major categories of research design validity: (A)  

statistical conclusion validity, (3) internal validity, (Cf construct 

validity, and (Dl external validity, Each of these types of validity is  

discusr;ed below, 

Statistical Conclusion Validity, Statistical cunclusion 

validity is  concerned with the possibility that random zrror ald/'ur the 

inappropriate i_lse of statistical tes ts  may invalidate research 

conclusions4 Statistical conclusion validity is  essential to establish 

that there i s  in  fact a true covariation between the operationalizations 

of the concepts under investigition, Since covariation is  the most basic 

prerequisite for establishing a causal relationship, one must first 

establish a valid covariation or statistical relationship prior to 

conducting a causal analysis, 

There are a variety of threats to statistical conclusion 

validity, First, inadequate power of the statistical tests  used may 

invalidate cne's conclurion that no covariation is  present, This threat 

to statistical condusion validity was minimized b y  a number of design 



features in the present investigation, Since there is a direct 

relationship between sample size and power, a large number of observations 

over an extended period of time surrounding the intervention points was 

used in estimating the statistical relationships+ Power is  also increased 

by refraining from the use of very low levels of Type I error as the 

criterion for a statistically significant relationship, since power is 

directly related to the level of Type I error chosen+ 

Statistical conclusion validity was strengthened by the use of 

the most powerful statistical methods available that could be 

appropriately appli~d 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 urd Tiao, 1975; Box and Jenkins, 1976!+ 

Finally, 5tatistical conclusion validity can often be 

substantially increased by explicitly taking intrl account in the data 

analyses all systematic components of the total variance in the dependent 

measures, and thus reduce the error variance, A s  is discussed in Section 

:3+4 on the data analysis methods, extensive effort was expended to 

identify a11 of the systematic components of the total variance in each 

dependent time-series prior to an assessnent of the statistical 

significance or magnitude of the drinking age effects, 

A seccod threat to statistical conclusion validity is the 

violation of the assumptions of the procedures used, This threat to 

validity was minimized by explicitly noting the assumptions accompanying 

the statistical procedur~s used, the robustness of the procedure to a 

viol.ation of those assumptions, and an assessment of the zxtent to which 

the assumptions were violated, Further discussion of the assumptions 



underlying the procedures used in this investigation, and an analysis of 

the extent to which the assumptions were met can be found in Section :3+4+ 

A third threat to statistical condusion validity is  the 

analysis of multiple tests* Examining multiple tes ts  increases the 

probability of making a Type I error; that is, i t  increases the 

probability of falsely concluding that covwiation exists, (1) This 

threat trl validity can be avoided either by explicitly making adjustments 

i n  the critical significance levels ifor example, using Bonferroni 

multiple t-testst Dunn and Clark, 1974), or by  concluding that true 

covariation exists only on the basis of a pattern of results father than 

on the basis of one or two "significant" findings among a large number of 

tes ts  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+ 

A low level of reliability in the measures used constitutes a 

fourth threat to statistical conclusion validity, The result of low 

levels o f  reliability is  an inflation of standard errors and a consequent 

reduction i n  the ability to detect covariations that may exist, In other 

words, low reliability reduces the power of the statistical procedures 

used, The ma in  control over this threat i n  the present s t u d y  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 or county )+  The impact of random ifregularities over time in 

the data collection systems of particular local jurisdictions was 

minimized when the data were agg~egated at the state ltvel, The result of 

the statewide aggregation was the canceling out of numerous random 



measurement errors occurring at  the local level; consequently, the 

sytematic patterns in the series were more easily discernable in the 

aggregated data, 

Low reliability in the implementation of the intervention is  a 

fifth potential threat to statistical conclusion validity, If the 

intervention is  not implemented in a uniform fashion, with a high degree 

o f  random error in the manner in which it is  implemented from month to 

month, one is  less likely to observe the true covariatian that may tie 

present between the intervention and the dependent series, Implementation 

unreliability was minimized as a threat to the validity of the present 

study because the interventicns of interest, namely changes in the legal 

drinking age, were simply and dearly defined interventions, The major 

source of intervention implementation unreliability was the differential 

levels af enforcement of the drinking age across local jurisdictions and 

over time, Since adequate information on the nature of enfarcement 

efforts was not available, variations in the level of enforcement could 

not be explicitly incorporated into the ana!yses+ A s  a result, 

inconsistencies in enforcement efforts reduced the power of thiz 

investigation to detect effects of the drinking age changes, 

The sixth threat t o  statistical conclusion validity is  

identified b y  Cook a n d  Camptell (11?79:44) as "random irrelevmaes in the 

experimental setting," I t  is  the random error in the observations due to 

all of the other influences upon the frequency of accidents that are not 

explicitly brought into the andyses, I t  should be noted that a large 

number of these ather causas of crash frequency, althcugii not expliiitly 

identified, were cmtrcr!led i n  the analyses by  the speafication of 



systematic trendt seassnal, and other autocorrelation components present 

in the dependent variables, In addition to these systematic trend, 

seasonal, and autocorrelation components of the series that reflect causal 

influencest there was a random component in each series due to other 

omitted causal influences on the series, (2) The differential operation 

of these other factors across jurisidictions was controlled by using 

aggregate data across a large number of jurisdictions, A s  in any 

researcht there always remains, howevert a random component due to omitted 

causes of the phenomenon under study+ This random error over timet along 

with other random error due to measurement and sampling error, provided 

the basis for an assessment of the statistical significance of the effects 

of the legal interventions, 

The final threat to statistical condusion validity identified 

by Cook and  Campbell (1973:44) is "random heterogeneity of respondentst" 

ort in other words, the random error associated with the sampling of 

subjects from the population of interest, Since the present research did 

not use a sample of fatal acddents, but rather a census of fatal 

collisions for the entire state, sampling error was not a threat to 

statistical conclusion validity in the analyses of the fatality 

variables,(3) Sampling error was present in the measures of traffic irash 

frequencies, which were based on a 20 percent random sample of all 

reported crashes+ In the analyses of these variablest the sampling error 

was part of the total residual error used to assess the statistical 

signficance of intervention effects, 

Internal Validity, After a high degree of statistical 

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



rovariation between operationalizations of the concepts of interest has 

been established, the question as to whether the covariation is  plausibly 

indicative of a truly causal relationship has to be addressed, 

Establishing the causal nature of observed covariations between 

operationalizations is the domain of internal validity+ There are a large 

number of potential threats to the internal validity of an investigation 

and each threat should be explicitly co~sidered and ruled out as a 

plausible explanation of the observed covariation, Through the sucessive 

ruling out of potential alternative explanations for observed 

covariations, one's confidence in inferring 3 causal relationship on the 

basis of the observed covariation is  strengthened, Although from an 

~pisternological paint 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 i t  can be disproved by new 

evidence+ For these reasons, as inany potential alternative explanations 

for the observed relationships between the measure of beverge diohol 

availability (i+e, the legal drinking age) a n d  lneasures of motor vehide 

accidents as possible were analyzed a n d  dismissed as implausible 

explanations for the observed covariation, 

The first potential alternative explanaticn of an observed 

relationship between legal drinking age changes and measuuzs of acddents 

is  that the proposed causal icelationship is  reversed, that is, changes in 

accident frequency bring about changes in the legal drinking age rahter 

than vice-versa, This threat to intsunal validity was ruled aut i n  the 

present design b y  the time-ordered nature of the measurements, d cause 



must precede in time i t s  effects, and since the measures of the changes in 

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

that the c a u d  relationship i s  reversed was discarded, 

The second major threat to internal validity is  history, a 

comtemporaneous event that inay be the true cause of the observed effect, 

For example, one  night argue that any downward shifts in accidents among 

Michigan youth after the raise in the iegal drinking age in 1975 were due 

to the moderate gzsoline shortage (and increased gasoline prices) of 1973, 

and the resultant drop in miles driven, Similarly, one might argue that a 

reduction in alcohol-related traffic accidents was due to reduced 

consumption of alcohol after Michigan's ban on non-returnable beverage 

cont.ainers caused a significant increase in the price of packaged beer+(4) 

Such explanations of observed shifts in the dependent series were ruled 

out by specific features in the research design+ The use of 

quasi-control groups, consisting of the affected age group's older peers 

not affected by  the drinking age interventions, permits an assessment of 

the validity of alternative explanations+ of which the gasoline shortage 

and beverage price increases are two examples+ Such contemporaneof~s 

historical events would most likely affect all age groups, not just the 

18-3:) year olds, and would therefore be seen in the accident measures for 

the comparison age groups, 

Alternative historical events were also ruled out as 

explanations of a covariation between the interventions and  the dependent 

variables by the f a d  that two interventions were examined, one of which 

was the reverse of the other, In such a situation any contemporaneous 

historical event that is  suggested as an explanation of observed shifts 



must  operate in opposite directions a t  different times, or two historical 

events must be postulated which operate in opposite directions, Since 

such multiple historical confounds were unlikely, the research design as 

here formulated was robust against contempovaneous history as a threat to 

internal validity, Moreover, the major event with known effects on crash 

frequency, the fuel shortage and related factors of early 1'374, was 

explicitly controlled in the data analy.;es+ 

The third threat to internal v.alidity is ~naturation, gradual 

devlopmental changes in the dependent variables simply due to the passage 

of time, The time-series design ruled iiut this threat b y  providing a 

series of observations prior to the intervention, permitting a 

determination of whether the post-intevvention observations were simply 

the continuation of a pre-intervention ~naturationd t~end ,  It should be 

noted that a gradual trend in the dependent series can be attributed to 

maturational effects or to the effects of ,some omitted variables 5uch as 

economic or population growth; in any case, observed trends in the 

dependent variable series were explicitly taken into account in the data 

analyses, 

The testing threat to internal validity refers to the impact 

repeated testing may have on the system under investigation, and the 

pos5ibility that testing effects !nay be the true cause of an observed 

relationship, This threat was eliminated in the present design b y  the 

unobtrusive nature of the measuremant process, This is, the measurement 

process was an institutionalized feature of the social system, rather than 

an artifact of the experimental situation, Secondly, this potential 

threat was minimized in the time-series design b y  the long 



pre-intervention series which made it highly improbable that a testing 

effect would suddenly emerge at the point of the intervention+ 

The fifth potential threat to internal validity is  

instrumentation, a change in the measuring instrument occurring coinadent 

with the intervention, That is, the process by which acadent frequenaes 

were measured may have changed at the same time point as the legal changes 

in the drinking age, and may account for any observed shifts in the series 

at the point of the legal changes, This argument was not a plausible 

alternative explanation of the proposed causal relationship for several 

reasons, First, the presence of coinparision groups that wouid also have 

experienced basic changes in the measurement process ruled out 

instrumentation as a validity threat, Such changes in the measurement 

process cannot be used to explain the differential shifts in the frequency 

of accidents for the 13-20 age group as compared to the aged groups 

presu~nably unaffected by the legal drinking age changes+ This threat to 

validity was also minimized b y  the analysis of two interventions, one the 

reversal of the other, since two instrumentation changes, causing oppilsite 

shifts in the dependent series,  nus st be postulatedl Finally, the threat 

was reduced simply by  the time-series nature of the design+ With a large 

number of observations over an extended period of time prior to the 

intervention, a substantial instrumentaion change exactly at the point of 

the intervention became less plausiblel i5) 

Statistical regression or regression to the mean is another 

often mentioned threat to internal validity, Regression to the maean 

occurs if an intervention is  implemented exactly at a point at which the 

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



subsequent obserj~ation will tend to be closer to the inean of the series 

simply by chance, regardless of any intervention effect, For exa~nple~ if 

the drinking age was uaised at precisely the point in time when 

alcohol-related traffic accidents among youth were at  their highest lei& 

in years, one would expect the level of accidents to fall somewhat after 

that unusually high point+ Such a regression sffect could be mistaken as 

the effect of the drinking age change, Such an argument was not a threat 

to the interval validity of the puesent design for several reasons+ 

First, a long series of obsevatians was available prior to the 

interventions, facilitating the determination of the atypicality 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 observa.tions in the series, rather than 

relying only on the observaticns immediately prior to and immediately 

after the interv~ntions, Furthermore, the analysis methods took into 

account seasonality and autocorrelation regularities in the series, 

ensuring that the intervention effect idfzntified was independent o i  

effects due simply to the particljlar tint. points at which the 

interventions were implemented+ 

The seventh and eighth potential threats to internal vaiidtiy 

are selection and mortality, That ist paiticular chauactsristicss of the 

subjects selected for ~.tudy, and ~ a r t i l l j l a ~  characteristics of rnose ' ' 

subjects who drop out of the study, may invalidate the study results, One 

type of selection threat occurrs when di.ffere~ces in tbe kinds cf ~;ubjeits 

in  the experimental and control groups a ~ c o t i ~ t  for idiifrrences in the 

post-intervention measures beilwe~n the two groups, rather than an inpact 



of the intervention, This alternative explanation was not a threat in the 

present design because the criterion for establishing an intervention 

effect was not simply differences in the post-intervention observations 

between experimental and compzfison groupsr b u t  rather differences in the 

shifts found within the experirnental and the control dependent series+ 

However, when intervention efr'ects were assessed by examining shifts 

within each of the series, selection and mortality may have threatened 

internal validity if the composition of the experimental group changed 

substantially at  the points at which the interventions were implemented, 

t h u s ,  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 individuals who attain the age of 18 and 

dropping out of individuals who attain the age of 21+ This change in the 

composition of the group, however, occurs gradually, with only a small 

proportion of the total expzrimental population changing from month to 

month, Furthermorer these changes in the composition of the experiinen tal 

groups were primarily ifue to a stable aging process that cannot be 

influenced b y  the intervention or extraneous factors+ Thus, i t  was highly 

implausible that the changes in the composition of experimental groups 

accounted for observed shifts in the dependent variables, 

There are tht-ee threats to internal validity which invoive the 

interaction with selection of particular threats already discussed, 

First, selection-maturation refers to a difierentiai maturational trend 

across the experimental and control groups+ This was not a threat to 

internal validity in the present design fov the same reasons that the [main 

effect of maturation was not a threat, namelyr the long series of 



observations availdl2 prior to the in t~rvent icns~ and ihe data analysis 

methods used, which explicitly took into account any inatur~tional trends 

in each group's series of observatians+ 

The second interaction threat to internal validity is  the 

interaction of selection and history, It was possible that each of the 

experimental group; experienced a different "local" history? and this 

differentiaily experienced cont~mporaneous event das actually the cause o f  

the shifts observed in the series concornitant witn the driniung age 

interventions, For example, two contemporaneous events, the moderate 

gasoline shortage and price increases of 187'? and the ban on 

non-returnable beverage cantainer.5 (increasing the cost of a:roholic 

beverages), nay have had 3 differential i~~ipa& on the various age groups+ 

One could conceivably argue that both of these csntemporaneous events had 

an influence upon youth that was not true for adult.;+ Since youth may 

have less discretion~ry disposable income available, and s i n e  these 

contemporanen,us events inceased the c:ost sf both driving and of drinking, 

the ban on nun-returnable beverage containers and the 1'?7'? Fuel 

shortage/price increases may explain w h y  there were reduced 

alcohol-related x i d e n t s  for yiluth and no such shifts For older age 

cohorts during 1979, If i t  is  true that the increassd ccst of fuel and 

alcoholic beverages influenced the drinking and driving patterns sf youth 

more than the drinking and driving patterns of older cohorts, the rnajoit 

fuel shortage and ?rice inweases c.f early 1474 st~oiild also have had a 

greater impact on young drivers, Iiowever, the data anaiyses pre.sented in 

Chapter 4,O reveal that the 1974 fuel sh~rtage.i'price ;ncreasss did not 

affect young drivers more than older drivers, This findifig reduced the 



plausibility o f  the argument that the increased fuel prices of 137? 

account for the larger reductions in accidents observed for young drlvers 

than older drivers, 

The final interaction w i t h  selection that is  a potential threat 

to internal validity is selection-instrumentation+ This threat could 

obtain if alterations in the procedures for the reporting of 

alcohol-related acddents occurred only for acadents involving youth, 

The instrumentaion change could then account for the shifts in acadent 

frequencies specific to this age group, This threat to internal validity 

i s  the argument most frequently used by  those who favor lower drinking 

ages, to discedit observed covariations between drinking age changes and 

the frequency of collisions among young drivers. The argument i s  that 

with a lowered legal age police officers are more vigilant in reporting 

the presence of alcohol in crashes involving young drivers, and 

conversely, officers report fewer crash-involved young drivers as "had 

been drinking" when a high drinking age i s  in effect, Although the extent 

of any such police reporting bias has not been documented, the 

selection-instrumentation challenge to internal validity was controlled 

through the use of the three factor surrogate measure of alcohol-related 

crashes as  discussed in Section :3+2, It is highiy 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 the comparison groups as a result of their 



experiencng a pcrtion of the inteuvention, Ciifusion of the 

interventions was possible in the present design far the ib-17 ige grocp , 
since a inajor change in the level o f  avallabiiity o f  alcoholic beverages 

for the 18-20 age group inclirectly changes the level of alcohol 

availability for the ib-17 age group,  as discussed in Chapter 2,1:), As a 

result, the interventions may had2 an iinpact on the 16-17 year old cohijrt 

as well as the focd 13-20 age group, The diffusion of the intervention 

t o  11.-17 year olds was no threat to the present investigation since other 

comparison groups (aged 21-24 and 25-45), whose levels of alcohol 

availability were not affected b y  the interventiofis, were included in the 

design, The effects of the drinking age changes on the 16-17 aye group 

were directly aisecsed ahng with the impact upon 12-20 year olds, 

The last three threats to internal validity are potential 

"reactive effects" of experimentationt The first reactiiie effect Zaok and 

Camp bell (137?:54) discus; is "carnpensator;i equalization of treatmen tz," 

which occurs when the providers of the tveatment recoijnize that the 

control grol~ps not receiving the treatment may feel discfiminated against; 

as a result, the providers work to obtairi a portion of the treatment for 

the control groups, In the ?resent investigation, the older age cohort 

control groups were not affected b y  changes in the legal ijrinking age; 

regardless of whether the 1~ga l  age was 1': or ?I, those over 21 had 

alcoholic beverages; legally available to them, 

The second reactive effect potentially threatening internal 

validity is "campensatory rivalry b y  rsspor~dents rsceiving less desirable 

treatments" (Cook and Campbell, 1379:54), and refers t o  acticn :ak;in b y  

control grocrp 5.l~bject5 to obtain a portion of the t;~eatmenii iwirich are 



perceived as being desirable), The third .reactive threat is  "resentful 

demoralization of respondents rzceiving less desirable treatments" iCook 

and Campbell, i8?79:54)+ This threat to internal validity occurs if the 

treatments are perceived as desirable and the no treatment control groups 

retaliate b y  lowering productivity or efforts, or otherwise distort the 

differences between tveatment and  control groups, These two effects were 

not threats to the internal validity of this investigation because the 

present study examined natural experiments that occurred as par-t of normal 

on-going policy-making processes in the State of Michigan, and thus were 

not subject to the reactive effects that are often present in artiiisdtlly 

contrived experimentation, which is an atypical presence in the social 

system under investigation, 

In summary, the goal in designing this research was to obtain 

valid conclusions as to whether changes in ihe availability of beverage 

alcohol, as represented b y  changes in the drinkirrg age, caused substantial 

changes in alcohol-related accident frequencies, The first step was to 

establish that there was a true covariation betw~en changes in 

availability and changes in accident frequencj, achieved by assuring the 

statistical conclusion validity of observed shifts in the accident 

time-series, The second step was t3 rule out extraneous hypotheses, those 

other than the causal hypotheses under investigation, that could plausibly 

explain the covariations observed, The result was high internal validity 

and a high level of conFidence that tile covariation observed represents a 

causal relationship between the partie~lar aperationalizations of alci~hol 

availability and alcohol-related accidents, The next validity issue was 

whether the causal relationship established between the particular 



measures used was, in fact, Indicative of a causd relationship betl,+een 

the broader constructs of interest) namely, alcohol availability and 

alcohol-related trsffic arciden t s t  The relationship between the 

operationalizations or measures used and the theoretical construds of 

interest is  in  the domain of construct validity, 

Construct Vlidity, Canstruct validity answers the question) 

given the established causal relaticnsrip betlnieen the operaticnalization 

used (itet high internal validity), do the operationalizations adequately 

reflect the concepts of interest'? The first threat to construd validity 

is inadequate explication of constructs prior to their operationalization, 

Clear specification of the conceptz of interest, as is  found in Chapter  

2,?, is an important aid for obtaining measures that are appropriate to 

the concepts under study, 

The second threat to c~nstruct validity is; labeled 

"nono-aperation bias" by Gaok and Campbell (193?:6.5), Mono-operation bias 

refers to the use of only a single operationalizzd measure ot' sach 

conccpt, The use of ~ ing le  indicators prevents an as.;essment 'if 

convergent validity, that is,  the extent to which different measiires of 

the same concept produce the same result, Mono-operation bias was not a 

threat in the present design because multiple indicators of each concept 

were usedt A s  discussed in Section 3+2, the traffic crash dependent 

variable measures include the frequency of police reported "had not been 

drinking" crash-involved drivers, thg frequencj at' police reporid 

acddent-involved drivers where the driver "had b ~ e n  drinking," and m 

ernpirical!y derived three factor s~irrogate mezsure cf alcahoi-relatsd 

accidents, F~!rthermore, two categories of 3ash  in.v,olvement !#Ere 



examined, the total frequencj of crash invoiveirierit and the frequency ot' 

fatal crash involvement+ The use of such multiple indicators of traffic 

accidents and alcohol-related traffic accidents permitted an asses,sment of 

convergent validity+ The measure of the changes in alcohol availability 

was based on the effective date of the legal changes and was accepted $5 a 

valid measure on the basis of face validity, obviating the need far 

multiple indicators+ 

A threat to construct validity closely related to mono-operation 

bias is  "mono-method bias" (Cook and Campbell, 1373:biz)+ I t  refers to the 

reduction in construct vl idi ty that cccurs if all the measures of a 

concept are based on the same data collection technique, The most 

difficult c~ncept to mea,sure in the present investigation, alcohol-related 

accidents, was measur~d using two rr~ethods~ The "had been drinking" 

measure was based on the judgements of the investigating police officer, 

while the three factor surrogate was empirically constructed on the basis 

of objective information concerning the driver and circumstances 

surrounding the collisicn + 

There are three theats to construct validity that are potential 

reactive effects of the experimental situation* The first threat occurs 

if the subjects within the various experimental conditions guess what the 

researcher's hypothesis is  and act in such a manner to confirm (or 

disconfirm) that hyothesis* The second threat is  "evaluation 

apprehension" (Cook and Campbell, 1379:67) on the part of the experii~fental 

subjects, where, as a result of the subjects' awareness o f  being 

evaluated, behave in 3 socially desir.hle manner+ The third reactive 

effect that may threaten construct validity i s  the expectations of the 



exper i~enter ,  If the ~xperimenter's expactations i r e  communicated to ths 

subjects under investigation or t3ose who coll.& data, distortions in the 

subjects' behavior or the data c~l lected may result, All three of these 

potential threats to construct validity, resulting from reactive effects, 

were eliminated in the present investigation by  the unobtrusive nature of 

the experiment, The experiment was a natural part of the .soda1 

environment, not imposed on the s o i a l  system b y  outside researci-~ers, and 

thus was unlikely to create reactive effects, Xowever: a form of the 

third threat, experimentev's expectations, could threaten csnstruct 

validity if the expectations of policil offficers, who are resp~fisible for 

the collection of data on traffic accidents, influenced the reported 

frequencies of cra.shes+ This threat was minimiz~d by the use of measures 

that the police had li t t le ionti.ol over and thus were unlikely t s  be 

distorted b y  such subjective factors, T:-I~ three factor surrogate measure 

of traffic fatalities, in particular, was virtually impossible to distort 

by police accident inves t i~a tors ,  

Another thveat to ccnstvuct validity was somewhat i;bsa~rely 

labeled "confounding construct~s and levmzls of ,constructs" b y  Cook and 

Campbell (i1?7?:1.7)+ This source of invalidity occurs when theve i s  

implementation of only a small number of d l  possible levels of the 

interventicn variable, andi'or the measurement of oniy a subset ~i d l  

possible levels of the ~utcome variablel Invdid conclusions may result 

if the effect (or lack of effect) observed i s  due to the fact that only 

particular levels of the intevventicn were adrniniste~ed, or only a ;soution 

of the potential range of the ou!come variables wers measured, This 

potential source of invalidity was minirnizzd i n  the present design because 



the measurement of the outcome variables was continuous a n d  because the 

independent variable was a dichotomy (beverage alcohol legally available 

to an age group versus beverage alcohol not legally available to that age 

group), One could argue, however, that the concept of alcohol 

availability is  continuous and the present design only examined two of 

many possible levels of alcohol availability, If one accepts this very 

reasonable argument, i t  m u s t  be noted that the two levels of availability 

examined were at  widely divergent points of the availability continuum, 

Although a detailed examination at' the pattern of impact of marginal 

changes in the availability of beverage alcohol was not possible, 

conclusions concerning the impact of a l-najor change in availability upon 

motor vehicle accidents, the purpose of the present investigation, could 

be validly achieved , 

The interaction of various interventions also could reduce 

construct validity, Since this s t u d y  evaluated the i~npact of two 

interventions, any impact observed for the second intervention inay only 

obtain when the second intervention i s  preceded by the first intervention, 

Thus one could argue that the effect of the second intervention, raising 

the drinking age, only occurs if raising the drinking age follows, b y  

seven years, a drop in the legal drinking age, The threat that the two 

interventions may interact to produce the observed effects was avoided by  

the nature of the two interventions, one being the reverse of the other, 

Obviously, one expects a law establishing the legal drinking age at  a 

particular age to  have an effect of shifting the level of acadent 

time-series only if the drinking age was something other than that age 

prior to the new law, The intzradion of different drinking age 



interventions, therefore, did not reduce construct validity because the 

two interventions were, in a sense, only one treatment, with the 1'37:; 

drinking age change simply the revel-sal of the 1'772 intervention, 

restoring the drinking age to i t s  pre-l'V? level, 

One type of interaction effect that cannot be controllzd b y  the 

design is  the interacticin of the facal ir.tervention, i,e, drinking age 

chanses, with other planned or unplanned "interventions," such as changirig 

economic conditions or the implementation of a ban on non-returnable 

beverage containers, Such factors may have interacted with the drinking 

age changes to produce shift; in crash frequency among youth and the only 

way to avoid invalid inference is cognizance of such confounding 

"interventions" when interpretir~g the results af the data analyzes, 

The last threat to the construct validity of the present 

investigation is  the interaction of testing and the interventions, that 

is, the possibility that the interventicn effects observed may only occur 

if there is pre-testing, The measurement gf the outcoine variables prior 

t o  the intervention implementation did not reduce design validity because 

the pre-testing utilized here was a continuous, institutionalized data 

collection system, rather than an art ifad of the experimental ,situation, 

External Validity, External validity answers the questisn, 

given that one can confidently concluiie that there ir; .3 causal 

relationship between the focal const:uct~~ to what extend is this calisal 

relationship generalizable across persilrist settings, and times? The first 

major threat to external validity is the interaction of seiection and 

treatment, That is ,  the plausibly causal relationship that has te2n 

established may only apply to the particulaiz atypical s a ~ ~ p l e  analyzed, 



The selection of a target 9opulation of a11 accident involved youth in 

Michigan, with the analysis of a census of fatalities and a random sarrrpie 

of reported crashes, reduced this constraint on generalizability, 

There are two major limitations on the populations to which the 

findings could safely tie generalized, First, since the analyses were 

limited to the aggregate of all reported crash involved youth in Michigant 

no generalizations could be made to particular subpopulations of Michigan 

youth+ For example, without specific analyses of particular subgrous 

based on sociode~nographic or social-psyct~ological variables, one could not 

determine the differential impact of the changes in the legal availability 

of beverage alcohol upon particular types of youth, Although the overall 

impact was determined, this overall impact may be the result of differing 

impacts on particular subgroups of the total population ~f youth, Second, 

because the analyses were based solely on the Michigan populationt the 

generalizability o i  the results was, strictly speakingt limited to the 

State of Michigan, I t  inust he recognized that generalizing to other 

states is based on one's judgement as to the similarities betweeen those 

states and Michigant rather then based on expliot features of the 

research design, (61 

The interaction OF setting and treatment is the second basic 

threat to external validity, This limitation on generalizahility occurs 

when the intervention effects observed are d u e  to the implementation of 

the interventions in a particular socio-cultural setting, Since the 

present investigation assessed the effects of changing the legal drining 

age in only one socio-cultural settingt one cannotgeneralize the results 

to widely different states or countries, Sow ever, the experilnental 



setting was not substantial1;i atypical of a number of industrialized 

states, and some generalization c3n plausibly be made, if i t  is  done witn 

caution, recognizing that one is  generalizing by  inference, not an the 

basis o f  explicit features of the research design, 

The thivd major threat to external validity is  the interaction 

of history and treatment+ If intervention effects occur oniy under the 

particular historical circf~mstances present when the interventions were 

implemented! the jeneralizability of the findings are severely limited, 

The analysis of two interventions changing the legal availability of 

beverage alcchol at  different time points, substantially reduced this 

threat t o  external validity, Since impact of a change in the drinking age 

in 1972 and the impact o f  another change in 1'37::: w a s  examined, the 

plausibility of the arguinent that particular tiistorical drc~mstances 

interacted with the intervention both in 1972 a r ~ d  i'???!, bringing about 

both observed shiftz, was greatly reduced, However, the drinking age 

changes werz implemented in a particular histarical period, and the extent 

to which similar results would occur during different time periods is  

unknown, For example, the Vietnam war, the draft, and assodated youth 

protest activities of the late 1360s and early 1Y70.5 may have facilitated 

the mow to a lower age of majority (inchding the drinking age), The 

oovement to raise the drinking age )nay be affected b y  the frequently 

discussed con5ervative drift of the Vnited States in the late 1970st Sne 

can only speculate as to the ~ f f e c t  of 1afge.i 5oCIi0-hist~ritd 

devslopments on the intsradion between drinking age piibli: policy and 

motor vehicle accidents, 

. , In summary, it IS evident that a number of features s f  t;re 



design of this investigation, such as (A) the appropriate use of powerful 

statistical procedures, iB) the use of long series of observations For 

multiple ~neasures, (C) the analysis of multiple comparison groups, and (O)  

the examination of two policj interventions, one the reverse of the other, 

function to provide conclusions of high validity concerning the impact of 

changing the legal minimum drinking age on measures of motor vehicle 

acadenis, The establishment of such causal relationships is  ainang the 

most important goals of theory-oriented hypothesis-testing research and 

policy-oriented evaluation research, Identifying causal relationships 

allows one to move on to an assessment crf the generalizability of the 

causal conclusion to broader concepts, The high levels of statistical 

conclusion validity and  internal validity of this s t u d y  facilitate the 

establishment of a causal relationship between changes i n  the legal 

availability of beverage alcohol, as ineasured by modifications in the 

drinking age, and traffic accidents, as measured by the frequency of 

collisions and fatalities, The levels of design validity for construct 

and (especially) external validity arr  somewhat lower, however, and broad 

generalizations to related concepts and other populations and settings 

should be made with care, I t  should be noted that, as  Cook a n d  Campbell 

(1979) pointed out, construct and external validity are, in the final 

analysis, matters af replication, Therefore, the replication of the 

present investigation in other states, using various ~neasures of the 

concepts and using the powerful design and data analysis features used 

here, would strengthen the conclusion that there exists a general causal 

relationship between beverase alcohol availability and the frequency of 

alcohol-related acadznts, 



Notes to Appendix E 

1, For example, if one sets  the critical significancz level at 
+(:ISt one would expect t o  find five "significant" results in any 100 tests  
conducted, simply as a result of chance, 

2, The major exogenous factor with a known impact on the 
frequency of crashes was the fuel shor~age and national maximum legal 
speed limit reduction of early 1'?74+ The effects of the fuel 
shortage./speed limit reduction iqere explicitly controlled in the data 
analyses assessirg the effect of the diminking age changes, 

3, Some may argue that without probability sampling from a 
defined population, my use of statistical testing is  inappropriate, 
However, the model of statistical inference used here is an econometric or 
time-series model where the statistical significance of an intervention 
parameter was assessed by comparing i t s  size with the size of the total 
random component in the dependent variable, The purpose of ,itatistical 
inference in this investigation was to separate the systematic effects 
from t h ~  randcm component, not generalizations to .specified popuiation, 
F'7r additional discussion of this issue see Berk and 3rewer i1Y78), 

4, The proposed ban on non-returanable soft drink and beer 
containers was submitted t o  and approved b y  the people of the State sf 
Michigan at the generd slection held on November 2 ,  137Gi and took effect 
on December 3, 1978 (Michigan Compiled Laws o i  1370, Seciions 445,571 
through 445,576, as amended b y  Initiatad Law of 1976, Section 2 ,  and 
Public Acts of 1'377, Number 270) ,  Available evidence indicates that, 
after the effects of inflaticn were ;ontirolled, packaged beer prices 
increased by 3bout !(:I percent i n  the first year ar'ter the law took effe~d 
(Michigan State Legisliture, 147'?)+ 

r .-I, A s  was discussed in Sedinn :32, variables charactzrized by 
major instrumentation chmges (such as the had been drink;r;g.,'had not been 
drinking measure in the late 19tiSs arrd early 15'705) were hxcluded ffom the 
analyses+ 

kc+ One impzrtant difference between states, potentially 
limiting generalizability, identified in previous ~esearch irjou~jlass, 
14741, is the degree to which the state i.5 isoiated brim contiguous s t a t ~ s  
with different drinking ages, For example, a raised drinking age is 
likely to have less impact in 3 state with a iong border with a state that 
retains a lower drinhng age because young drinkers may drive to the 
neighboring state to obtain alcoholl Such a situation is an inxample of 
the operationalized measure, a legal change in the drinking age, nut 
reflecting a major change in the construct of interest, alcohol 
availability, Sincs only  a marginal change i n  alcohol availability occurs 
after a legal drinking age chafige in such rircumstances, less zffect an 
alcohol-related ccllisions might be expectsd+ 
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