
David P. MacKinnon, PhD, Liva Nohre, MA, Mary Ann Pentz, PhD, 
and Alan W. Stacy, PhD

David P. MacKinnon and Liva Nohre are with the
Department of Psychology, Arizona State Univer-
sity, Tempe. Mary Ann Pentz and Alan W. Stacy are
with the Department of Preventive Medicine, Uni-
versity of Southern California, Los Angeles.

Requests for reprints should be sent to David
P. MacKinnon, PhD, Department of Psychology, Ari-
zona State University, Tempe, AZ 85287-1104
(e-mail: davidpm@asu.edu).

This article was accepted January 13, 2000.

A B S T R A C T

Objectives. This study, a follow-up
to the authors’ earlier report, examined
the effects of the alcohol warning label
on adolescents during the first 5 years
that the warning was required.

Methods. Surveys were adminis-
tered to 10th-grade (n=16661) and 12th-
grade (n = 15 856) students from the
1989–1990 school year through the
1994–1995 school year. The measures
were awareness of, exposure to, and
recognition memory of the alcohol warn-
ing label; beliefs about the risks listed
on the warning; and open-ended state-
ments about consequences of alcohol
use, alcohol consumption, and self-
reported driving after drinking.

Results. There were increases in
warning awareness, exposure, and recog-
nition memory. These effects leveled off
approximately 3.5 years after the inclu-
sion of the warning on alcohol beverage
containers. There was no beneficial
change attributable to the warning in be-
liefs, alcohol consumption, or driving
after drinking.

Conclusions. The initial positive ef-
fects of the alcohol warning label on ado-
lescents have leveled off, consistent with
theories of repeated exposure to persua-
sive information. The alcohol warning
has not affected adolescents’ beliefs
about alcohol or alcohol-related behav-
iors. (Am J Public Health. 2000;90:
1589–1594)
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The following warning label is required to
appear on alcohol beverage containers manu-
factured since November 18, 19891:

Government Warning: (1) According to the
Surgeon General, women should not drink
alcoholic beverages during pregnancy be-
cause of the risk of birth defects. (2) Con-
sumption of alcoholic beverages impairs your
ability to drive a car or operate machinery,
and may cause health problems.

The risks described in the alcohol warn-
ing have well-documented and substantial so-
cial and economic costs, including traffic fa-
talities and injuries, fetal alcohol syndrome,
liver cirrhosis, cancer, assaults, drownings, and
work-related injuries.2,3

Laws requiring alcohol warnings have
been consistently proposed at both local and
federal levels as a cost-effective, universal pre-
vention strategy to communicate health risks
acrossentirepopulations.3,4Warning labelshave
beenshowntoreceive thehighestpublic support
among a variety of alcohol control policies, in-
cludingpoliciesonavailability, educationalpro-
grams, and higher taxes.3,4Warnings on alcohol
containers are a unique method to disseminate
prevention information because amount of al-
cohol use is directly related to exposure to the
information.Thenumberofpotential exposures
to the warning is large for heavy drinkers who
pour their own drinks. In most other informa-
tional prevention strategies, exposure is not di-
rectly related to problem behavior.

The text of the alcohol warning label law
specifies that the goal of the warning is to in-
form and remind people of the risks associated
with alcohol use, but effects on behavior are
likely to be of the most importance to public
health. As part of the law requiring the alcohol
warning, federal agencies were mandated to
monitor its effects.1 Across several studies,
short-term effects of the warning label have
been reported on awareness, exposure, and
memory but not beliefs about risks or alcohol
use and abuse.5–7 Warning effects on aware-
ness and memory are important because they

are measures of the purpose of the warning as
described in the law’s text.

Awareness and memory are also impor-
tant because changes in these cognitive mea-
sures may ultimately lead to reductions in
alcohol-related problems. The alcohol warn-
ing label was initially effective in communi-
cating risks, meeting the law’s intent. Now that
the law has been in effect since 1989, it is im-
portant to evaluate the duration of the initial
effects and whether effects on intermediate
cognitive measures translate to changes in al-
cohol use behavior.

Theories of repeated exposure to infor-
mation may shed light on the effects of warn-
ings over time. According to the 2-factor model
of message repetition,8–13 repetition initially
provides an opportunity for deeper under-
standing that results in positive attitude change.
The tedium of additional repetitions leads to
less attitude change and attention to the mes-
sage.10,11,14 The model predicts a quadratic ef-
fect such that warning label effects increase,
level off, and then decrease. Longitudinal stud-
ies of warning label effects on adults have pro-
duced evidence that effects have leveled off,15,16

and similar results have been observed for an
alcohol warning poster.17 If the 2-factor model
provides an accurate account of warning label
effects, then changing the format of the warn-
ing, rotating warnings, or using other methods
to increase the noticeability and novelty of the
warning may be necessary.

The present study examined the longitu-
dinal effect of the alcohol warning label, 5 years
after the label was required to appear, on a large
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FIGURE 1—Percentages of students responding affirmatively to the awareness
question (“To the best of your knowledge, is there a law requiring
warning labels on cans and bottles of beer, wine, and liquor
[packages of cigarettes]?”), by school year and grade: Marion
County, Indiana, 1989–1990 through 1994–1995.

adolescent sample. Experimentation with al-
cohol typically begins in adolescence, and many
attitudes regarding alcohol use are established
during this period,18 making adolescents an im-
portant group to study. Our previous study,19

which evaluated the 1-year effects of the warn-
ing label on a portion of the current adolescent
sample, showed positive effects on intermedi-
ate measures of the alcohol warning.

If the initial effects on intermediate mea-
sures of the warning label lead to reductions
in alcohol-related problems, then reductions in
alcohol use and driving under the influence of
alcohol should be observed. Even small effects
on alcohol consumption and driving after drink-
ing may be detectable in such a large adoles-
cent sample. Of the 4 risks addressed by the
warning label (birth defects, health problems,
impaired operation of machinery, and impaired
driving), only effects on impaired driving may
be likely in a general population of adolescents.

Methods

Sample

The sample consisted of 16661 grade 10
and 15856 grade 12 students surveyed during
each school year from 1989–1990 through
1994–1995. The average numbers of 10th- and
12th-grade students measured in each school

year were 2777 and 2643, respectively. The
sample was 50% male and 74% White; 52%
reported their father’s job as executive, busi-
ness owner, professional, or high-end sales-
person; and 45% had consumed at least 1 al-
coholic beverage in the previous month.

Theparticipantssurveyedduringthe1989–
1990 school year constituted the pre–warning
label group. All of the 12th-grade students and
approximatelyhalfof the10th-gradestudents in
the 1989–1990 school year were surveyed be-
fore thealcoholwarninglabel’s legislateddateof
appearance. That half of the 10th graders were
measured after the warning in the 1989–1990
schoolyearmayhavereducedthewarningeffect
size; however, excluding these students did not
change the pattern of results. Some of the 10th
graders may have been measured in the 12th-
gradesample2 years later.Public,parochial,and
privateschoolswereassessedeachyear.Thenum-
ber of schools measured each year varied some-
what (from 24 to 27) owing to school closures
andopenings,but thesampleincludedalmostall
of the high schools in Marion County, Indiana.

Two sampling plans were combined to
provide the data for the cross-sectional analy-
ses described in this report. In the primary sam-
pling plan, classrooms of students were ran-
domly selected from each school and measured
cross sectionally. Beginning in the 1989–1990
school year for 10th graders and the 1991–
1992 school year for 12th graders, some par-

ticipants were surveyed as part of a concurrent
longitudinal study that originally began when
the students were in 6th or 7th grade. Those
students in the longitudinal study who reached
10th or 12th grade during each school year
were included in the sample for this report.
Thus, each year data were available for the
cross-sectional participants along with those
longitudinal study participants who were in the
10th or 12th grade.

Measures

The variables described in this report
were included on a questionnaire adminis-
tered yearly in school classrooms to measure
attitudes, beliefs, knowledge, and consumption
of drugs. All surveys included demographic
and drug use items. Several forms of the ques-
tionnaire were used, so not all of the items
were answered by all of the students. Ques-
tionnaire forms were randomly assigned to
individuals.

The items used as outcome measures are
shown in the figures. The awareness, expo-
sure, and belief measures had 4 response op-
tions: yes, definitely; probably; I don’t think
so; and no. A comparison variable, identical
to the alcohol awareness variable except that
it asked about awareness of the cigarette
warning, was included because changes in
this measure may suggest response bias or a
general tendency to pay more attention to
warnings.

The recognition memory composite con-
sisted of the sum of correct responses to the
4 risks listed on the warning label (alcohol
use by a pregnant woman can harm the baby,
alcohol use impairs the ability to drive, alco-
hol use impairs the ability to operate ma-
chinery, and alcohol use can cause health
problems) and 2 distractor risks (alcohol use
can lead to addiction and alcohol use can
cause family problems). Correct responses
were yes to risks on the label and no to risks
not on the label.

The beliefs measure was the mean of
4 items: Can drinking alcohol during preg-
nancy cause birth defects? Can drinking alco-
hol impair your ability to work with machin-
ery? Can drinking alcohol impair your ability
to drive a car? and Can drinking alcohol lead
to health problems?

The open-ended alcohol expectancy item
was as follows: “During the next minute, write
down up to four things that can happen if
someone drinks alcohol (beer, wine, or liquor).
Write as many as you can but don’t worry if
you leave blank spaces. After one minute, go
on to question 2.” The open-ended conse-
quence item was hypothesized to measure the
memory accessibility of alcohol use conse-
quences.20–22 For each participant, the number



October 2000, Vol. 90, No. 10 American Journal of Public Health 1591

FIGURE 2—Percentages of students responding affirmatively to the exposure
question (“Have you seen warning labels on alcohol beverage cans
or bottles?”) and showing correct recognition memory for risks, by
school year and grade: Marion County, Indiana, 1989–1990 through
1994–1995.

FIGURE 3—Percentages of students responding affirmatively to the belief
questions and spontaneously stating risks on the warning label in
response to an open-ended alcohol use consequence question, by
school year and grade: Marion County, Indiana, 1989–1990 through
1994–1995.

of consequences with the same general mean-
ing as the risks on the alcohol warning was
computed. Alcohol use, intoxication, driving
under the influence, and riding with someone
driving under the influence were dichotomized
such that the students either had or had not en-
gaged in these activities within the previous
month.

Data Analysis

The regression model involved a 1-factor
between-subjects design with covariates esti-
mated separately for 10th- and 12th-grade stu-
dents. The test of the overall (prewarning–
postwarning [“pre–post”]) effect of the warn-
ing compared the prewarning measure with
the average of the postwarning measures.

In a separate regression model, the trend
analysis regression model, the orthogonal
linear and quadratic trend components for
the school years were the planned contrasts
among the years that tested the 2-factor the-
ory of repeated exposure to the alcohol warn-
ing.23 Consistent increasing effects of the al-
cohol warning label would yield a
statistically significant linear trend only. If
these effects have reached an asymptote, con-
sistent with the 2-factor theory, then the qua-
dratic trend would be statistically signifi-
cant. If the effects have started to decline
after leveling off, then the quadratic trend,
but not necessarily the linear trend, should be
significant.

For each dependent variable, we de-
scribe the pretest–posttest effect of the warn-
ing label and the trend analysis with unstan-
dardized regression estimates (β10 and β12),
standard errors, and partial correlations (r2

p10
and r2

p12) for 10th and 12th graders. For those
variables with statistically significant qua-
dratic trends, we calculated the approximate
time at which the effects leveled off by cal-
culating the first partial derivative of the re-
gression equation with respect to time.24 The
slope of the equation was zero when the curve
leveled off.

School-level analyses were conducted
because schools represented natural cluster-
ing in the data, and individual-level analyses
could yield reduced standard errors.25 All
analyses were adjusted for demographic vari-
ables (percentage male, percentage Caucasian,
and percentage high socioeconomic status)
and for students’exposure to drug prevention
programming (figures present unadjusted per-
centages). Prevention program exposure rates
ranged from 0% in 1989–1990 to 100% in
1992–1993 among 10th graders, and the
1994–1995 rate for 12th graders was 100%.
The results for the tests of pre–post, linear,
and quadratic effects were consistent with
individual-level analyses, within-subjects
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FIGURE 4—Percentages of students who had consumed alcohol and become
intoxicated in the past month, by school year and grade: Marion
County, Indiana, 1989–1990 through 1994–1995.

analyses (repeated measures from schools),
and analyses not involving adjustment for co-
variates and program exposure.

Results

Awareness

For both grades, there was a statistically
significant pre–post effect of the warning label
(β10=0.087, SE=0.007, r2

p10=0.49; β12=0.140,
SE=0.006, r2

p12 =0.79) on awareness of the
warning label law. Among 10th and 12th
graders alike, significant linear (β10 =0.044,
SE=0.009, r2

p10=0.13; β12=0.095, SE=0.009,
r2

p12=0.44) and quadratic (βS10=–0.038, SE=
0.005, r2

p10=0.25; β12=–0.051, SE=0.004, r2
p12=

0.54) trends provided evidence for the 2-factor
model. As shown in Figure 1, the results were
consistent with an initial linear increase in
awareness that reached its asymptote for 10th
and 12th graders, respectively, approximately
3.3 and 3.7 years after the warning was
introduced.

Toruleouteffectsof responsebias,wealso
analyzedawarenessof thecigarette labeling law.
In contrast to the alcohol label finding, there
was not an overall change in awareness of the
cigarette labeling lawineithergrade(β10=0.009,
SE=0.005, r2

p10=0.02;β12=–0.000,SE=0.003,
r2

p12=0.00), and the linear and quadratic trends
were nonsignificant.As shown in Figure 1, the

trend effects for the alcohol warning label were
clearly different from the trends for the ciga-
rette warning measure. If response bias were
present, then the trends should have been the
same for the cigarette and alcohol measures.

Exposure

For both grades, there was a statistically
significant pre–post effect of warning label
exposure (β10=0.062, SE=0.010, r2

p10=0.22;
β12 =0.087, SE=0.008, r2

p12 =0.42). For both
grades as well, there were significant linear
(β10 = 0.038, SE = 0.011, r 2

p10 = 0.08; β12 =
0.077, SE=0.011, r2

p12 =0.25) and quadratic
(β10 = –0.031, SE = 0.006, r2

p10 = 0.15; β12 =
–0.035, SE=0.005, r2

p12=0.26) trends. Much
as with the awareness measure, the initial
positive effects of exposure among 10th and
12th graders leveled off approximately 3.3
years and 4.0 years, respectively, after the
warning was introduced (see Figure 2).

Recognition Memory

For both grades, there was a statistically
significant pre–post effect of the warning label
(β10=0.059, SE=0.012, r2

p10=0.13; β12=0.145,
SE=0.009, r2

p12=0.65) on recognition mem-
ory for the label risks. Also, there were signif-
icant linear (β10=0.056, SE=0.013, r2

p10=0.11;
β12=0.138, SE=0.013, r2

p12=0.45) and qua-

dratic (βS10 =–0.029, SE=0.008, r2
p10 =0.09;

β12=–0.039, SE=0.005, r2
p12=0.26) trends for

both grades. As shown in Figure 2, the initial
positive effects leveled off 3.8 and 4.9 years
(3.7 years in the analysis without covariates)
after the warning for 10th and 12th graders,
respectively. In Figure 2, the number of cor-
rect responses was converted to the percent-
age of correct responses.

Alcohol Expectancies

The pre–post effect of the warning on
beliefs about the risks on the label was not
significant for either grade (β10=–0.005, SE=
0.004, r2

p10 = 0.01; β12 = 0.002, SE = 0.002,
r2

p12 =0.01). For both grades, the linear and
quadratic trends were nonsignificant. It is
important to note, however, that most of the
students already had indicated their belief in
the accuracy of these risks in the prewarning
measurement. Figure 3 shows belief en-
dorsement as a percentage rather than a
mean.

For both grades (see Figure 3), the pre–
post effect of the warning in regard to open-
ended alcohol use consequences was non-
significant (β10=0.004, SE=0.005, r2

p10=0.00;
β12 =–0.002, SE=0.003, r2

p12 =0.00). Linear
and quadratic trends also were nonsignificant.

Alcohol Use

For both grades, the pre–post effect of
the warning on alcohol use in the previous
month was nonsignificant (β10 = –0.009,
SE = 0.005, r2

p10 = 0.02; β12 = –0.003, SE =
0.004, r2

p12 = 0.00), as was the linear trend.
Among 10th graders, there was a statisti-
cally significant positive quadratic trend in
alcohol use (β10 = 0.008, SE = 0.003, r2

p10 =
0.04) indicating a small decline in use after
the warning’s appearance and a subsequent
return to the baseline level at the final data
collection.

For both grades (see Figure 4), the pre–
post effect of the warning on becoming in-
toxicated in the previous month was non-
significant as well (β10=–0.002, SE=0.004,
r2

p10=0.00; β12=0.001, SE=0.003, r2
p12=0.00).

Also, the linear and quadratic trends did not
significantly predict intoxication in the past
month.

Drinking and Driving

For both grades, the pre–post effect of the
warning on driving after drinking during the
previous month was nonsignificant (β10=0.001,
SE=0.002, r2

p10=0.00; β12=–0.001, SE=0.002,
r2

p12=0.00). Among 10th graders, there was a
statistically significant positive linear trend in
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FIGURE 5—Percentages of students who had driven after drinking alcohol and
been with someone who was driving after drinking alcohol, by
school year and grade: Marion County, Indiana, 1989–1990 through
1994–1995.

driving after drinking (β10=0.006, SE=0.002,
r2

p10=0.08). Among 12th graders, there was a
statistically significant positive quadratic trend
(β12=0.003, SE=0.002, r2

p12=0.03) suggest-
ing an initial decline that returned to the base-
line level.

For both grades (see Figure 5), the pre–
post effect of the warning on riding with a
driver who had been drinking was non-
significant (β10 = 0.000, SE = 0.004, r2

p10 =
0.00; β12 = –0.004, SE = 0.003, r2

p12 = 0.02).
Among 10th graders, there was a statisti-
cally significant positive linear trend in re-
gard to riding with a driver who had been
drinking (β10=0.013, SE=0.003, r2

p10=0.09).
Among 12th graders, there was a statisti-
cally significant positive quadratic trend
(β12 = 0.005, SE = 0.002, r 2

p12 = 0.04) sug-
gesting an initial decline that returned to the
baseline level.

Covariates

The predictive effects of covariates (pro-
gram exposure, sex, ethnicity, socioeconomic
status) are not a focus of this article. Sex and
program had only a few significant effects, and
these effects varied across grades and depen-
dent variables. Ethnicity and socioeconomic
status showed a greater number of effects, but
the direction of these relationships often varied
across dependent variables. A full report of

these rather inconsistent effects is available
from the authors.

Discussion

The findings of this report are consistent
with those of our earlier report on 1-year ef-
fects among 12th graders19 but extend the ear-
lier results in several ways. There were signif-
icant increases in awareness of, exposure to,
and memory for the warning after its inclusion
on alcohol containers. These measures are
posited to occur relatively early in the hypoth-
esized chain of effects leading to behavior
change.26 These linear increases were quali-
fied by quadratic trends suggesting that the ef-
fects leveled off. Consistent with the 2-factor
model,10,11 the initial novelty of the warning
label appears to have led to some initial posi-
tive effects. The novelty of the warning label,
however, appears to have worn off in that most
of the effects did not increase substantially from
the 1992–1993 to the 1994–1995 school year.
It will be important to continue to study the al-
cohol warning label to determine whether the
tedium effect predicted by the 2-factor theory
leads to a decrease in these measures.

Another purpose of the study was to ex-
amine the effects of the alcohol warning label
on alcohol consumption and driving after drink-
ing alcohol 5 years after the appearance of the

warning, when behavioral effects should have
had sufficient time to appear. The lack of clear
reductions attributable to the warning on self-
reported alcohol consumption and driving
under the influence suggests that the warning
did not affect these behaviors. The 1994–1995
school year data showed increases in driving
under the influence in both grades and an in-
crease in alcohol use among 10th graders. Such
increases are similar across the United States
and may reflect secular trends.27 Research using
longitudinal models relating earlier exposure to
the warning label to subsequent alcohol-related
problems may shed further light on the possi-
ble relation between the warning label and al-
cohol problems.

There are several limitations to consider
when evaluating the results of this study. First,
the alcohol warning label represents a large-
scale, universal prevention28 intervention de-
livered to the entire United States. Thus, ex-
posure to the message was not under
experimental control, and effects were based
on a comparison of measures before and after
the warning was required. The universal na-
ture of this prevention strategy diminishes con-
fidence in the study’s inferences.

Second, it may have been more difficult
to find evidence supporting the 2-factor model
of message repetition in this field setting than
in the laboratory settings where the theory was
developed. It was assumed that each year after
the warning label was required added a year
of possible exposure to the warning for the stu-
dents in the study.

Another limitation of this study is that
some students surveyed in 10th grade may have
completed the survey again 2 years later when
they were in 12th grade. We do not believe that
repeated testing can explain the effects revealed
because of the small number of warning ques-
tions included and the length of time between
measurements. It is also likely that warning
measures would have continued to increase
over time if respondents had been cued to these
measures 2 years earlier.

One possible explanation of the effects
described in this report is that more students
had received the school-based intervention in
later years of data collection. This interpretation
is unlikely because the program effect on the
warning label measures was small and the trend
effects were present regardless of whether pro-
gram exposure was included as a covariate.
Another explanation of the trends is one in-
volving secular norms, response bias, or atti-
tude change. It is possible, for example, that
students were changing their tendency to an-
swer questionnaire items in a way that might
explain the observed results. If such response
tendencies were present, then similar effects
should have been observed for awareness of
the cigarette warning comparison variable. This
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interpretation is also inconsistent with the fact
that some of the warning label measures did
not change after the warning label appeared,
along with the fact that the recognition mem-
ory measure included distractor items.

One practical implication of the findings,
a leveling off of the warning label effects, is
that the content of the warning may need mod-
ification to increase its novelty. The content of
the warning could be rotated in a manner sim-
ilar to the cigarette warning label. Rotating
warning messages may produce alcohol atti-
tudes that are more resistant to outside influ-
ence, as has been found for media advertising
repetition.12 Other changes, such as a horizon-
tal rather than a vertical layout, larger type
size, or a more conspicuous location, may in-
crease the noticeability of the warning label.29

Finally, education-based prevention pro-
grams30 may enhance warning label effects if
they formally integrate their messages with the
warning label. The label could potentially act
as a cue for remembering health-promoting in-
formation and skills learned in these programs.
In several models of health behavior,20,26,31 cues
provide a fundamental link to use of previously
learned information.
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