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1. Health Education for Adolescent
Health Promotion

Studies have conclusively shown that smoking
tobacco, drinking alcohol, and using drugs are
profoundly addictive. The pattern of tobacco
addiction, alcohol addiction, and drug addiction
typically begin in teenage years. Young people
begin alcoho! tobacco, drinking alcohol, and using
substances for various psycho-social reasons: peer
pressure, easy access, parental role models,
defiance, and image of maturity. While we develop
better treatment for addiction in adulthood it is
important to keep in mind that prevention is the
sole most effective treatment for the development
The first priority of
policy-makers should be to prevent first use, and

of addictive disorders.

educate adolescents about addiction and health

consequences of substance use.
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Several reviews of substance abuse prevention
literature conclude that social influences-based
community prevention programs can significantly
delay the onset of the tobacco, alcohol, and other
drug use and slow the rate of increase in
substance use prevalence among whole popula-
tions of early adolescents. Social influence-based

community prevention program is able to reach

and positively affect baseline tobacco. alcohol and

other substance users. In a time of diminishing
financial resources, many argue for spending
limited funds on targeted interventions focusing on
high risk youth. While we know several of the
risk factors that describe an individual at high risk
for drug use, it is a difficult undertaking to
identify and target these individuals. In addition,
separating individuals identified as high risk from
the rest of the class for targeted programming
may be both stigmatizing to the individual and
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potentially disruptive to the classroom environ-
ment. Some concem is that even targeted inter-
ventions often do not reach most of the high risk
youth for which they are designed. For instance,
providing after-school programs to high nsk
youth may fail if youth for whom they are
designed do not attend the voluntary extra
activities. Another concemn is that these "high
risk” interventions often target older youth, who
are clearly identifiable by early substance use and
other high risk behaviors. The advantage of a
primary preventiqn program is that it may reach
and affect a "silent”, not-yet-identified high risk
population of early drug users in a non-stigmatizing,
non-labeling, fashion at an age when youth are
more easily persuaded, treating the young users in
effect like non-users contemplating use.

Adolescent smoking behavior is no longer a
matter of a few individuals in our society, but has
become a national concern, which has to be
understood in the context of social climate. In fact,
an amazing number of adolescents are involved in
smoking behavior. The age of beginning smoking
behavior is an important contextual variable that
influences the success of intervention programs.
The risk factors can be divided into two
categories. First are societal and cultural factors,
which provide the legal and normative expectations
for behavior. The second group includes factors
that lie within individuals and their interpersonal
environments. Current knowledge about the risk
factors for substance abuse does not provide a
panacea for prevention, but it does point to
potential routes for preventive intervention.
Predecessors of smoking and alcohol problems
have been described as risk factors for substance
abuse. Risk factors occur before substance abuse
and are associated statistically with an increased
probability of drug abuse. A risk-focused approach
seeks to prevent substance abuse by eliminating
or mitigating its precursors.
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This research suggests that a promising method
for prevention research lies in testing interventions
on early risk factors for substance abuse from the
developmental point of view.

Policies and health education programs need to
become much more sensitive to understanding
developmental profile of adolescent substance use
behavior. Acknowledging growth profile requires
an awareness of the initial status and growth rate
of adolescent substance use behavior.

A substantial body of research on substance use
has accumulated in the past several decades and
has provided the empirical basis for identifying
substance use and resiliency factors. Accumulated
research findings have simultaneously provided
the foundation for conceptual models for substance
use. It is well known that, as an age group, youth
are particularly susceptible to developing substance
use problems. However, every adolescent is not at
equally at risk; some are more clearly vulnerable
than others. Therefore, identifying the nisk and
protective factors and the mechanism through
which such factors work out. Much of the
research on substance use has focused on youth in
order to develop and test prevention approaches
likely to be effective with this vulnerable age
group. Many studies have contributed greatly to
understanding the correlates and predictors of
substance use among adolescent. Social-environ-
mental factors associated with adolescent sub-
stance use include family or peer approval of drug
use, family or peer models of substance use, peer
pressure to use substance, and ready access to
substance (see Murray& Hannen, 1990). Hawkins
and his colleagues a social development model
(Hawkins, Lishner, Catalano, & Howard, 1986)
that blends the work of earlier theorists. Hawkins
et al. include elements of social control theory
(Hirschi, 1969) and social learning theory (Bandura,
1977), and consider substance use experimentation
from a developmental perspective in their model.
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In this study we intend to apply the latent
growth curve analysis to the investigation of
adolescent smoking behavior from a developmental
perspective.  Using the fundamental form- of
growth curve analysis, this study will focus on
the two parameters that reflect growth profile: the
initial point of growth and the rate, or trajectory,
of growth. A longitudinal data set obtained from
a school-based smoking prevention program
developed for adolescents is used. Two common
assumptions on growth trajectories of smoking
behavior among adolescents are considered in this
paper: the linear growth trajectories and curvilinear,
or quadratic, growth trajectories. The linear growth
assumption models a monotonic increase on
smoking behavior while the curvilinear assumption
hypothesizes that smoking behavior among
adolescents increases at a faster pace and then
levels off. Using school as the unit of analysis, the
outcome variable is school prevalence of cigarette
use in the last month. Schools were cbserved
repeatedly at five occasions. Two variables
available at the school level, intervention conditions
(program or control) and school types (public or
private), are used to investigate their impacts on
the differences in growth trajectory.

Measuring growth has been a very fascinating
challenge for social scientists (Bock & Tissen,
1880; McArdle & Aber, 1990; Meredith & Tisak,
1990; Rogosa, Brandt & Zimowski, 1982; Rogosa
& Willet, 1985, Willet, 1988). To better understand
individual change, or growth profile, it is
necessary to include time in a model. An approach
that includes time in the model can be regarded as
a type of growth profile analysis. Growth curve
models have various traditions in broad areas,
such as biostatistics (Laird & Ware, 1982; Liang
& Zeger, 1986; Rao, 1968; Zeger & Liang, 1986),
educational statistics (Bryk & Raudenbush, 1992;
Burstein, 1980; Goldstein, 1987; Rogosa & Willet,
1985), and psychometrics (McArdle & Epstein,

1987, Meredith & Tisak, 1990; Tucker, 1958).

A growth curve model usually considers
repeated measures of an outcome behavior as a
function of time and other measures. Two of the
most frequently considered components in the
investigation of growth profiles are initial status
of the growth curve and the rate, or trajectory, of
growth. Understanding systematic changes among
these two growth components due to individual
differences is critical. One approach to better
understand how and why each adolescent develops
different smoking behavior is to examine the
influence of individual background variables on the
growth trajectory of smoking behavior. It is
important to find out what factors may affect
some adolescents to have higher level of use than
others at younger ages and what conditions may
change the level of use as they get older.
Furthermore, different groups of adolescents may
show different growth profiles if a group level
variable is expected to relate to the outcome
variable. Longitudinal panel data are often analyzed
to investigate long~term trends of growth.

The latent growth curve model (LGM) was
developed as a method to represent development
(Meredith & Tisak, 1990). The LGM treats
repeated measures of individual behavior as a
function of development. For example, the
developmental change of smoking behavier among
adolescents can be modeled as a function of age in
the LGM. The longitudinal measures of smoking
behavior can be modeled as a function of two
factors: an underlying smoking behavior (that is,
initial smoking status) and the developmental
trajectory of smoking behavior. Furthermore, the
two factors can in turn be considered as functions
of other smoking-related behaviors. Information
on both mean vector and covariance matrix of the
variables is required by the LGM to examine
growth profile.

Meredith and Tisak (1990) developed a simple
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two-curve latent curve model. Two exogenous
latent factors, &; and &, are used in the model.
The LGM approach with a linear growth
assumption can be expressed as:

i = Aoi g + A 1yt €4, L
7o =vg +Yor & Y v 8y + Lo, (2)
ny =orvraby vrizds 8, (3)

Equations 1, 2, and 3 are mean and covariance
structure equations. The first equation represents
a measurement model and the latter two represent
regressions among latent variables. The yj; refers
to measure of individual j at time i and is
predicted by 745 and 7. Further, 75 and 7 are
the underlying factors representing the initial
status and linear growth trajectory, respectively.
The 7¢ and 74 factors with vy and v; as their
corresponding intercepts are predicted by ¢ and
{y, with residuals &y and &y, respectively.
Typical structural equation model assumptions are
made, eg., 7's are regression weights, and {’s
are normally distributed with mean g« and
variance ¥. Considered as a random-effects
model, random-effects are represented by the
variances of g, {1, and ey which are residual
variances of standard structural equation model.
The measurement error variances ( ¢;) are assumed
to be equal, or homogeneous, over time.

The LGM approach allows specification of
growth, which is more complicated than just a
linear increase. With a curvilinear growth
assumption, a quadratic term of time needs to be
added to Equation I:

vi =Aoilg t A tAxng ey 4)

The 7z is added as another latent variable to
represent the curvilinear growth trajectory. The
quadratic assumption is made by fixing Az at a
known constant, say i where i is the time of
measurement. The new factor, 7z, is regressed on
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the explanatory variables, ¢ and &3
ng =vetra by trzly + i )

where a new residual &3, also considered random-
effect, is introduced as is typical in structural
equation model.

I. Method

Longitudinal data obtained from a smoking
prevention program were used in this study. The
project was a multi-component social influences-
based community intervention program to prevent
substance use among adolescents. The social
influence-based community prevention program
included general assertive skill training and skill
training for refusal to the offer of cigarettes,
alcohol and drugs. The key element of the social
influence-based community trial was to establish
negative adult value and peer value about smoking,
drinking alcohol, and using other substances. A total
of 50 middle schools (23 control and 27 program
schools) in mid-western area of the US were
randomly assigned to a health education program
as usual control group or a smoking prevention
intervention program as the program group. A
total of 2,779 students who started at the seventh
grade were surveyed at the baseline wave. Four
follow-ups were conducted with the first being
six months after baseline, and then one year apart
for the other three follow-ups. Students at each
of the five interviews were asked whether they
had used any cigarettes in the last 30 days.
School, which was the unit of experimental
assignment, was also used as the unit of analysis.
Prevalence of monthly cigarette use that is the
percentage of students reporting any monthly
cigarette use in each school was used as the
outcome measure. Two school-level covariates
were chosen to investigate their influences on the
development of prevalence of cigarette use at the
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school level across time. These two conditioning
variables were group membership (GROUP=0 for
control group, and GROUP=1 for program group),
and school type (TYPE=0 for private school, and
TYPE=1 for public school).

Figure 1 presents the conceptual model using the
LCA notations with the linear growth assumption.
The repeated measures (i.e., Yo to Yy) of school
prevalence of monthly cigarette use were assumed
to be affected by the two growth parameters
defined as factors: the initial status (INTERCEPT,
or 7p) and the growth trajectory (SLOPE, or 7,).
The factor loadings associated with initial status,
or A¢'s, were all fixed at 1, while those associated
with slope, or A;’s, were fixed at the value to
reflect the time point at which the measure was
obtained. It is important to appropriately reflect
the distance of the time of follow-ups from the
baseline. In this study the measurement points
were not equally spaced. To more accurately
represent this spacing of measurement, the A;’s
was defined at O for baseline or 1, 3, 5, and 7 for
the four follow-ups, respectively, since the first
follow-up was only six months after baseline and
the other three follow-ups were then one year
apart. Each unit of increment in time, therefore,
represents six months apart. Figure 1 also includes
the constant of I. Because a regression on a
constant is an intercept, any covariates (such as
GROUP and TYPE) or factors (such as INTERCEPT
and SLOPE) with a path from the diamond
indicate that an intercept term has been specified
as a free parameter. Both INTERCEPT and
SLOPE factors were further assumed to be
influenced by the two school-level covariates: &;
and &, which are GROUP and TYPE, respectively,
after being adjusted by their corresponding means.
Finally, the variances of measurement errors, are
assumed to be homogeneous across time, i.e., o’
(&0)= -+ = 0 X &4). With the quadratic growth curve
assumption, another SLOPE factor should be

added to represent the quadratic term. The factor
loadings for SLOPE2 (see Az in Equation 4) will
be fixed at 0, 1, 9, 25, and 49, respectively.

boddd

It further should be noted that the growth
trajectory in the LGM approach proposed by
Meredith and Tisak (1990) is not limited to linear
or polynomial growth assumptions. Their approach
is very general and allows some of the factor
loadings associated with SLOPE to be free
parameters to reflect relative growth trajectories
across time. For the purpose of model identification
and interpretation, the factor loading at the
baseline is usually set at 0, ie, no growth is
assumed, and the factor loading at first follow-up
is set at 1 as a reference. The estimates of
loadings associated with the subsequent follow-
ups, therefore, indicate the relative growth of each
follow-up compared to that at the first follow-up.

Ii. Results

Means and standard deviations of prevalence of
monthly cigarette use across all five waves of
observation are summarized in Table 1. The
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prevalences are also reported by the different
categories of each of the two covariatess GROUP
and TYPE.

Table 1. Mean Prevalence of Cigarette Monthly Use by
Group and School Type®

Cigarette
Monthly Wave0 Wavel Wave2 Wave3 Waved
Use
Total 1098 149 19.02 2356 26.69
(N=50) (808) (11.33) (1062) (824) (12.48)
GROUP
Control 11.15 1761 20.66 24.36 30.22
(N=23) 8789 1311 1025y (7720 (1407
Program 1085 1270 1763 22.89 23.68
(N=27) (7600 (923) (1093) (874) (10.27)
TYPE
Private 816 1068 16.09 2339 2768
(N=28) (819) (11.09) (1144 (973) (15.49)
Public 1459 2041 22.75 2379 2543
(N=22) 646) (928) (83D (BOG) (721

TYPE by GROUP

ool 784 1323 198 %13 B2
v 087 (14%) (1181) (10200 (1878)

(N=12)

Comrol™ 4t 23 2% B2 uw
" 692 @17 (846 (G (60

(N=11)

Pogam g4 87 1384 208 2416
r (7020 (6%) (1098) (948) (1.9)

(N=16)

POAM 442 1843 -4 06 208

e 724 939 8% 783) (1)

a. Standard deviations are reported in parentheses.

Results obtained from the LGM model with the
linear growth curve assumption is reported in the
Table 2.

Because of the definition of GROUP and TYPE
variables in the school level model, the reference
schools in this study are private schools in the
control group. Under the linear growth assumption,
the LGM results indicated that the average school
prevalence of monthly cigarette use among the
private schools in the control group at the baseline
is 12.02%, and increases by 19% at each 6 month.
Controlling for school type (TYPE), program
schools are 1.13% lower in prevalence of monthly
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Table 2. Parameter estimates from LGM with linear

growth curve
Parameter Estimate Standard Error
Vo 12,01 (1.38)**
Yor -1.13 (2.40)
Yoo 911 (2.41)%x
Yo 219 (0.25)
Y11 -057 (0.43)
Y12 -1.60 (0.43)%*
o¥(&p) 50.35 (14.59)+
a’(£p) 1.05 (0.48)+
o(£o€D) -2.08 2.07)
c¥e) 4074 (4.75)%x
x27=50.44
p<0.01

+. Significant at .10 level; *. Significant at .05 level;
*x_ Significant at .01 level..

cigarette use than the control group at the
baseline. And the growth rate of monthly cigarette
use at each 6-month period in the program
schools is 0.57% lower than that of the control
schools. With GROUP membership controlled,
public schools are 9.11% higher in prevalence of
monthly cigarette use than private schools.
Compared to the private schools, the growth rate
significantly dropped by 1.60% for the public
schools at each 6-month period. The goodness-
of-fit 2 test statistic obtained from the LGM
indicated that the models with linear growth do
not appropriately fit the data. In other words, the
hypothesis that growth rates of monthly cigarette
use monotonically increase across time is not
acceptable.

Results obtained from the LGM approach incor-
porating the quadratic growth curve assumption are
summarized in Table 3. Although the x? test
statistic of the LGM reported at the bottom of the
table indicated that the quadratic growth curve
model still does not fit the data, it is substantially
better than the linear LGM. The positive estimates
of regression coefficients associated with 7; and
the negative estimates of regression coefficients
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associated with 2 indicated that the growth rate in
general increases at a faster pace at the beginning,
then at a slower pace, and levels off subsequently.
This pattern seems to offer a better understanding
of the growth profile of monthly cigarette use
among adolescents.

Table 3. Parameter estimates from LGM with quadratic

growth curve
Parameter Estimate Standard Error
Vo 11.36 {1.27)*=
Yo -1.73 (2.26)
Y@ 7.82 (227
710 305 (0.59)**
Y1 0.20 (1.18)
Y2 0.06 (1.18)
Y® -0.12 0.10)
v -0.11 (0.19)
Yz ~0.24 0.19}
oA Lo 39.34 {13.16)%=
oA )] 375 (3.94)
aA 2 0.19 (0.10)
a(&o §1) 621 (5.10)
a(&o £2 -0.95 (0.79)
(8o {2 -0.83 (0.60)
a?(e) 3167 (4.52)%*
x1£=26.62
p=0.02

+. Significant at .10 level; *. Significant at .05 level;
**,_ Significant at .01 level

There is a sharp increase in prevalence at the
first follow-up for each category of schools. The
private schools in both control and program
groups started with lower prevalence rates of
monthly cigarette use than the public schools.
However, the growth trajectories of monthly
cigarette use for the private schools monotonically
increases over time, while that for the public
schools, on the other hand, seems to have reached
a plateau and flattens out after the first follow-up
(Time 1). The prevalence rates for the public
schools, therefore, become lower than those for the
private schools. Public schools show higher

percentages of use than the private schools at
baseline. They also demonstrate a larger increase
in monthly cigarette use than the private schools
at the first follow-up. However, the growth rate
for public schools seems to be smaller than that of
the private schools after the first follow-up in the
seventh grade. Although not significant, the
program schools not only show a smaller rate of
increase in cigarettes use than the control schools,
and the gap increases across time.

Comparisons between the program and control
groups in the proportions of students who decreased
their level of drug were shown Baseline substance
users in the program group consistently
demonstrated decreased levels of use relative to
the control group across all follow-up years. The
prevention program showed a secondary prevention
effect on decreasing cigarette use at six months
after the intervention. In general, the social
influences-based community intervention program
consistently demonstrated a tendency of decreasing
use for tobacco among the baseline users across all
four follow-ups.

V. Discussion

The early efforts at health education are
essential for preventing adolescent substance use.
Educational policy and intervention programs, as
well as the research agenda of government need
to be attuned to tracking the developmental profile

‘of adolescent smoking behavior. A lot of research

on adolescent substance use has used cross-
sectional designs. It may lead to some problems in
that the research results can not generalize across
time points and they can not address the issue of
the growth trajectory. The longitudinal design is
important for prevention research. Acknowledging
growth profile requires an awareness of the initial
status and growth rate of adolescent smoking
behavior.
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A risk-focused approach in substance abuse
prevention research and policy is promising, and
the approach in reducing nisk factors for problems
is as divergent as disease control and school
failure control. The failure of early prevention
interventions, such as drug information programs
that did not address known risk factors for
substance abuse, was lead to due to the ignorance
of addressing the various risk factors. Many of
the risk factors for adolescent substance use also
predict other adolescent problem behaviors. There
is evidence that adolescent substance abuse is
correlated with delinquency, teenage pregnancy,
and school misbehavior and drop out. Compre-
hensive risk-focused efforts probably can prevent
other adolescent problem behaviors besides alcohol
and drug abuse. If prevention of substance use in
adolescence is the goal, then the development of
risk factors salient for substance use should be
investigated from the perspective of longitudinal
growth,

Growth curve models have received increasing
attention in social science research. The models
are very appealing since they specifically model
individual growth as a function of time and also
can compare different growth rates across
different groups. The latent growth curve model
(LGM) deals with the two major characteristics of
a growth profile, initial status and trajectory of
growth curve, as latent factors, and models the
repeated measures as a function of time and the
latent factors. General advantages of the
application of LGM approach to growth curve
model can be found in Willet and Sayer (1994).
Meredith and Tisak (1990) offered the concept of
relative growth trajectories over time. Although
researchers in the area of health education have
tried to adopt covariance structure analysis,
growth curve methodology implementing mean
and covariance structure models have not been
widely used in the study of adolescent smoking
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behavior. The approach will enable a broad range
of researchers in the area of health education to
eamn the possibility for various analyses of growth
profiles and developmental processes.
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