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Abstract
Objective—This study longitudinally investigated psychological and social risk factors consistent
with the Theory of Triadic Influence (TTI) as predictors of adolescent smoking transitions.

Design—Among 4218 adolescents, five psychological risk factors (i.e., parent-noncompliance,
friend-compliance, rebelliousness, low achievement motivation, and thrill seeking) were assessed in
9th grade (age 14), two social influence risk factors (i.e., parents’ and close friends’ smoking) were
assessed in grades 3 (age 8) and 9 (age 14), respectively.

Main Outcome Measures—Adolescent smoking transitions occurring between the 9th and 12th
(ages 14–17) grade interval.

Results—There was a 22–27% probability contributed by scoring high on each of these
psychological risk factors to the overall probability that an adolescent would try smoking. For
predicting trying smoking, the probability contributed by these psychological factors was greater
than the probability contributed by each parent’s and close friend’s smoking. Parent-compliance had
a higher contribution to the probability of trying smoking when an adolescent’s parent smoked (p < .
05), while friend-compliance had a higher contribution to the probability of trying smoking when an
adolescent’s friend smoked (p<.001).

Conclusion—These psychological and social factors have an important influence on adolescent
smoking transitions. Implications for TTI and smoking prevention interventions are discussed.
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Introduction
In the United States, 23% of high school seniors smoke at least monthly (Centers for Disease
Control and Prevention, 2006), far short of the Healthy People 2010 (US Department of Health
and Human Services, 2000) national goal of 16%. For the past four years, the smoking rates
for high school seniors have remained flat, a trend that now threatens the historic near 30-year
decline in youth smoking (Johnston, O’Malley, Bachman, & Schulenberg, 2008). Youth
smoking prevention programs developed to address this serious and timely public health
problem unfortunately have “intervention effectiveness [that] is not maintained in the long
term (i.e., more than three years post-intervention)” (Dobbins, Decorby, Manske, & Goldblatt,
2008). Basic research on the psychosocial influences on adolescent smoking acquisition is
therefore needed to improve youth smoking prevention programs.

Theory of Triadic Influence and adolescent smoking acquisition
A major contemporary theory pertinent to understanding adolescent smoking acquisition is the
Theory of Triadic Influence (TTI; Petraitis, Flay, & Miller, 1995; Flay, Petraitis, & Hu,
1999), which is based on over 20 years of extant research. TTI posits that there are direct and
interactive influences of social and psychological factors on adolescent smoking acquisition.
Based on their extensive review and experience with the research that underlies the TTI, the
authors of this theory observe that social environmental influences, such as parents’ and
friends’ smoking, are arguably the most studied and well-supported type of psychosocial
influence on adolescent smoking (Flay et al., 1999). In contrast, they say that the following is
needed for future research on adolescent smoking acquisition: (1) examine the influence of
understudied theory-based psychological factors and (2) use theory to derive and test
interactions between psychosocial risk factors. They recommend that this research examine
how these theory-based psychosocial factors predict smoking transitions (e.g., from never to
trying smoking; Flay et al., 1999). To address these needs, the current study: (1) examines the
extent to which TTI-consistent psychological factors directly influence adolescent smoking
transitions, (2) illustrates the magnitude of these psychological influences by comparing them
with the well-established social influence benchmarks of parents’ smoking and friends’
smoking, and (3) examines to what extent psychological factors moderate the influence of
parents’ and close friends’ smoking on adolescent smoking transitions.

Consistent with TTI, the major influences on adolescent smoking are social environments and
three types of psychological factors: (1) interpersonal, (2) attitudinal, and (3) intrapersonal
(Flay et al., 1999). TTI states that examining these factors at the distal-level helps in
understanding the intermediate causes of smoking behavior (Petraitis et al., 1995). Distal-level
social environments refer to the behaviors of influential role models (Petraitis et al., 1995).
These include having: (a) parents who smoke and (b) close friends who smoke. Distal-level
interpersonal factors refer to emotional attachments to influential role models (Flay et al.,
1999). These include having: (a) a weak desire to comply with parents (i.e., parent-
noncompliance; Martin et al., 1994) and (b) a strong desire to comply with friends (i.e., friend-
compliance; Santor, Messervey, & Kusumakar, 2000). Distal-level attitudinal factors refer to
general values that contribute to attitudes toward tobacco use. These include: (a) a weak desire
for achievement (i.e., low achievement motivation; McClelland, Atkinson, Clark, & Lowell,
1953) and (b) rebelliousness, defined as the extent to which adolescents prefer behavior that
does not conform to authority in general (Santor et al., 2000).

Ultimate-level intrapersonal factors are conceptualized as broad dispositional factors of the
adolescent that are believed to be important, although less predictive of smoking as compared
to distal-level influences (Petraitis et al., 1995). An example of an ultimate-level intrapersonal
influence is thrill seeking, a component of sensation seeking, which represents individual
differences in the desire to engage in risky behavior (Zuckerman, 1994).
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Regarding empirical evidence for role of these TTI-based psychological factors in adolescent
smoking transitions, there is a small literature suggesting that rebelliousness (Santi, Cargo,
Brown, Best, & Cameron, 1994), rejection of adult authority (Santi et al., 1994), and risk-taking
(Flay, Hu, & Richardson, 1998) are prospectively associated with adolescent smoking
transitions but the other TTI-consistent psychological factors have not been examined as
prospective predictors of adolescent smoking transitions. Nor do we know of studies examining
the prospective influence of these TTI-consistent psychological factors relative to parents’ and
close friends’ smoking on adolescent smoking transitions.

Psychological factors as moderators of parents’ and close friends’ smoking
TTI suggests that the impact of various social factors is moderated by an individual’s
psychological susceptibility to influence by those factors. As based on TTI, we posit that the
influence of each parent’s and close friend’s smoking on each of the smoking transitions would
be stronger among adolescents who have psychological risk factors for smoking than among
adolescents who do not have these psychological risk factors. For example, parent-
noncompliant adolescents would be less likely to model their parents’ smoking behavior than
parent-compliant adolescents. But we know of no studies of psychological factors that
moderate parents’ smoking influences on adolescent smoking. Since friend-compliant
adolescents are inclined to do what their friends are doing (Santor et al., 2000), they may be
more likely to model their friends’ smoking than friend-noncompliant adolescents. We know
of only two studies, both cross-sectional, on psychological factors that moderate the association
of friends’ smoking with adolescent smoking. Specifically, these studies reported that the
association between friends’ smoking and adolescent smoking was stronger among adolescents
who scored high on sensation seeking (Slater, 2003) or rebelliousness (McAlister, Kroskick,
& Milburn, 1984) than among adolescents who scored low on these factors.

Study aims
Using a large representative longitudinal cohort of adolescents (N = 4218) residing in
Washington State, this paper fills major gaps in needed theory-based empirical research by
reporting a longitudinal study of (1) TTI-consistent interpersonal, attitudinal, and intrapersonal
psychological factors as predictors of adolescent smoking transitions, (2) the relative influence
of these psychological factors versus the well-established social environmental benchmarks of
parents’ and close friends’ smoking in the prediction of adolescent smoking transitions, and
(3) the extent to which these psychological factors moderate the influence of parents’ and close
friends’ smoking in the prediction of adolescent smoking transitions. The TTI-consistent
psychological factors were (1) parent-noncompliance, (2) friend-compliance, (3) low
achievement motivation, and (4) rebelliousness, and (5) thrill-seeking. The three smoking
transitions were: never tried to first cigarette (Transition 1), first cigarette to monthly smoking
(Transition 2), and monthly to daily smoking (Transition 3). The hypotheses were:

• Hypothesis 1: Adolescents scoring higher on the psychological risk factors would
have a higher probability of making each of the smoking transitions.

• Hypothesis 2.1: The distal-level psychological risk factors (i.e., parent non-
compliance, friend-compliance, low achievement motivation, and rebelliousness) and
the distal-level social environment factors of each parent’s and close friend’s smoking
would have similar magnitudes of influence on each of the smoking transitions.

• Hypothesis 2.2: The ultimate-level psychological risk factor (i.e., thrill seeking)
would have a smaller magnitude of influence on smoking transitions than the distal-
level social environment factors of each parent’s and close friend’s smoking.

• Hypothesis 3: The psychological risk factors would moderate the influence of the
social environment risk factors. Specifically, the influence of each parent’s and close
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friend’s smoking on each of the smoking transitions would be stronger among
adolescents scoring higher on the psychological risk factors than among adolescents
scoring lower on the risk factors.

Methods
Study sample

The study sample was drawn from the combined control and intervention cohort from a large
randomized, Washington State school-based tobacco use prevention trial, the Hutchinson
Smoking Prevention Project (HSPP), which is described in detail in Peterson, Kealey, Mann,
Marek, and Sarason (2000). Ninety-eight percent (40/41) of all school districts that were
randomly selected agreed to participate in the trial.

The eligible study sample was defined as all of the 5,606 adolescents who were targeted for
collection of this survey data: (1) at least one parent’s and/or guardian’s smoking status when
the participant was in 3rd grade; (2) participant’s psychological factors, smoking status, and
close friends’ smoking status at 9th grade, and (3) participant’s smoking status when s/he was
in 12th grade. Of these 5,606 adolescents, 4,877 (87%) had parent-reported smoking status at
3rd grade. Of these 4,877 adolescents, 4,487 (92%) reported on their psychological factors,
smoking status, and close friends’ smoking status data at 9th grade. Of these 4,487 adolescents,
there were 4,218 (94%) who reported data on their smoking status at 12th grade. These 4,218
adolescents comprised the total study sample. The adolescent cohort members were 49%
female and 91% Caucasian. Ninety-five percent of the female parents were biological mothers
of the cohort members. For the male parents, 81% were biological fathers and 19% were
stepfathers or other guardians.

Procedures
Parents reported their smoking status via a mailed or telephone survey when the cohort
members were in 3rd grade, with a response rate of 87%.1 The adolescent cohort members
reported their smoking status, psychological factors, and close friends’ smoking status using
a classroom survey (or by mail and telephone for classroom absentees and those no longer
enrolled in the school district) at both the 9th and 12th grade with a response rate of 92% and
94% respectively. All procedures were approved annually by the Fred Hutchinson Cancer
Research Center’s Institutional Review Board.

Measures
Parents’ smoking status when cohort member was in third grade—The parent
responding to the smoking status survey self-reported his/her smoking status and then gave a
proxy report of the other parent’s smoking status. The smoking questions asked were: “Do you
use cigarettes?” and “Does your child’s other parent use cigarettes?” The response choices
were (1) “Yes, occasionally,” (2) “Yes, often,” (3) “No, not anymore,” and (4) “No, never.”
The number of parents smoking was coded in our analyses as “0” if neither parent gave response
(1) or (2); “1” if one parent gave response (1) or (2), but the second parent did not; and “2” if
both parents gave response (1) or (2).

Close friends’ smoking status when cohort member was in ninth grade—
Adolescents in this study were asked to report on the number of their close friends who smoke,

1Note that it would have been ideal to measure parents’ smoking status at the same time as the other predictors in the study (i.e., 9th
grade). However, we felt this data were still valuable for the present study because parents’ smoking behavior is stable (Darling &
Cumsille, 2003): the number of parents who quit smoking after their child is in 3rd grade is small (Bricker, Rajan, Andersen, & Peterson,
2005) and the number of parents who take up smoking is also low (Johnston, O’Malley, & Bachman, 1999).
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a practice which is consistent with prior studies (see, for example, Ellickson, Bird, Orlando,
Klein, & McCaffrey, 2003). Close friends’ smoking status was measured using the open-ended
question: “How many of your close friends smoke cigarettes?” Respondents wrote in the
number of close friends who smoked.

Five TTI-consistent psychological factors measured when cohort member was
in ninth grade—First, parent-noncompliance was measured with a two-item scale (Cronbach
alpha = .71). A sample item for this trait was: “I try to do what my parents want me to
do” (reverse coded). Second, friend-compliance was measured with a three-item scale
(Cronbach alpha = .64). A sample item for this trait was: “I do what my friends want me to do,
even if I really don’t want to.” Third, achievement orientation was measured with a two-item
scale (Cronbach alpha = .74). A sample item for this trait was “Doing the best I can in school
is very important to me.” Fourth, rebelliousness was measured with a four-item scale
(Cronbach alpha = .66). A sample item for this trait was: “I don’t believe in following the
rules.” Fifth, thrill-seeking was measured with a two-item scale (Cronbach alpha = .70). A
sample item for this trait was: “I look for dangerous things to do just for excitement.” The
response options for each of the items in these scales were “Not like me” (coded “0), “A little
like me” (coded “1), “Somewhat like me” (coded “2), and “Just like me” (coded “3”).

The factorial structure of these five measures was tested with a confirmatory factor analysis.
The Goodness of Fit Index (GFI:.96), Adjusted Goodness of Fit Index (AGFI: .95) and Root
Mean Squared Error of Approximation (RMSEA: .05) all met standards for a close-fitting
model (Bentler, 1990; Joreskog & Sorbom, 1984). The parameter estimates were moderate to
high (ranging from .40 to .99), suggesting that the items reflect the constructs they were
expected to load on. The moderate correlations among the five factors, ranging from −.19 to .
50, again provided evidence that they each reflected related yet distinct constructs.

Scores for each of the five psychological scales were calculated as the sum of the item raw
score multiplied by the item factor score. The means (and ranges) for each of the scales, with
higher scores indicating higher levels on the given psychological scale, were the following:
parent-noncompliance: 2.61 (0 – 4.47), friend-compliance: .93 (0 – 5.54), low achievement
motivation: 3.84 (0 – 4.59), rebelliousness: 2.26 (0 – 6.12), and thrill seeking: 2.11 (0 – 4.24).

Smoking transitions of cohort members occurring between 9th and 12th grade
—Following commonly used levels of adolescent smoking (see, for example, Johnson et al.,
2002; Norton, Lindrooth, & Ennett, 1998), the three smoking transitions, occurring only after
the 9th grade assessment, were never smoker to tried first cigarette (Transition 1), tried first
cigarette to smoking monthly (Transition 2), and smoking monthly to smoking daily
(Transition 3). Data to assess the first smoking transition were based on the question, “Have
you ever smoked or tried a cigarette?” If the adolescent responded in the 12th grade survey
“one cigarette or more,” then s/he was classified as having made the transition from never
smoker to tried first cigarette (Transition 1). Among those who never smoked by 9th grade
(eligible n = 2554), thirty seven percent of adolescents transitioned to trying smoking by
12th grade. Data on the second and third transitions were based on the question, “How often
do you currently use cigarettes?” Among those who ever tried a cigarette by 9th grade, if the
adolescent cohort member responded in the 12th grade survey, “once a month or more,” then
he or she was classified as having made the transition to smoking monthly by 12th grade
(Transition 2). Among those who ever tried a cigarette by 9th grade (eligible n = 2072), 40%
transitioned to smoking monthly by 12th grade. Among those who had ever smoked monthly,
if the adolescent responded in the 12th grade survey, “one or more cigarettes per day,” then he
or she was classified as having made the transition from smoking monthly to smoking daily
(Transition 3). Among those who ever smoked monthly by 9th grade (eligible n = 1169), 55%
transitioned to smoking daily by 12th grade. Note that these transitions help account for the
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effect of the selection of friends who smoke (Simons-Morton, Chen, Abroms, & Haynie,
2004) because having a close friend who smokes precedes the occurrence of each of the three
smoking transitions.

Because adolescents may misreport their tobacco use (Murray, O’Connell, Schmid, & Perry,
1987; Pechacek et al., 1984), participants provided a saliva specimen for cotinine analysis as
a bogus pipeline to enhance the reliability of self-reported smoking behavior (Murray et al.,
1987). In addition, analysis of a 12.6% random sample of the 12th grade saliva specimens
provided confidence that the self reports were accurate. Specifically, the fraction of children
who said they did not smoke but had at least 5ng/mL of cotinine (Feyerabend & Russell,
1990) in their saliva was only 1.2% (n = 10). The fraction of children who said they did smoke
but had less than 5ng/mL of cotinine (Feyerabend & Russell, 1990) in their saliva was only
1.6% (n = 13). Similarly, in the 9th grade endpoint, the level of conformity between the cotinine
analysis and smoking in the last 3 days was found to be 92.4%.

The social transmission probability model
To provide probabilities of making a smoking transition, we extended, from social to
psychological influences, the social transmission probability (STP) model that we have used
in six previous studies (Bricker, Andersen, Rajan, Sarason, & Peterson, 2007; Bricker,
Peterson, Andersen, et al., 2007; Bricker, Peterson, Sarason, et al., 2007; Bricker, Peterson,
Andersen, Leroux, et al., 2006; Bricker, Peterson, Andersen, Rajan, et al., 2006; Bricker,
Peterson, Leroux, et al., 2006). This model, an adaptation of the Reed-Frost mathematical
model (Becker, 1989), was used in order to model the probabilities contributed by various
individual psychological and social factors to the overall probability that an adolescent would
make a specific smoking transition. Three separate models were created, one for each of the
three smoking transitions. The first model expressed the overall probability that an adolescent
makes the first smoking transition as a function of the following independent variables: (1)
number of parent’s smoking, (2) number of close friend’s smoking, (3) scoring above the
median on four of the TTI-related psychological factors (i.e., parent non-compliance, friend-
compliance, rebelliousness, and thrill-seeking), and below the median on achievement
motivation (scored below the median so that all probabilities can be interpreted in the same
direction), all the interaction terms of parent’s smoking by each of the five psychological
factors, and all the interaction terms of friend’s smoking by each of the five psychological
factors. [We dichotomized the psychological scales at or above (below, for achievement
motivation) the median for ease of presentation and for each of comparing results with each
parent’s and each close friend’s smoking. As a supplementary analysis, the psychological
scales were also fit as continuous predictors. ] The second and third models used the same
independent variables for predicting the overall probability of the second transition and overall
probability of the third transition, respectively. For control, each model also included parents’
highest level of education as a covariate.

Fitting the models
A logarithmic transformation of the model conveniently puts it in the form of a Generalized
Linear Model (GLM; McCullagh & Nelder, 1989). Thus, statistical inference can use the
iterated weighted least squares algorithm, the standard method for GLMs. We implemented
this algorithm using the PROC GENMOD procedure in the SAS® statistical package, using a
log-link function with a binomial distribution, which was appropriate for our model
(McCullagh & Nelder, 1989). Confidence intervals were computed using the robust sandwich
variance estimate (Liang & Zeger, 1986) that accounted for the correlation between outcomes
for adolescents in the same school district.
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Results
Probabilities of the first smoking transition (never to first cigarette)

Reported in the Transition 1 column of Table 1 are the probability estimates for each of the
five TTI-consistent psychological factors, each parent’s smoking, and each close friend’s
smoking for the prediction of the first smoking transition. As shown in rows one through four,
the probabilities contributed by scoring above the median on various psychological factors to
the overall prediction that an adolescent would make the first smoking transition were the
following: 22% for parent-noncompliance, 26% for friend-compliance, 22% for rebelliousness,
and 27% for thrill-seeking. Furthermore, as shown in row five, there was a 27% probability
contributed by scoring below the median on achievement motivation. In contrast, rows six and
seven show that there was a 7% and 13% probability, respectively, contributed by each parent’s
and close friend’s smoking.

Comparing the magnitude of these probabilities is informative. The probabilities of trying
smoking contributed by these psychological factors were greater than the probability
contributed by each parent’s smoking. Note that all the confidence intervals for the probability
estimates of all of the psychological factors were greater than the entire confidence interval
for the probability estimate of each parent’s smoking. Moreover, with the exception of
rebelliousness and parent-noncompliance, the confidence intervals for the probability estimates
of all of the psychological factors were greater than the entire confidence interval for two
parents’ smoking. Note that the probability estimate for two parents smoking was .14, or, [1–
(1–.07) · (1–.07)], with a lower bound confidence interval of .06, or, [1– (1–.03) · (1–.03)], and
an upper bound confidence interval of .21, or, [1– (1–.11) · (1–.11)]. Similarly, with the
exception of parent-noncompliance, the probabilities of trying smoking contributed by these
psychological factors were greater than the probability contributed by each close friend’s
smoking. Again, all the confidence intervals for the probability estimates of the psychological
factors (except parent-noncompliance) were greater than the entire confidence interval for the
probability estimate of each close friend’s smoking. The confidence intervals of the probability
estimates for each of the psychological factors overlapped with the confidence interval for
two close friends’ smoking.

Probabilities of the second smoking transition (first cigarette to monthly smoking)
Reported in the Transition 2 column of Table 1 are the results for the second smoking transition.
As shown in rows one through four, the probabilities contributed by scoring above the median
on various psychological factors to the overall probability that an adolescent would make the
second smoking transition were the following: 10% for parent-noncompliance, 12% for friend-
compliance, 12% for rebelliousness, and 10% for thrill-seeking. Furthermore, as shown in row
five, there was a 13% probability contributed by scoring below the median on achievement
motivation. In contrast, rows six and seven show that, there was a nonsignificant (confidence
intervals include zero) probability contributed by each parent’s and close friend’s smoking.

For predicting the second transition, the probabilities contributed by the five psychological
factors were not different than the probability contributed by each parent’s smoking, as all the
confidence intervals for the five psychological factors overlapped with the confidence interval
for each parent’s smoking. In contrast, the probabilities contributed by the five psychological
factors were greater than the probability contributed by each close friend’s smoking, as the
confidence intervals for all of the psychological factors were greater than the entire confidence
interval for each close friend’s smoking.
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Probabilities of the third smoking transition (monthly to daily smoking)
Reported in the Transition 3 column of Table 1 are the probability estimates for the third
smoking transition. As shown in rows one through four, the probabilities contributed by scoring
above the median on the psychological factors to the overall probability that an adolescent
would make the third smoking transition were the following: non-significant for parent-
noncompliance, 11% for friend-compliance, 14% for rebelliousness, and non-significant for
thrill-seeking. Furthermore, as shown in row seven, there was a 16% probability contributed
by scoring below the median on achievement motivation to the overall probability that an
adolescent would make the third smoking transition. In contrast, there was a 19% and 7%
probability, respectively, contributed by each parent’s and close friend’s smoking. The
probabilities contributed by the five psychological factors in predicting the third transition were
not different from the probability contributed by each parent’s and close friend’s smoking
(confidence intervals overlapped).

We also found no evidence that any of the probabilities reported in Table 1 significantly differed
between the control and intervention groups (p > .05). Thus, there was no evidence that the
HSPP experimental intervention had any influence on the results of this study.

Interaction between parents’ smoking and TTI-consistent psychological factors for all three
smoking transitions

Among the 15 tests conducted to determine whether each of the five TTI-consistent
psychological factors moderated the probability of making a smoking transition as contributed
by each parent’s smoking, one interaction was significant. Specifically, there was a significant
interaction between parents’ smoking and parent noncompliance for the first transition (p < .
05). This interaction is illustrated in Figure 1 as a probability function for the probability that
the adolescent would escalate to the first cigarette given the number of parents who smoke
broken down by parent-noncompliant (i.e., at or above the median) and parent-compliant (i.e.,
below the median) adolescents. As can be seen, there was a 45% probability contributed by
parent-noncompliance to the overall probability that an adolescent would try smoking, across
all levels of parent smoking. In contrast, the probability contributed by parent-compliance
increased as the number of smoking parents increased. Specifically, the probability contributed
by parent-compliance was 30% if no parents smoked, 37% if one parent smoked, and 43% if
two parents smoked.

Interaction between friends’ smoking and TTI-consistent psychological factors for all three
smoking transitions

One interaction was significant among the 15 tests conducted to determine whether each of the
five TTI-consistent psychological factors moderated the probability of making a smoking
transition as contributed by each close friend’s smoking. Specifically, there was a significant
interaction between friend’s smoking and friend-compliance for the first transition (p < .001).
This interaction is illustrated in Figure 2 as a probability function for the overall probability
that the adolescent would escalate to the first cigarette given the number of friends who smoke
broken down by friend-compliant (i.e., at or above the median on friend-compliance) and
friend-noncompliant (i.e., below the median on friend-compliance) adolescents. As Figure 2
illustrates, the probabilities that adolescents would try smoking increased as the number of
close friends who smoked increased. But these probabilities were higher for adolescents who
were friend-compliant than for adolescents who were friend-noncompliant. Specifically, for
predicting trying smoking, the probability contributed by friend-noncompliance was 30% if
no friends smoked, 34% if one friend smoked, 38% if two friends smoked, 42% if three friends
smoked, and 46% if four or more friends smoked. In contrast, the probability contributed by
friend-noncompliance was 44% if no friends smoked, 56% if one friend smoked, 66% if two
friends smoked, 73% if three friends smoked, and 79% if four or more friends smoked. When
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all of the analyses were rerun with the five psychological factors coded as continuous
predictors, the above pattern of results was the same.

Discussion
Summary and interpretation of Hypothesis 1

Hypothesis 1 stated that adolescents scoring higher on the psychological risk factors would
have a higher probability of making each of the smoking transitions. The results consistently
supported this hypothesis across all three smoking transitions, with a 22–27%, 10–13%, and
11–16%, respectively, contributed by scoring high on these psychological risk factors to the
overall probability that an adolescent would try smoking, transition to monthly smoking, and
transition to daily smoking. The results for the transition to trying smoking were quite strong.
For example, there was a 27% probability contributed by scoring above the median on friend-
compliance to the overall probability that an adolescent would try smoking between 9th and
12th grade. These results are consistent with TTI (Flay et al., 1999).

These results extend prior empirical research (Flay et al., 1998; Santi et al., 1994) by (1)
providing evidence for the influence of a wider array of psychological factors, (2) reporting
specific absolute probabilities of influence, and (3) examining higher-level smoking transitions
(i.e., monthly to daily).

Summary and interpretation of Hypothesis 2
Hypothesis 2.1 stated that the distal-level psychological risk factors (i.e., parent non-
compliance, friend-compliance, low achievement motivation, and rebelliousness) and the
distal-level social environment factors of each parent’s and close friend’s smoking would have
similar magnitudes of influence on each of the smoking transitions. In contrast, Hypothesis 2.2
stated that the ultimate-level psychological risk factor (i.e., thrill seeking) would have a smaller
magnitude of influence on smoking transitions than the distal-level social environment factors
of each parent’s and close friend’s smoking. This test was the first known empirical comparison
of the influence of these psychological factors versus parents’ and close friends’ smoking on
adolescent smoking transitions. This hypothesis was partially supported. Specifically, the
probabilities contributed by the four distal-level psychological factors and the one ultimate-
level psychological factor to overall probability of trying smoking were greater than the
probabilities contributed by each parent’s and each close friend’s smoking. Moreover, with the
exception of rebelliousness and parent-noncompliance, the probabilities contributed by these
psychological factors were also greater than the probability contributed by two parents’
smoking for the first transition. The probabilities contributed by these psychological factors
were also greater than that of each close friend’s smoking for the second transition, but there
was no evidence they were different than each parent’s and close friend’s smoking for the third
transition (confidence intervals overlapped). Overall, these results suggest that the magnitude
of the influence of each of these psychological and social factors may depend on the specific
smoking transition being examined.

Summary and interpretation of Hypothesis 3
Hypothesis 3 stated that the influence of each parent’s and close friend’s smoking on each of
the smoking transitions would be stronger among adolescents scoring higher on the
psychological risk factors than among adolescents scoring lower on these risk factors. Overall,
the results for this hypothesis were consistent with TTI: parent-noncompliance and friend-
compliance interact with parents’ and friends’ smoking behavior in the prediction of adolescent
smoking transitions. The results build on TTI by suggesting that the directions of these
interactions differ between parent-compliant and friend-compliant adolescents. Specifically,
for parents’ smoking, the only significant interaction was between each parent’s smoking and
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parent-noncompliance for the first transition (p < .05). For trying smoking, the probability
contributed by parent-compliance increased as the number of smoking parents increased
whereas the probability contributed by parent-noncompliance was 45% across all levels of
parent smoking. These results suggest that for the majority of adolescents, parent-compliance
is protective of trying smoking. But in a household where parents smoke, parent-compliance
is a risk factor for smoking that increases as the number of parents smoking increases. These
findings suggest that parent-compliant adolescents, as compared to parent-noncompliant
adolescents, are more likely to model their parents’ smoking. In contrast parent-
noncompliance appears to be a powerful independent influence on trying smoking.

Regarding moderation of friends’ smoking, the only significant interaction was between each
friend’s smoking and friend-compliance for the first transition (p < .001). The overall
probabilities that adolescents would try smoking increased as the number of close friends who
smoked increased. But these probabilities were markedly higher for adolescents who were
friend-compliant than for adolescents who were friend-noncompliant. Friend-compliant
adolescents may be more likely to model their close friends’ smoking. The synergistic effect
of being friend-compliant and having close friends who smoke is tremendously powerful.
Indeed, adolescents had a 79% overall probability of trying smoking if they were friend-
compliant and had four or more close friends who smoked. In contrast, noncompliance with
one’s friends might serve as an important buffer on the influence of close friends’ smoking.

Preventive implications
The results for the influence of the five TTI-consistent psychological factors on the transition
to trying smoking suggest that preventive interventions could identify adolescents scoring high
on these factors and teach them skills for regulating their behavior. The fact that such
adolescents could be identified with a small number of psychological survey items is a major
practical advantage for preventive interventions. For the interaction of parent smoking with
parent-compliance, if the parent-compliant adolescents are modeling parent smoking then
perhaps these adolescents would model parent smoking cessation. Since parent smoking
cessation may prevent adolescents from smoking (e.g., Bricker et al., 2003), then a parent
smoking cessation intervention might especially help prevent parent-compliant adolescents
from smoking. In contrast, for parent-noncompliant adolescents, a parenting training
intervention might help these adolescents become more parent-compliant. Finally, for the
interaction of close friends’ smoking with friend-compliance, the results suggest that teaching
friend-compliant adolescents skills for making decisions more independently of friends might
be valuable.

Limitations that can be addressed in future research
First, although this study represents the general population of Washington residents, it did not
include a large percentage of non-Caucasian racial groups. Second, the psychological factors
were measured with only a few items per trait, thereby contributing to their modest reliability.
(To survey this large number of adolescents longitudinally with high retention such brevity
was essential.) The fact these scales predicted smoking transitions with modest reliability
emphasizes the strength of these predictions. Third, data did not allow analysis of the timing
of transitions—i.e., whether some predictors were risk factors for more rapid versus more slow
smoking transitions. Fourth, since data on the total of close friends were not available it would
be valuable in future research to examine the influence of the percentage of friends who smoke.
Finally, given that only two among the 30 interactions tested were significant, there could be
a multiple comparison Type I error problem. Since this is the first study to ever test these
specific interactions, the results need replication in future research.

Bricker et al. Page 10

Health Psychol. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Conclusions
The key results of the study were that (1) TTI-consistent psychological factors were major
predictors of adolescent smoking transitions, with a 22–27% probability contributed by scoring
high on each of these psychological risk factors to the overall probability that an adolescent
would try smoking; (2) For predicting trying smoking, the probability contributed by these
psychological factors was greater than the probability contributed by each parent’s and close
friend’s smoking; (3) Parent-compliance had a higher contribution to the probability of trying
smoking when an adolescent’s parent smoked (p < .05), while friend-compliance had a higher
contribution to the probability of trying smoking when an adolescent’s friend smoked (p<.001).

Acknowledgments
The data for this paper were provided by the Hutchinson Smoking Prevention Project, a project funded by National
Cancer Institute grant CA-38269. The data were collected with the approval of the Fred Hutchinson Cancer Research
Center’s Institutional Review Board and with informed consent of the respondents. We thank the children and parents
in the study who provided their survey data. The paper was written with the support of National Cancer Institute grants
CA-109652 and CA-96971. Portions of this paper were presented at the Society for Research on Nicotine and Tobacco,
Annual Meeting, Austin Texas, February 2007, and at an invited lecture at the Behavioral Science Institute, Radboud
University Nijmegen, Nijmegen, The Netherlands, March 2007.

References
Becker, NG. Analysis of Infectious Disease Data. London: Chapman and Hall; 1989.
Bentler PM. Comparative fit indices in structural models. Psychological Bulletin 1990;107:238–246.

[PubMed: 2320703]
Bricker JB, Leroux BG, Peterson AV Jr, Kealey KA, Sarason IG, Andersen MR, Marek PM. Nine-year

prospective relationship between parental smoking cessation and children’s daily smoking. Addiction
2003;98:585–593. [PubMed: 12751972]

Bricker JB, Peterson AV, Andersen MR, Leroux BG, Rajan BK, Sarason IG. Close friends’, parents’,
and older siblings’ smoking: reevaluating their influence on children’s smoking. Nicotine & Tobacco
Research 2006;8:217–226. [PubMed: 16766414]

Bricker JB, Peterson AV, Andersen MR, Rajan KB, Leroux BG, Sarason IG. Childhood friends who
smoke: do they influence adolescents to make smoking transitions? Addictive Behaviors 2006;31:889–
900. [PubMed: 16099595]

Bricker JB, Peterson AV Jr, Leroux BG, Andersen MR, Rajan KB, Sarason IG. Prospective prediction
of children’s smoking transitions: role of parents’ and older siblings’ smoking. Addiction
2006;101:128–136. [PubMed: 16393199]

Bricker JB, Andersen MR, Rajan KB, Sarason IG, Peterson AV Jr. The role of schoolmates’ smoking
and non-smoking in adolescents’ smoking transitions: a longitudinal study. Addiction 2007;102:1665–
1675. [PubMed: 17854343]

Bricker JB, Peterson AV Jr, Andersen MR, Sarason IG, Rajan KB, Leroux BG. Parents’ and older
siblings’ smoking during childhood: changing influences on smoking acquisition and escalation over
the course of adolescence. Nicotine & Tobacco Research 2007;9:915–926. [PubMed: 17763107]

Bricker JB, Peterson AV, Sarason IG, Andersen MR, Rajan BK. Changes in the influence of parents; and
close friends; smoking on adolescent smoking transitions. Addictive Behaviors 2007;32:740–757.
[PubMed: 16854532]

Centers for Disease Control and Prevention. Cigarette Use Among High School Students—United States,
1991–2005. Morbidity and Mortality Weekly Report 2006;55:724–726. [PubMed: 16826159]

Darling N, Cumsille P. Theory, measurement, and methods in the study of family influences on adolescent
smoking. Addiction 2003;98(Suppl 1):21–36. [PubMed: 12752360]

Dobbins M, Decorby K, Manske S, Goldblatt E. Effective practices for school-based tobacco use
prevention. Preventive Medicine 2008;46:289–97. [PubMed: 18093639]

Ellickson PL, Bird CE, Orlando M, Klein DJ, McCaffrey DF. Social context and adolescent health
behavior: Does school-level smoking prevalence affect students’ subsequent smoking behavior?
Journal of Health and Social Behavior 2003;44:525–535. [PubMed: 15038147]

Bricker et al. Page 11

Health Psychol. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Feyerabend C, Russell MA. A rapid gas-liquid chromatographic method for the determination of cotinine
and nicotine in biological fluids. Journal of Pharmacy and Pharmacology 1990;42:450–452.
[PubMed: 1979632]

Flay BR, Hu FB, Richardson J. Psychosocial predictors of different stages of cigarette smoking among
high school students. Preventive Medicine 1998;27(5 Pt 3):A9–A18. [PubMed: 9808813]

Flay BR, Petraitis J, Hu FB. Psychosocial risk and protective factors for adolescent tobacco use. Nicotine
& Tobacco Research 1999;1(Suppl 1):S59–S65. [PubMed: 11072406]

Johnson CC, Li D, Perry CL, Elder JP, Feldman HA, Kelder SH, Stone EJ. Fifth through eighth grade
longitudinal predictors of tobacco use among a racially diverse cohort: CATCH. Journal of School
Health 2002;72:58–64. [PubMed: 11905130]

Johnston, LD.; O’Malley, PM.; Bachman, JG. National survey results on drug use from the Monitoring
the Future Study, 1975–98. Vol. II. Rockville, MD: National Institute on Drug Abuse; 1999. (NIH
Publication No. 00–4802)

Johnston, LD.; O’Malley, PM.; Bachman, JG.; Schulenberg, JE. Monitoring the Future national results
on adolescent drug use: Overview of key findings, 2007. Bethesda, MD: National Institute on Drug
Abuse; 2008. NIH Publication No. [yet to be assigned]

Joreskog, KG.; Sorbom, D. LISREL VI: Analysis of linear structural relationships by maximum
likelihood, instrumental variables, and least squares methods. Vol. 3. Mooresville, IN: Scientific
Software; 1984.

Liang KY, Zeger SL. Longitudinal data analysis using generalized linear models. Biometrika
1986;73:13–22.

Martin CS, Earleywine M, Blackson TC, Vanyukov MM, Moss HB, Tarter RE. Aggressivity, inattention,
hyperactivity, and impulsivity in boys at high and low risk for substance abuse. Journal of Abnormal
Child Pyschology 1994;22:177–203.

McAlister AL, Krosnick JA, Milburn MA. Causes of adolescent cigarette smoking: Tests of a structural
equation model. Social Psychology Quarterly 1984;47:24–36. [PubMed: 6719148]

McClelland, DC.; Atkinson, JW.; Clark, RW.; Lowell, EL. The Achievement Motive. New York:
Appleton, Century, Crofts; 1953.

McCullagh, P.; Nelder, JA. Generalized Linear Models. Vol. 2. London: Chapman and Hall; 1989.
Murray DM, O’Connell CM, Schmid LA, Perry CL. The validity of smoking self-reports by adolescents:

A reexamination of the bogus pipeline procedure. Addictive Behaviors 1987;12:7–15. [PubMed:
3565116]

Norton EC, Lindrooth RC, Ennett ST. Controlling for the endogeneity of peer substance use on adolescent
alcohol and tobacco use. Health Economics 1998;7:439–453. [PubMed: 9753378]

Pechacek TF, Murray DM, Luepker RV, Mittelmark MB, Johnson CA, Shutz JM. Measurement of
adolescent smoking behavior: Rationale and methods. Journal of Behavioral Medicine 1984;7:123–
140. [PubMed: 6716469]

Peterson AV, Kealey KA, Mann SL, Marek PM, Sarason IG. Hutchinson smoking prevention project:
Long-term randomized trial in school-based tobacco use prevention-results on smoking. Journal of
the National Cancer Institute 2000;92:1979–1991. [PubMed: 11121460]

Petraitis J, Flay BR, Miller TQ. Reviewing theories of adolescent substance use: Organizing pieces in
the puzzle. Psychological Bulletin 1995;117:67–86. [PubMed: 7870864]

Santi SM, Cargo M, Brown KS, Best JA, Cameron R. Dispositional risk factors for smoking-stage
transitions: a social influences program as an effect modifier. Addictive Behaviors 1994;19:269–285.
[PubMed: 7942245]

Santor DA, Messervey D, Kusumakar V. Measuring Peer Pressure, Popularity, and Conformity in Young
Adolescent Boys and Girls: Predicting School Performance, Sexual Attitudes, and Substance Use.
Journal of Youth and Adolescence 2000;29:163–182.

Simons-Morton B, Chen R, Abroms L, Haynie DL. Latent growth curve analyses of peer and parent
influences on smoking progression among early adolescents. Health Psychology 2004;23:612–621.
[PubMed: 15546229]

Slater MD. Sensation-seeking as a moderator of the effects of peer influences, consistency with personal
aspirations, and perceived harm on marijuana and cigarette use among younger adolescents.
Substance Use & Misuse 2003;38:865–880. [PubMed: 12801146]

Bricker et al. Page 12

Health Psychol. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



U.S. Department of Health and Human Services. With Understanding and Improving Health and
Objectives for Improving Health. Vol. 2. Vol. 2. Washington, DC: U.S. Government Printing Office;
2000. Healthy People 2010.

Zuckerman, M. Behavioral Expressions and Biosocial Bases of Sensation Seeking. New York:
Cambridge University Press; 1994.

Bricker et al. Page 13

Health Psychol. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Probability of making first smoking transition (never to first cigarette) given the number of
smoking parents, broken down by whether adolescents were parent-compliant or parent-
noncompliant.
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Figure 2.
Probability of making first smoking transition (never to first cigarette) given the number of
smoking friends, broken down by whether adolescents were friend-compliant or friend-
noncompliant.
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Table 1
Probabilities of making smoking transitions given each psychological factor, each
parent’s smoking, and each close friend’s smoking.

Source of Influence
Transition 1

Prob. of Influence (95%
CI)

Transition 2
Prob. of Influence (95%

CI)

Transition 3
Prob. of Influence (95%

CI)

Psychological Factor

 Parent-noncompliance a 0.22 (0.14, 0.30) 0.10 (0.03, 0.17) 0.10 (−0.07, 0.22)

 Friend-compliance a 0.26 (0.22, 0.30) 0.12 (0.06, 0.18) 0.11 (0.00, 0.21)

 Rebelliousness a 0.22 (0.16, 0.28) 0.12 (0.05, 0.19) 0.14 (0.04, 0.23)

 Thrill seeking a 0.27 (0.22, 0.32) 0.10 (0.05, 0.14) 0.07 (−0.05, 0.17)

 Achievement motivation b 0.27 (0.20, 0.35) 0.13 (0.05, 0.22) 0.16 (0.03, 0.31)

Social Environment

 Parent’s smoking c 0.07 (0.03, 0.11) 0.05 (−0.01, 0.10) 0.19 (0.10, 0.27)

 Friend’s smoking d 0.13 (0.10, 0.16) 0.01 (−0.01, 0.03) 0.07 (0.03, 0.11)

a
The reported probabilities are for scoring above the median on the given psychological factor.

b
The reported probabilities are for scoring below the median on the given psychological factor.

c
The reported probabilities are for each smoking parent.

d
The reported probabilities are for each smoking close friend.
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