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Abstract

The robust correlation between peer and adolescent alcohol use (AU) has been taken as evidence 

for both socialization and selection processes in the etiology of adolescent AU. Accumulating 

evidence from studies using a diverse range of methodological and statistical approaches suggests 

that both processes are involved. A major challenge in testing whether peer AU predicts an 

adolescent's drinking (socialization) or whether an adolescent's drinking predicts peer AU 

(selection) is the myriad of potentially confounding factors that might lead to an overestimation of 

socialization and selection effects. After creating AU transition groups based on peer and 

adolescent AU across two waves (N = 765; age = 10-15; 53% female), we test whether transitions 

into AU by adolescents and peers predict later peer and adolescent AU respectively, using (1) 

propensity score analysis to balance transition groups on 26 potential confounds, (2) a longitudinal 

design with three waves to establish temporal precedence, and (3) both adolescent (target) and 

peer self-report of peer AU to disentangle effects attributable to shared reporter bias. Both 

selection and socialization were supported using both peer self-report of AU and adolescent-report 

of peer AU. Although cross-sectional analyses suggested peer self-reported models were 

associated with smaller effects than perceived peer AU, longitudinal analyses suggest a similar 

sized effect across reporter of peer AU for both selection and socialization. The implications of 

these findings for the etiology and treatment of adolescent AU are discussed.
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Early adolescent substance use (SU) continues to be a major public health concern in the 

United States (Kessler et al., 2005). Initiation of alcohol use (AU) before age 15 is 

associated with higher risk for later substance abuse disorders (Grant & Dawson, 1997; 
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Sung, Erkanli, Angold, & Costello, 2004) and many other adverse outcomes including 

decreased school attendance, car accidents, binge drinking, other drug use, and later 

depression (Grueber, DiClemente, Anderson, & Lodico, 1996; Marmorstein, 2009). 

Although the literature documents many correlates of adolescent SU (Chassin, Colder, 

Hussong, & Sher, in press; Ennett et al., 2008; Zucker, 2006), researchers often emphasize 

the importance of social context, especially peer SU, as one of the most robust and proximal 

influences of early adolescent SU (Ennett et al., 2006; Hawkins, Catalano, & Miller, 1992). 

Given that the risk associated with early initiation and subsequent heavy use has been linked 

to long-term negative outcomes (Chassin, King, & Flora, 2004) understanding whether or 

not peer SU is a causal factor in the early initiation and escalation of SU will aid in the 

development of preventative interventions.

Although the relationship between peer and adolescent AU is robust (Hawkins et al., 1992), 

there has been considerable debate concerning the direction of the relationship. The core 

dispute centers on whether peers socialize/influence adolescents to drink (i.e., peer AU 

predicts adolescent AU) or whether adolescent drinkers select into drinking peer groups (i.e., 

adolescent AU predicts later affiliation with alcohol using peers; Bauman & Ennett, 1996). 

There is evidence for both selection and socialization of early adolescent AU across 

longitudinal studies that utilized various methodologies including ecological momentary 

assessment, social network analysis, and cross-lagged panel designs (Curran, Stice, & 

Chassin, 1997; Dishion & Skaggs, 2000; Knecht, Burk, Weesie, & Steglich, 2010; Poelen et 

al., 2007; for a review see Leung, Toumbourou, & Hemphill, 2011). These general 

conclusions must be tempered in light of the fact that previous work on peer selection and 

socialization has generally not accounted for the wide range of known correlates of 

adolescent and peer SU, which include temperament and personality (Chassin, Flora, & 

King, 2004), psychopathology (King, Iacono, & McGue, 2004; Colder et al., 2013), peer 

delinquency (Scalco et al., 2014), parental drinking and alcoholism (Alati et al., 2014; 

Hussong, Curran, & Chassin, 1998), pubertal timing (Costello, Sung, Worthman, & Angold, 

2007), amongst others (Chassin, Colder, Hussong, & Sher, in press; Zucker, 2006). These 

variables are potential confounders for the association between peer and adolescent AU. The 

current study attempts to address confounding by testing both selection and socialization 

effects for AU in a large sample (N = 765) of early adolescents (age 10-15) using propensity 

score analysis (PSA) to adjust for 26 potential confounds and interactions among 

confounders. We also utilized a longitudinal design to establish temporal precedence and 

both adolescent (target) report and peer self-report of peer AU to disentangle shared reporter 

bias.

Socialization and Selection

Theoretical formulations of peer socialization emphasize the importance of positive 

reinforcement for deviancy, including alcohol and drug use (Dishion, Spracklen, Andrews, 

& Patterson, 1996). Such positive reinforcement is believed to play a role in the 

development of a deviant peer culture, exposure to which predicts later SU and further 

delinquent behavior (Dishion & Skaggs, 2000; Osgood, Wilson, Bachman, O'Malley, & 

Johnston, 1996). A large number of studies utilizing panel designs and regression methods 

find that peer AU prospectively predicts adolescent AU even after controlling for prior 
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levels of adolescent AU (Leung et al., 2011), which is generally taken as support for 

socialization. Theoretical formulations of peer selection (homophily) emphasize an 

adolescent's ability to shape their own social environment by choosing friends and 

environments based on delinquency, AU, and other individual differences (Haynie & 

Osgood, 2005; Jaccard, Blanton, & Dodge, 2005; Shalizi & Thomas, 2011). Evidence 

suggests that children and adolescents select friends based on proximity (Epstein, 1989) and 

similarity on a wide range of variables including age, gender, race, academic/athletic 

achievement, behavior, and attitudes (Hartup, 1983; Haynie & Osgood, 2005). Similar to the 

literature on socialization of AU, many studies using panel designs have found that 

adolescent AU predicts peer AU even after controlling for prior levels of peer use (Leung et 

al., 2011), which is generally taken as support for selection.

Despite the consistency of findings from panel studies supporting socialization and 

selection, proponents of social network modeling, especially stochastic actor-based models, 

have questioned these results on a number of methodological grounds (for a review of the 

assumptions and parameters estimated by these models see Snijders, Bunt, & Steglich, 2010; 

Steglich, Snijders, & Pearson, 2010). The most central issue involves the adequacy of cross-

lagged panel designs to account for the co-evolution of adolescent social network ties over 

time (Burke, Vorst, Kerr & Stattin, 2012; Mudnt, Mercken, & Zakletskaia, 2012; Snijders et 

al., 2010). Cross-lagged panel designs assume stability in network ties and independence of 

observations, giving rise to concerns about potential confounding of socialization and 

selection processes. Despite these critiques of panel studies in which peer and adolescent 

AU predict each other over time, a number of social network studies employing stochastic 

actor-based methods, which arguably can better disentangle socialization and selection, have 

also found support for selection and socialization effects for AU in early adolescence (Burk 

et al., 2012; Knecht et al., 2010; Mercken, Steglich, Knibbe, & Vries, 2010; Osgood et al., 

2013). An exception is Mudnt et al. (2012) who found support for selection, but not 

socialization. Some of these network studies indicate that selection is associated with a 

larger effect size than socialization in early adolescence (Burk et al., 2012; Knecht et al., 

2010), and others indicate either the opposite pattern (Mercken et al., 2012) or that 

socialization and selection have similar sized effects (Osgood et al., 2013). In addition, one 

study demonstrated that socialization effects are stronger when considering close friend 

peers as opposed to the larger peer network even after controlling for genetic and shared 

environmental effects using a nationally representative twin sample (Cruz, Emery, & 

Turkheimer, 2012).

Selection/Socialization Effects within a Broader Theoretical Context

Developmental ecological models conceptualize risk and protective factors from multiple 

levels including the individual (e.g., personality and temperament), social context (e.g., 

families and peers), and the broader community (e.g., neighborhood characteristics; 

Bronfenbrenner, 1979). Moreover, factors from multiple levels are thought to interact and 

reciprocally influence each other to increase or decrease liability for risky behavior. As such, 

it is likely that selection and socialization effects operate within a complex and dynamic 

developmental context in which peers are but one important factor. Although only a few 

studies have tested variables from multiple levels simultaneously (Ennett et al., 2008; 
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Trucco, Colder, Wieczorek, Lengua, & Hawk, 2014), there is evidence in the literature that 

temperament (Giancola & Parker, 2001; Windle, 2000), adolescent problem behavior 

(Scalco, et al., 2014), parental drinking (Engels et al., 1999), and early pubertal timing 

(Wichstrom, 2001), as well as demographic variables such as gender, age, and ethnicity 

(Haynie & Osgood, 2005) predict peer delinquency and peer SU, which are generally 

interpreted as contributing to selection effects (homophily). Once selection has occurred 

parenting is likely involved in maintaining or exacerbating adolescent and peer SU over time 

through inadequate parental monitoring which provides increased opportunity to spend 

unstructured time with peers (Osgood et al., 1996). In addition to effects on peer selection, 

each of these variables has also been linked to an adolescent's own SU (Alati et al., 2014; 

Costello et al., 2007; Hitner & Swickert, 2006; Hussong, et al., 1998; King, et al., 2004; 

Kohl & Mermelstein, 2004; Trucco et al., 2014; for reviews see Chassin et al., in press; 

Zucker, 2006). Therefore, not only do these factors represent potential confounds regarding 

the causal mechanism of selection, they also represent potential confounds for socialization 

effects given that observed effects from peer to adolescent SU may be artifacts of earlier or 

concurrent selection or earlier socialization. Moreover, peer delinquency has been 

consistently linked to early adolescent SU even when some of the variables listed above 

served as statistical controls (Ferguson & Meehan, 2011; Scalco et al., 2014), suggesting 

that peer delinquency may be a particularly important confounder in evidence for 

socialization of SU.

While a few studies have attempted to consider the wide range of influences on adolescent 

and peer SU and delinquency (e.g., Haynie & Osgood, 2005; Ennett et al., 2008) many 

studies have not (e.g., Burke et al., 2012) despite using sophisticated analytic methods. 

Moreover, even studies that included statistical control variables were unable to account for 

many known correlates of adolescent and peer SU due to the limitations in the number of 

statistical control variables that can be incorporated into modeling techniques such as 

hierarchical linear models (HLM), structural equation models (SEM), OLS regression, 

ANOVA, and social network models (Rubin, 2005; Kao, Toulis, Airoldi, & Rubin, 2013). 

Systematically ruling out alternative hypotheses is critical to testing causal models in 

science (Holland, 1986; Meehl, 1978; Popper, 1963; Rubin, 2005) and the fact that peer and 

adolescent AU cannot be manipulated experimentally necessitates the use of more 

sophisticated methodologies to rule out alternative causal explanations. It is worth noting 

that stochastic actor-based models attempt to adjust for confounding between assessments 

using simulation techniques that model small unobserved changes in network structure and 

behavior. A limitation of these models is that the “microstep” changes that occur between 

assessments are assumed to be explained entirely by information in the prior microstep, 

leaving variables exogenous to the model as potential confounds (e.g., temperament, 

demographics, family functioning, pubertal development, and peer delinquency). Shalizi & 

Thomas (2011) described this confounding as latent homophily and social influence and 

argued that observational social network studies have not ruled out these alternative causal 

explanations.

The current study attempts to meet the methodological challenge of confounds by using PSA 

in a longitudinal panel design (Rosenbaum & Rubin, 1983; Rubin, 2005). A benefit of the 

Scalco et al. Page 4

J Abnorm Child Psychol. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



PSA design over the social network approach is that a wide range of confounds that precede 

initiation and escalation of AU can be used to simulate random assignment to “treatment” 

groups. In the case of socialization, this involves simulating random assignment of targets to 

a peer who used alcohol vs. a peer who did not use alcohol and then assessing the effect of 

having a peer who uses alcohol on later target AU. To the extent that all confounders are 

used to model the propensity scores, an unbiased estimate of a causal effect can be obtained 

because individuals with similar propensity scores have similar distributions (i.e., balance) 

on the confounders and can therefore be treated as though they were randomly assigned.

In addition to considering confounders, we also used both adolescent-report and peer self-

report of peer AU in separate models to address concerns about potential bias associated 

with perception of peer AU. The association between peer and adolescent AU is smaller 

when peers report on their own SU (Bauman & Ennett, 1996). Evidence suggests that 

adolescents’ reports of their peers’ use tends to be biased in the direction of their own use 

(Henrey, Kobus, & Schoeny, 2011). However, such errors in perception of peer behavior 

may be critical to the development of adolescent SU and may still influence an adolescent's 

drinking behavior (D'Amico & McCarthy, 2006; Trucco et al., 2011).

Summary and the Present Study

In the current study, we test associations between adolescent AU and peer AU using PSA to 

control for a variety of potential confounding variables and interactions between 

confounders (see Table 1 for a full list of confounders) as well as a longitudinal design to 

establish temporal precedence from early- (age = 11) to mid-adolescence (age = 15). To test 

socialization, peer AU at baseline (Wave 1; W1) and one year later (Wave 2; W2) was used 

to create transition groups. To test selection, target adolescent AU at W1 and W2 was used 

to create transition groups. Transition groups were then compared on target AU at W2 and 

Wave 3 (W3) for the socialization models and on peer AU at W2 and W3 for the selection 

models. We used propensity scores to adjust for confounding when estimating whether our 

independent variables (IVs) were related to our dependent variables (DVs).

Regarding socialization, we hypothesized a priori that targets whose peer group shifted from 

no AU to AU between W1 to W2 would have higher levels of later target AU than targets 

whose peers remained abstinent at both W1 and W2. Regarding selection, we predicted that 

target adolescents who initiated AU between W1 and W2 would have higher subsequent 

peer AU than target adolescents who did not transition into AU. If, after balancing transition 

groups on the confounders, adolescent drinking does not predict later peer drinking or peer 

drinking does not predict later adolescent drinking, it would suggest that what researchers 

call “selection” and “socialization” effects of AU are explained by other factors. We also 

predicted that effect sizes would vary systematically by reporter of peer AU. That is, for 

socialization and selection, we expected perception of close friend AU to have the largest 

effects followed by peer self report of AU (Cruz et al., 2012; Bauman & Ennett, 1996). 

Given the mixed literature on whether selection or socialization has a larger effect size in 

this age range, we did not make specific predictions concerning the effect sizes across tests 

of socialization and selection.
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Method

Participants

Recruitment—Participants (target adolescents) were recruited from the community using 

random-digit-dialing and were drawn from two longitudinal studies examining risk and 

protective factors for adolescent SU. Children were required to be between the ages of 10 

and 12 and 11 and 12 years old at recruitment for each study, respectively. At each 

assessment, target adolescents provided the names of four close friends and one was 

recruited into the study (peers) to provide a collateral report of the target adolescent's peer 

environment. Peers were required to be within two years of age of the target adolescent and 

could not be a sibling. Moreover, targets were allowed to nominate different peers at each 

wave to capture the fluid nature of adolescent peer relationships in this age range (Knecht et 

al., 2010). Hence, peer self-reported AU is best viewed as a collateral report of the peer 

context of the target adolescent. A more detailed description of recruitment, descriptive 

statistics, length of interviews, compensation to participants and other procedural details for 

target adolescents can be found in Colder et al., (2011) and Colder et al., (2013). Procedure 

and descriptive statistics are reported below for peer adolescents given that this information 

has not been previously reported for both samples.

Description—The first sample included 378 families while the second sample included 

387 families for a total of 765 families. Averaging across samples, adolescents were 10-13 

years old (Mage = 11.3, SD = 0.76; 53% female) while peers were 8-15 (Mage = 11.5, SD = 

1.15; 55% female) at the first assessment. Mean ages of targets at W1, W2, and W3 were 

11.8 (SD = 0.79), 12.9 (SD = 0.79), and 13.9 (SD = 0.79), and the mean ages of peers at each 

assessment were 11.5 (SD = 1.15), 12.4 (SD = 1.27), and 13.4 (SD = 1.18), respectively. 

From W1 to W3, between 80.2% - 82.4% of the peer participants were White/non-Hispanic, 

between 10.4 - 13.5% were Black/African-American, between 1.4 - 3.5% were Hispanic, 

between .4 - .9% were Asian/Pacific Islander, and between 2.2 – 5.1% were of another 

(usually mixed) race/ethnicity. Most of the peer participants (73.2 to 77.5%) reported being 

from two-parent homes across all three assessments, and the median income of peer families 

ranged from $69,750 to $73,500, with 7 - 10.6% of the peer families receiving public 

assistance

Procedure

Procedures were similar for both samples. Three annual assessments were completed in a 

laboratory setting. For target and peer families, consent (caregiver) and assent (adolescent) 

procedures were completed and then the adolescent and caregiver were taken to separate 

rooms to enhance confidentiality and privacy. The interviewer read questionnaires aloud and 

responses were entered directly into a computer by the interviewer. Questions deemed 

“sensitive” (e.g., questions assessing SU and delinquency) were entered into the computer 

by the adolescent to further increase confidentiality.

Measures

Confounders—A set of 26 covariates were used in the PSA to account for bias in 

assessing socialization and selection effects related to early adolescent AU (see Table 1 for 
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details about measures). Prior work has established a variety of correlates of peer and 

adolescent AU that could confound the relationship between peer and adolescent SU 

(Chassin et al., in press; Zucker, 2006). In the current study, confounders included 

demographics (index of socioeconomic status, age, parental marital status, minority status, 

and gender), pubertal status, temperament (effortful control, negative affect, surgency, 

Behavioral Inhibition System [BIS] fear, BIS anxiety, Behavioral Activation System [BAS] 

impulsivity/fun seeking, BAS reward responsiveness, and BAS drive), psychopathology 

(depressed mood, oppositional defiant disorder [ODD], conduct disorder [CD], ADHD-

inattention, and ADHD-hyperactivity), family environment (alcohol specific parenting, 

parental AU [average daily drinking averaged across mother and father], parental 

problematic AU [alcohol related negative consequences averaged across mother and father], 

and adolescent AU with parents permission), W1 peer delinquency, W1 AU for the 

socialization models, and W1 peer AU for the selection models. Given that our outcomes 

were adolescent and peer AU, we excluded SU items from our W1 peer delinquency 

measure to prevent overlap among confounders and our outcomes.

Target Alcohol Use at Waves 1-3—Items from the National Youth Survey (NYS) 

assessed lifetime AU at W1 and past year AU at W2 and W3 (Elliott & Huizinga, 1983). 

Lifetime AU was assessed with one dichotomous item (no/yes), while past year AU was 

assessed with open-ended frequency and quantity items, multiplied to form a quantity × 

frequency index (Q×F). Lifetime variables were used at W1 to control for all prior AU 

exogenous to our model. Fifty-three (6.9%) targets used alcohol at W1, while there were 712 

abstainers (93.1%). Past year AU was used at W2 and W3 to model yearly changes in 

adolescent AU thereafter. As expected given the age of our sample, rates of AU were low 

and Q×F indices were skewed and kurtotic. Accordingly, ordinal variables were created 

from Q×F indices at W2 and W3 based on visual inspection of the distributions. Although 

creating categories from continuous variables is generally not recommended, this approach 

is useful for highly skewed variables (MacCallum, et al., 2002). The ordinal variables 

represented no use (W2 n = 652, 88.3%; W3 n = 536, 74.8%), a few sips to one drink (W2 n 

= 56, 7.6%; W3 n = 94, 13.1%), > 1 and < 4 drinks (W2 n = 22, 3.0%; W3 n = 50, 7.0%) 

and > 4 drinks (W2 n = 8, 1.1%; W3 n = 37, 5.1%).

Peer Alcohol Use—Peer AU was assessed with both target-report (TR) of peer AU (or 

perceived peer use) and peer self-report (PR) of peer AU. TR of peer AU was assessed using 

one item taken from Fergusson, Woodward, and Howard (1999), “Tell whether or not any of 

your three close friends have ever used alcohol without parent's permission.” Responses 

were keyed as yes (1) or no (0). As expected given the age of the sample, rates of perceived 

peer AU were low at W1 (no use n = 712, 93.1%; use n = 53, 6.9%), W2 (no use n = 614, 

83.5%; use n = 121, 16.5%), and W3 (no use n = 715, 73.8%; use n = 188, 26.2%).

PR of peer AU was assessed with the same items that were used for target AU from the 

NYS. Lifetime variables were used at W1 to control for all prior peer AU exogenous to our 

model. Past year peer AU was used at W2 and W3 to model yearly change in peer AU 

thereafter. As with target AU, rates of peer AU were low at W1 (no use n = 635, 90.1%; use 

n = 70, 9.9%), W2 (no use n = 566, 86.2%; use n = 91, 13.8%), and W3 (no use n = 484, 
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76.7%; use n = 139, 23.3%). As described above, ordinal variables were created from the 

Q×F indices at W2 and W3. The ordinal variable represented no use (W2 n = 566, 86.2%; 

W3 n = 484, 76.7%), a few sips to one drink (W2 n = 52, 7.9%; W3 n = 66, 10.6%), > 1 and 

< 4 drinks (W2 n = 16, 2.4%; W3 n = 52, 5.1%) and > 4 drinks (W2 n = 23, 3.5%; W3 n = 

41, 6.6%).

Observed Transition Groups—For PR models, peer W1 lifetime AU (no use vs. use) 

and a dichotomized peer W2 past year AU item (no use vs. use) was used to create the 

transition groups to test whether changes in peer use across W1 and W2 predicted target use 

at W2 and W3 (socialization). The ordinal W2 alcohol variables were not used to create 

transition groups due to small cell sizes. Accordingly, there were four possible transition 

groups based on different patterns of PR of peer AU across W1 and W2. Likewise, for TR of 

peer AU, W1 and W2 dichotomous variables were used to create the same four transition 

groups. Peers who did not use alcohol at either wave were put into the no peer AU group, 

which served as the control group (referred to as peer control; PR n = 601; TR n = 594). 

Peers who did not drink at W1, but did use alcohol at W2 were put into the peer initiation 

group (PR n = 87; TR n = 90). Peers who used alcohol at both waves were placed in the peer 

stable use group (PR n = 28; TR n = 31). Finally, peers who used alcohol at W1, but not at 

W2 were placed in the peer desistance group (PR n = 49; TR n = 19). As can be seen from 

the n in each group, small cell sizes precluded comparing peer stable use and peer desistance 

to any other groups in our socialization models.

For models assessing whether target AU predicted peer AU (selection), four possible 

transition groups were also created (target control, target initiation, target stable use, and 

target desistance). For the target control, target initiation, target stable use, and target 

desistance groups, the n in each group were 635, 62, 24, and 17, respectively. Again, only 

the target initiation and target control groups had large enough cell sizes for comparison. It 

is important to note that given the age of our sample, transition from no AU to AU for either 

peers or targets between W1 and W2 represents early initiation of AU. As such, small 

groups are to be expected.

Data Analysis

Separate propensity score models were run: (1) to test socialization and selection effects and 

(2) for each reporter of peer AU (TR or PR). Given that separate models were run for each 

comparison, each has a slightly different sample size. PSA involves two statistical models: 

(1) the model relating the confounders to the IV from which the propensity scores are 

estimated and (2) the model relating the IV to the DV in which the propensity scores adjust 

the data. Taking the example of the peer initiation vs. peer control group comparison, the 

propensity scores used to balance the socialization effect are estimated by regressing the IV 

(peer initiation vs. peer control) on the set of confounders in a generalized boosted 

regression model. The predicted probability of each participant being in their observed 

group is then saved. These predicted probabilities are the propensity scores (i.e., the 

probability of observed group membership conditioned on the confounders) and are used in 

the final outcome model (as weights; see below) to balance the groups when testing 

hypotheses. For groups to be reasonably balanced on the confounders using the weights, the 
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propensity scores within each group must have some degree of overlap. No overlap in 

propensity scores means that the groups are so different that there would be no way of 

achieving balance on the confounders so that groups can be treated as randomly assigned. 

Balance is formally assessed by comparing the IV (e.g., the transition groups in our case, 

peer initiation vs. peer control) on the confounders before and after weighting the data using 

the standardized mean difference (SMD). Good balance is achieved in the weighted model 

when the difference between the groups on the confounders is small or below |.2|.

Propensity Score Estimation—Propensity scores (πi) were estimated in R using 

generalized boosted modeling (GBM) in the Twang package (McCaffery et al., 2004). GBM 

has been shown to improve propensity score estimation when there are a large number of 

confounders and can automatically include interactions among confounders (Buhlman & 

Yu, 2003; McCaffery et al., 2004). Once πi is estimated, the inverse is taken (1/πi for 

alcohol initiators and 1/[1 - πi] for control participants) to create the weights. In all models, 

interaction depth was set between 3 and 5-way interactions; shrinkage was set between 

0.005 and 0.0005; and iterations were set between 10,000 and 25,000 (see McCaffery et al., 

2004). Simulation work has shown that confounders having a stronger relationship with the 

IV than the DV can inflate the variance of the causal effect estimate (Brookhart et al., 2006). 

Peer delinquency satisfied these conditions in our TR socialization model and all selection 

models. Accordingly, in these models peer delinquency was included in the final outcome 

analyses as a covariate.

Assessing Overlap and Balance—Overlap was checked for each propensity score 

model using overlapping histograms and all models had good overlap (histograms available 

upon request from the first author). Although there is no gold standard for measuring 

balance, simulation and theoretical work has suggested that the SMD is a better measure of 

balance than others measures (e.g., t test statistic and Kolmogorov-Smirnov [KS]; Ho, Imai, 

King, & Stuart, 2007; Stuart et al., 2013). As such, we used the SMD's to assess balance.1 

SMDs were compared before and after weighting for each confounder for each propensity 

score model. In the case of models in which multiple imputation was used, the mean SMD 

across imputations was presented. SMDs at or below .2 (in absolute value) after weighting 

are considered indicative of adequate balance given that .2 represents a small effect (Cohen, 

1988). All confounders in which SMDs were above .2 after weighting were included as 

covariates in the final outcome analysis to rigorously test hypotheses.

Estimation of the Final Model—Final outcome models were run as path models in 

Mplus 7 using all three waves to establish temporal precedence. Robust maximum 

likelihood estimation (MLR) was used to handle both the ordinal outcomes and the inverse 

propensity weights which are treated like survey weights (Muthén & Muthén, 1998-2007). 

These models assume proportional odds amongst the logits for the ordinal outcomes. Nested 

log-likelihood tests, the Akaike Information Criteria (AIC), and Bayesian Information 

Criteria (BIC) were used to evaluate the proportional odds assumption, and results supported 

1Although only SMDs are presented, t test statistics and KS test statistics were also examined. The three measures of balance were 
generally consistent before weighting (between 8% and 12% of tests disagreed before weighting) and were always consistent after 
weighting. Hence inferences were very similar across the different measures of balance before weighting and identical after weighting.
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the assumption (nested log-likelihood tests ps > .10 and lower AIC and BIC for the 

constrained models). Accordingly, cumulative logits were used to model the ordinal 

outcomes.

For the socialization effects, target AU at W2 was regressed on the peer initiation vs. peer 

control group comparison. Target AU at W3 was regressed on target AU at W2 and the peer 

initiation vs. peer control group comparison. For the selection effect, peer AU at W2 was 

regressed on target initiation vs. target control. Moreover, peer AU at W3 was regressed on 

peer AU at W2 and the target initiation vs. target control group comparison. Confounders on 

which adequate balance was not achieved were included as statistical controls for W2 and 

W3 outcomes in all models. To provide estimates of effect size, odds ratios (OR) were 

computed given that standardized βs and R2s were not available for our imputation models.

Assumptions—PSA makes several assumptions. First, PSA assumes unconfoundedness. 

To the extent that there are additional confounds not included in the present analysis 

reported effects may be biased. Second, PSA assumes no interference. That is, the treatment 

applied to one subject cannot affect the potential outcomes of another subject. Given lack of 

a nested structure in our data, the no interference assumption was likely met in the present 

analysis. Third, PSA assumes non-zero probability of treatment in that each person in the 

population could have been exposed to either condition (treatment or control) and this is also 

tenable with our data.

Missing Data—Retention for target families was strong in the combined sample with an 

attrition rate of 3.8% and 6.5% at W2 and W3, respectively. We tested for differences 

between participants with data at all three waves and participants with missing data at either 

W2 or W3 on demographic variables in Table 1, W1 target AU, and W1 peer AU using chi-

square and ANOVA. There were no significant differences between those with or without 

missing data suggesting that missing data did not have a substantial impact on study findings 

related to target families. Given the low rate of missing data at W2 (3.79%) and lack of 

significant differences, missing data at W2 was excluded from analyses resulting in a sample 

of 736 for the TR models. Missing data from W2 to W3 was handled using full information 

maximum likelihood (FIML).

Missing data also occurred for peer data because for some targets we were unable to recruit 

one of the four close friend peers. Proportion of missing peer data was 8.3% at W1, 13.9% at 

W2, 18.6% at W3. We tested for differences between participants with missing peer data at 

any wave and without missing peer data on the same set of variables listed above for target 

adolescents. Targets with missing peer data tended to report lower socioeconomic status 

(F[1, 764] = 34.49, p < 0.01; R2 = 0.04), minority status (Δx2 [1] = 15.02, p < 0.01; phi = 

0.14) and to be from families in which the parents were not married (Δx2 [4] = 25.37, p < 

0.01; phi = 0.18), but the effects were small. Groups were not different on target or peer AU 

at W1. These few small differences suggest that missing peer data likely did not have a 

strong influence on findings. Nonetheless, given the higher rate of missing data for peers, 

multiple imputation (20 imputations) was used. Our imputation model included all 26 

variables in Table 1, and peer age and gender. Imputed data sets were created using the 

package Mix in R (Schafer, 1997). Multiple imputation involved running the propensity 
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score model within each imputed data set, creating weights within each data set, saving each 

data set separately, and then using the imputation function in Mplus 7 to estimate the final 

model across the imputed data sets.

Results

Socialization Effects: Peer Alcohol Use Predicting Target Alcohol Use

TR of Peer Use—The SMDs before and after weighting for all models can be found in the 

Technical Appendix (see Online Resource 1). For the peer initiation vs. peer control group 

comparison, the groups were unbalanced on age, gender, parental marital status, negative 

affect, surgency, depressed mood, fear (BIS), anxiety (BIS), CD, pubertal status, W1 target 

AU, and W1 target AU with parent's permission before weighting. After weighting, 

variables with SMDs above .2 were age, gender, and fear (BIS). As such, the final outcome 

analysis assessed the effect of peer initiation vs. peer control group status on W2 and W3 

target AU above and beyond peer delinquency and the variables on which adequate balance 

was not achieved. In support of socialization, there was a significant positive effect of group 

(peer initiation vs. control) on W2 AU (b = 1.69, p < .001) and W3 AU (b = 1.35, p < .001) 

indicating that perceived peer initiation of AU between W1 and W2 was associated with 

higher probability of target use at W2 and W3 after controlling for peer delinquency and 

equating the transition groups on the 25 confounders and interactions among confounders. 

Table 2 contains odds ratios for all outcome models.

PR of Peer Alcohol Use—Before weighting the peer initiation vs. peer control group 

comparison was unbalanced on socioeconomic status, age, parental marital status, effortful 

control, negative affect, surgency, depressed mood, fear (BIS), ODD, alcohol parenting, 

pubertal status, and W1 target AU (age, marital status, negative affect, fear [BIS], pubertal 

status, and W1 target AU overlapped with the TR model). The only SMD above .2 after 

weighting was age. Consistent with hypotheses and the TR models, the effect of group was 

significant on W2 AU (b = 0.89, p = .01) and W3 AU (b = 0.91, p = .002). This suggests that 

peer initiation between W1 and W2 was associated with increased probability of target use 

at W2 and W3 after balancing on confounders.

Selection Effects: Target Alcohol Use Predicting Peer Alcohol Use

TR of Peer Alcohol Use—For the target initiation vs. target control group comparison, 

before weighting the groups were unbalanced on age, minority status, drive (BAS), parental 

AU, pubertal status,W1 target AU with parent's permission, and W1 peer AU. After 

weighting, SMDs suggested that groups were still unbalanced on age, minority status, W1 

target AU with parent's permission, and W1 peer AU. Consistent with a selection effect, 

there was a significant effect of group on W2 (b = 2.89, p < .001) and W3 peer AU (b = 

1.04, p = .007) indicating that target initiation of use between W1 and W2 was associated 

with higher probability of peer AU at W2 and W3 after balancing on the 25 confounders and 

controlling for peer delinquency.

PR of Peer Alcohol Use—For the target initiation vs. target control group comparison in 

which peer self-reported use was the outcome, the groups were unbalanced on age, minority 
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status, drive (BAS), parental AU, pubertal status, and W1 target AU with parent's 

permission before weighting. SMDs above .2 after weighting were age and W1 target AU 

with parent's permission. Consistent with a selection effect, there was a significant effect of 

group on W2 (b = 1.10, p = .006) and W3 peer AU (b = .76, p = .01) indicating that target 

initiation of AU between W1 and W2 is associated with higher probability of PR of peer AU 

at W2 and W3 after controlling for peer delinquency and balancing on the 25 other 

confounders.

Discussion

Although previous research provides evidence that peer AU predicts target AU and vice 

versa, garnering support for both selection and socialization processes in the etiology of 

early adolescent AU (Leung et al., 2011; Burk et al., 2012), no research to our knowledge 

has attempted to adjust for the wide range of potential confounders and interactions among 

confounders that might account for the association between adolescent and peer AU. A 

major contribution of this study was to test associations between early peer and adolescent 

AU above and beyond 26 potential confounding variables using propensity scores. We 

utilized a longitudinal design to establish temporal precedence and PR of peer AU as well as 

TR of peer AU to disentangle effects due to shared reporter bias. Initiation groups were 

generally unbalanced on a range of potential confounders when compared to the control 

groups consistent with prior literature on AU, including pubertal timing, temperament, 

externalizing pathology, depressed mood, parenting, and parental AU. Our results, 

theoretical formulations, and prior empirical work suggest that early initiation of AU is 

nested within multiple spheres of ecological influence (Ennett et al., 2006; Bronfenbrenner, 

1979), supporting the importance of considering potential confounding variables and 

utilizing propensity scores when testing whether early peer and adolescent AU predict each 

other over time. In general, even after controlling for confounders, results supported our 

hypotheses and the larger literature. That is, target adolescent AU predicted peer drinking, 

supporting selection, and peer AU predicted target adolescent drinking, supporting 

socialization. Although cross-sectional analyses suggested peer self-reported models were 

associated with smaller effects than perceived peer AU as has been found in previous 

literature (Bauman & Ennett, 1996), longitudinal analyses suggest a similar sized effect 

across reporter of peer AU.

Selection and Socialization of Alcohol use in Early Adolescence

This rigorous test of the prospective associations between peer and target AU provided 

evidence that both selection and socialization are involved in the early stages of adolescent 

AU. This supports a growing literature that has utilized a range of methodological 

innovations and theoretical models to disaggregate selection and socialization processes and 

found evidence for both (Leung et al., 2011; Osgood et al., 2013). Some reports in the 

literature indicate that selection has a larger effect than socialization in early adolescence 

(Burk et al., 2012; Knecht et al., 2010), while others indicate the opposite pattern (Mercken 

et al., 2012) or comparable effect sizes (Osgood et al., 2013). At W2, our results suggested 

comparable effect sizes for both peer AU predicting target drinking (selection) and target 

AU predicting peer drinking (socialization). At one year after our transitions (W3), effect 
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sizes were similar across reporter of peer AU and across selection and socialization. 

Averaging across reporter, the OR for socialization was 2.43 and the OR for selection was 

2.49. Results from 11 longitudinal studies during early- to mid-adolescence (age: 10-15) that 

utilized perceived peer AU and/or peer self-reported AU and controlled for prior levels of 

adolescent and peer AU when testing effects (Burke et al., 2012; Cruz et al., 2012; Curran et 

al., 1997; D'Amico & McCarthy, 2006; Engels et al., 1999; Merken et al., 2012; Mudnt et 

al., 2012; Knecht et al., 2010; Osgood et al., 2013; Poelen et al., 2007; Reifman et al., 1998) 

suggest small to medium effect sizes (Cohen, 1988) for both selection (ORs range: 1.06 - 

3.60; βs range: 0.12 – 0.27) and socialization (ORs range: 0.80 - 3.04; βs range: 0.14 – 0.23). 

Our results fall in the middle of this range and also suggest small to medium effects for both 

selection and socialization.

Although previous research has controlled for factors such as age, ethnicity, gender, and 

prior levels of adolescent and peer AU (Burk et al., 2012; Knecht et al., 2010; Mercken et 

al., 2012), no studies to our knowledge have controlled for other factors that may be 

particularly important confounders of both tests of selection and socialization. For instance, 

onset of problem behavior (CD and ODD) and peer delinquency have been found to precede 

initiation of SU, including AU (Colder et al., 2013; King et al., 2004; Scalco et al., 2014) 

and effects of these variables have been shown to be exacerbated by early pubertal timing 

(Costello et al., 2007; Wichstrøm, 2001). To the extent that this sequencing of risk factors 

represents risk for selection into an early alcohol using peer group, problem behavior, peer 

delinquency, and pubertal development are an important set of confounders to consider 

when testing selection and socialization effects. Given that we controlled for these factors, 

our estimates of effect size for the selection and socialization effects may be more precise 

than the previous literature. Moreover, mixed findings regarding the relative importance of 

socialization and selection may be a function of inconsistencies across studies in accounting 

for confounders and interactions among confounders. Initiation groups based on peer self-

report (socialization effects) were unbalanced on a large range of confounders in our study 

(6). Thus, previous literature using peer self-report and not controlling for other correlates of 

AU, may be overestimating the effect size of selection and socialization (Mouw, 2006; 

Shalizi & Thomas, 2011).

Recent critiques of observational studies, including social network modeling (Mouw, 2006; 

Shalizi & Thomas, 2011), have argued that unobserved differences between adolescents and 

peers (latent homophily and socialization) make selection and socialization very difficult to 

separate; however, it is possible that when a large number of factors related to socialization 

and selection are included in a PSA that these critiques become less impactful. It is 

important for future research to control for a wide range of confounders when attempting to 

disentangle selection from socialization, at least for early adolescent AU. We propose that 

future work controlling for confounders are likely to replicate our findings that selection and 

socialization have similar sized effects on early adolescent AU.

Consistent with prior literature, the selection and socialization effects at W2 were smaller 

when peer self-reported AU was used as opposed to perceived peer use (Bauman & Ennett, 

1996; Osgood et al., 1996). Empirical evidence suggests that adolescent reports of their 

peers AU behavior tend to be biased in the direction of their own use inflating effect sizes of 
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the relationship between peer and adolescent AU (Henry et al., 2011). As previous 

researchers have pointed out, while larger effects for perceived peer AU may suggest shared 

method variance or biased reporting of peer use (Henry et al., 2011), it may also indicate 

that perception of peer use (arguably a cognitive and not a behavioral factor), regardless of 

accuracy, influences subsequent adolescent AU (Trucco et al., 2011). At W2, perceived peer 

AU still had a larger effect size after all the confounders were used to balance the groups 

(even confounders which are strongly related to inaccuracies in TR of peer AU, such as 

target AU; see Henry et al., 2011) providing limited support for the premise that larger 

effects sizes in models utilizing perception of peer use may be due to over and under 

reporting of peer SU by targets who do or do not use, respectively. However, this pattern 

was limited to our W2 outcomes, which were partially cross-sectional. At W3, effect sizes 

did not vary by reporter providing some evidence for the validity of our measurement 

(Cronbach & Meehl, 1955) and suggesting that controlling for prior levels of AU and 

balancing on the 26 confounders reduced discrepancy between reporters. It is possible that 

inaccuracies in adolescent report of peer SU behavior may be reduced by including certain 

confounders and covariates and/or using advanced modeling techniques (e.g., PSA, SEM). 

This may be a useful direction for future research given the financial and logistic difficulties 

of collecting social network data.

Limitations

Results from this study should be understood within the context of certain limitations. First, 

yearly assessment waves provide limited temporal resolution. Given that our AU items 

asked about use in the past year, it is not possible to distinguish precisely whether peer use 

at W2 preceded target use at W2 and vice versa. Although balancing on W1 target and peer 

AU for socialization and selection, respectively helps establish temporal precedence, it 

cannot definitively rule out the possibility that either selection or socialization processes 

may systematically precede the other in time, as would be required to adequately establish a 

causal effect (Holland, 1986; Meehl, 1978). However, we note that even studies that have 

obtained measurements over two month intervals have found that network structure changes 

significantly and that selection and socialization effects were both significant (Knecht et al., 

2010). As such, we contend that this is a methodological challenge for much of the literature 

on selection and socialization of SU given that reports of adolescent and peer SU are based 

on a fixed interval (e.g., past two months or past year) and do not precisely establish when 

that use happened within the interval in question. Perhaps combining ecological momentary 

assessment, social network modeling, and PSA would provide the additional rigor required 

to establish bi-directional causal effects between peer and adolescent SU and test the 

mechanisms underlying the effects.

Given that the co-evolution of network ties were not considered in the present analysis due 

to sampling only one peer, we were unable to control for structural network confounders on 

early adolescent AU. As such, effects on adolescent AU due to popularity, reciprocation of 

friendship, and density of users in the network could not be ruled out in the current analysis 

as confounders. In addition, given that peers were allowed to be different across the waves, 

the model cannot determine whether specific close friend peers are moving into or out of 

specific peer drinking groups; however, the study can rule out several confounders that 
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studies using social network analysis have not ruled out, such as temperament, 

psychopathology, peer delinquency, and pubertal timing. Extending social network models 

to adjust for confounding variables using propensity scores may provide even more precise 

estimates of the robust relationship between peer and adolescent AU (Kao et al., 2013).

Statisticians and philosophers in the propensity score and causal inference literatures have 

argued that propensity scores can provide an unbiased estimate of a causal effect within 

correlational data when every possible confounder of the relationship being examined is 

used to estimate propensity scores (Rubin, 2005). To the extent that certain confounders are 

not included in the current analysis (Holland, 1986) or that unobserved differences exist 

between respondents (latent homophily and socialization; Mouw, 2006; Shalizi & Thomas, 

2011), effects of peer and adolescent AU on each other may still be confounded by other 

factors, and hence not causally related to each other. We view the current study as a first 

step and it will be important for future studies to build on what we have done, replicating 

our findings using different measures of our confounders, other potential confounders, and 

other modeling approaches, including social network analysis. Recent claims that social 

network studies are confounded by latent homophily and social influence (Mouw, 2006; 

Shilizi & Thomas, 2011) may be directly tested by combining social network analysis with 

PSA and SEM.

Clinical Implications and Conclusions

Previous literature has supported reciprocal effects between peer and adolescent AU 

providing support for selection and socialization of early AU despite using different 

methodological approaches to disentangle estimated effects (Leung et al., 2011; Burk et al., 

2012). Our analyses add to this broader literature in two ways. First, we provide evidence 

that prior reported socialization and selection effects are likely biased, but are robust even 

after adjusting for a large number of potential confounders. Second, our results support 

ecological theories of development that suggest that adolescent risky behavior is nested 

within multiple spheres of ecological influence (Bronfenbrenner, 1979). Multidimensional 

Family Therapy (MDFT), one treatment modality amongst many for adolescent SU 

problems (Waldron & Turner, 2008), emphasizes Bronfenbrenner's ecological model and the 

importance of intervening on multiple levels including schools, parents, peers, and the 

juvenile justice system (Liddle, 2010). Perhaps due to its underlying ecological philosophy, 

MDFT has been shown to effect a wider range of developmental outcomes compared to 

other treatments such as cognitive behavioral therapy and has also been shown to decrease 

affiliation with delinquent and substance-using peers as long as one year post treatment 

(Liddle, 2010). Our results suggest that interventions aimed at altering the peer group should 

not only attempt to reduce unsupervised time with substance using peers (and thus prevent 

further socialization and maintenance of SU) but also address the adolescent's motivation to 

affiliate with and select substance-using friends.

Our results suggest a comparable effect size for socialization and selection. Although 

comparable effect sizes could be interpreted in a variety of ways, one possibility is that 

selection and socialization processes are mutually interdependent during the early stages of 

SU, as suggested by other researchers (Cruz et al., 2012; Mudnt et al., 2012). To the extent 
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that adolescents initiate and continue to use substances together in the face of a dynamic 

social network, maintaining a strict dichotomy between selection and socialization may not 

capture the true complexities of the relationships between peer and adolescent SU. 

Understanding the mechanisms of the complex relationship between adolescent and peer SU 

may further aid in improving interventions that attempt to intervene on adolescent peer 

groups. Furthermore, adjusting for confounders may be particularly important for studying 

adolescent SU given that experimental designs are not plausible.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Alpha's, Reporter, References, and Abbreviations for Confounders

Covariates α Reporter Abbreviations

Descriptives

Socioeconomic Index NA Parent Socec

Age NA Parent Age

Caucasian/minority NA Parent Minority

Gender NA Parent Gender

Marital Status NA Parent Marital

Temperament (Ellis & Rothbart, 2001)

Effortful Control .89 Parent EC

Negative Affect .72 Parent Neg Aff

Surgency .84 Parent Surg

Depressed Mood .72 Parent Dep Mood

Reinforcement Sensitivity (Colder et al., 2011)

Fear (BIS) .85 Parent Fear (BIS)

Anxiety (BIS) .62 Parent Anx (BAS)

Reward Responsiveness (BAS) .61 Parent Rew (BAS)

Impulsivity/Fun Seeking (BAS) .75 Parent Imp (BAS)

Drive (BAS) .69 Parent Drive (BAS)

Disruptive Behavior (Pillow et al., 1998)

DBD-Oppositional Defiant Disorder .89 Parent ODD

DBD-Conduct Disorder .72 Parent CD

DBD-ADHD-Impulsivity .84 Parent ADHD-imp

DBD-ADHD-Inattention .91 Parent ADHD-att

Parenting (Kodl & Mermelstein, 2004)

Alcohol Specific Parenting .79 Parent Alc Parent

Parenting Efficacy .88 Parent Parent Eff

Parental Alcohol use (Miller, et al., 1995)

Parental Alcohol Use .90 Parent Parent Alc

Parent Alcohol Consequences .90 Parent Par Alc Con

Pubertal Status (Peterson et al., 1998) .70 Adolescent Puberty

TR Peer Delinquency (Fergusson et al., 1999) .74 Adolescent Peer Delin

Adolescent Alcohol Use (Elliott & Huizinga, 1983)

Alcohol Use with Parental Permission NA Adolescent T Alc w- per

W1 Lifetime Alcohol Use NA Adolescent T Alc

Peer Alcohol Use

J Abnorm Child Psychol. Author manuscript; available in PMC 2016 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Scalco et al. Page 21

Covariates α Reporter Abbreviations

W1 PR Peer Lifetime Alcohol Use NA Peer PR P Alc

W1 TR Peer Alcohol Use NA Adolescent TR P Alc

Note. α = Cronbach's alpha, NA = 1 item, BIS = Behavioral Inhibition System, BAS = Behavioral Activation System, DBD = Disruptive Behavior 
Disorder, ADHD = Attention Deficit Hyperactivity Disorder, PR = peer self-report, TR = target report, and W = Wave. The abbreviations in the 
last column are used in the balance tables (Online Resource 1).
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Table 2

Odds Ratios for the Socialization and Selection Models Using Inverse Propensity Score Weights to Balance 

Groups

Socialization Comparisons W2 Target AU W3 Target AU Stability

TR Initiation vs. Control 18.58 2.37 4.84

Age 1.03 1.32

Gender 0.78 1.45

Fear (BIS) 0.78 0.68

Peer Delin 0.57 6.92

PR Initiation vs. Control 2.44 2.49 6.10

Age 1.84 1.57

Selection Comparison W2 TR Peer AU W3 TR Peer AU Stability

TR Initiation vs. Control 17.97 2.84 3.44

Age 1.72 1.69

Minor 1.47 0.99

W1 TR P Alc 5.23 1.07

T alc w- per 1.15 1.41

Peer Delin 3.29 1.16

Selection Comparison W2 PR Peer AU W3 PR Peer AU Stability

TR Initiation vs. Control 3.02 2.14 2.75

Age 1.54 2.14

T alc w- per 1.33 1.31

Peer Delin 1.30 3.27

Note. See Table 1 for abbreviations of Covariates. TR = target report, PR = Peer report. Column's 1 and 2 are odds ratios for each path model with 
outcome as column and IV and covariates as row. Column 3 is the odds ratio between W2 and W3 AU (for the socialization models, this is target 
AU and for the selection models it is peer AU).
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