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Abstract
Peer influence is one of the most proximal risk factors for adolescent substance use, and decades of theoretical and empiri-
cal research point to the importance of disentangling two interrelated processes that often co-occur: (1) peer selection is the 
process whereby adolescents choose to interact with one another; and (2) peer socialization is the process whereby individual 
behavior is shaped over time. Recent advancements in social network analyses, including the application of stochastic actor 
based models to developmental studies, have helped to disentangle the contributions of peer selection and socialization to 
adolescent substance use. The current study is the first systematic review of this literature, aiming to identify the extent to 
which adolescent substance use is associated with peer selection and socialization and highlighting patterns in study design 
across studies. Forty studies that met inclusion criteria were identified and systematically coded for study design character-
istics (e.g., number of time points; number of covariates) and significant peer selection and socialization effects by substance 
use outcome. This review found support for peer selection effects on adolescent alcohol and tobacco use. Additionally, most 
studies reported peer socialization effects for adolescent alcohol use. However, relatively few studies reported socialization 
effects for tobacco use. Few studies reported on the peer effects associated with adolescent drug use. Variations in study 
design, including variations in the bounds of the network and in the covariates included in modeling, helped to identify 
areas for future research. Future research that helps to further clarify the roles of specific peer selection and socialization 
mechanisms will help with the development and refinement of prevention and intervention programs focused on reducing 
adolescent substance use.
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Introduction

Peer influence is one of the most proximal risk factors for 
adolescent substance use, and the link between peers’ use 
and adolescent alcohol, tobacco, and other drug use is well-
documented (Hawkins et al. 1992). Network theory (Fried-
kin 1998) and social network analysis (Wasserman and Faust 
1994) are increasingly being applied to understand substance 

use in adolescence. Decades of theoretical and empirical 
research (see Brechwald and Prinstein 2011) on peer influ-
ence point to the importance of disentangling two interre-
lated processes that often co-occur: (1) peer selection is the 
process whereby adolescents choose to interact with one 
another (Lazarsfeld and Merton 1954); and (2) peer sociali-
zation is the process whereby individual behavior is shaped 
over time (Friedkin 1998). Relatively recent advancements 
in social network methods, including advancement and 
application of stochastic actor based models (Steglich et al. 
2010) to developmental science, have enabled researchers to 
more accurately statistically disentangle these co-occurring 
processes (see Veenstra et al. 2013). The goal of the cur-
rent study is to systematically review the extent to which 
the emerging body of empirical research applying stochastic 
actor based models supports the association between peer 
selection and socialization and adolescent substance use. 
Additionally, this review aims to identify patterns in study 
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design characteristics to provide insights for future research 
applying stochastic actor based models to improve the under-
standing of peer processes and adolescent substance use.

The Landscape of Adolescent Substance Use

The landscape of adolescent substance use has rapidly 
changed in the United States over the past two decades. 
Tobacco use, in particular, is changing forms, with adoles-
cents reporting using vaporizers (such as e-cigarettes) to 
inhale nicotine at alarming rates (Meich et al. 2019), increas-
ing as much as ninefold for high school students between 
2011 and 2014 (Arrazola et al. 2015; CDC 2015). Aside 
from experimentation, one of the most commonly reported 
reasons for e-cigarette use among adolescents was to have 
a good time with friends (Patrick et al. 2016). Additionally, 
marijuana is becoming legal for medicinal and recreational 
use in many states, which may have implications for adoles-
cent substance use (Hopfer 2014). For example, legalization 
may lead to an increase in adolescent marijuana use due 
to ease of access, lower levels of social stigma, and pos-
sible declines in price (Hopfer 2014). Additionally, legal-
ization may lead to increased access to alternative forms 
of marijuana, including edibles and vaporized marijuana, 
which may have higher potencies than traditional marijuana 
in smoked form (Hopfer 2014). Indeed, the rates of using 
vaporized marijuana increased among adolescents in 2018 
(Meich et al. 2019). An additional changing landscape over 
the past two decades is the rise in the opioid epidemic in the 
United States. Analyses from the National Survey on Drug 
Use and Health indicated that nonmedical use of prescrip-
tion opioids is rising for adolescents ages 12–17 (Sung et al. 
2005). The highest risk subgroups of adolescents included 
females, blacks, lower SES adolescents, and adolescents 
with friends who use illicit drugs (Sung et al. 2005), the 
latter highlighting the importance of research examining 
the peer processes associated with drug use in adolescence. 
However, the most recent statistics indicated that rates of 
illicit drug use by adolescents held steady in 2018 (Meich 
et al. 2019).

Peer Mechanisms Associated with Substance Use 
in Adolescence

Network theory highlights the importance of peer influence 
as a process that impacts human behavior (Friedkin 1998; 
Moody et al. 2010), and peer influence becomes particu-
larly relevant during adolescence (Gardner and Steinberg 
2005). Peer influence occurs as a result of two interrelated 
and co-occurring processes, which are often reciprocal in 
nature: peer selection and peer socialization. Peer selection 
and socialization are inherently intertwined because the 
direction of peer socialization depends on the which friends 

adolescents select (Osgood et al. 2013). For example, select-
ing friends with high levels of substance use would lead to 
opportunities for peer socialization toward substance use.

Two complementary theoretical models help to explain 
the occurrence of peer selection and socialization. First, 
social learning theory suggests that adolescent behavior 
is shaped by the behavior of peers through modeling and 
social reinforcement, especially when the social reinforce-
ment is from a desired peer group (Bandura 1977). From 
this theoretical perspective, adolescents select which peers 
and behaviors are desired, model the behaviors of those 
peers, and subsequently, socialization occurs through rein-
forcement (e.g., deviancy training; Dishion et al. 1996). For 
example, adolescents who observe that high status peers 
drink alcohol will model drinking behaviors to receive rein-
forcement, and subsequently drinking behavior will become 
more likely over time. Second, identity-based theories sug-
gest that adolescents may conform to social norms of desired 
peer groups in order to improve one’s sense of self or iden-
tity (Festinger 1954). From this theoretical perspective, ado-
lescents select peers based on social group norms and the 
peer group may be socialized toward conformity over time. 
For example, adolescents may align themselves with peers 
who use substances because the adolescent believes that sub-
stance use is the norm and behavior may be shifted toward 
substance use within this social setting. Understanding the 
underlying mechanisms associated with adolescents’ suscep-
tibility to peer influence is germane to preventing adolescent 
substance use and promoting healthy youth development.

The traditional approach to examining the effect of peer 
influence on adolescent substance use is to use regression 
analyses with longitudinal data. In this approach, an ado-
lescent typically self-reports on his/her own substance use 
and the substance use of his/her friends. Friends’ substance 
use is then used to predict change in individual substance 
use over time. The resulting estimate is interpreted as the 
estimate of peer influence. Findings from studies using the 
traditional approach indicate that peers’ substance use is 
related to an increase in adolescents’ substance use over time 
(Dishion and Loeber 1985; Fergusson et al. 2002; Simons-
Morton and Farhat 2010; Wang et al. 2009). Research using 
the traditional approach is limited because it is unable to dis-
entangle co-occuring selection and socialization processes. 
Here, the concern is that adolescents select friends based on 
levels of substance use, which confounds the estimate of the 
effect of peer socialization on substance use.

Social Network Analysis as a Method to Disentangle 
Peer Selection and Socialization Effects

Social network analysis (Wasserman and Faust 1994) is 
used to examine the interrelations between a set of actors 
(e.g., peers; friends) and any information known about those 
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actors (e.g., behaviors; attitudes). Social network analy-
ses differ from the traditional regression-based approach 
described above because individuals in the social network 
report on their own friendships and on their own behav-
ior over time. That is, the researcher collects data on the 
interrelations between the group of individuals in the net-
work and on the behaviors of the individuals in the network. 
Applications in developmental science typically provide data 
for interconnected youth in classrooms, schools, or neigh-
borhoods. A nomination procedure is used where students 
are asked to name peers within the classroom, school, or 
neighborhood to form a relational tie. For example, a tie 
between individual i and j can be represented i → j, whereby 
individual i selected individual j in the relationship. In some 
applications, an unlimited nomination procedure is used, 
whereby individuals can make as many nominations as they 
wish. In other applications, a limited nomination procedure 
is used, whereby individuals can make a limited number of 
nominations set by the researcher. A major advantage of 
social network analysis is that it can be used to disentangle 
co-occurring processes to provide unique estimates of peer 
selection and socialization on behavioral outcomes.

Dynamic social network analyses, in particular, can 
simultaneously model the co-occurring change in peer net-
works and behavior over time. Stochastic actor based mod-
eling is a simulation-based approach that leverages dynamic 
social network analyses to simultaneously model peer selec-
tion and socialization effects, after controlling for naturally 
ocurring network and behavioral tendencies (Snijders et al. 
2010; Snijders 2011; Steglich et al. 2006, 2010; Veenstra and 
Steglich 2012). Relational ties between individuals drive the 
simulation process. For example, when individual i selects 
individual j (i → j), it is presumed that individual j is in a 
position of influence over individual i. Peer selection is esti-
mated by modeling change in relationships over time. For 
example, at time 1, individual i may not be tied to individual 
j, who has high levels of alcohol use. If individual i then 
adds a tie to j between times 1 and 2, a tendency toward 
selection based on alcohol use is indicated (see Fig. 1a). Peer 
socialization is estimated by modeling change in behavior 
over time. For example, at time 1, individual i is tied to indi-
vidual j, who has high levels of alcohol use. If individual i 
changes his behavior towards that of j between times 1 and 
2, a tendency toward socialization based on alcohol use is 
indicated (see Fig. 1b). 

Stochastic actor based models have a number of unique 
advantages. First, selection and socialization are modeled 
simultaneously, so hypotheses and conclusions about one 
process can be made while controlling for the other. This is 
an advantage over the traditional method of studying peer 
influence, where peer selection and socialization are con-
founded in regression estimates. Second, multiple selection 
and socialization parameters can be tested simultaneously to 

test competing hypotheses about how selection and sociali-
zation operate within the network. For example, it is possible 
to test theories about whether adolescents select friends who 
have higher levels of substance use or whether adolescents 
select friends based on similar levels of alcohol use. Third, 
stochastic actor based models provide the ability to control 
for a number of known network and behavioral tendencies 
to statistically improve the estimates of peer selection and 
socialization. For example, known tendencies in social net-
works include the tendency toward reciprocity (i.e., individ-
uals tend to befriend peers who have already selected them 
as a friend) and transitivity (i.e., individuals tend to befriend 
friends of friends). Natural changes in behavior also exist, 
such as the natural tendency for substance use to increase, 
on average, throughout adolescense. Structural, network, and 
behavioral tendencies are included by adding parameters to 
the model, which helps to more accurately estimate the peer 
selection and socialization parameters.

Stochastic actor based models also make a number of 
modeling assumptions (see Snijders et al. 2010 for a sum-
mary) that are important to consider when reviewing 
empirical studies. Study design decisions made early in the 
research process when the researcher is considering sample 
selection or data collection may impact the results in light 
of the assumptions of the statistical modeling approach. 
First, the stochastic actor based model assumes an underly-
ing continuous time paramenter. Although social networks 
and behavior are collected at discrete points in the time, 
the model creates micro-steps between observed time points 
to operationalize continuous time. As such, one important 
consideration when implementing stochastic actor based 
modeling is the number of time points and the time between 
time points of data collection. Second, the change process is 
assumed to be driven by a Markov process (Katz and Proctor 

Fig. 1   a, b Friend selection based on substance use. Size of the node 
indicates level of substance use
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1959), whereby at any point in time, the current state of the 
network determines further evolution probabalistically, with 
no additional effects of network states at prior times. Third, 
the model assumes purposeful actors, whereby individuals 
in the network control their outgoing friendship ties. Fourth, 
at any given micro-step, only one probabilistically selected 
individual is able to change only one outgoing friendship. 
Finally, the model requires an ordinal outcome because 
behavior changes in a stepwise manner in the simulation 
process. As such, it is important to consider the scaling of 
the outcome variable to ensure that differences between lev-
els of the ordinal categories are distanced such that change 
can be detected.

Research Applying Stochastic Actor Based Modeling 
to Adolescent Substance Use

Relatively recent advancements in social network analysis, 
including advancements in stochastic actor based models, 
have led to a proliferation of applications in developmental 
science. Emerging empirical research applying stochastic 
actor based modeling points to the unique contribution of 
peer selection and socialization to substance use outcomes 
during adolescence. However, findings are mixed, indicating 
the need to synthesize the current emerging body of evi-
dence to better understand what is currently known and how 
future research can help to further clarify the peer processes 
associated with adolescent substance use. Some studies 
report significant peer selection effects for adolescent alco-
hol (Light et al. 2013; Mundt et al. 2012; Osgood et al. 2013) 
and tobacco (Mathys et al. 2013; Mercken et al. 2009) use, 
whereas other studies report no significant selection effects 
for alcohol (Mathys et al. 2013) and tobacco (Huang et al. 
2014a, b; Huisman 2014) use. Similarly, results are mixed 
for peer socialization, with some studies reporting signifi-
cant socialization effects on adolescent alcohol (Kiuru et al. 
2010; Osgood et al. 2013) and tobacco (Haas and Schaefer 
2014; Ragan 2016; Steglich et al. 2012) use, and others 
reporting no significant socialization effects (Huang et al. 
2014a, b; Mathys et al. 2013). In comparison to the number 
of studies examining alcohol and tobacco use, relatively few 
studies have used stochastic actor based models to examine 
adolescent drug use and much of the current evidence base 
for drug use comes from the National Longitudinal Study of 
Adolescent Health (Add Health; Bearman et al. 1997). Some 
studies reported a link between peer selection and sociali-
zation and marijuana use (Schaefer 2018), whereas some 
studies report nonsignificant effects (Mathys et al. 2013).

An additional distinct advantage of studies applying sto-
chastic actor based modeling is the ability to differentiate 
between several mechanisms of peer selection and sociali-
zation. For example, adolescents may select friends with 
similar levels of substance use to themselves, a well-known 

tendency for behavioral outcomes, including substance use 
(i.e., homophily; Brechwald and Prinstein 2011). Here, peer 
influence would come from adolescents whose substance use 
correlated positively with one’s own, which would result in 
greater uniformity in substance use, but would not necessar-
ily raise the overall rate of substance use during adolescence 
(Osgood et al. 2013). Second, adolescents may generally 
select friends with higher levels of substance use. This pro-
cess would be consistent with substance use serving as a 
gateway for membership in a desired peer group, and is con-
sistent with prior research indicating an association between 
adolescent popularity and alcohol (Mayeux et al. 2008) and 
tobacco (Alexander et al. 2001; Valente et al. 2005) use. 
Here, peer influence would result in diffusing substance use 
across adolescents, which would raise the overall rate of 
substance use during adolescence (Osgood et al. 2013).

Current Study

The landscape of adolescent substance use is rapidly chang-
ing, and concurrently, statistical methods to disentangle 
peer processes are being advanced and applied to devel-
opmental studies on adolescent substance use. Theoretical 
and empirical research highlight the unique importance of 
peer selection and socialization in the development of ado-
lescent substance use. A proliferation of recent empirical 
research studies apply stochastic actor based models to help 
disentangle the peer selection and socialization processes to 
examine the unique contributions of each to the development 
of substance use in adolescence. Yet, to date, there have 
been no known systematic reviews of this expanding body 
of research. The goal of this systmatic review is to examine 
the extent to which empirical research applying stochastic 
actor based models supports the association between peer 
selection and socialization and adolescent substance use. 
Additionally, this review aims to identify patterns in study 
design characteristics to provide insights for future research 
applying stochastic actor based models to improve the under-
standing of peer processes and adolescent substance use.

Methods

Eligible studies were identified by conducting an in-depth 
literature search on electronic databases including Psy-
cINFO, ERIC, Academic Search Complete, SocINDEX, 
Scopus, PubMed, PsycARTICLES, JSTOR, Psychology and 
Behavioral Sciences Collection, and Google Scholar. The lit-
erature search used variations of the following search terms 
to identify relevant publications: “peer selection”, “adoles-
cents”, “social network analysis”, “substance use” or “drink-
ing” or “smoking”, “stochastic actor based modeling”, and 
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“simulation investigation for empirical network analysis”. In 
addition, the Siena webpage and bibliographies of relevant 
studies were reviewed to supplement the electronic search. 
No restrictions were placed on the date of publication for 
studies. To be included in the current study, studies had to 
meet the following inclusion criteria: (1) the study focused 
on adolescents; (2) the study focused on substance use out-
comes (alcohol, tobacco, or other drugs, including mari-
juana); (3) the study applied stochastic actor based modeling 
to longitudinal social network data (i.e., the study reported 
on at least two waves of social network and behavioral data); 
and (4) the study was published in a peer-reviewed journal.

The database searches returned 594 studies based upon 
the entered search terms. Review of the bibliographies of 
those studies returned an additional 114 studies, yielding 
a total of 708 studies for review. The second author and 
a graduate research assistant independently screened the 
identified studies and excluded 633 studies for not meeting 
inclusion criteria or for being duplicates (i.e., the exact same 
study was returned multiple times in the search engine). 
The remaining 75 articles were reviewed in-depth, which 
resulted in 33 additional articles being excluded by review-
ers, primarily for not applying stochastic actor based mod-
eling. Two additional articles were excluded because they 
were simulation studies that focused on varying intervention 
parameters. When discrepancies arose between reviewers, 
the first author reviewed the publication to determine eligi-
bility. A total of 40 studies met the full inclusion criteria for 
the current study.

Each of the 40 studies that met inclusion criteria was 
reviewed in-depth by at least two members of the research 
team. Table 1 provides the first author, year of publication, 
sample characteristics, and peer selection and socialization 
results for the 40 studies included in this review. A coding 
instrument was created by the authors using the most recent 
version of the RSiena manual (Ripley et al. 2019). Data were 
entered into a Microsoft Excel table that included the study 
design characteristics, the structural controls, covariates, and 
the effects from each study.

Study Design Characteristics

First, the number of time points for data collection were 
coded on a continuous scale ranging from 2 to 9, and the 
time between time points was coded in months. Second, the 
data collection network type—classroom, grade, school, 
or community—was coded as a 0 or 1 for the absence or 
presence of each. Third, whether friendship nominations 
were collected using a limited (the researcher determines 
the number of friends a participant is able to nominate) or 
unlimited (the participant can nominate as many friends as 
s/he would like) collection procedure was coded. Fourth, 
the application of stochastic actor based models requires an 

ordinal outcome variable, and the number of ordinal catego-
ries utilized to model behavioral outcomes was recorded. 
Fifth, the types of structural network effects (e.g., outdegree, 
reciprocity, transitivity) that were used as controls and the 
covariates (e.g., gender, race/ethnicity, class/grade ego/alter 
or similarity) used as controls in the social network models 
were coded. The codes for structural network effects and 
structural network covariates were not mutually exclusive. 
Descriptive analyses were used to determine the proportion 
of studies that included each study design characteristic.

Selection and Socialization Parameters and Effects

The most recent version of the RSiena manual (Ripley et al. 
2019) was used to identify parameters typically associated 
with peer selection and socialization. Peer selection is typi-
cally measured by 3 network parameters: (1) ego effect, 
which measures the effect of the variable on the tendency to 
make a friendship nomination; (2) alter effect, which meas-
ures the effect of the variable on the tendency to receive a 
friendship nomination; and (3) similarity effect, which meas-
ures whether friendships were more likely among individu-
als who were similar on the variable. Peer socialization is 
respresented in the stochastic actor based model in various 
ways. The average similarity effect measures the tendency 
of individuals to be similar to other individuals on the vari-
able of interest in such a way that the total influence is the 
same regardless of the number of individuals to which the 
focal individual is directly connected. The total similarity 
effect measures the tendency of individuals to be similar to 
other individuals in the network on the variable of interest 
in such a way that the total influence of the other individuals 
is proportional to the number of individuals. The average 
alter effect measures the tendency that individuals whose 
nominated peers have a higher average value on the variable 
of interest, also themselves tend to have higher values on 
the variable of interest. The presence/absence of each selec-
tion and socialization parameter and the presence/absence 
of a significant effect for each parameter were coded for 
each study. Descriptive statistics were used to determine the 
proportion of studies reporting a significant effect for each 
selection and socialization parameter for each substance use 
outcome examined.

Results

Descriptive Statistics

Ninety-five percent of the studies using stochastic actor 
based models to examine adolescent substance use were 
published since 2010 (see Table 2). Sixty-five percent were 
published between 2010 and 2014 and 30% were published 
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Table 1   Summary of studies, sample characteristics, and peer effects for studies applying stochastic actor based modeling to examine adolescent 
substance use

Author (year) Sample characteristics* Peer effects

Alcohol 
use

Tobacco 
use

Other drug 
use

Sel Soc Sel Soc Sel Soc

Burk et al. (2012) N = 950; age 10–16; 53% male; USA ++ ++
DeLay et al. (2013) N = 1419; age 16.36 (1.49); 49% male; 27% of fathers and 19% of mothers 

high white-collar occupations, 36% fathers and 17% mothers in blue-collar 
occupations; FinEdu study; Finland

++ NS

Giletta et al. (2012) N = 704; age = 15.53 (1.01); 53% male; 35% of parents had less than high 
school degree, 14% of parents had postgraduate degree; Italy

++ ++

Huang et al. (2014a, b) N = 1419; 10th grade; 51% female; 66% Hispanic; Social Network Study; 
Southern California

++ NS NS NS

Huisman (2014) N = 875; age = 13–14; 51.4% female, Holland NS NS
Huisman and Bruggeman 

(2012)
N = 961; age = 13.5 (.60); four urban and one rural school; Holland ++ ++

Kiuru et al. (2010) N = 1419; age = 16.4 (1.49); 49% male; FinEdu; Finland ++ ++ ++ NS
Knecht et al. (2011) N = 3041; age = 12.1 (.49); 49% female; 120 classrooms in 14 schools; Hol-

land
++ ++

Light et al. (2013) N = 6609; age = 12.5 (1.07); 50% female, 49% male, 1% did not report a gen-
der; 12 schools; 40% non-White; School Social Environments study; USA

++

Mathys et al. (2013) N = 450; age = 15.5; 53% female; 66% White, 15% African American, 15% 
Hispanic American; mid-sized Northeastern city, USA

NS NS ++ NS NS NS

Mercken et al. (2009) N = 7704; age = 12–13; 47-64% female; 17 Danish schools (N = 843), 11 
Finnish schools (N = 1326), 9 Dutch schools (N = 2524), 8 Portuguese 
schools (N = 1590), 4 UK schools (N = 792), and 21 Spanish schools 
(N = 629)

++ ++

Mercken et al. (2010a) N = 1326; age = 13.4; 47% female; 11 schools; ESFA study; Finland ++ ++
Mercken et al. (2010b) N = 1163; age = 13.6; 52% male; 9 schools; ESFA study; Finland ++ ++
Mercken et al. (2012a) N = 1204; age = 13.6; 48.4% female; 10 schools; ESFA study; Finland ++ ++
Mercken et al. (2012b) N = 1716; age = 12.2 (.38); 51.5% male; 11 schools; ESFA study; Britain ++ ++
Mercken et al. (2013) N = 254; age = 15.2; 75.6% female; 48% natives, 52% second-generation 

immigrants; ASSIST study; Belgium
++

Osgood et al. (2013) N = 13,214; age = 11.5; 49% male; predominantly White (non-White varied 
4–39%); at least 15% FARMs eligible; PROSPER study, Iowa and Penn-
sylvania

++ ++

Osgood et al. (2015) N > 13,000; 6th grade; 49% male; 26 rural and semi-rural school districts; 
PROSPER study; Iowa and Pennsylvania

++ ++ ++ ++

Pearson et al. (2006) N = 160; age = 13; Teenage Friends and Lifestyle Study; Scotland ++ ++ ++ NS NS  ++
Rabaglietti et al. (2012) N = 457; age = 16.1; 57% female; 6% unemployment rate for families in 

sample, 9% of sample’s parents were divorced, 3% lived in single-parent 
households, 37% of parents completed primary school, 39% completed 
high school, 10% had some vocational specialization, 14% completed 
college

++ ++

Ragan et al. (2013) N > 12,000; 6th–9th grade; 49% male; 61–96% White, at least 15% eligible 
for free or reduced-cost lunches; 27 non-metropolitan communities; 
PROSPER study, USA

++ ++

Ragan (2014) N > 11,000; 6th–9th grade; 49% male; 61–96% White, at least 15% eligible 
for free or reduced-cost lunches; 27 non-metropolitan communities; 
PROSPER study, USA

++ ++

Ragan (2016) N > 9000; 6th–9th grade; 49% male; predominantly White, substantial 
portion low-income; 27 school districts in rural and semi-rural Iowa and 
Pennsylvania; PROSPER study

++ ++
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Table 1   (continued)

Author (year) Sample characteristics* Peer effects

Alcohol 
use

Tobacco 
use

Other drug 
use

Sel Soc Sel Soc Sel Soc

Steglich et al. (2012) N = 629; age = 12.5–12.7; 46–56% female; 3 schools from ASSIST study; 
School A-small semi-urban school in England with 6% of students receiv-
ing free school meals, School B—large urban school in England with 
23.9% receiving free school meals, School C—large semi-urban school in 
Wales with 8.3% receiving free school meals

++ ++

Van Ryzin et al. (2016) N = 1289; age = 12.1; 53.2% female; 8 middle schools; 77.4% European 
American; Pacific Northwest

++ ++

Add health studies
 Cheadle et al. (2015) N = 2296; 7th–12th grade; 49% female

Jefferson High School—1531 students; large, racially heterogeneous high 
school (6% White, 23% Black, 39% Hispanic, and 32% Asian)

Sunshine High School—765 students; middle-sized, predominantly White 
high school (7% non-white)

++ ++

 de la Haye (2013) N = 1612; 7th–12th grade; 51.3% male
School 1—1193 students; age = 16.34 (0.85); Ethnically heterogeneous in 

a major metropolitan area (39.7% Hispanic, 23.1% non-Hispanic White, 
24.7% non-Hispanic Black, 33% Asian, and 1.3% Other)

School 2—419 students; age = 16.47 (0.84); Predominantly white in a mid-
sized town (1% Hispanic, 98.8% non-Hispanic White, and 1.4% Asian)

++  NS

 de la Haye (2015) N = 1612; 7th–12th grade; 51.3% male
School 1—1193 students; age = 16.34 (0.85); Ethnically heterogeneous in 

a major metropolitan area (39.7% Hispanic, 23.1% non-Hispanic White, 
24.7% non-Hispanic Black, 33% Asian, and 1.3% Other)

School 2—419 students; age = 16.47 (0.84); Predominantly white in a mid-
sized town (1% Hispanic, 98.8% non-Hispanic White, and 1.4% Asian)

++  ++

 Haas and Schaefer (2014) N = 2430; 7th–12th grade
Jefferson High School—757 students; age = 15.73 (1.2); 51% male; 92% 

White, 4% Black, 3% Hispanic, 1% Asian, and 1% Other; located in mid-
sized town in Midwest

Sunshine High School—1673 students, age = 16.09 (1.04); 52% male; 5% 
White, 22% Black, 40% Hispanic, 32% Asian, and 1% Other; located in a 
suburban community in the West

++ ++

 Lakon et al. (2015a) N = 3154; 9–12th grade; one rural Midwestern school, one suburban West-
ern school; 40% non-White

School 1—2178 students
School 2—976 students

++ ++

 Lakon et al. (2015b) N = 2260; 9th–12th grade
Sample 1—12 small high schools, 1284 students; 50.93% female; parent 

education: 6.46% less than high school, 39.3% high school, 31.7% some 
college or trade school, and 22.6% college graduate; Sample 2—“Jef-
ferson”, 976 students, 48.46% female; rural, predominantly White; parent 
education: 5.2% less than high school, 38.3% high school, 36.5% some 
college or trade school, and 20% college graduate

++ ++

 Long et al. (2017) N = 1796; 9th–11th grade
School A—640 students; age = 16.5 (.97); 53.6% male; Midwestern public 

school; 98.8% White, less than 1% Black; Parental Education: 8.4% less 
than high school, 35.9% high school, 30.6% some college, and 14.2% 
college graduate; School B—1156 students; age = 16.4 (.83); 51.4% male; 
Western public high school; 23.4% White, 25.2% Black, 3.8% American 
Indian, 32.4% Asian/Pacific Islander, 22.7% Other; Parental Education: 
22.6% less than high school, 15.4% high school, 21.8% some college, 
14.3% college graduate

++ ++

 Mundt et al. (2012) N = 2563; 7th–11th grade; age = 15.8 (1.3); 50.8% male; 60.9% Non-His-
panic White, 16.4% African American, 1.6% Native American, 18% White 
Hispanic, and 3.4% Asian

++ NS
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between 2015 and 2018. Fifty percent of studies used data 
collected prior to the year 2000. Sixty-five percent of stud-
ies used an American sample and 35% of studies used an 
European sample. Fifty-three percent of studies examined 
alcohol use, 58% examined tobacco use, and 15% examined 
drug use.

Sixty-one percent of studies used data from one of three 
sources. First, 38% of studies used data from the National 
Longitudinal Study of Adolescent Health (Add Health; 
Bearman et al. 1997), which included social network data 
collected from two schools. The characteristics of the two 
schools differ, with one school having a large, ethnically 
diverse heterogeneous student body located in a major met-
ropolitan area, and the other having a small predominantly 
white student body located in a mid-sized town. Studies used 
data from Wave I (1995) and Wave II (1996), with grade-
level cohorts in grade 10/11 at Wave I and grade 11/12 at 
Wave II. Students were able to nominate five best male and 

five best female friends enrolled in their school. Second, 
13% of studies used data from the PROSPER study (Spoth 
et al. 2007), which was a prevention trial in 28 small public 
school districts in Iowa and Pennsylvania. Participants were 
predominantly white and data for social network studies 
come from the fall of 2002 and 2003 sixth grade cohorts, 
with data collection time points in the Spring of sixth 
through ninth grades. Students in each community attended 
a single high school in ninth grade, but many communi-
ties had multiple schools in earlier grades. Students were 
able to nominate up to two best friends and five additional 
close friends in their same grade and school. Third, 10% of 
studies used data from the European Smoking Prevention 
Framework Approach (De Vries et al. 2003), which was an 
intervention trial with social network data coming from 11 
Finnish schools, located in Helsinki. The 11 schools were 
control group schools in the intervention study. Data were 
collected from 7th grade students in 1998, and follow-up 

Table 1   (continued)

Author (year) Sample characteristics* Peer effects

Alcohol 
use

Tobacco 
use

Other drug 
use

Sel Soc Sel Soc Sel Soc

 Schaefer (2018) N = 1373; 497 from Jefferson and 876 from Sunshine; age = 15.6 (.88); 
48.87% female; 36.56% White; 13.69% Black; 25.49% Hispanic; 18.79% 
Asian; 5.39% Other

++ NS ++ NS ++ ++

 Schaefer et al. (2013) N = 509; age = 15.4; 97% White ++ ++
 Schaefer et al. (2012) N = 509; age = 15.4; 97% White; 46.60% female ++ ++
 Tucker et al. (2014) N = 1612; 10th–11th grade

School 1—1193 students; age = 16.34 (.85); 51.3% male; 39.7% Hispanic, 
23.1% White, 24.7% Black, 33% Asian, and 1.3% Other; Parent education: 
24.6% less than high school, 20.2% high school, 29.3% some college or 
trade school, 19.2% college graduate

School 2—419 students; age = 16.47 (0.84); 56.8% male; 1% Hispanic, 
98.8% White, and 1.4% Asian; Parent education: 3.9% less than high 
school, 32.5% high school, 34.8% some college or trade school, 28.9% 
college graduate

++ NS

 Wang et al. (2015) N = 2260; 7th–12th grade; 12 small schools—1284 students; 50.93% female; 
parent education: 6.7% less than high school, 38.9% high school, 30.8% 
some college or trade school, and 23.6% college graduate; Jefferson—976 
students; 48.46% female; parent education: 5% less than high school, 
38.2% high school, 37.1% some college or trade school, and 19.7% college 
graduate

++ ++

 Wang et al. (2016) N = 2260; 7th–12th grade; 12 small schools—1284 students; 50.93% female; 
parent education: 6.7% less than high school, 38.9% high school, 30.8% 
some college or trade school, and 23.6% college graduate; Jefferson—976 
students; 48.46% female; parent education: 5% less than high school, 
38.2% high school, 37.1% some college or trade school, and 19.7% college 
graduate

++ ++ ++ ++

 Wang et al. (2017) N = 3154; 7th–12th grade; Sunshine—2178 students; Jefferson—976 stu-
dents

++ ++

Sel selection, Soc socialization, NS not significant,++ significant effect reported
Blanks indicate that the effect was not studied
*Age reported as mean years (SD) where applicable
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occurred 12, 24, and 30 months later. Students were able to 
nominate 5 friends inside and outside of their school. Forty 
percent of studies used data from another source, including 
primary data collection and other longitudinal data sets. Due 
to the large percentage of studies using the Add Health data, 
Add Health studies were analyzed and reported separately 
from all other studies throughout the rest of this review.

Study Design Characteristics

Table 3 presents the results of the study design character-
istics. The studies included in this review utilized a range 
of study designs. The Add Health studies used an average 
of 2.4 time points for data collection, with a range of 2–3, 
whereas the studies using other samples used an average 
of 3.4 time points with a range of 2–8. The average time 
in months between time points for Add Health studies was 
10.47, with a range of 6–12 months, and the average time 
between time points for samples using other samples was 
12.39 months, with a range of 6–30 months. All of the 
Add Health studies used a school-level friendship network, 

whereas most of the studies using other samples used a 
grade network (72%). Most of the studies included in this 
review (100% of Add Health studies and 84% of all other 
studies) used a limited nomination procedure to collect 
social network nominations. Most studies (60% of Add 
Health studies and 68% of studies using all other samples) 
included 5–6 ordinal outcome variable categories.

All studies included in this review included a struc-
tural network effect for outdegree (outdegree or outdegree-
density), reciprocity, and transitivity. The most common 
transitivity structural effect included was transitive tri-
plets, followed by 3-cycles and transitivity. Additionally, 
most studies included a gender network covariate. Race/
ethnicity was included as a network covariate to a lesser 
extent. All Add Health studies included a class/grade/age 
network covariate, whereas only about a third of studies 
using all other samples included class/grade/age covari-
ates. The studies using the European Smoking Prevention 
Framework Approach sample included school achievement 
network covariates. Sixty-seven percent of Add Health 
studies included parent education as a network covariate, 
and some of the Add Health studies included parental sup-
port and monitoring as network covariates.

Selection and Socialization Parameters 
and Significant Effects

As Table 4 indicates, there is largely support for peer 
selection effects on adolescent alcohol and tobacco use. 
Ninety-two percent of Add Health studies and 93% of stud-
ies using all other samples reported significant selection 
effects for alcohol use. One hundred percent of Add Health 
studies and 88% of studies using all other samples reported 
significant selection effects for tobacco use. Findings were 
mixed for adolescent drug use, with 100% of Add Health 
studies reporting significant selection effects for drug use 
and 0% of studies using all other samples reporting sig-
nificant selection effects for drug use. Support for peer 
selection largely came from significant alter and similarity 
effects. Ego effects were rarely significant.

Support for peer socialization effects on adolescent 
substance use was mixed. Seventy-five percent of Add 
Health studies and 85% of studies using all other samples 
reported significant socialization effects for alcohol use. 
Ninety percent of Add Health studies and 57% of studies 
using all other samples reported significant socialization 
effects for tobacco use. Sixty-seven percent of Add Health 
studies and 50% of studies using all other samples reported 
significant socialization effects for other drug use. Average 
alter was the most commonly examined peer socialization 
effect.

Table 2   Descriptive statistics for studies examining adolescent sub-
stance use using stochastic actor based modeling

A total of 40 studies were included in this review. Other data source 
includes primary data collection
a n = 7 studies examined more than one substance use outcome. N/A 
was used when not enough information was provided to code the 
study characteristic

Study characteristic N (%)

Year published
 2015–2018 12 (30)
 2010–2014 26 (65)
 < 2010 2 (5)

Year of first data collection
 1994–2000 20 (50)
 2001–2010 9 (22)
 > 2010 0 (0)
 N/A 11 (28)

Continent of origin
 American 26 (65)
 European 15 (35)

Substance use outcomea

 Alcohol 21 (53)
 Tobacco 23 (58)
 Drugs 6 (15)

Data source
 Add health 15 (38)
 PROSPER 5 (13)
 European smoking prevention framework approach 4 (10)
 Other 16 (40)
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Discussion

Peer influence processes play an important role in the 
development of substance use in adolescence, and the link 
between peers’ substance use and adolescent substance 
use is well-established in the empirical literature (Hawk-
ins et al. 1992). A long line of empirical research applies 
a regression-based approach where adolescents’ self-report 
of friends’ substance use is used to predict change in indi-
vidual substance use over time, and a positive link between 
friends’ use and adolescent use is well-documented (Dishion 
and Loeber 1985; Fergusson et al. 2002; Simons-Morton 
and Farhat 2010; Wang et al. 2009). Recent advancements 
in social network analyses, including advancements in and 

applications of stochastic actor based models, have expanded 
researcher’s ability to disentangle two co-occurring, and 
often reciprocal, effects of peer influence: peer selection and 
socialization (Snijders et al. 2010; Snijders 2011; Steglich 
et al. 2006, 2010; Veenstra and Steglich 2012). The current 
review reported that 95% of the studies applying stochastic 
actor based models to examine adolescent substance use 
were published within the last decade, which highlighted 
the proliferation of recent empirical research in this area. 
The current review found evidence for both peer selection 
and socialization, with most significant effects deriving from 
similarity and alter parameters. The reported evidence for 
peer socialization of tobacco use was not as consistent as the 
reported evidence for peer socialization of alcohol use. Few 

Table 3   Study design characteristics for studies examining adolescent substance use using stochastic actor based modeling

N = 3 studies used different numbers of ordinal categories for multiple outcomes examined. The largest number of ordinal categories was coded 
for this table

Study design characteristic Add health (N = 15) All other samples (N = 25)
M (SD); R M (SD); R

Number of time points 2.40 (.51); 2–3 3.40 (1.50); 2–8
Time between time points (months) 10.47 (2.54); 6–12 12.39 (7.37); 6–30

N (%) N (%)

Network type
 Classroom 0 (0) 1 (4)
 Grade 0 (0) 18 (72)
 School 15 (100) 6 (24)
 Community 0 (0) 0 (0)

Nomination procedure
 Limited 15 (100) 21 (84)
 Unlimited 0 (0) 4 (16)

Number of ordinal categoriesa (outcome)
 2 1 (7) 1 (4)
 3 2 (13) 5 (20)
 4 2 (13) 1 (4)
 5–6 9 (60) 17 (68)
 7 +  1 (7) 1 (4)

Structural network effects
 Outdegree 9 (60) 12 (48)
 Outdegree-density 6 (40) 13 (52)
 Reciprocity 15 (100) 25 (100)
 Transitivity 3 (20) 12 (48)
 Transitive triplets 15 (100) 14 (56)
 3-cycles 12 (80) 13 (52)

Structural network covariates
 Gender ego/alter 9 (60) 18 (72)
 Race/ethnicity ego/alter 3 (20) 9 (36)
 Class/grade/age ego/alter 9 (60) 7 (28)
 Gender similarity 13 (87) 23 (88)
 Race/ethnicity similarity 9 (60) 13 (52)
 Class/grade/age similarity 15 (100) 9 (36)
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studies applied stochastic actor based modeling to examine 
adolescent drug use, and the majority of studies that did used 
the Add Health sample. The results indicated variation in 
study design characteristics, including important variations 
in the bounds of networks and in the network and behavioral 
covariates used in modeling. In the following section, ini-
tial insights into the associations between peer selection and 
socialization and adolescent substance use are highlighted 
and discussed. Next, the reported variations in study designs 
are discussed within the context of directions for future 
research on adolescent substance use. Finally, the strengths 
and limitations of this review and the included studies are 
evaluated and implications for adolescent development and 
prevention and intervention are provided.

Support for Peer Selection and Socialization Effects 
on Adolescent Substance Use

Consistent with network theory (Friedkin 1998), the cur-
rent review of empirical research applying stochastic actor 
based modeling found support for both peer selection and 
socialization. Reviewing the research applying stochastic 
actor based modeling provided the distinct ability to sep-
arately examine the contributions of the dynamic and co-
occurring peer selection and socialization processes, which 
are confounded when using the traditional regression-based 
approach for studying peer influence on substance use. An 
additional benefit of stochastic actor based models is the 
ability to test distinct hypotheses about the mechanisms of 
peer selection and socialization effects.

Significant peer selection effects were found for most 
studies examining peer selection. The most commonly sig-
nificant selection effects were found for alter (i.e., adoles-
cents who use substances were more likely to be added or 
retained as friends) and similarity (i.e., friendships were 
more likely among adolescents who were similar on levels 
of substance use). The preference for friends who have high 
levels of substance use is consistent with identity theories 
(Festinger 1954), and aligning oneself with substance using 
peers may be seen as a gateway toward membership in a 
desired peer group. This finding is consistent with prior 
research linking adolescent popularity to alcohol (Mayeux 
et al. 2008) and tobacco use (Alexander et al. 2001; Valente 
et al. 2005). Overall, this pattern of peer selection in the 
network may lead to diffusing substance use among adoles-
cents, with additional adolescents initiating substance using 
behavior (Osgood et al. 2013). The preference for friends 
who have similar levels of substance use is also consist-
ent with identity theories. Aligning oneself with similar 
individuals may help to increase patterns of conformity to 
group norms and may lower cognitive dissonance that would 
arise when associating with individuals who are dissimilar 
to one’s self (e.g., Festinger 1954). Overall, this pattern of 
peer selection in the network may lead to more clustered 
groupings of substance use within the network, but would 
not lead to overall increases in the number of adolescents 
engaging in substance use behaviors (Osgood et al. 2013). 
Further evaluating and differentiating the roles of these two 
important peer selection mechanisms will help to improve 
the understanding of peer selection as a process that sets the 

Table 4   Selection and socialization parameters examined and proportion significant in adolescent substance use studies using stochastic actor 
based modeling

Total indicates the total number of studies examining the parameter. Percent of the total was calculated as the percent of studies that examined 
the parameter divided by the number of studies that examined that outcome. When models were run separately for two unique samples from Add 
Health, they are reported as separate studies for this table
Significant indicates the total number of studies that found a significant effect for the parameter. Percent significant was calculated by dividing 
the total number of studies that found a significant effect for the parameter by the total number of studies that examined the parameter
Sig significant

Parameter Add health (N = 15) All other samples (N = 25)

Alcohol (N = 12) Tobacco (N = 10) Drugs (N = 7) Alcohol (N = 15) Tobacco (N = 16) Drugs (N = 2)

Total Sig Total Sig Total Sig Total Sig Total Sig Total Sig

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Selection (any) 12 (100) 11 (92) 10 (100) 10 (100) 7 (100) 7 (100) 15 (100) 14 (93) 16 (100) 14 (88) 2 (100) 0 (0)
Alter 12 (100) 10 (83) 10 (100) 6 (60) 7 (100) 5 (71) 15 (100) 8 (53) 16 (100) 7 (44) 2 (100) 0 (0)
Ego 12 (100) 3 (25) 10 (100) 1 (10) 7 (100) 2 (29) 14 (93) 5 (36) 15 (94) 4 (27) 2 (100) 0 (0)
Similarity 12 (100) 10 (83) 10 (100) 10 (100) 7 (100) 7 (100) 15 (100) 14 (93) 16 (100) 13 (81) 2 (100) 0 (0)
Socialization (any) 12 (100) 9 (75) 10 (100) 9 (90) 7 (100) 3 (43) 13 (87) 11 (85) 14 (88) 8 (57) 2 (100) 1 (50)
Average similarity 1 (8) 0 (0) 5 (50) 4 (80) 1 (14) 1 (100) 2 (15) 2 (100) 0 (0) 0 (0) 0 (0) 0 (0)
Total similarity 2 (17) 1 (50) 1 (10) 1 (100) 0 (0) 0 (0) 3 (23) 3 (100) 2 (14) 1 (50) 0 (0) 0 (0)
Average alter 9 (75) 8 (89) 4 (40) 4 (100) 4 (57) 2 (50) 8 (62) 6 (75) 12 (86) 7 (58) 2 (100) 1 (50)
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stage for the type of peer influence that might occur in the 
network.

Significant peer socialization effects were found fairly 
consistently for studies examining adolescent alcohol use, 
but somewhat less consistently for studies examining adoles-
cent tobacco use. Only 57% of studies reporting on a sample 
other than Add Health found significant socialization effects 
for adolescent tobacco use. The most commonly significant 
socialization effects were found for average alter (i.e., ado-
lescents tended to change their alcohol use toward the level 
of alcohol use of their nominated friends) and average simi-
larity (i.e., adolescents tended to change their alcohol use 
toward the mean of their friends’ alcohol use). The reported 
peer socialization effects for alcohol use are consistent with 
social learning theory (Bandura 1977), whereby adolescent 
behavior is shaped by the behavior of peers through mod-
eling and social reinforcement, especially when the social 
reinforcement is from a desired peer group. Additionally, the 
significant peer socialization effects for adolescent alcohol 
use are consistent with the well-documented evidence for 
deviancy training (Dishion et al. 1996). The mixed results 
for socialization effects on adolescent tobacco use are some-
what inconsistent with network theory (Friedkin 1998). 
However, the findings may be due to the unique nature of 
smoking behavior. For example, the socialization processes 
associated with alcohol and tobacco may vary due to the 
differing acceptability of use. Although some studies have 
linked popularity with adolescent tobacco use (Alexander 
et al. 2001; Valente et al. 2005), others have linked tobacco 
use with marginalization from traditional peer groups 
(Christakis and Fowler 2008; La Greca et al. 2001). Some 
adolescents may have less favorable views of tobacco use 
due to social stigma and segregation, which comes in the 
form of designated smoking areas, which are typically iso-
lated from nonsmokers. Additionally, smoking may be more 
initially addictive than alcohol, making smoking continua-
tion more likely, regardless of social influence processes.

Few studies reported on adolescent drug use, which is 
particularly relevant and timely given its changing landscape 
over the past few decades. Marijuana is becoming legal in 
many states (Hopfer 2014) and nonmedical use of prescrip-
tion opioids has risen over the past two decades (Sung et al. 
2005). Theory and empirical studies applying the traditional 
regression-based approach to examine peer influence as a 
risk factor for drug use highlight the importance of peers’ 
contributions (e.g., Bauman and Ennett 1994). Yet, the 
changing landscape of adolescent drug use makes research 
applying social network analyses particularly difficult for 
several reasons. First, access to samples of adolescents who 
engage in drug use may be more difficult to obtain, when 
compared to access to adolescents who use alcohol and 
tobacco. The specific population of adolescents using other 
drugs, including marijuana and opioids, may be particularly 

hard to initially engage and subsequently keep engaged in 
research studies. Second, in comparison to rates of alco-
hol and tobacco use, use of other drugs, such as opioids, is 
relatively rare (Meich et al. 2019). As such, sample sizes 
would need to be large to be able to detect significant peer 
selection and socialization processes. Social network studies 
are expensive in terms of time and money, and many studies 
reviewed in the current review were embedded within larger 
developmental or intervention studies. The cost associated 
with implementing a social network study with large enough 
sample sizes to detect significant effects for drugs such as 
opioids is likely to be high. Finally, the illegal nature and 
social stigma surrounding use of some drugs may reduce 
the likelihood of accurate reporting on use, which may bias 
social network studies and further complicate the under-
standing of the contributions of peer processes to adolescent 
drug use.

Variability in Study Design Characteristics

Study design characteristics varied across studies, which 
helps to underscore a number of areas for future research 
to help advance the understanding of adolescent substance 
use. First, most studies used a limited nomination proce-
dure with networks bounded at the grade or school levels. 
The benefit of this approach is that data collection and entry 
are easier and the stochastic actor based models can run 
more efficiently, with less computing power necessary to 
estimate effects. However, it is well-documented that the 
risky behavior of older peer groups, including older sib-
lings, predicts adolescent risk-taking, including substance 
use (e.g., D’Amico and Fromme 1997). This linkage may 
be captured in studies that used school-level networks, but 
would not be captured in studies using grade- or classroom-
level networks. The bounding of networks at the grade or 
school levels may also lead to peer effects being driven by 
geographic location and school size. For example, in small 
rural schools with limited peer ties, the effects of peers may 
be different than in larger urban schools with more diverse 
opportunities for peer interaction. Similarly, schools that 
follow neighborhood boundaries and schools that are non-
geographically based may differ in the role of peers on 
substance use because access to friends outside of school 
may differ. Peers in the neighborhood may be particularly 
important for the development of risk-taking behaviors like 
substance use (Brooks-Gunn et al. 1997), and neighborhood 
peer networks may not fully be captured in school networks 
that are non-geographically based. Future research on the 
effects of cross-grade, cross-school, and cross-community 
peer networks on substance use will help to further clarify 
the effects of peers across developmental ages and contexts.

Second, the network covariates included in studies var-
ied widely. Most studies included a network covariate for 
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gender, but additional covariates varied across studies, and 
often included race/ethnicity and classroom/grade/age. 
Additionally, studies using the European Smoking Pre-
vention Framework sample typically included academic 
achievment as a covariate, and studies using Add Health 
data sometimes included parenting variables, such as paren-
tal monitoring, as covariates. A limitation of stochastic 
actor based models is that, like traditional regression based 
approaches, unmeasured confounders may be codetermin-
ing the probabilities for network selection and behavioral 
socialization (Steglich et al. 2010). For example, there may 
be an unobserved individual characteristic (e.g., academic 
achievement) that guides ties in the network (i.e., individu-
als select peers based on levels of academic achievement). 
If substance use levels change dependent on academic 
achievement levels, peer selection and socialization effects 
on academic achievement may spuriously be attributed to 
substance use levels. An experimental design is the only 
way to fully limit the effects of unmeasured confounders. 
However, the inclusion of additional covariates known to 
be associated with peer relationships and substance use may 
help to more accurately estimate the effects of peer selec-
tion and socialization on substance use outcomes. Several 
groups of covariates are important to consider. Demographic 
characteristics, such as gender and race/ethnicity, parenting 
characteristics, such as parental monitoring and family cohe-
sion, academic characteristics, such as academic achieve-
ment, and co-occurring behavioral characteristics, such as 
aggressive and delinquent behavior, have traditionally been 
linked with susceptibility to peer influence (Brechwald and 
Prinstein 2011) and with the development of substance use 
in adolescence (Hawkins et al. 1992). The addition of covari-
ates is important to consider in future research to further 
narrow the understanding of the distinct relation between 
peer processes and adolescent substance use. Doing so will 
help to ensure that findings should indeed be attributed to the 
influence of peers on substance use and not to a co-occuring 
process, characteristic, or behavior.

Strengths and Limitations

Peer influence is a dynamic and complex process, whereby 
selection and socialization processes contribute to sub-
stance use outcomes. This review summarized the emerging 
research on peer selection and socialization processes for 
three common substance use outcomes—alcohol, tobacco, 
and other drug use. Reviewing the emerging literature 
applying stochastic actor based models helped to distin-
guish between estimates of peer selection and socialization, 
and highlighted specific mechanisms of peer selection and 
socialization that are supported by empirical research. Addi-
tionally, this review examined study design characteristics 
for emerging applications of stochastic actor based models, 

which highlighted a number of areas for future research to 
advance the understanding of adolescent substance use, 
including a focus on the effects of cross-grade, cross-school, 
and cross-community peer networks and expanding the 
covariates used in models to strengthen the confidence in 
estimates of peer selection and socialization effects.

This study should be interpreted within the context of 
the following limitations. First, despite the unique advan-
tages that stochastic actor based models have for estimat-
ing selection and socialization, one limitation is that effect 
sizes are not able to be calculated based on the results of 
stochastic actor based models, so no information is provided 
on the magnitude of effects, limiting the ability to compare 
the magnitude of the effects of peer selection and sociali-
zation parameters. Instead, this study reports evidence in 
terms of the overall percentage of studies reporting a sig-
nificant effect. It is possible that some studies report signifi-
cant effects that are not practically meaningful, and it is also 
possible that some nonsignificant effects are due to limited 
statistical precision and power. Second, most of the studies 
included in this review used data from one of three studies: 
Add Health, PROSPER, or the European Smoking Preven-
tion Framework Approach. Data were from American and 
European samples, and samples were predominantly White. 
Prior research indicates cross-cultural variation in peer pro-
cesses and developmental outcomes (e.g., Chen et al. 2006; 
Choukas-Bradley et al. 2015), and future research using 
using more diverse samples of adolescents is critical for 
furthering the understanding of peer processes related to 
adolescent substance use. Third, most of the studies included 
in this review used data collected prior to 2010, with 50% 
of studies reporting on data collected prior to 2000, which 
is important to highlight given the rapidly changing land-
scape of adolescent substance use over the past two decades 
(Hopfer 2014; Sung et al. 2005). An additional considera-
tion related to the timing of data collection is the increase 
in social media connectivity, which has transformed peer 
interactions to redefine network boundaries and influence. 
There is growing evidence that social media connectivity 
and online social networks contribute to levels of adolescent 
substance use (e.g., Huang et al. 2014a, b). Yet, almost all 
of the studies examined in this review collected data prior 
to the increase in social media connectivity in the daily 
experience of adolescent lives, and as such, it is important 
for future research to consider selection and socialization 
effects on adolescent substance use without assuming physi-
cal proximity in a classroom, school, or community network. 
Finally, this review summarized research on adolescent sub-
stance use, without considering co-occurring behavioral out-
comes, such as delinquent and aggressive behaviors (e.g., 
Loeber et al. 1998). A more complete understanding of the 
contribution of peer processes to adolescent substance use 
could be gained from simultaneously examining substance 
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use within the context of co-occurring behaviors (see Sijt-
sema and Lindenberg (2018) for a review of the literature 
applying stochastic actor based modeling to adolescent anti-
social behavior).

Implications for Adolescent Development 
and Prevention of Substance Use

Separately estimating the effects of peer selection and social-
ization has distinct advantages for furthering the under-
standing of adolescent substance use, with specific impli-
cations for the development of prevention and intervention 
programs. This review highlighted the importance of peer 
selection for contributing to the development of adolescent 
alcohol and tobacco use. While it is well-recognized that 
network theoretical concepts, including a focus on peer influ-
ence, have traditionally been incorporated into the develop-
ment of adolescent prevention programming (see Gest et al. 
2011), a recent review of empirically validated universal 
school-based prevention programs targeting substance use in 
middle school indicated that programs focused more heavily 
on peer socialization when compared to peer selection (Hen-
neberger et al. 2019). Peer selection is particularly important 
because it sets the stage for the direction of socialization 
that may occur. The current review highlights the potential 
opportunity for uniquely targeting peer selection to prevent 
substance use in adolescence. For example, interventions 
that aim to prevent selecting peers who smoke or aim to 
reduce the likelihood that alcohol and smoking are seen as 
“cool” would be consistent with the selection findings high-
lighted in this review. The evidence for peer socialization 
effects on adolescent alcohol use is well-aligned with the 
traditional social influence prevention approach that aims 
to reduce negative peer pressures. However, the inconsist-
ency in findings related to the socialization of tobacco use 
suggests that traditional social influence approaches may not 
be particularly relevant for smoking behaviors. Additional 
research on selection and socialization for newer forms of 
tobacco, including e-cigarettes would help to further clarify 
the roles of peer processes in substance use. The most recent 
statistics indicate that vaping may be diverting some ado-
lescents away from cigarettes, but may simultaneously be 
introducing an additional population of adolescents to new 
forms of nicotine (Meich et al. 2019).

Conclusion

A substantial body of research points to the critical importance 
of peer influence for the development of adolescent problem 
behaviors, including substance use. However, recent methodo-
logical advancements in social network analysis have improved 
researchers’ ability to differentiate between two co-occurring 

peer influence processes: peer selection, the process whereby 
adolescents choose friends, and peer socialization, the pro-
cess whereby behavior is shaped over time. The current study 
systematically reviewed the research applying stochastic actor 
based models to examine the peer selection and socialization 
processes associated with the development of substance use 
in adolescence. A recent proliferation of empirical research 
in this area was highlighted, with 95% of the studies included 
in this review published within the last decade. The results of 
most of the studies found support for peer selection effects 
on adolescent alcohol and tobacco use. Most studies reported 
peer socialization effects for adolescent alcohol use, but rela-
tively few studies reported socialization for tobacco use. Few 
studies reported on the peer effects associated with adolescent 
drug use. Variations in study design, including variations in the 
bounds of the network and in the covariates included in mode-
ling, helped to identify areas for future research. Directions for 
future research include focusing on cross-school, cross-com-
munity, and even Internet peer networks with diverse samples 
of adolescents, improving selection and socialization estimates 
by adding covariates to improve the accuracy of estimating 
relations, and measuring the effects of peer processes on newer 
forms of substance use, including e-cigarettes and edible mari-
juana. Doing so will help to further clarify the roles of specific 
peer selection and socialization mechanisms to help inform 
the development and refinement of prevention and interven-
tion programs focused on reducing adolescent substance use.
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