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In this article, longitudinal social network data are analyzed to get
a better understanding of the interplay between delinquent peers and
delinquent behavior. These data contain detailed information about the
social networks of secondary school students from the same grade, their
delinquent behavior, and many relevant correlates of network forma-
tion and delinquency. To distinguish selection and influence processes,
a method (Simulation Investigation for Empirical Network Analyses,
SIENA) is used in which network formation and changes in delinquency
are simulated simultaneously within the context of other network pro-
cesses and correlates of delinquency. The data and the method used
make it possible to investigate an unusually wide array of effects on peer
selection and delinquent behavior. The results indicate that similarity in
delinquency has no significant effect on the selection of school friends
when other network dynamics are taken into account. However, the
average delinquency level of someone’s friends in the school network
does have a significant, although relatively small, effect on delinquent
behavior of the respondents, beyond significant effects of changes in the
level of self-control and morality. Another peer-related change, leaving
or joining informal street-oriented youth groups, also appears to have a
substantial effect on changes in delinquency.

The role of peers in delinquent behavior, a classic subject in criminology,
is continuing to attract a lot of attention (e.g., McGloin, 2009; Miller, 2010;
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Rees and Pogarsky, in press). A major theoretical problem is the causal
interpretation of the association between delinquent peers and one’s own
delinquency (see Matsueda and Anderson, 1998; Reed and Rose, 1998;
Warr, 2002). In criminology (and other social sciences), a vivid debate has
persisted between those who argue that this association is explained by
the selection of delinquent peers by youths who are already delinquent
themselves (e.g., Hirschi, 1969) or by the influence process in which asso-
ciations with delinquent peers lead to the development of an individual’s
own delinquent behavior (e.g., Akers, 1973).

Recent developments in the use of social network methods in criminol-
ogy have enhanced the possibilities to study the relationship between peers
and delinquency (for an overview, see Carrington, in press). First, social
network data make it possible to gather information about the composition
of an individual’s peer network together with information of delinquent
behavior as reported by the peers themselves. This new ability is a major
advancement over traditional studies that employed perceptual measures
of peer delinquency, which are subject to bias because many respondents
do not have direct and accurate information about their peers’ behavior
(see Jussim and Osgood, 1989; Kandel, 1996; Weerman and Smeenk, 2005).
Second, longitudinal network data can distinguish between changes in the
peer network and changes in behavior. This option offers unique opportu-
nities to enhance our interpretation of the association between peer delin-
quency and an individual’s own delinquent behavior. New analytical tools,
in particular the Simulation Investigation for Empirical Network Analyses
(SIENA) program recently developed by Snijders and colleagues (2008),
offer the possibility to model network dynamics, behavioral changes, and
their mutual effects. These models can include the selection and influence
effects of delinquent peers as well as a wide range of other effects on the
selection of peers and changes in behavior.

In this article, a longitudinal social network analysis is conducted to shed
more light on the role of peer delinquency as a selection and influence
mechanism in the context of many other network selection and influence
processes that often are overlooked in this area. Two waves of detailed
data on peer networks and the behavior of secondary school students are
analyzed; furthermore, the SIENA program is used to model changes in
networks and behavior. More precisely, the study analyzes the following:
1) whether peer similarity in delinquency has a significant role in changing
peer relations at school in the context of other selection and network mech-
anisms; and 2) to what extent (delinquent) peers have effects on changes in
offending in the context of other individual characteristics and changes.

This study is one of the first that employs a longitudinal network analysis
to study the causal ordering of the relation between peers and delinquency.
More importantly, it includes several other potential alternative effects on
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peer network formation and delinquent behavior that have not been in-
cluded together in one study. The current study extends earlier longitudinal
network studies by using a relatively large sample consisting of networks of
students from a complete grade cohort. These aspects make it possible to
study the relationship between peers and delinquency in the context of the
dynamics of peer social networks and individual development.

PROCESSES OF PEER SELECTION AND INFLUENCE

As indicated, two general perspectives usually are used to explain the
causal ordering of delinquent behavior and peer delinquency. According
to the influence (or socialization) perspective, delinquent peers have an
important role in the development of delinquent behavior through social
processes like cultural transmission, social reinforcement, imitation, or
group pressures (Akers, 1973; Sutherland, 1947; Warr, 2002). According
to the selection perspective, delinquency is caused by other factors (like
weak social bonds and low self-control), and delinquent youths are assumed
to associate with each other because they choose friends that are similar
to themselves in behavior (Gottfredson and Hirschi, 1990; Hirschi, 1969).
For a long time, both perspectives were perceived as opposing and incom-
patible, but today, many scholars believe that selection and influence are
processes that both take place (see Warr, 2002). In the current study, peer
selection and peer influences also are regarded as phenomena that both
occur in the lives of young people.

More importantly, this study aims to expand the narrow way in which
peer selection and peer influence have been investigated in criminological
research. In most studies on peers and delinquency, the only selection pro-
cess that is studied is the tendency to associate with peers who are similar
in delinquent behavior; peer influence usually is measured as the effect
of the level of peer delinquency. The dynamics of peer networks and the
way in which peers influence behavior might be much more complex than
this. In the following sections, several additional selection and influence
mechanisms are addressed. The starting point of the current study is that
all of these mechanisms should be taken into consideration if we want to
understand the dynamics of peer relations and offending behavior among
adolescents.

SELECTION PROCESSES

Which processes are responsible for the selection of peers as friends?
Scholars often refer to the saying “birds of a feather flock together” to sug-
gest that delinquent youths purposively seek each other’s company because
of their delinquent behavior (Glueck and Glueck, 1950; Hirschi, 1969).
In other words, they select each other as friends or associates based on
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behavioral similarity. Usually, this process is imagined as “making friends,”
but also it is possible that selection takes place through the breaking of
relational ties (Kandel, 1978). In addition, it is possible that delinquent
peer selection is not based on behavior but on the attitudes and beliefs of
peers, which is attitudinal similarity (see Liska, 1978; Reed and Rose, 1998).
Furthermore, delinquent peers might find themselves in each other’s com-
pany because they share the same causes and risk factors (risk similarity).
Gottfredson and Hirschi (1990) refer to this kind of selection when they
state that youths with low levels of self-control are attracted to other youths
with low self-control.

More general friendship preferences also shape the formation of adoles-
cent peer networks. For example, children and adolescents have a tendency
to befriend others predominantly from their own sex, which is gender
homophily (Benenson, Apostoleris, and Parnass, 1998), and others from the
same ethnic background, which is ethnic homophily (Quillian and Camp-
bell, 2003). Another basic process is the tendency for people located near
each other to tend to become friends more often than with people who
are more distant (Festinger, Schachter, and Back, 1950), which is so-called
proximity selection. In the school context, this process manifests itself in
the preference for friendships within one’s own school class and in the
changes of friendships after summer break when school classes change in
composition (Cairns and Cairns, 1994; Değirmencioğlu et al., 1998). It is
possible that the tendency of delinquents to befriend delinquent peers is
partly the result of these other preferences and tendencies.

So-called structural network effects also might be important for the
selection of friendships (Scott, 1994; Wasserman and Faust, 1994). A classic
example (e.g., Simmel, 1910) is the tendency for network closure (keeping
the network in balance), for example, to become friends with someone
who likes a friend or getting acquainted with “friends of friends.” An-
other example of a structural network effect is the tendency to recipro-
cate friendship choices of other persons. It is possible that relationships
between delinquent youths often are not caused by a preference for be-
havioral similarity (selection) but result from these structural network
effects.

These different peer selection mechanisms that can be distinguished
ask for a comprehensive study of network formation among adolescents.
The current study does so by using the SIENA program to estimate not
only behavioral and attitudinal selection effects on peer selection but also
homogeneity tendencies based on sex, ethnicity, and school class, as well as
structural network effects like network closure and the tendency to recipro-
cate friendship nominations. It is difficult to say at the outset which of these
mechanisms are the most important. Previous social network studies on
peers and delinquency (which will be addressed later) have indicated that
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structural network effects are usually important for understanding network
dynamics, separately from the effects of homogeneity tendencies and, in
some studies, behavioral similarity.

INFLUENCE PROCESSES

Which peer processes are influencing delinquent behavior? The classic
reference is Sutherland’s (1947) differential association theory, stating that
an excess of “definitions” favorable to breaking laws enhances the prob-
ability of offending. Akers (1973) elaborated on Sutherland’s theory and
added psychological learning mechanisms. The most important notion is
that delinquent behavior largely depends on (real or anticipated) reinforce-
ments. Both theories predict that a high (mean) level of delinquency among
peers increases the chances that less delinquent adolescents adapt their
behavior to that of their friends.

Recently, McGloin (2009) used balance theory to specify the effects of
delinquent peers. She suggested that young people tend to minimize the
difference between one’s own rate of offending and the average delin-
quency of one’s friends. Relatively law-abiding youths would tend to of-
fend more in a relatively delinquent peer group, but at the same time,
delinquent friends also might reduce offending when a person has a higher
delinquency rate than his or her friends. This perspective would predict that
individuals tend to increase or decrease their own delinquency level toward
the mean level of delinquency of their peers. It is yet unclear whether this
adaptation would be directed by the real level of peer delinquency or by
the perceived average. According to some theorists, adolescents sometimes
mutually overestimate the extent to which peers are involved in deviant
behavior, a phenomenon known as “pluralistic ignorance” or “mutual mis-
understanding” (Matza, 1964; Warr, 2002).

Several scholars suggested that (sociopsychological) group processes also
are important peer influences that need to be taken into account. For
example, Short and Strodtbeck (1965) assumed that delinquent groups
might create a fear to lose status, which leads to a pressure to commit
(especially violent) offenses. More generally, delinquent groups and street
gangs might have their own dynamics in which delinquent and violent be-
havior is positively valued (Klein, 1995). Group processes also occur more
generally in adolescent peer groups—not necessarily delinquent ones—
by processes like “fear of ridicule,” “loyalty,” and “status” as well as by
collective processes like “anonymity,” “diffusion of responsibility,” and
“rowdy behavior in groups” (Warr, 2002). In particular, unstructured and
unsupervised socializing with peers leads to more offending because it
decreases adult guardianship and control as well as increases the pool of
potential co-offenders and the chances of encountering possible victims
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or rival groups of youths (Osgood and Anderson, 2004; Osgood et al.,
1996). According to this line of reasoning, spending a lot of time with peers
and especially hanging out on the street in groups also might be important
influences on delinquent behavior, adding to the effects of delinquent peers.

These different forms of peer influence imply that it might be interesting
to investigate the effect of different peer factors on delinquent behavior.
The data of the current study make it possible to investigate the effects of
the average level of peer delinquency together with time spent with peers
and hanging out on the street in informal youth groups. It is possible that
each of these three investigated peer influences has an effect on changes
in delinquent behavior. Furthermore, information about changes in moral
attitudes, self-control, and social bonds is added to the SIENA modeling
procedure to put the different peer influence effects in context of the
individual development among the adolescents in the study.

PREVIOUS SOCIAL NETWORK STUDIES
ON SELECTION AND INFLUENCE

In the 1990s, several longitudinal studies reported significant selection
effects as well as influence effects (Matsueda and Anderson, 1998; Reed
and Rose, 1998; Thornberry et al., 1994). However, these studies were
based on the traditional method of measuring peer delinquency by asking
respondents to report about their peers. Respondents often do not have
direct information about their peers’ behavior, and they might impute
their own behavior on their friends. This tendency might have led to an
overestimation of similarity in behavior (see Kandel, 1996; Weerman and
Smeenk, 2005). The consequence of this tendency would be that selection
and influence effects of actual peer delinquency are weaker than reported in
these studies. It is possible that the perception of one’s friends’ delinquency
also matters (as suggested by authors including Matza, 1964; and Warr,
2002), but with traditional methods, it is impossible to distinguish between
the effects of perceived and real peer delinquency.

The use of social network methodologies in the study of peers and
delinquency is relatively recent. Kandel (1978) pioneered in this area with
the use of network data about best friends in the school class, and her
findings support selection as well as influence effects. Later studies also em-
ploying best friend nominations in school classes report similar conclusions
(Aseltine, 1995; Brendgren, Vitaro, and Bukowski, 2000). Several studies
employed more extensive network data (several friendship nominations
instead of one best friend). Haynie (2001, 2002) published two influential
studies based on network data about five best male and five best female
friends in school from the National Longitudinal Study of Adolescent
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Health. Other criminological studies also have been done in which equally
extensive social network data are collected (e.g., Baerveldt, 1992; Baerveldt
et al., 2004; Burk, Steglich, and Snijders, 2007; Knecht, 2008; Weerman and
Smeenk, 2005). One major finding of these studies is that the association
between average delinquency levels of nominated peers and an individual’s
own delinquency is relatively modest and that most respondents have a
mixed group of friends, including adolescents who commit offenses as well
as adolescents who do not. When compared with traditional measurements
of peer delinquency (based on the respondents’ perceptions of their friends’
behavior), youths indeed tend to overestimate the similarity of their own
behavior to that of their friends (see Kandel, 1996; Weerman and Smeenk,
2005).

Recently, longitudinal network data have been used to analyze network
formation and peer influence, especially with the SIENA method. Snijders
and Baerveldt (2003) pioneered in this field using data from a Dutch study
on social behavior to model delinquent peer selection. The findings indi-
cated that structural network effects and gender homophily were important
in making new friendship ties at school. Significant selection effects for
delinquent peers also were found (as well as a tendency to break ties with
fellow students who were dissimilar in behavior) but seemed to be less
important than other effects on peer selection. Knecht (2008) modeled
selection as well as influence and found a significant peer selection effect
of similarity in minor delinquency but not a significant influence effect.
Burk, Steglich, and Snijders (2007) only found a small selection effect for
similarity in (minor) delinquent behavior but also found a significant and
substantial influence effect. Baerveldt, Völker, and Van Rossem (2008) also
found less support for a selection effect than for an influence effect.

In sum, only a few studies have used longitudinal network data to study
selection and influence effects regarding delinquent peers and delinquency.
In general, these studies report small but significant selection effects (pref-
erence for delinquent peers), but they are inconclusive with regard to the
influence of peer delinquency. The current study extends these studies as
follows: 1) It employs a relatively large sample consisting of networks of
students from a complete grade cohort (instead of school classes like in
most other studies); 2) it includes additional important selection effects, in
particular the preference to make friends within one’s own school class;
3) it includes additional peer factors (time spent with peers and being in
an informal street group) apart from the delinquent behavior of school
friends; and 4) it includes important control variables (gender, changes in
bonds with parents and school, morality, and self-control) that might have
an influence on changes in delinquency.
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METHOD

SAMPLE DESCRIPTION

The data for this article come from the Netherlands Institute for the
Study of Crime and Law Enforcement (NSCR) “School Study,” a study that
focused on social networks and the role of peers in delinquency, together
with a wider interest in personal development, misbehavior at school, and
informal school interventions. The data are from the first and the second
wave of the study, conducted in the spring of 2002 and 2003.

The sampling procedure was guided by the following aims: 1) to obtain
a relatively “high-risk” sample with a substantial proportion of delinquent
respondents, and 2) to achieve substantial variation in school contexts. To
achieve the first aim, secondary schools and students in the lower educa-
tional strata of a major Dutch city with inner-city problems were overrepre-
sented; to achieve the second aim, additional students were recruited from
schools in smaller cities and towns in the vicinity.1 Although the sample is
not a random sample, it can be considered a fairly good representation of
Dutch lower educated youths attending lower vocational education in the
Southwest region of the Netherlands.

The final sample consists of 1,156 students in ten schools that participated
in both waves.2 During the first wave, 691 students attended the first grade
and 465 students attended the third grade of Dutch secondary school (the
first grade is comparable with the first grade of U.S. middle schools, and the
third grade is comparable with the first grade of U.S. high schools). A loss of
25.9 percent was noted from the first wave sample of students to the second
wave. Attrition analysis shows that respondents who fell out of the sample
did not differ significantly in sex or ethnic background. However, they did
differ significantly in their level of delinquent behavior (t = 4.20; p < .01),
which indicates that youths who were relatively delinquent participated less
often in the second wave.

The final sample contains slightly more boys than girls (57 percent vs.
43 percent). Ages ranged from 11 to 18 years in the first wave, but because
of the cohort design of the study (first and third grades), respondents aged
13 and 15 years in the first wave dominate (respectively, 37 percent and
22 percent, mean age 13.9 years). Most respondents (61 percent) go to
school in a large city area (approximately 500,000 inhabitants), a substantial

1. In the Netherlands as a whole, 60 percent of the youth attends this type of school.
2. Originally, two more schools participated in the first wave. One school was left

out because this school was so large that it was not possible to study complete
school year networks (only a few classes). The other school was left out because it
moved to a different location in wave 2, where the new head of the school refused
continued participation.
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number (27 percent) live in a medium-sized city (approximately 120,000
inhabitants), and some respondents (12 percent) were recruited in a smaller
town (approximately 15,000 inhabitants). More than one third of the sample
consists of respondents with an immigrant background,3 but respondents
with parents born in the Netherlands are still in the majority (60 percent).

The questionnaires were group administered in the classroom setting
during normal school hours, and at least two members of the research
team were present during the administration of the questionnaire to give
instructions and to answer questions. Computers were used instead of the
usual paper-and-pencil method.4

MEASURES

SOCIAL NETWORK MEASUREMENT

Respondents were provided with a numbered list of all students in the
same grade in their school. For example, in the first wave of the study, first-
grade students had a list with the names of all students in their own class
as well as those of all other first-year students in their school. The number
of students on the list varied between grades and schools (roughly between
50 and 120), but it always spanned more than one school class. In total, 17
networks were included in the analyses (7 schools had both first and third
grade students, 2 schools had only first grade students, and 1 school had
only third grade students).

Respondents were asked to fill in the numbers of those fellow students
they spend time with at school (“with which of these students do you
associate regularly?”), with a maximum of ten possible nominations. On
average, respondents entered approximately seven numbers of fellow stu-
dents in the questionnaire (7.0 at T1; 6.8 at T2). A large proportion used
the maximum of ten possible names (34.3 percent at T1 and 30.3 percent at
T2); only a few students (1.5 percent at T1 and 2.8 percent at T2) did not
name one fellow student at all.

It is important to acknowledge the fact that this methodology limits
the investigated social networks to the circle of school friends (from the
same grade), excluding friendships outside the school or in higher or lower
grades. This limitation is encountered by most research employing social
network methods to study the relation between peers and behavior (with
the exception of Burk, Steglich, and Snijders, 2007). Nevertheless, the

3. A substantial number of respondents from Turkish (9 percent), Surinamese
(12 percent), and Moroccan (6 percent) origin were represented in the sample,
together with respondents from a wide range of other ethnic backgrounds.

4. A pilot study made clear that respondents were comfortable with this method and
preferred it to paper-and-pencil methods.
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coverage of complete networks of school grades still offers an interesting
opportunity to study the relation between peers and delinquency. The
school situation is, in a certain way, a natural experiment; a large number
of young people are brought together, and network processes (selection of
similar individuals, mutual influence) should become visible in this situa-
tion.

DELINQUENCY MEASURE

Respondents’ delinquent behavior was measured using self-reports on a
variety of offenses. Respondents were asked whether they had committed
an offense during a reference period (and, if so, how often). The reference
period covered the interval between the last summer holiday prior to the
beginning of the school year and the time when the survey was admin-
istered (during spring). Periods of a half or a whole year are perceived
as appropriate to minimize memory problems, and the beginning of the
school year provides a clear reference point for respondents (Elliott and
Huizinga, 1989). The measures of self-reported delinquency used in this
study come from the following questions: In the last year, did you “paint
graffiti,” “vandalize property,” “steal small things from shops worth less
than 5 Euros (like candy, pencils),” “steal things worth more than 5 Euros
(like CDs, make-up, bags, jackets, or money),” “buy stolen goods,” “steal
a bicycle or moped,” “steal a car,” “break or enter to steal something,”
“steal something else,” “rob someone,” and “hit somebody so hard he or
she was wounded/hurt?” Cronbach’s α for the first wave was .71, and for the
second wave, it was .68.5 The responses were summated to create a count of
different delinquent behaviors engaged in by the respondent, the “variety”
of delinquent behavior. A variety scale of delinquency was preferred over
a frequency scale because the latter is biased toward high occurrences of
relatively mild offenses (see Bendixen, Endresen, and Olweus, 2003). Using
the variety scale ensures enough variability to detect peer influences on
behavior with the SIENA analysis, but also it stays within the limits of the
software’s possibilities.6

“MEASURING” SELECTION AND INFLUENCE OF DELINQUENT
PEERS

The social network data together with the delinquency measure were
used in the SIENA procedure to estimate the selection effects of
similarity in delinquent behavior and influence effects of peer delinquency.

5. These scores are relatively low because the scale is not a Likert-type scale; it
consists of dichotomized items with non–normal-distributed responses.

6. The SIENA manual recommends an ordinal scale with, at most, ten categories.
The used variety scale can be regarded as an ordinal scale, and although the
maximum score is 11, almost all respondents are below ten.
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Delinquent peer selection is analyzed by using the average difference in
delinquency score for the respondent and his or her nominated peers in
the network as well as by estimating whether respondents tend to nom-
inate peers that reduce the difference with their peers. Delinquent peer
influence is investigated by calculating the average delinquency score of all
nominated peers and by estimating whether this variable has an effect on
increases or decreases in one’s own delinquency score. More precisely, the
SIENA procedure estimates whether respondents whose nominated peers
have relatively higher average scores on delinquency have a tendency to
increase their own delinquency score.

OTHER POTENTIAL SELECTION AND INFLUENCE VARIABLES

Several other variables were used to explore potential selection and in-
fluence effects, which will be addressed in detail subsequently. With regard
to selection, a scale for morality was used to estimate attitudinal selection
effects, and a scale for the level of self-control was used to estimate risk
similarity. Also respondents’ sex, ethnicity, and being part of the same
school class were included in the selection analysis. The social network data
were employed in the SIENA procedure to estimate structural network
effects.

Adding to the influence effect of the average peer delinquency score,
the effect of sex also was included in the analyses together with effects
of changes in the following non–peer-related variables: bond with parents,
bond with school, level of self-control, and morality.7 Also, the following
alternative peer-related variables were included in the analysis: changes
in the amount of time spent with peers and changes in being part of an
informal street-oriented youth group. These variables are indicative of
potential exposure to group processes outside school. The reason to use
change scores is that the dependent variable is dynamic in the SIENA
analysis (changes in delinquency scores), and it would be less suitable and
interpretable to use static factors. Although in the past change scores were
perceived as unreliable, today the use of change scores is less regarded as in-
herently problematic and sometimes is even preferred over static measures
to investigate influence processes (see McGloin, 2009).8

Sex simply was measured by asking whether the respondent was a boy
or a girl. Ethnicity was investigated by asking the parents’ country of

7. These independent variables are based on social control and self-control theories
(Gottfredson and Hirschi, 1990; Hirschi, 1969) and cover major personal and social
risk factors for delinquent behavior.

8. In the SIENA software, changing covariates are used when three waves or more
are present, but because this study employs only two waves, change scores were
calculated and used instead of changing covariates.
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birth (when the parents differed in origin, the mother’s place of birth was
decisive). School class composition was established by coding the name
lists that also included the school class to which the students belonged.
Many schools had classes of approximately 20 students, but most schools
also had smaller or very small classes for students with specialized subjects
or educational needs (mean size of the school classes was 12.28; standard
deviation was 7.35). Two school networks did not divide their students into
separate classes; therefore, school class composition was left out in analyses
regarding these networks.

Bond with parents is a scale consisting of eight items with response
categories on a 5-point Likert-type scale ranging from 0 = “completely
disagree” to 4 = “completely agree.” The following items indicate whether
respondents like their parents and have a positive relationship with them:
“I have nice parents,” “I would rather have other parents” (reverse coded),
“I don’t like being with my parents” (reverse coded), “I feel fine when I am
with my parents,” “I can notice that my parents love me,” “my parents are
nice to me,” “my parents know what I like,” and “my parents tell me when
I have done a good job” (at T1 α = .80; at T2 α = .85).

Bond with school is a scale consisting of the following items (with five-
point response categories) indicating whether students like school and try
their hardest to achieve good results: “I enjoy going to school,” “I get bored
at school” (reverse coded), “I have a nice school,” “I would rather attend
another school” (reverse coded), “at school I feel at home,” “I pay attention
during lessons,” “I do as much as I can for school,” and “I work hard to get
good grades” (at T1 α = .77; at T2 α = .77). Possible responses range from
0 = completely disagree to 4 = completely agree.

Self-control is a measure that consists of three subscales (impulsivity, risk-
seeking, and anger) adapted from Grasmick et al. (1993).9 It contains the
following items (with five-point response categories): “I often do things
without thinking first,” “I make fun if I can, even if it leads to trouble,” “I
say what I think immediately,” “I often do what I feel like immediately,” “I
like to do exciting and adventurous things,” “I like to try out scary things,”
“I love doing dangerous things,” “I think it’s stupid to do things for fun
when you might get hurt” (reverse coded), “people better stay away from
me when I am angry,” “I would rather hit someone than talk when I am
angry with someone,” “I can talk out arguments calmly” (reverse coded),
and “I get angry easily” (at T1 α = .78; at T2 α = .81).

Morality consists of the following items, with responses ranging from
0 = “completely disagree” to 4 = “completely agree”, that indicate to
which extent respondents are willing to bend the law: “It’s all right to do

9. The wording of the items was slightly adapted to enhance comprehension and
understanding for Dutch students following lower levels of education.



DELINQUENT PEERS IN CONTEXT 265

something that is illegal now and then, as long as you don’t get caught,” “it’s
all right to lie, if that brings you a lot of money,” “breaking and entering at
rich people’s houses is not so bad,” and “it’s all right to steal if you need
money” (at T1 α = .66; at T2 α = .70). These items were formulated in such
a way that overlaps with the self-report delinquency questions is minimized
to prevent associations that one could interpret as tautological.

Time spent with peers consists of the following items (with three-point
response categories, they are mentioned in parentheses): “After school,
are you usually at home or away from home (usually at home = 0, about
as much at home as away from home = 1, usually away from home =
2)?” “How often do you spend time with your friends after school (almost
never = 0, some days = 1, most or all days = 2)?” “How long do you spend
with your friends during weekdays (less than 1 hour = 0, a few hours =
1, all afternoon and evening = 2)?” “How often do you meet your friends
on weekends (almost never = 0, Saturday or Sunday = 1, Saturday and
Sunday = 2)?” and “How much time do you spend with your friends during
weekend days (less than 1 hour = 0, a few hours = 1, all afternoon and
evening = 2)?” These items are combined into one scale that indicates how
often and long respondents are in the company of their friends (at T1 α =
.79; at T2 α = .75).

Some respondents had missing values on one or more of the items of
a scale (for most items this number varied from 0 to 2 percent; in the
worst case, 4 percent of the responses on an item was missing). The missing
values were imputed in SPSS (SPSS Corporation, Chicago, IL) by using
the expectation–maximization (EM) method (e.g., Dempster, Laird, and
Rubin, 1977).10

Finally, being in a street-oriented youth group is measured by items drawn
from the Eurogang youth questionnaire (Decker and Weerman, 2005). The
items are preceded by an introductory question about membership in sports
clubs or other formal youth groups. The following question asks about
belonging to an informal youth group: “There are also groups of friends
or youths that spend time with each other, do things or just hang around
without being organized. Do you belong to such a group?” The type of
group is specified by the following questions: “How old are most people
in the group?” “How long has this group existed?” and “Does your group
spend a lot of time together in public places, like a park, the street, the
neighborhood, or shopping areas?” The question about being in public
places was formulated slightly different in the first wave (“where does your
group spend most of its time?” with answers coded), but it is improbable

10. This procedure is iterative and calculates the most likely values for missing items
based on the nonmissing items of the respondent and averages of the other
respondents.
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Table 1. Descriptive Statistics of Variables Used in the
Analyses (N = 1,156)

Variable Mean T1 SD T1 Mean T2 SD T2 Minimum Maximum

Delinquency score .74 1.36 69.00 1.28 0 11.00
Bond with parents 28.49 4.35 28.49 4.64 0 32.00
Bond with school 21.25 6.00 19.37 6.25 0 32.00
Self-control 20.72 8.58 21.36 8.86 0 46.00
Morality 10.96 3.52 10.90 3.65 0 16.00
Time spent with peers 5.86 2.60 6.38 2.51 0 10.00
In street-oriented youth .30 .46 .30 .46 0 1.00
group (1 = yes)
Sex (1 = female) .43 .50 .43 .50 0 1.00

ABBREVIATION: SD = standard deviation.

that this difference biased the results. If the groups consist mostly of youths
between the ages of 12 and 25 years, exist more than 3 months, and if
the group members spend a lot of their time in public, then they were
coded as an informal street-oriented youth group. The questionnaire also
contained questions about illegal behavior, following the Eurogang method
of measuring a gang or troublesome youth group. However, these final
questions were not used in the current analysis because these questions
rely on respondents’ perceptions of the behavior of their peers (the current
network analysis was chosen particularly to avoid possible biases result-
ing from perceptions of peer delinquency). The current measure indicates
whether respondents spend their time in groups that are unsupervised but
are not necessarily perceived by respondents as delinquent.11

Table 1 shows descriptive statistics for the variables included in the anal-
ysis. It shows that the mean delinquency score of the respondents slightly
decreased from wave I to wave II. The average bond with parents, morality
levels, and membership of street-oriented youth groups are relative stable,
whereas the average bond with school decreased and the level of self-
control and time with peers increased. It is important to realize that, in
reality, more individual changes take place than these statistics suggest.
For example, the relatively stable proportion of young people in a street-
oriented youth group is the result of a large number of respondents that left
such a group and approximately the same number that joined in wave II.

ANALYTIC METHOD

Longitudinal analyses of network and behavior dynamics are compli-
cated because individual characteristics as well as network ties have to

11. Analyses that employed the extended Eurogang measure of gangs were in line
with the current findings.
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be included. The SIENA method and software have been developed by
Snijders and colleagues to analyze in particular the coevolution of networks
and behavior over time (Steglich, Snijders, and West, 2006; Snijders et al.,
2008). SIENA enables the estimation of effects on individual changes in
network ties as well as effects on changes in behavior. The method has
important advantages over traditional ways of examining peer selection
and influence; it can include effects of all kinds of friendship similarity
preferences as well as structural network mechanisms, and it can use direct
information of friends in the network to estimate whether respondents
actually are influenced by the behavior of their friends. These features offer
a unique possibility to distinguish between selection and influence effects.

In the SIENA procedure, the total observed change between two (or
more) measurement moments is defragmented into small basic changes, or
so-called microsteps. A network microstep entails the breaking or making
of one tie with another person (in the current article, a friendship nomina-
tion); a behavioral microstep is a 1-unit change in the dependent variable
of interest (currently, the delinquency score). The changes over time are
modeled as a Markov process in which sequential stages are dependent
on the previous situation. The sequences of these microsteps are used to
estimate the parameters in a network simulation process (in a so-called
Markov Chain Monte Carlo procedure). Network dynamics and behavioral
changes are modeled simultaneously by taking the current state of the
changing network as a constraint for the behavioral changes and vice versa.
An elaborated and technical explanation is offered in several publications
from the SIENA development team (e.g., Snijders et al., 2008).12

The procedure results in (unstandardized) parameter estimates for ef-
fects that are included in the model, together with their standard error
(obtained by rerunning several simulations). The estimation is repeated in
numerous iterative steps and usually leads to a progressing fine-tuning of
the parameter values (“convergence”). In the models run for the current
study, indicators for parameter convergence were usually satisfactory. In
a few cases, parameters in one or two of the investigated networks could
not reach convergence, and in these cases, it was necessary to restrict the
model for these networks by removing certain parameters. No convergence
problems were noted with the effects of primary interest.

The sample for this article consisted of 17 separate school-grade net-
works, which is a large set for social network analysis. Analyzing such a

12. The SIENA homepage (http://www.stats.ox.ac.uk/∼snijders/siena/) also offers ad-
ditional information and links to program downloads. Apart from the aforemen-
tioned applications on peers and delinquency, the program also has been used on
other areas of research (e.g., weapon carrying; Dijkstra et al., 2010).
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large sample with SIENA is problematic because the necessary computa-
tion time for the estimation procedure increases (quadratically) when the
network size becomes larger. However, it is possible to combine estimates
for separate networks by using a multigroup (or meta- or multilevel) cal-
culation. Snijders developed a module that can be used to conduct such an
analysis with SIENA output for separate networks (Snijders and Baerveldt,
2003; see also the website http://www.stats.ox.ac.uk/∼snijders/siena/). This
module estimates and tests mean effects and standard errors for the
complete sample as well as indicates whether variance of effects occurs
across networks. The procedure is based on earlier meta-analytical meth-
ods to combine results from different studies (e.g., Hedges and Olkin,
1985).13 A limitation of the multigroup method is that it might become
unstable when estimated standard errors are too large. Therefore, net-
work estimates of standard errors that exceed 5 are not included in the
multigroup estimations. For a few (minor) parameters in which one or
two estimates of the 17 networks resulted in standard errors that were
too large, multigroup calculations were based on the remaining network
estimates.

ESTIMATED MODELS AND EXPLORATORY ANALYSES

During the analysis, a step-wise model selection was implemented, fol-
lowing the suggestions made by the designers of the SIENA program (see
Snijders et al., 2008).14 The procedure starts with getting an optimal selec-
tion model for the network dynamics by adding selection effects in several
steps and temporarily ignoring the behavior dynamics. Once a satisfactory
selection model is reached, influence effects on behavioral changes are
added to the model.

In the analysis of the selection model, the following steps were taken.
First, several “standard” effects were estimated (which will be addressed
subsequently in the Results section) together with structural and additional
internal network effects to obtain a complete picture of selection that is
based on internal network dynamics. In the second step, preferences for
similarity in sex and ethnicity as well as the effect of school class composi-
tion were entered in the analyses.15 Finally, in the third step, preferences for

13. A more detailed and mathematical explanation can be found in Snijders and
Baerveldt (2003).

14. This procedure also was suggested in a SIENA workshop in Groningen, the
Netherlands, on January 16–20, 2006.

15. Two networks were found with only boys, four networks had almost no ethnic mi-
norities, and two networks were without a division in separate school classes. For
these networks, similarity effects are irrelevant for friendship ties and therefore
were left out of the analyses.
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similarity in delinquent behavior were entered in the analysis together with
preferences to break ties with those who are dissimilar in delinquency.16

Preferences for similarity in morality and low self-control were estimated
as alternative selection effects in separate models.

After the analyses of the selection model were completed, influences
on delinquent behavior were added in steps.17 In the first step, standard
SIENA effects are estimated (see the Results section for specification); in
the second step, control variables and non–peer-related influences were
entered in the analysis (the effects of sex, changes in bonds with parents,
school, morality, and self-control). In the third step, potential peer influ-
ences were estimated separately in alternative models, including the follow-
ing: the average delinquency score of nominated friends in school (“average
alters” in SIENA), changes in time spent with peers, and changes in being in
a street-oriented youth group.18 In the final step, a model was estimated in
which all parameters that were significant or near significant in earlier steps
were included. The results of this final estimation show which processes and
effects had an effect among the respondents in the current study.

Prior to running these SIENA models, two exploratory analyses were
conducted to get an initial impression of the associations of interest, which
might help to interpret the findings of the network analysis. First, respon-
dents’ delinquency and peer delinquency at the two data waves are corre-
lated to get an indication of the magnitude of the association using network
data and to compare the potential existence of influence and selection
effects. Second, the potential effects on behavioral change are explored by
calculating associations of independent variables (sex, individual changes,
and changes in delinquent peer associations) with changes in delinquency
score between T1 and T2.

RESULTS

BASIC ASSOCIATIONS

Table 2 shows the associations (Pearson’s correlation coefficient as well
as Kendall’s Tau-b, a measure that is more robust regarding the skewness of

16. This analysis is done by using the so-called endowment function in the SIENA
procedure.

17. Two nonimportant effects were left out to reduce computation time and to prevent
convergence problems. These effects were added in the final model.

18. The SIENA option to estimate the effect of average similarity in delinquency with
nominated others was investigated, but this analysis resulted in relatively high and
varying standard errors among the networks. The average delinquency score of
peers is a recommended alternative for this measure and apparently results in a
more stable estimation.
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Table 2. Pearson Correlations (and Kendall’s Tau-b
Associations) Between Own Delinquency Score and
Average Delinquency of Nominated School Friends
(N = 1,156)

Respondent’s Average School Friends’
Delinquency T2 Delinquency T2

Respondent’s delinquency T1 .503∗∗∗ (.410∗∗∗) .186∗∗∗ (.112∗∗∗)
Average school friends’ delinquency T1 .199∗∗∗ (.126∗∗∗) .258∗∗∗ (.219∗∗∗)

∗∗∗p < .001 (two-sided significant).

the variables) between the average delinquency score of one’s nominated
school friends and the respondent’s own delinquency on the first wave
of measurement T1 with the same variables at the second measurement
T2. The most relevant associations are found in the lower left and upper
right cells; the association in the lower left has a time ordering in which
delinquent behavior of school friends are primary to respondents’ offending
that indicates a potential influence effect; and the association in the upper
right has an individual’s own delinquency primary to those of school friends,
which indicates potential selection effects. Both associations are significant
and relatively similar in magnitude, suggesting that influence as well as
selection might be potential explanations for the relation between peers’
and an individual’s own delinquency. Both associations also are relatively
modest, which is in line with the finding that perceptual measurements of
peer delinquency lead to higher estimations of similarity between friends as
direct network measurements.

Furthermore, the upper left and lower right cells reveal that the associa-
tion over time for an individual’s own delinquency is substantively larger
than the association between peer delinquency on the first and second
waves of measurement. This finding indicates that greater stability exists
in one’s own delinquent behavior than in the behavior of one’s peer group.
The reason for this finding might be that not only the behavior of peers
changes over time but also the constellation of one’s peer network. This
outcome highlights again the importance of investigating influence and
selection processes.

Table 3 shows the basic associations between independent variables and
changes in delinquent behavior. Only sex appears to have no significant
association at all with changes in delinquency (although it does correlate
with delinquent behavior cross sectionally). The association between in-
creases in average school friends’ delinquency and an individual’s own
increasing delinquency appears to be relatively modest (though the more
robust Kendall’s Tau-b is somewhat higher than Pearson’s r). Also modest
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Table 3. Associations Between (Changing) Independent
Variables and Changes in Respondent’s
Delinquency Score (N = 1,156)

Possible Influence on Pearson’s Correlation
Behavior Change (Kendall’s Tau-b)

Sex (1 = female) −.010 (−.027)
Increase in bond with parents −.071∗ (−.024)
Increase in bond with school −.095∗∗ (−.061∗∗)
Increase in self-control −.170∗∗∗(−.127∗∗∗)
Increase in morality −.136∗∗∗(−.116∗∗∗)
Increase in average school friends’ delinquency .051† (.083∗∗∗)
Increase in time spent with peers .047 (.041†)
Joining a street-oriented youth group .124∗∗∗ (.112∗∗∗)

†p < .10 (one-sided); ∗p < .05; ∗∗p < .01; ∗∗∗p < .001 (two-sided).

correlations are found between changes in an individual’s own delinquency
and in bonds with parents and school (indicating that increasing bonds
are associated with decreases in delinquency); a small correlation (only
the Kendall’s Tau-b is one-sided significant) is found between increases in
time with peers and delinquency. Stronger correlations are found between
changes in an individual’s own delinquency and changes in self-control and
morality (the negative direction indicates that increases in self-control and
morality are associated with decreasing delinquency) and between joining
a street-oriented youth group and increasing delinquency.

LONGITUDINAL NETWORK ANALYSES (SIENA)

Table 4 shows all subsequent steps of the estimation procedure for the
network dynamics part of the SIENA model (the effects on peer selec-
tion). Model I contains the estimation of the internal network dynamics.
A substantial and significant “density” effect can be perceived as a baseline
tendency of respondents to make ties.19 The effect is negative, which means
that respondents do not want to make ties to arbitrary others. A significant
“reciprocity tendency” implies that respondents tend to reciprocate friend-
ship choices of others to them. Two significant “network closure” effects are
present: the “indirect ties effect,” which indicates that respondents tend to
nominate anyone that is indirectly linked via friends, and the “transitive
triplets effect,” which stands for a tendency to make ties with someone

19. This term might be somewhat confusing because the effect is not pointed at the
effect of network density but at the preference of respondents for a lot of density
(or a lot of outdegree).
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Table 4. Exploratory Steps in the SIENA Estimation of the
Network Dynamics: Parameter Estimates (Standard
Errors) and Significance (N = 1,156)

Step I Basic Step II Step IIIa Step IIIb Step IIIc
Network Other Behavioral Attitudinal Risk

Parameter Effects Preferences Similarity Similarity Similarity

Outdegree effect on .083∗∗∗ .102∗∗∗ .092∗∗∗ .088∗∗∗ .099∗∗∗
rate (.016) (.015) (.016) (.015) (.017)
Density effect −2.529∗∗∗ −2.797∗∗∗ −2.841∗∗∗ −2.843∗∗∗ −2.829∗∗∗

(.095) (.125) (.120) (.116) (.118)
Reciprocity preference 2.227∗∗∗ 1.930∗∗∗ 1.805∗∗∗ 1.834∗∗∗ 1.752∗∗∗

(.131) (.135) (.142) (.125) (.134)
Reciprocity effect on −1.532∗∗∗ −1.278∗∗∗ −.982∗∗∗ −.901∗∗∗ −.892∗∗∗
breaking ties (.247) (.299) (.271) (.239) (.267)
Transitive triplets .101∗∗∗ .080∗∗∗ .077∗∗∗ .079∗∗∗ .082∗∗∗
preference (.006) (.007) (.006) (.006) (.007)
Indirect ties preference .975∗∗∗ .920∗∗∗ .952∗∗∗ .950∗∗∗ .935∗∗∗

(.045) (.046) (.046) (.042) (.047)
Same sex preference .312∗∗∗ .330∗∗∗ .323∗∗∗ .316∗∗∗

(.082) (.074) (.088) (.075)
Same ethnicity .244∗∗∗ .253∗∗∗ .239∗∗∗ .240∗∗∗
preference (.071) (.067) (.067) (.066)
Same school class .882∗∗∗ .891∗∗∗ .884∗∗∗ .892∗∗∗
preference (.075) (.073) (.076) (.074)
Dissimilarity in .209
delinquency effect on (.223)
breaking ties
(“selection”)
Similarity in .063
delinquency (.059)
preference
(“selection”)
Similarity in attitude .058
preference (.074)
Dissimilarity in attitude .233
effect on breaking (.273)
Similarity in self-control .296
preference (.232)
Dissimilarity in .811†
self-control effect on
breaking

(.478)

†p < .10 (one-sided); ∗∗∗ p < .001 (two-sided).

that has been nominated by an existing friend.20 The following additional
internal network effects also are significant: the so-called endowment effect

20. There was also a separate but relatively small effect of “balance” (a preference to
make ties with someone who is chosen by a friend), but adding this effect to the
other two network closure effects results in major convergence problems due to
multicollinearity.
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for reciprocity, which indicates that respondents have a preference not to
break (or, in other words, to maintain) reciprocated relationships, and the
effect of “outdegree” on the rate of change, indicating that respondents with
more friendship choices also tend to change their friendships more often.

Model II adds three similarity effects. It appears that all are significant,
indicating that respondents tend to make new friends with fellow students
from the same sex, the same ethnic background, and from the same school
class.

Models IIIa, IIIb, and IIIc investigate preferences for behavioral simi-
larity (e.g., preference for similarity in delinquency), attitudinal similarity
(e.g., preference for similar moral attitudes), and risk similarity (e.g., in this
case, similarity in the level of self-control), which are all net of other selec-
tion processes that have been found. Besides preferences for making ties
with similar others, preferences for breaking ties with dissimilar others (en-
dowment effects) also were estimated. Model IIIa shows that, surprisingly,
the selection effect for similarity in delinquency is not statistically signifi-
cant. Additionally, no significant endowment effect was found for dissimilar
delinquent behavior of peers. Model IIIb shows that no significant tendency
was noted to make or break ties with fellow students that are similar or
dissimilar in moral attitude. Model IIIc also shows no significant tendency
for making ties with others similar in self-control. However, a (one-sided)
significant endowment effect was found, indicating that respondents have a
tendency to break ties with others that are dissimilar in their level of self-
control.

Table 5 shows all subsequent steps of the estimation procedure for the
behavioral dynamics part of the SIENA model, which estimates effects on
changes in delinquent behavior. The baseline is a slightly simplified version
of the final selection model (IIIc) to prevent convergence problems and
excessive computation time that could result from too many parameters
in the model. Left out were the following less robust and relatively unim-
portant parameters: the reciprocity endowment effect, outdegree effect on
rate, and endowment effect for low self-control (in the final stage, these
effects are reentered). Model I includes the following basic effects that
are required: the “general tendency effect,” which is a baseline estimation
of the average behavior tendency over time, and the “tendency squared
effect,” which indicates the effect of initial delinquency on the probability
to change. Also included now are the rate parameters that are needed when
network and behavior dynamics are simulated simultaneously. All basic
effects are significant; the negative general tendency parameter indicates
that a general trend exists among the respondents to decrease their level of
delinquency from wave I to wave II, and the positive tendency squared pa-
rameter suggests that those relatively high in delinquency tend to increase
their offending even more, and those low in delinquency tend to decrease
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Table 5. Exploratory Steps in the SIENA Estimation of the
Behavioral Dynamics: Parameter Estimates
(Standard Errors) and Significance (N = 1,156)

Step I Step II Step IIIa Step IIIb Step IIIc
Basic Non–Peer- School Time with Street

Behavioral Related Friends Peers Group
Parameter Tendencies Influences Influence Influence Influence

Network dynamics
Density effect −2.892∗∗∗ −2.909∗∗∗ −2.886∗∗∗ −2.919∗∗∗ −2.868∗∗∗

(.129) (.129) (.121) (.121) (.111)
Reciprocity preference 1.359∗∗∗ 1.332∗∗∗ 1.333∗∗∗ 1.329∗∗∗ 1.337∗∗∗

(.038) (.039) (.038) (.040) (.038)
Transitive triplets .083∗∗∗ .083∗∗∗ .084∗∗∗ .083∗∗∗ .086∗∗∗
preference (.006) (.006) (.007) (.006) (.006)
Indirect ties preference .912∗∗∗ .917∗∗∗ .927∗∗∗ .912∗∗∗ .892∗∗∗

(.045) (.044) (.044) (.042) (.041)
Same sex preference .331∗∗∗ .333∗∗∗ .314∗∗∗ .344∗∗∗ .297∗∗∗

(.077) (.084) (.067) (.083) (.084)
Same ethnicity .242∗∗∗ .242∗∗∗ .253∗∗∗ .239∗∗∗ .242∗∗∗
preference (.072) (.072) (.054) (.071) (.072)
Same school class .882∗∗∗ .883∗∗∗ .885∗∗∗ .883∗∗∗ .880∗∗∗
preference (.073) (.074) (.074) (.073) (.069)

Behavioral dynamics
Tendency −.941∗∗∗ −.986∗∗∗ −1.013∗∗∗ −.974∗∗∗ −1.017∗∗∗

(.116) (.055) (.101) (.055) (.091)
Tendency squared .093∗∗∗ .079∗∗∗ .087∗∗∗ .094∗∗∗ .091∗∗∗

(.011) (.016) (.015) (.014) (.015)
Sex of respondent .068

(.099)
Change in bond with −.014
parents (.009)
Change in bond with −.015†
school (.008)
Change in self-control −.018∗∗ −.025∗∗ −.023∗∗∗ −.023∗∗∗

(.006) (.006) (.006) (.006)
Change in morality −.039∗∗ −.034∗∗ −.038∗∗∗ −.040∗∗∗

(.013) (.013) (.012) (.012)
Change in time spent −.006
with peers (.017)
Average delinquency .238∗
friends in school
(“influence”)

(.100)

Joining/leaving .228∗∗∗
street-oriented group (.065)

†p < .10 (one-sided); ∗p < .05; ∗∗p < .01; ∗∗∗p < .001 (two-sided).

this behavior relatively more often. In model II, all independent variables
that are not peer related are included.21 The results show that sex as well

21. This analysis led to a small convergence problem in the estimation. In one net-
work, two parameters caused multicollinearity problems (effect of sex and change
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as changes in the bond with parents had no significant effect on changes
in delinquent behavior. Changes in the bond with school had a one-sided
significant effect, and the negative sign indicates that increasing bonds with
school were linked to a decrease in delinquent behavior. The following
other independent variables had significant and more substantial effects:
changes in the level of self-control and changes in the moral attitudes of the
respondent. The negative sign of both effects indicates that increasing social
control and morality is associated with a decrease in delinquent behavior.
In models IIIa, IIIb, and IIIc, peer-related variables are included separately
in models also including the relatively high significant effects of changes in
self-control and morality. Model IIIa included the “average delinquency
of school friends” parameter, which measures the effects of the behavior
of nominated peers on changing delinquency. It appears that this effect
is significant, suggesting that a peer influence effect indeed exists net of
general tendency effects and personal development. Model IIIb shows that
changes in the time spent with peers had no significant effect on subsequent
delinquent behavior. Model IIIc, however, shows that changes in street-
oriented group affiliation (becoming a member or leaving the group) does
have a robust significant effect.

In the final analysis, every parameter that had significant effects (one- or
two-sided) in earlier steps of the procedure were combined into a grand
model. As expected, a few convergence problems were encountered be-
cause of the large number of parameters. This issue was solved for each
network separately by excluding what seemed to cause multicollinearity
and high “semi–auto-correlations” during the SIENA computer run. This
resulted in useful estimates for all networks and parameters, although a few
multigroup estimations of parameters are based on less than all available
networks. Table 6 presents the results of this final model. Mean estimations,
standard errors, t values, and significance levels are shown as well as the
number of networks on which the estimates are based and the estimated
rates for network and behavioral changes. The last column offers additional
data with regard to a (chi-square) test that is used to analyze whether vari-
ance over the networks significantly differs from zero (see Snijders et al.,
2008), which indicates that differences are found in the size or the direction
of parameter estimates between the different school year networks.

Table 6 confirms most effects that were found in the earlier steps, but
the following effects that were found earlier are not significant anymore:
the endowment effect of dissimilarity in self-control on breaking ties and
the effect of changes in the bond with school on behavior. An influence
effect of the average delinquency level of peers in the school network is still

in the bond with parents) and were left out of the analysis for this particular
network to reach a stable solution.
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Table 6. Final Model with all Selection and Influence Effects,
Multi-group Estimates (N = 1,156)

p of Test
Whether
Between
Network

Mean Standard p Value n of Variance
Parameter Estimate Error t Value (two-sided) Networks > 0

Network dynamics
Rate network change 4.333 .584 7.420 <.001 11 .290
Outdegree effect on
rate

.010 .021 4.860 <.001 17 .962

Density effect −2.886 .058 −49.460 <.001 17 <.001
Reciprocity 1.743 .133 13.080 <.001 17 .732
Reciprocity
endowment

−.667 .249 −2.680 .007 17 .504

Transitive triplets .075 .007 10.800 <.001 17 .981
Indirect ties .983 .051 19.430 <.001 17 .914
Same sex .313 .054 5.760 <.001 15 .076
Same ethnicity .257 .032 7.930 <.001 13 <.001
Same school class .889 .068 13.130 <.001 15 <.001
Self-control
endowment

−.343 .223 1.540 .123 17 .926

Behavioral dynamics
Rate behavioral
change

3.310 .592 5.600 <.001 14 .046

Tendency −1.071 .135 −7.940 <.001 14 .005
Tendency squared .077 .017 4.600 <.001 16 .411
Change in bond with
school

−.014 .009 1.590 .114 16 .842

Change in
self-control

−.225 .007 3.210 .001 16 .591

Change in morality −.036 .014 2.670 .007 16 .581
Average delinquency
friends in school
(“influence”)

.167 .103 1.620 .100 13 .960

Joining/leaving
street-oriented group

.329 .132 2.490 .013 14 .252

found when all other effects are included, but it is now only (and just) one-
sided significant, indicating that it is less robust than the other findings.22

It is important to be cautious in comparing the parameter estimates with
each other because the scaling and the nature of the variables differ (some
are individual attributes, and others are complex network characteristics).
The SIENA method has not developed standardized methods to calculate
comparable effect sizes yet.23 Nevertheless, some indications can be given.
The standard effects of density and reciprocity are robust, and they are ap-
parently basic to the network dynamics. The indirect ties effect also appears

22. The p value in the table is rounded to .100; actually, it is just below that value.
23. In some cases, “ego and alter preference tables” can be calculated, but this is not

useful in the current analysis.
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to be important, and it is clearly more robust than the transitive triplets
effect. A large difference in the size of the estimates also was noted, but
this figure is inflated because indirect ties are more common than transitive
triplets. The substantial preference effects can be compared with each other
because they all are based on equality or similarity (ranging from 0 to 1).
The estimate sizes (and t values) suggest that being in the same school class
is more important than having the same sex, ethnic background, and similar
self-control levels.

To compare the substantial effects on behavioral change, the standard de-
viations of the independent variables might be taken into account (SIENA
does not standardize the covariates, only mean centers the variables). Ad-
ditional analyses in which the estimates are multiplied with the standard
deviations suggest that the effect sizes of changes in self-control, morality,
average delinquency of school friends, and joining or leaving street groups
are comparable (−.160, −.131, .153, and .192, respectively), and the effect
of changes in school bonds is smaller (−.074; this parameter also was not
significant).

Most parameters do not differ significantly over the various networks
(as indicated by the last column in table 6), but a few do. One of them
is the standard density effect; this parameter has some variance over the
networks. In some networks, this effect is larger than in others (but it is
always negative), which is probably because networks differ in size. More
substantial variance is found for the parameters of similarity in ethnicity
and school classes. These parameters are significant in some networks but
not in others. This pattern might be explained by the variation in ethnic
composition and various sizes and organization of school classes in differ-
ent schools. Significant changes also are noted between networks in the
following behavioral parameters: the rate and tendency of change. This
finding can be connected to the cohort character of the sample; respondents
who went from grade 1 to grade 2 increased their level of delinquency on
average, whereas those who went from grade 3 to grade 4 (the exam class
of this type of education) had an average decreasing level of delinquency.24

No network differences are found with regard to the more substantive
behavioral influence effects.

DISCUSSION

In this article, longitudinal network data have been used to examine the
interplay between delinquent peers and delinquent behavior in the context
of social network dynamics and individual development. The employed

24. No systematic differences were found between the two cohorts for the other
parameters.
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method (SIENA) made it possible to analyze and distinguish delinquent
peer selection and peer influence within the context of other effects on
peer relationships and offending. Previously, traditional research relied on
perceptual accounts by respondents of their friends’ level of delinquency,
which probably overestimated the similarity in behavior (Jussim and
Osgood, 1989; Kandel, 1996; Weerman and Smeenk, 2005). This study can
be placed in the emerging tradition of social network studies on peers
and delinquency (e.g., Baerveldt, Völker, and Van Rossem, 2008; Burk,
Steglich, and Snijders, 2007; Haynie, 2001, 2002; Knecht, 2008). It extends
existing studies by using a relatively large sample with data on networks of
students from the same grade and by including an unusually wide array of
effects on peer selection and delinquent behavior. The analyses are based
on two consecutive waves of data collection (with a 1-year interval) from
the NSCR School Study, conducted in the Netherlands.

Several important conclusions can be drawn from the results. First, the
results indicate that the association between delinquency of nominated
school friends and an individual’s own delinquency is relatively modest
compared with studies that employ traditional measurements of peer delin-
quency. Also, the association between changes in average school friends’
delinquency and an individual’s own delinquency is relatively modest in
comparison with other dynamic associations (e.g., changes in delinquency
and self-control). These findings are in line with earlier social network
studies, suggesting that the importance of (actual) peer behavior might have
been overestimated in the past.

Second, the findings of the SIENA analyses did not offer support for
the well-known notion that delinquent “birds of a feather flock together”
(Glueck and Glueck, 1950; Hirschi, 1969). No significant effect of peer
similarity in delinquency was found for friendship selection in schools, and
neither was a significant effect of dissimilarity in delinquent behavior found
on breaking friendship ties. However, the following significant effects on
network formation were found: structural network effects like preferences
for reciprocity; making indirect ties and transitive triplets; and similarity
preferences for having the same sex, ethnicity, and being in the same class.

Third, modest support was found for delinquent peer influence in the
context of the school network; a small effect was found for the aver-
age delinquency level of nominated fellow students on changes in one’s
own delinquency level. Apart from standard behavioral tendency effects,
changes in the level of self-control, morality, and the bond with school also
appeared to be affecting changes in delinquency. In addition, a substan-
tive effect was found for joining or leaving informal street-oriented youth
groups. Another peer-related factor, changes in time spent with peers, did
not appear to have an effect on changes in delinquency.
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The findings of this study indicate that peer networks at school have
their own dynamics; friendship choices are, for a large part, the result
of general mechanisms that occur in social networks, and they are not
primarily directed by delinquent behaviors or attitudes. Choices by others
often are reciprocated, students do not like to break reciprocated ties, and
indirect connections play a crucial role in the occurrence of new relations
among students. Equally important seems to be the organization of school
grades in different school classes; new friendships develop relatively often
with classmates. This finding offers evidence for proximity selection; more
opportunities exist to interact with classmates, which enhances the chances
of ties being formed. Preferences to make new ties with others from the
same sex and ethnic background also might play a substantial role. How-
ever, delinquent behavior and moral attitudes do not seem to be important
in the network formation at school. At best, they might have a small role
in comparison with other processes. This finding contradicts the notion,
in particular made by control theorists (Gottfredson and Hirschi, 1990;
Hirschi, 1969), that delinquent peers usually select each other as friends.
However, in an earlier stage of the analysis, a tendency was found to break
ties with friends who are dissimilar in their level of self-control. Although
this effect was not statistically significant in the final, “grand” model, it
might be interesting to investigate this potential effect in future research.

Regarding changes in delinquent behavior, the results indicate that a
significant effect of delinquent peers exists within the school network con-
text. Apparently, at least some students seem to adapt their behavior to
the average level of their friends in school. This finding is line with social
learning theories of delinquency (Akers, 1973; Sutherland, 1947). However,
the effect appears to be barely significant, although the effect size appears
to be comparable with other significant effects. This finding indicates that
the effect is not robust within the employed SIENA analysis. This outcome
might be a result of technical reasons, such as the inclusion of only two
waves of data, which make it difficult to detect with high certainty whether
respondents adapt their behavior toward the other members of their peer
network. According to the SIENA methodological literature, more than
two waves of data increases the power to establish selection and influence
effects. The finding of a relatively small effect also implies that delinquent
behavior of (school) friends only can be a partial explanation of changes
in behavior apart from other individual and social influences. For example,
the significant effects of changes in self-control and morality suggest that a
growth in psychosocial maturity during adolescence has a decreasing effect
on delinquent behavior. This finding resembles developmental psychologi-
cal theories in which a general tendency toward less impulsivity, more self-
reflection, and a higher level of moral reasoning is assumed during adoles-
cence (Kohlberg, 1984; Loevinger, 1997). Also, it is possible that it is not
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only or even primarily actual peer delinquency that is influencing one’s own
behavior but also perceived peer delinquency. Adolescents often mutually
overestimate the extent to which deviant behavior is expected, which is a
phenomenon known as “pluralistic ignorance” or “mutual misunderstand-
ing” (Matza, 1964; Warr, 2002). When this happens, social psychological
processes (like a preference for balance) might lead adolescents to conform
to a norm that is more delinquent than is required in reality.

The finding of an effect of street-oriented youth groups indicates that
peer contacts outside the school have an additional influence on delinquent
behavior. No effect was found for changes in the time spent with peers,
which appears to contradict the hypothesis made by Warr (1993) that the
striking similarity in the age–crime curve and peer exposure in adolescence
suggests a causal relation between those two factors. The results are more
in line with the contention by Osgood and colleagues that unsupervised
exposure to peers (which includes publicly hanging out on the street) is the
most important peer factor (Osgood and Anderson, 2004; Osgood et al.,
1996). Also, it is in line with the finding that involvement in a street gang
has a facilitating effect on delinquent behavior (Battin, Hill, and Abbott,
1998; Klein, 1995).

It is important to note that the results from the current study partly differ
from findings of other social network studies. More precisely, the current
study did not find a significant selection effect for similarity in delinquency,
whereas earlier studies did (Baerveldt, Völker, and Van Rossem, 2008;
Burk, Steglich, and Snijders, 2007; Knecht, 2008; Snijders and Baerveldt,
2003). However, in those studies, the effect also was small in comparison
with other structural network effects. Furthermore, the significant but small
peer influence effect of this study differs from Knecht (2008), who did not
find any effect at all, as well as from the studies by Burk, Steglich, and
Snijders (2007) and Baerveldt, Völker, and Van Rossem (2008), who found
stronger influence effects for delinquent peers. These differences might be
explained in part by differences in design. The studies by Knecht and by
Burk, Steglich, and Snijders did use several waves of data instead of two. In
the study by Knecht, smaller time lags also were used between the waves,
which might have facilitated the detection of peer selection effects during
the school year. However, the current study covered networks of complete
grades of students and included effects of school class composition that
were not investigated in the other studies. This difference also might explain
the differences between the studies. Perhaps behavioral similarity does play
a role in friendship choices within classes (where more communication
occurs over past behaviors), whereas it is less important within the broader
context of complete school grades. This suggestion is supported by the find-
ing of relatively small selection effects in the study of Baerveldt, Völker, and
Van Rossem (2008), who also used network data of complete school grades.
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A specific feature of the study by Burk, Steglich, and Snijders (2007), who
found relatively large influence effects, is that their study included not only
school friends of the sample but also friends outside the school. The ap-
parently stronger influence effect might result from the fact that their data
included information about the behavior of a more complete set of friends.

More generally, the current study has several limitations that need to be
taken into account. First, the network data are limited to peer nominations
of the same grade within the school context. This data set excludes fellow
students from other grades and, more importantly, friends and peers from
outside the school situation. On the street, young people might be more
selective in the friends they make, and peers in the neighborhood might
have a stronger effect on respondents’ behavior than the peers at school.
Second, the study is based on two waves of data with a 1-year interval.
One year might be too long to grasp potential peer effects that might
occur during shorter time frames, and two waves might have made it more
difficult to detect selection and influence effects with the SIENA method.
The use of two waves of data also makes it difficult to rule out the possibility
that changes in the independent control variables are causally posterior to
delinquency instead of prior. For example, it cannot be ruled out that moral
attitudes or reported self-control levels are adapted after the respondents
already have engaged in more or less delinquent behaviors. Finally, not all
first wave respondents could be retained in the follow-up, and the ones that
fell out of the study reported a higher mean delinquency level than the ones
that remained in the sample. This issue might have caused additional error
in the estimations and probably complicated the establishment of significant
effects in the analyses.

Future studies are needed to obtain more clarity about the actual sig-
nificance of selection and influence effects and other findings from this
and other social network studies. This study should be perceived as one
of the first steps in getting a more contextualized insight into the role
of delinquent peers during adolescence. New investigations can improve
the current study in several ways. Inclusion of wider peer networks might
expand the generalizability of this study, but it also might find differences
between street peer networks and school peer networks. More than two
waves of data collection might be employed to take full advantage of
the possibilities of the SIENA software and to obtain more clarity about
causal orderings. Shorter intervals between waves also might help to detect
possible selection and influence effects (although, at the same time, the
amount of changes might decrease). The inclusion of new independent
variables or more precise measures of unsupervised socializing and street
group membership might help to obtain a better understanding of the
role of peers in behavioral change. Also, other possibilities of the SIENA
software might be used more extensively (e.g., the use of “ego and alter”
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effects to detect whether respondents with certain characteristics tend to
make more friends or get more nominations by others). Also, the inclusion
of interaction effects between variables in the SIENA model might improve
our insights into the relation between peers and delinquency.

However, although more and improved research is needed, some impor-
tant lessons can be learned from this article. First, delinquent behavior
does not appear to be an important criterion in peer selection. Instead,
many other selection processes are probably more influential during the
formation of peer networks. Second, delinquent school friends do appear to
exert an influence on adolescent offending, although it might be relatively
modest in the context of other social and developmental changes that occur
during adolescence. Third, being in an informal youth group on the street
might provide an additional peer influence next to adapting to one’s peer
delinquency level. In short, this article demonstrates that the role of peers
in delinquency is more complex than many scholars believe. It deserves
continued research attention.
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