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General introduction
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Tobacco use is the second major global cause of mortality and the fourth most
common risk factor for disease worldwide [1]. In most Western countries, there is an
increase during adolescence in the prevalence of smoking [2, 3]. Among 13-year
olds, the prevalence of regular smoking varies from 3.5% to 12.5% and increases to
17% to 24.5% for 15-year olds [4]. Experimenting with smoking by adolescents is not
without risks. Once adolescents start to smoke, it is very hard to quit and due to the
physiological dependence on nicotine they are more likely to become a regular
smoker [5-7]. Insights into the different processes that might explain smoking initiation
and maintenance during adolescence may benefit the development of prevention
programs and adaptation of policies regarding effective smoking prevention.
Peer groups play a crucial role in adolescent smoking behavior [8-11], as
evidenced by previous research suggesting that smokers befriend smokers and nonsmokers befriend non-smokers [9, 10]. Similarity in smoking behavior among friends
might be caused by social influence processes or selection of friends based on similar
smoking behavior. This dissertation aims to disentangle selection and influence
processes in the context of adolescent smoking behavior.

SMOKING BEHAVIOR SIMILARITY AMONG FRIENDS
A substantial body of research suggests that smoking behavior is often similar among
friends [9, 10]. Similarity in smoking behavior among friends may occur as a result of
two different processes: friendship selection and influence processes.
Selection occurs when adolescents select friends with similar smoking
behavior during the formation of a new friendship [12, 13]. When smokers select
smoking friends and non-smokers select non-smoking friends, smoking behavior
among friends becomes similar. Smoking behavior similarity among friends may
furthermore be increased by deselecting dissimilar smoking friends [13].
Social influence among friends occurs when adolescents adjust their smoking
behavior in response to the example of or the direct pressure by their friends [12-14].
According to Social Learning Theory, individuals observe, model, and imitate
behavior of important individuals in their environment [15, 16]. As best friends set an
example or function as a role model, adolescents are inclined to imitate their best
friends’ smoking behavior. Adolescents might also perceive direct pressure to smoke.
Direct pressure encompasses behaviors like offering a cigarette, persuasion,
challenging or pestering someone to smoke [17]. Furthermore, there are several other
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influence processes that may cause smoking behavior similarity among friends.
Friends for example may be simultaneously exposed to external influences from
parents and siblings, the neighborhood, school policies or the media [18-22]. Figure 1
demonstrates how smoking behavior similarity among friends might be caused by
selection and influence processes.
Figure 1 Selection and influence processes leading to similarity among friends
Selection processes
T1
A

T2
B

C

B

A

D

D

C

At T1 A considers B as a friend,
and D considers C as a friend
At T2 smoking behavior did not change.
A no longer considers B as a friend (deselection),
but now considers nonsmoker C as a friend (selection).
Smoker D no longer considers nonsmoker C as a friend,
but now considers smoker B as a friend.

Influence processes
T2

T1
A

B

A

B

C

D

C

D

= non-smoker;

= smoker;

At T1 A considers B as a friend
and D considers C as a friend
At T2 relationships did not change.
A started smoking like friend B.
D stopped smoking now like his friend C.

= friendship tie; T1 = observation 1; T2 = observation 2.

PREVIOUS RESEARCH
During the past few decades, several studies have tried to separate selection from
influence processes in adolescent deviant behaviors such as smoking behavior,
marijuana use, alcohol consumption and delinquency. Cohen (1977) examined the
relative contribution of influence, selection or deselection to group homogeneity
according to 18 individual characteristics, including smoking behavior. The results
showed that both influence and selection contributed to homogeneity. Initial
selection of similar friends accounted for most of the similarity observed in any given
group [23]. Kandel (1978) focused on the degree of similarity on a variety of
characteristics within real-life adolescent friendships in New York high schools.
Similarity was lowest in unstable friendships, both prior to and after dissolution of the
friendship. Influence and selection contributed equally to the similarity observed
cross-sectional on the four characteristics, marijuana use, educational aspirations,
political orientation and minor delinquency [24]. Fisher and Bauman [12] conducted
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a longitudinal study that investigated cigarette-smoking behavior of ninth graders.
Changes in the composition of friendship pairs over time were examined. They
concluded that selection was stronger than influence for smoking behavior. The
deselection mechanism received negligible support in this study. Ennett and Bauman
[13] reanalyzed the same data after creating peer groups with social network
techniques. They concluded that selection appeared to be at least equally
important as influence in peer group homogeneity. Therefore, peer influence will be
exaggerated if one does not control for selection. Kirke [25] interviewed all 14 to 18
year old adolescents from one district electoral division in Dublin County Borough
(Ireland). Individual level data on the use of alcohol, cigarettes and drugs were
combined with the social network data. Findings suggested that peer influence by
the peers who are similar would be exaggerated if selection is not controlled for.
If smokers select each other as friends, then still the question remains to be
answered why they started to smoke to begin with. Engels and colleagues [26]
demonstrated that both influence and selection processes contributed to peer
group homogeneity, but the largest part had to be attributed to selection. Urberg
and colleagues [27] proposed a two-stage model of peer influence. Selection (stage
1) was analyzed across the first two measurements of a four-wave longitudinal
dataset. Influence was analyzed using the third and fourth waves of the dataset.
Adolescents who did not value school achievement or spending time with parents
choose more friends who smoke more cigarettes than they did. High peer
acceptance and high friendship quality resulted in adolescents conforming to their
friends’ substance use behavior. Simons-Morton and Chen [28] found that initial
smoking behavior predicted an increase in smoking friends over time, indicating
selection, and the initial number of smoking friends predicted smoking progression,
providing evidence for influence. De Vries and co-workers [29] conducted a
longitudinal study in six European countries, investigating whether smoking onset in
young adolescents is predicted by peer or parental smoking using structural equation
modeling (SEM) techniques. No support was found for peer smoking as an important
predictor for smoking onset. Support was found for peer selection processes.
The main conclusions of the above reviewed body of research, as well as
several other studies conducted during the past decade [30-34], is that the role of
peer selection processes appears to be at least as significant as the role of peer
influence processes, certainly during adolescence.

10
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PITFALLS AND GAPS OF PREVIOUS RESEARCH
After decades of research attempting to disentangle selection and influence
processes, some important limitations remain present and will be discussed in detail in
this section. The pitfalls of these studies are sometimes the result of limitations of
traditional analysis techniques, such as regression techniques and SEM techniques.
These statistical aspects will also be discussed in the next section.
Projection bias
In examining selection and influence processes within friendships, adolescents’
reports on their friends’ smoking behavior or on the number of friends who smoke are
often used as measures of friends’ smoking behavior [26, 28, 29]. This can result in
smoking behavior among friends seeming more similar than it actually is, as
adolescents project their own smoking behavior on their friends [35-37]. It is important
to avoid projection bias by using the smoking behavior as reported by the friends
themselves.
The association between smoking behavior of friends and adolescents
In many longitudinal studies, the association between friends’ smoking behavior and
the smoking behavior of adolescents at a later time is interpreted as social influence
[28, 29]. However, adolescents go through many friendship changes over time [38,
39]. Friends at a first measurement might no longer be friends at follow-up. If such
friendship changes are not accounted for, this method can lead to biased
estimations of social influence.
The impact of friendship reciprocity
Previous research has demonstrated that the social position of an adolescent within
peer group structures is associated with differences in smoking behavior, selection,
and influence processes [27, 40-43]. Several studies for example suggested
differences between reciprocal and non-reciprocal friendships [27, 43]. Reciprocal
friendships may offer higher friendship quality, resulting in more opportunities for
influence processes to cause similarity of smoking behavior [27, 43]. Urberg also
identified best friends rather than social crowd to be the major source of influence
[42]. Pearson and colleagues considered differences in reciprocity and furthermore
categorized all adolescents that shared reciprocal friendships into relative isolates,
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group peripherals or group members. Adolescents on the periphery of peer groups
were the most important targets for selection and influence [40].
The impact of developmental changes on influence and selection
During adolescence, many developmental changes occur that might have an
impact on selection and influence processes based on similar smoking behavior.
Previous research demonstrated that with age, children become more and more
selective. They increasingly restrict their nominations to children that return their
friendships [44] and form more stable friendships [45], which implies that children
become more selective in their choice of friends. Older children’s criteria for
choosing friends become more relevant for later phases of friendship, for friendship
satisfaction and durability [46]. Therefore it is feasible that the importance of selection
of friends based on similar smoking behavior may decrease with age, as similar
smoking behavior will probably not be regarded as a selection criterion anymore.
Age-related increase in selectivity may also be due to weakening environmental and
parental constraints on youngsters’ social contacts [46]. Adolescents become more
independent and gain more access to potential friends, which may imply that they
can afford to be selective. Another explanation for increased selectivity is based on
the maturation of social cognitive skills, which may lead to using more selection
criteria or gather more easily evaluative information about external and internal
attributes of potential friends [46]. It is assumed that older children have more
elaborated self-schemas, which enables them to look for friends whose attributes
overlap with or complement their own [47]. With age, adolescents furthermore gain a
longer perspective on friendships. They start evaluating what each partner gives and
receives [46]. A friend’s deeds are considered as an expression of the friend’s
personality, each trusts the other’s long-term commitment to the friendship [48].
Besides changes in smoking-based selection processes, Influence processes may also
change over time, as older children’s disagreements become less disruptive and do
not necessarily lead to negative evaluations of the self or the other anymore [49, 50].
So it is feasible that Influence processes among friends in the context of smoking
behavior may decrease with age.
Differences between adolescent males and females
Children tend to associate mainly with others of the same sex, and to have close
friends almost always of the same sex [51]. Although other-sex friendships begin to
develop during adolescence, sex similarity among friends is still marked [52, 53].
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Same-sex peer relationships are an important socializing context that may result in
different social-interaction styles between adolescent males and females. Girls are
known to have a larger number of intimate friendships compared to boys [51, 54-56],
to report a higher intimacy level compared to boys [55, 56], and are more likely to
turn to their peers for support [57]. Furthermore, girls are more sensitive to potential
costs of conflicts within a friendship and more often compromise to resolve a conflict
[58]. The results of these studies may suggest that female networks offer more
opportunities for influence processes to play a role. It is important to study differences
between such female friendships and male friendships regarding smoking-based
selection and influence processes during adolescence.
The studies presented in this dissertation will only use smoking behavior as reported by
the friends themselves and will control for friendship changes and reciprocity by using
structural equation modeling techniques (chapters 2 and 3) or social network
analyses (chapter 4, 5, and 6). Selection and influence processes will be examined
over time to account for developmental changes during adolescence and
differences between male friendship networks and female friendship networks will be
explored.

PITFALLS OF CONVENTIONAL STATISTICAL ANALYSES TECHNIQUES
Of the various statistical techniques used by previous researchers to disentangle
selection and influence effects, until recently structural equation modeling (SEM)
remained the best option as it had the least shortcomings. This statistical technique is
able to examine selection and influence processes simultaneously, while mutually
controlling for each process. However, this method still is limited by not being able to
address three main issues that are fundamental for the separation of selection and
influence processes: (1) modeling the occurrence of changes in friendships and
smoking behavior between consecutive observation moments in a more realistic way
(2) controlling for alternative selection mechanisms, and (3) allowing network
dependencies to occur [59].
First, longitudinal data are mostly gathered at only a few discrete moments in
time (panel data). As the processes of network evolution and behavior change were
not traced in continuous time, it is impossible to unequivocally identify which process
is responsible for network or behavioral change. For many individuals the set of friends
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at one observation moment will be different from the set of friends at the next
observation moment, and in SEM it is necessary to make decisions, with arbitrary
components, to specify whose influence has played a role in such cases. But even if
the set of friends remained the same, the following sketch illustrates that there still is
ambiguity left. In between two discrete observations, a change might have occurred
as well as a change back to the original value during the same period. Figure 2
demonstrates a diagnosed influence process that was actually selection based on
similar smoking behavior when observing all changes made in continuous time. The
longer the time interval, the higher the possibility alternative trajectories take place.
By using SEM techniques, such changes in-between two discrete observations are not
modeled and the occurrence of influence will be wrongfully assumed in this case.
Figure 2 Incomplete observations of change
Incomplete observation
T1

Observed friendship tie from a non-smoker to a smoking friend

T2

Influence of friend to become a smoker

Complete observation
T1

Observed friendship tie from a non-smoker to a smoking friend
The friendship dissolved
Smoking behavior became similar due to alternative mechanisms

T2
= non-smoker;

Selection of friend based on similar smoking behavior
= smoker;

= friendship tie; T1 = observation 1; T2 = observation 2.

Second, even when data would be completely observed, the problem of alternative
mechanisms remains in SEM analyses. The selection of friends takes place not only
based on attributes such as smoking behavior but also on the basis of current
network structure. One example is ‘transitivity’, which is one of several purely
structural network mechanisms that are known to play a strong role in friendship
formation. Transitivity reflects the tendency to select those friends that are already
friends of your friends regardless of their smoking behavior [60, 61]. Not controlling for
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such mechanisms would mistakenly lead to diagnosing selection based on similar
smoking behavior.
Third, when analyzing data of a complete network, the smoking behavior
score of a specific individual can appear in more than one observation in the
dataset. Smoking behavior of many individuals will also appear as smoking behavior
scores of friends in observations of other individuals. This phenomenon violates
independence of observations, a crucial assumption of conventional statistical
methods, including SEM analyses.
Recently developed social network analyses techniques, however, account
for these three shortcomings described above. During the course of this dissertation
project, a new social network analysis method was developed and implemented in
the Simulation Investigation for Empirical Network Analyses (SIENA) software, capable
of assuming that changes may occur continuously in between different observation
moments, taking alternative explaining selection mechanisms such as transitivity into
account, and handling network dependencies [62]. In the next sections, this new
method to model network and behavior co-evolution, incorporated in the SIENA
software, will be explained. In chapter seven of the present dissertation, advantages
and disadvantages of both analyses techniques will be further discussed.

SOCIAL NETWORK ANALYSES
Longitudinal social network models
Starting in the 1970s network analysts proposed to account for continuous changes in
networks between discrete observations, by using continuous-time Markov chains
[63]. In continuous-time Markov chains developmental trajectories of an individual’s
network are represented as a process taking place continuously over time and each
of the network changes made by an individual are assumed only to depend on the
current state of the network and not on the past. The current state of the network
captures all the information that could influence future evolution of the network.
Future states of the network will be reached through a probabilistic instead of a
deterministic process. At each step the current state may be changed to another
state (for example the transition from being without friends to choosing one friend or
remain in the same state (staying without friends), according to a probability
distribution. Such a stochastic model can be fitted to data collected at discrete
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observation moments, e.g. by imputing likely trajectories between observation
moments.
The reciprocity model of Wasserman [63] is an example of a continuous-time
Markov chain model of social networks which furthermore was able to account for
selection of reciprocal and non-reciprocal individuals. This reciprocity model was
extended by Snijders [64, 65] to account for other more complex alternative selection
mechanisms such as transitivity (being friends of your friends’ friends). However, not
until recently, this model [63] has been extended to include behavior evolution as
well as network evolution. In the next paragraph this model, which is called ‘the
actor-based model for network-behavior co-evolution’ will be explained in detail, in
the context of friendship networks and adolescent smoking behavior.
An actor-based model for co-evolving friendship networks and smoking behavior
Actor-based models for network-behavior co-evolution assume that at two or more
observation moments, a directed network and one or more behavioral variables are
observed for a finite set of social actors. The network is represented by a
dichotomous relational variable, indicating for example who directs friendship ties to
whom. The behavior, like for example smoking behavior, is assumed to be a
dichotomous or discrete ordinal variable. Adolescents can change their smoking
behavior, and also their friendship ties, in response to the current friendship network
structure and the smoking behavior of the other adolescents in the school network.
Each adolescent is thought to make decisions to change their friendship ties or
smoking behavior to optimize his or her position in the network according to shortterm tendencies and constraints as well as a residual unknown element, modeled as
a random deviation. These short-term tendencies and constraints are modeled in the
actor-based model for co-evolving friendship networks and smoking behavior. An
adolescent may for example choose to make a change in his or her friendship
network and choose a particular friend based on his or her tendency to choose
smokers as friends. Another adolescent may choose to smoke at a lower rate based
on the smoking behavior of his or her parents, which may act as a constraint when
they are non-smokers. Two modeling parts can be distinguished in the actor-based
model: one part models friendship network changes and the other part models
smoking behavior changes. These two models are integrated and tested
simultaneously to account for the interdependency between friendship networks and
smoking behavior. In this manner, the current state of the continuously changing
friendship network can be a stimulus and constraint for changes in smoking behavior,
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while at the same time the current state of smoking behavior can act as a stimulus
and constraint for changes in the friendship network.
Three statistical assumptions are made to simplify the modeling procedures:
First, changes between measurement points are modeled as continuous-time Markov
chains. This means that for obtaining parameter estimates, the model imputes likely
behavioral and network change trajectories between two observation moments,
and that the changes adolescents make in their friendship network or smoking
behavior are assumed to depend only on the current state of affairs. Second, actors
may change only one friendship tie or one level of smoking behavior at any moment
in time. Simultaneous changes of two friendship ties for example are modeled as two
successive changes in time. A change in smoking behavior from score 2 to score 4 is
modeled by a change from score 2 to 3 followed by a change from score 3 to 4.
Third, actors react to each others’ changes in friendship ties and smoking behavior,
but do not negotiate or otherwise make joint changes based on prior agreement. An
agreement like ‘when you start smoking, I’ll become your friend’ is modeled as
resulting from two smaller changes. Between those changes, the causal link cannot
be enforced: ‘you may start smoking, but whether that will result in a friendship
remains to be seen’ [65].
The actor-based model for co-evolving friendship networks and smoking
behavior is used to disentangle selection and influence processes in chapters 4, 5,
and 6 of the present dissertation. Since the actor-based model can include different
selection and influence effects, a detailed description of the actor-based model is
given in each of these chapters.

PROJECT OVERVIEW
Our main interest in this research is to disentangle the role of selection and influence
processes among adolescent friends in the context of smoking behavior.
Research Questions
1. Do friends select each other based on similar smoking behavior?
2. Do friends influence each other in smoking behavior?
3. What is the role of friendship reciprocity in influence and selection processes?
4. Do influence and selection processes change over time?
5. What is the role of gender?
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Characteristics of the project
These research questions are treated here in five studies, presented in chapters 2-6.
The main characteristics of the five studies are presented in Table 1. All studies use
data collected by De Vries and colleagues [66] during the European Smoking
prevention Framework Approach (ESFA) study in six European countries: Finland,
Denmark, the Netherlands, Portugal, Spain, and the United Kingdom. Data were
collected for the first time in autumn 1998 among 7th graders. Follow up was
conducted 12, 24, and 30 months later. All pupils present in the schools on the days of
data collection completed the questionnaire and it was explained to them that
responses would be treated confidentially and that they could refuse to participate.
This dissertation includes only the adolescents that participated in the control group.
Findings regarding the Dutch sample are presented in chapters 2 and 3. Chapter 4
presents the findings of the Dutch, Danish, Finnish, English, Spanish, and Portuguese
samples, while Chapter 5 and 6 present findings for the Finnish sample.
Table 1 Characteristics of the five studies described in the current dissertation
Study 1

Study 2

Study 3

Study 4

Study 5

Chapters

2

3

4

5

6

Research question

1,2,3

1,2,3,4

4,5,6

3,4,5,6

3,4,5,6,7

Country

The

The

The

Finland

Finland

Netherlands

Netherlands

Netherlands,

1998, 1999,

1998, 1999,

Denmark,
Finland, Spain,
Portugal, UK
Data

1998 and

1998, 1999,

1998, 1999,

collection

1999

2000, and 2001 2000, and 2001 2000, and

2000, and 2001

2001
Sample size

1886

1886

7704

1326

1163

Outline of the dissertation
In the first part of this dissertation we use structural equation modeling techniques to
examine selection and influence processes among adolescent friends (chapters 2
and 3), whereas in the second part of this dissertation we use social network analysis
techniques (Chapters 4-6).
In chapter 2 we examine social selection and social influence within
adolescent friendships, and the role of parents and siblings, as factors explaining
similarity of smoking behavior among adolescent friends. This chapter addresses
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three often neglected design issues to improve our understanding of the role of
selection and influence processes. We use smoking behavior as reported by the
friends themselves instead of adolescents’ reports on their friends’ smoking behavior.
We examine social selection and social influence simultaneously while considering
friendship composition changes, and focus specifically on both reciprocal and nonreciprocal friends.
In chapter 3 using longitudinal analyses we explore the contribution of
selection and influence processes in smoking behavior similarity among friends, and
specifically focus on changes in these processes during early and mid adolescence.
We again use the smoking behavior of friends as reported by themselves and
consider friendship composition changes and reciprocity. As it is possible that
friendships are terminated based on smoking behavior dissimilarities among friends,
we furthermore examine the effects of smoking behavior of former friends.
In chapter 4 the co-evolution of friendship networks and adolescent smoking
behavior is examined in 6 European countries. Selection and influence processes are
disentangled by using new methods of social network analysis that are capable of
assuming that changes may occur continuously in between different observation
moments, taking alternative explaining selection mechanisms such as transitivity into
account, and handling network dependencies.
In chapter 5 the mutual influence of friendship networks and smoking
behavior is studied in-depth among Finnish adolescents. In this chapter, newly
developed social network analyses techniques are used. We examine whether the
strength of smoking-based selection and influence processes differ between
reciprocal and non-reciprocal friendships.
In chapter 6 we examine differences between male friendship networks and
female friendship networks among Finnish adolescents. Smoking-based selection and
influence processes are examined in these gender segregated friendship networks,
again by using social network analysis techniques.
Finally, in chapter 7 the main findings of the 5 studies are summarized and
discussed. We address theoretical and practical implications and directions for future
research.
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CHAPTER 2
Disentangling selection and influence effects on adolescent smoking

Based on: Mercken, L., Candel, M., Willems, P., & de Vries, H. (2007) Disentangling
social selection and social influence effects on adolescent smoking: the importance
of reciprocity in friendships. Addiction, 102 (9), 1483–1492.
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ABSTRACT
Aims: The goal of this study was to examine social selection and social influence
within reciprocal and non-reciprocal friendships, and the role of parents and siblings,
as factors explaining similarity of smoking behavior among adolescent friends. A new
social selection–social influence model is proposed. Design: Longitudinal design with
two measurements. Setting: Data were gathered among Dutch high school students
in the control group of the European Smoking prevention Framework Approach
(ESFA) study. Participants: The sample consisted of 1886 adolescents with a mean
age of 12.7 years. Measurements: The main outcome measures were the smoking
behaviors of the respondents, best friends, parents, and siblings. We tested the social
selection–social influence model with structural equation modeling techniques.
Findings: Social selection and social influence both played an important role in
explaining similarity of smoking behavior among friends. Within non-reciprocal
friendships, only social selection explained similarity of smoking behavior, whereas
within reciprocal friendships, social influence and possibly also social selection
explained similarity of smoking behavior. Sibling smoking behavior was a more
important predictor of adolescent smoking behavior than parental smoking
behavior. Conclusions: Social selection and social influence both promote similarity
of smoking behavior, and the impact of each process differs with the degree of
reciprocity of friendships. These insights may contribute to further refinement of
smoking prevention strategies.
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INTRODUCTION
Smokers befriend smokers and non-smokers befriend non-smokers [9, 10]. Peer groups
play a crucial role in adolescent smoking behavior [8-11]. Smoking behavior is often
similar among friends as a result of social selection and/or social influence. The
influence hypothesis posits that friendships cause smoking behavior, whereas the
selection hypothesis posits that smoking behavior promotes friendships.
Friends can have similar smoking behaviors when friendships are formed on
the basis of a common smoking behavior. Smokers select smoking friends and nonsmokers select non-smoking friends. In these cases, social selection based on
common smoking behavior produces similarities in smoking behavior among friends
[12, 13, 35]. Social influence among friends occurs when smoking behavior within
established friendships becomes similar. Adolescents start smoking in response to
direct pressure by, or the example of, peer friends [12, 13]. Smoking behavior within
friendships can also become similar when friends do not influence each other, but
are exposed to a situation or person of influence [67]. Children are more likely to
smoke if one or both parents smoke [68-71] and there is less transfer of knowledge,
attitudes, and skills that prepare children to resist smoking [72]. The few studies that
have examined the effects of sibling smoking also show an association between
sibling smoking and adolescent smoking [18].
Currently, most smoking prevention programs are based on the assumption
that smoking onset is caused by peer smoking and by an incapability among
adolescents to resist peer pressure [73, 74]. Nonetheless, mounting evidence suggests
that social selection may be just as important as, or even more important than, social
influence in explaining similarity of smoking behavior within friendships [12, 13, 23, 26,
29, 36, 75]. In this context, it is important to acknowledge three often-neglected
design issues to improve our understanding of the role of selection and influence
processes.
First, in examining social selection and social influence within friendships,
adolescents’ reports on their friends’ smoking behavior or on the number of friends
who smoke are often used as measures of friends’ smoking behavior [26, 28, 29]. This
can result in smoking behavior among friends seeming more similar than it actually is,
as adolescents project their own smoking behavior onto their friends [35-37]. It is
important to avoid projection bias by using the smoking behavior as reported by the
friends themselves.
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Second, in longitudinal studies, an association between friends’ smoking behavior
and the smoking behavior of adolescents at a later time is often interpreted as social
influence [28, 29]. However, adolescents go through many friendship changes over
time [38, 39]. Friends at a first measurement might no longer be friends at follow-up. If
such friendship changes are not considered, this method can lead to biased
estimations of social influence.
Third, previous research has indicated that the social position of an
adolescent within peer group structures is associated with differences in smoking
behavior, selection, and influence processes [27, 40-43]. Several studies suggested
differences between reciprocal and non-reciprocal friendships [27, 43]. Reciprocal
friendships offer higher friendship quality, resulting in more opportunities for influence
processes to cause similarity of smoking behavior [27, 43]. Urberg also identified best
friends rather than social crowd to be the major source of influence [42]. Pearson
and colleagues considered differences in reciprocity and furthermore categorized all
adolescents who shared reciprocal friendships into relative isolates, group peripherals
or group members. Adolescents on the periphery of peer groups were the most
important targets for selection and influence [40]. Therefore, it is important to
consider reciprocity when studying selection and influence processes.
The goal of this study is to examine social selection and social influence of friends,
parents, and siblings, taking all the issues mentioned into account. We examine
selection and influence processes simultaneously, and focus specifically on both
reciprocal and non-reciprocal friends.

METHODS
Participants
The sample consisted of 1886 adolescents in nine randomly selected Dutch schools
that participated as a control group in the European Smoking prevention Framework
Approach (ESFA) study [66]. Adolescents participating in the experimental group
were not included, as the smoking prevention intervention was effective in the
Netherlands [76], and relationships between variables of interest might also have
changed.
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Procedure
We distributed self-administered questionnaires among all 7th graders of each
participating school during the autumn of 1998. Follow-up was conducted 12 months
later [66, 76]. We asked all students present on the day of data collection to
complete the questionnaire and explained to them that responses would be treated
confidentially and that they could refuse to participate. Students returned their
questionnaires in sealed envelopes to guarantee their anonymity. At baseline, the
proportion of refusals to participate was 0.56% in the Netherlands [66].
Questionnaire
The ESFA questionnaire was based on earlier studies about adolescent smoking
behavior [76-80].
The respondents’ smoking behavior was assessed with one question: ‘On
average, how many cigarettes do you smoke during a week (including the
weekend)?’ (0 = 0, 1 = between 0 and 1, 2 = 2–10, 3 = 11–30, 4 ≥ 30).
Best friends’ smoking behavior was assessed primarily by means of a name
generator in which each respondent could name up to five ‘best friends’ inside
and/or outside school [81]. Of these friends, only best friends inside school in the
same grade were included, as only they also filled in the questionnaire at exactly the
same time. Friends outside or inside the school, but not in the same grade as the
respondents who nominated them, were excluded. The self-reported smoking
behavior of each friend was traced back in their personal questionnaire. In view of
the ordinal nature of the respondent’s smoking behavior variable, we calculated a
median score of the smoking behavior of each respondent’s best friends.
Parental smoking behavior was measured by two questions: ‘Does your father
(or male caregiver) smoke?’ and ‘Does your mother (or female caregiver) smoke?’.
The answer was recoded into one variable (0 = neither of my parents smoke, 1 = at
least one of my parents smokes).
Sibling smoking behavior was measured by two questions: ‘Do one or more of
your brother(s) smoke?’ and ‘Do one or more of your sister(s) smoke?’, and was
recoded into one variable (0 = neither of my siblings smoke, 1 = at least one of my
siblings smokes).
We also recorded age, gender (0 = boy, 1 = girl), ethnicity (0 = nonnative, 1 =
native), religion (0 = not religious, 1 = religious), and alcohol consumption (0 = 0
glasses of alcoholic drinks per week, 1 = 1 or 2 glasses, 2 = 3 to 5 glasses, 3 = more
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than 5 glasses; 1 glass contains approximately 10 grams of pure alcohol), which
served as covariates in the analysis.
Model development
To examine social selection and influence, we developed an explorative model. First,
we took friendship changes into account by identifying friends indicated at the
second measurement (T2) as either newly chosen or long-standing friends. Newly
chosen friends had been selected for the first time by a respondent at T2, whereas
long-standing friends had already been selected at the first measurement (T1) and
were still friends at T2. Figure 1 illustrates the resulting model, in which selection is
reflected by the way respondents select friends, and influence by the way
respondents influence friends.
Figure 1 Basic model including newly chosen and long-standing best friends
BEST FRIENDS
SMOKING
T1

1
NEWLY CHOSEN

RESPONDENT
SMOKING
T1

2
LONG-STANDNG

BEST FRIENDS
SMOKING
T2

RESPONDENT
SMOKING
T2

T1= first measurement; T2= second measurement; Bold lines = selection and influence paths;
Dotted lines = influence of own previous behavior

The association between the smoking behavior of the respondents at T1 and longstanding friends at T2 (path 2) represents social influence only. By excluding dissolved
friendships, we make this path an unbiased estimation of social influence of
respondents on their friends. The association between the smoking behavior of
respondents at T1 and newly chosen friends at T2 (path 1) reflects social selection.
Path 1, however, could also represent social influence, as the respondent could have
influenced newly selected friends immediately after selection took place. To examine
social selection, we have to distinguish between reciprocal and non-reciprocal
friends. Nominated reciprocal friends perceive the adolescent to be their friend as
well, whereas nominated non-reciprocal friends do not perceive the adolescent to
be their friend. Immediately after selection of non-reciprocal friends, respondents
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probably cannot influence these friends, since non-reciprocal friends do not
perceive the respondent as a friend. In this case, only selection can explain smoking
behavior similarity.
The final model that makes the distinction clearly between non-reciprocal
and reciprocal friends and also includes parental and sibling smoking behavior is
shown in Figure 2. Paths 1 and 3 represent social selection. The association between
adolescent smoking behavior at T1 and non-reciprocal newly chosen friends’
smoking behavior at T2 (path 1) very probably reflects only social selection, whereas
path 3 can reflect social influence after selection took place as it involves reciprocal
friends. Paths 2 and 4 represent social influence within non-reciprocal and reciprocal
friendships, respectively. Selection processes, of course, might have been operating
before T1 to produce these long-standing friendships. The associations between the
smoking behavior of reciprocal and non-reciprocal friends at T1, and the respondents
at T2 also represent a social influence of friends. However, because we considered all
the respondent’s friends at T1, including those who were no longer the respondent’s
friends at T2, these associations probably underestimate social influence. Paths 5, 6,
and 7 represent the social influence of parents and siblings. Dotted paths represent
future behavior being correlated with the respondent’s own previous behavior. The
model included covariates of adolescent smoking behavior, so that age, gender,
ethnicity, religion and alcohol consumption were accounted for. The covariates were
allowed to influence the smoking behavior of all actors, both at T1 and T2.
Figure 2 Hypothesized social selection–social influence model
NONRECIPROCAL
BEST FRIENDS SMOKING
T1

1
NEWLY CHOSEN

LONG-STANDING

NONRECIPROCAL
BEST FRIENDS SMOKING
T2

RECIPROCAL
BEST FRIENDS SMOKING
T1

2

3
NEWLY CHOSEN

RESPONDENT
SMOKING
T1

4

5

PARENTS
SMOKING
T1

6

SIBLINGS
SMOKING
T1

7

LONG-STANDING

RECIPROCAL
BEST FRIENDS SMOKING
T2

RESPONDENT
SMOKING
T2

PARENTS
SMOKING
T2

SIBLINGS
SMOKING
T2

T1 = first measurement; T2 = second measurement; Bold lines = selection and influence paths; Non-dotted,
non-bold lines = influence of parents and siblings; Dotted lines = influence of past behavior
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Statistical analyses
We tested the model using structural equation modeling (SEM), with the help of
Mplus 4.1 software [82]. As the variables turned out to be not normally distributed, a
robust maximum likelihood (MLR) analysis was used [83]. MLR produces maximum
likelihood parameter estimates and standard errors that are robust to non-normality.
The MLR standard errors are computed with a sandwich (robust covariance matrix)
estimator [84]. MLR is based on all available data (not only complete cases) and
allows data to be missing at random (MAR) [82].
For measures of overall model fit, we present the Comparative Fit Index (CFI)
and the Tucker–Lewis Index (TLI). A good model fit is indicated by CFI and TLI values
higher than 0.90 [85]. In addition, as the sample size was large enough, we report the
root mean square error of approximation (RMSEA). The RMSEA is an estimation of the
lack of fit in a model compared to a perfectly saturated model. RMSEA values lower
than 0.05 indicate a good model fit [85].

RESULTS
Descriptives
The sample consisted of 1886 Dutch adolescents who completed the questionnaire
at T1. At T2, 1763 completed the questionnaire (93.5% of T1). Logistic regression analysis
showed that response at T2 was predicted significantly by the respondents’ alcohol
consumption (OR = 1.008; 95% CI = 1.002 – 1.014; p < 0.01) and friends’ smoking
behavior (OR = 1.605; 95% CI = 1.156 – 2.228; p < 0.01). Respondents who drank less
alcohol and respondents with best friends who smoked less were significantly more
likely to respond at T2.
Of all 1886 respondents, 50.1% were girls, 76.1% were of Dutch origin, and
49.8% said they had some religious background. The mean age of the respondents
was 12.7 years (SD = 0.61). The respondents nominated 5705 best friends at baseline
and 6695 at T2. Of these, 2967 friends at baseline and 3716 friends at T2 were in the
same school and grade as the respondents who nominated them. At baseline, 56%
of the best friends were non-reciprocal and 44% were reciprocal. At T2, 40% were
non-reciprocal newly chosen best friends; 10%, non-reciprocal long-standing; 34%,
reciprocal newly chosen; and 16%, reciprocal long-standing. The number of
reciprocal friendships increased over time. Table 1 depicts the smoking behavior of
respondents, best friends, parents, and siblings, and alcohol consumption of
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respondents at baseline. Table 2 shows the correlation matrix for the smoking
behavior of respondents, best friends, parents, and siblings at T1 and T2.
Table1 Baseline characteristics
Smoking behavior
0

1

2

3

4

Missing

Adolescents*

91.5

3.9

2.6

1.0

0.7

0.3

Nominated best friends*

58.8

3.0

1.4

0.5

0.2

36.1***

Parents**

48.2

51.6

-

-

-

0.2

85.8

14.1

-

-

-

0.2

Siblings**

Alcohol consumption^

Adolescents

0

1

2

3

-

Missing

77.9

4.1

1.0

0.7

-

16.3

*Smoking behavior adolescents and median smoking behavior of nominated best friends: 0 = 0 cigarettes
during a week; 1 = between 0 and 1; 2 = 2-10; 3 = 11-30; 4 = > 30; **Smoking behavior parents and siblings:
0 = none of them smokes; 1= at least one of them smokes; ***21.8% of the adolescents nominated no best
friends; 14.3% nominated only adolescents outside school or from other grades; ^Alcohol consumption: 0 =
0 glasses of alcoholic drinks per week; 1 = 1-2; 2 = 3-5; 3 = >5.
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0.105***
0.235***
0.415***

4 Parents T1

5 Siblings T1

6 Respondent T2

0.193***

12 Siblings T2
0.043

0.055

0.228***

0.088

0.263***

0.044

0.094**

0.057

0.050

0.302***

1.000

2

0.159***

0.102**

0.321***

0.259***

0.509***

-0.001

0.238***

0.154***

0.086*

1.000

3

0.160***

0.862***

0.123**

0.028

0.090

0.052

0.094***

0.134***

1.000

4

5

0.101***
0.248***

0.711***

0.402***

0.217***

0.157**

0.336***

1.000

6

0.119***

0.128**

0.113**

0.098

0.085*

0.214***

1.000

T1 = Measurement one; T2 = measurement two; *p < 0.05; **p < 0.01; ***p < 0.001

0.083**

0.279***

0.205***

0.292***

11 Parents T2

10

9

8

0.147***

0.439***

3 Reciprocal friends T1

7

0.218***

2 Nonreciprocal friends T1

Nonreciprocal
newly chosen friends T2
Nonreciprocal
long-standing friends T2
Reciprocal
newly chosen friends T2
Reciprocal
long-standing friends T2

1.000

1 Respondent T1

1

0.121*

0.080

0.312***

0.144

-0.011

1.000

7

0.113**

0.039

0.139*

0.062

1.000

8

9

0.188***

0.146**

0.176**

1.000

Table 2 Correlation matrix for smoking behavior of respondents, best friends, parents, and siblings

0.184***

0.035

1.000

10

0.159***

1.000

11

1.000
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The social selection–social influence model
Figure 3 depicts the results of the social selection–social influence model. All
rectangles represent measured variables. Absent or dotted lines connecting
variables imply that significant effects were not found. The model fits the data very
well (CFI = 1.000; TLI = 1.015; RMSEA = 0.000). All path coefficients of the model,
including non-significant paths, are listed in table 3.
Figure 3 Social selection–social influence model: resulting path coefficients and
significance levels

72
7
0.

PARENTS
SMOKING
T1

LONG-STANDING

NONRECIPROCAL
BEST FRIENDS SMOKING
T2

3
NEWLY CHOSEN

4

*

5

6

4.457***

0.7
45
***
5.245***

0
74

0.991***

0.

0.24

6
NEWLY CHOSEN

2

*

5***
0.67

*

0 .5
36 *

57
6

47
0 .6

60
0.5

1

SIBLINGS
SMOKING
T1

*

0.

8*
29

0.281

0.

51
0. 4

RESPONDENT
SMOKING.
T1

0.340*

RECIPROCAL
BEST FRIENDS SMOKING
T1

**

NONRECIPROCAL
BEST FRIENDS SMOKING
T1

7

LONG-STANDING

RECIPROCAL
BEST FRIENDS SMOKING
T2

RESPONDENT
SMOKING
T2

PARENTS
SMOKING
T2

SIBLINGS
SMOKING
T2

T1= first measurement; T2= second measurement; Bold lines= hypothesized selection and influence paths;
Non-dotted, non-bold lines = all other significant paths; Dotted lines= influence of past behavior;
* p < 0.05, ** p < 0.01, *** p < 0.001

Non-reciprocal friendships
The association between the smoking behavior of respondents at T1 and nonreciprocal newly chosen friends at T2 (path 1) was positive and significant (p < 0.05),
indicating that respondents selected non-reciprocal friends with similar smoking
behavior. The association between the smoking behavior of respondents at T1 and
non-reciprocal long-standing friends at T2 (path 2) was not significant (p > 0.05). This
confirms that the respondents did not influence their non-reciprocal friends and
suggests furthermore that path 1 represents solely social selection.
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Reciprocal friendships
The association between the smoking behavior of respondents at T1 and reciprocal
newly chosen friends at T2 (path 3) was positive and significant (p < 0.05), indicating
that respondents selected reciprocal friends with similar smoking behavior. The
significant path coefficient of 0.536 (p < 0.05) from the smoking behavior of
respondents at T1 to that of reciprocal long-standing friends at T2 (path 4) indicates
the contribution of social influence to the similarity of smoking behavior between the
respondents and their reciprocal friends.
Parents and siblings
The effect of parental smoking behavior at T1 on respondents’ smoking behavior at T2
(path 5), and the path coefficients from parental smoking behavior at T1 to that of all
four categories of friends, were not significant (p > 0.05). The association between
parental smoking behavior at T1 and sibling smoking behavior at T2 (path 7) was
significant (p < 0.001).
The effect of sibling smoking behavior at T1 on the respondent’s smoking
behavior at T2 (path 6) was significant (p < 0.001). The paths from sibling smoking
behavior at T1 to that of reciprocal newly chosen friends and reciprocal longstanding friends were both significant (p < 0.001), indicating that siblings also
influenced the reciprocal friends of their brother or sister.
Covariates
Of the covariates assessed, alcohol consumption and gender were associated with
the respondents’ smoking behavior at T2. Respondents who drank more alcohol
smoked more cigarettes (coefficient = 0.608; p < 0.001). Girls smoked significantly
more cigarettes than boys did (coefficient = 0.356; p < 0.05).
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Table 3 Differences between reciprocal and non-reciprocal friendships: results of the
structural equation modeling using robust maximum likelihood
Path coefficient

s.e.

t

p

Non-reciprocal friends – non-reciprocal newly chosen friends

0.031

0.127

0.245

0.806

Non-reciprocal friends – non-reciprocal long-standing friends

0.281

0.147

1.917

0.055

Non-reciprocal friends – reciprocal newly chosen friends

0.084

0.166

0.509

0.611

Non-reciprocal friends – reciprocal long-standing friends

0.298

0.150

1.984

0.047

Non-reciprocal friends – respondent

0.082

0.113

0.729

0.466

Non-reciprocal friends – siblings

-0.024

0.164

-0.144

0.886

Reciprocal friends – non-reciprocal newly chosen friends

-0.104

0.156

-0.664

0.507

Reciprocal friends – non-reciprocal long-standing friends

0.727

0.267

2.720

0.007

Reciprocal friends – reciprocal newly chosen friends

0.245

0.130

1.876

0.061

Reciprocal friends – reciprocal long-standing friends

0.340

0.173

1.965

0.049

Reciprocal friends – respondent

0.125

0.117

1.068

0.286

Reciprocal friends – siblings

0.165

0.133

1.236

0.216

Respondent – respondent

0.991

0.140

7.094

0.000

Respondent – non-reciprocal newly chosen friends (path 1)

0.451

0.176

2.562

0.010

Respondent – non-reciprocal long-standing friends (path 2)

0.647

0.378

1.714

0.087

Respondent – reciprocal newly chosen friends (path 3)

0.576

0.252

2.288

0.022

Respondent – reciprocal long-standing friends (path 4)

0.536

0.267

2.002

0.045

Respondent – siblings

0.165

0.185

0.891

0.373

Parents – parents

5.245

0.195

26.962

0.000

Parents – non-reciprocal newly chosen friends

0.153

0.164

0.931

0.352

Parents – non-reciprocal long-standing friends

0.599

0.316

1.898

0.058

Parents – reciprocal newly chosen friends

-0.096

0.207

-0.465

0.642

Parents – reciprocal long-standing friends

0.474

0.265

1.791

0.073

Parents – respondent (path 5)

0.246

0.144

1.702

0.089

Parents – siblings (path 7)

0.675

0.190

3.553

0.000

Siblings – siblings

4.457

0.233

19.090

0.000

Siblings – non-reciprocal newly chosen friends

0.248

0.258

0.959

0.338

Siblings – non-reciprocal long-standing friends

-0.116

0.501

-0.232

0.817

Siblings – reciprocal newly chosen friends

0.560

0.275

2.040

0.041

Siblings – reciprocal long-standing friends

0.740

0.356

2.080

0.038

Siblings – respondent (path 6)

0.745

0.184

4.057

0.000

Estimated Path

Log likelihood = -17379.99
CFI = 1.000
TLI = 1.015
RMSEA = 0.000
s.e. = standard error; t = t - value; p = two-sided probability; CFI = comparative fit index; TLI = Tucker-Lewis
index; RMSEA = root mean square error of approximation
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DISCUSSION
Our study examined social selection and social influence within reciprocal and nonreciprocal friendships, and the role of parents and siblings, as factors explaining
similarity of smoking behavior among adolescent friends.
First, our results show clearly that both selection and influence processes are
important in explaining the similarity of smoking behavior among friends. These
findings are in agreement with those of previous research [12, 13, 23, 26-28, 75].
Ennett and Bauman created peer groups using social network techniques, and
conclude that selection appears to be at least as important as influence in causing
peer group homogeneity [13]. Engels and colleagues report evidence of influence
and selection processes. More non-smokers with smoking friends changed their
smoking behavior than did non-smokers with non-smoking friends, and adolescents
selected friends with smoking behavior similar to their own [26]. A previous study with
similar data report mainly evidence of selection processes [29]. However, examining
friendships without distinguishing between non-reciprocal and reciprocal friends may
have led to an underestimation of possible influence processes. We did not find an
association between friends’ smoking behavior at T1 and the respondents’ smoking
behavior at T2. This correlates with a previous study [29], but contrasts with a recent
study indicating a significant association between friends’ smoking behavior and
adolescent smoking behavior at later times [28]. This difference may be due to the
use of the friends’ own reported smoking behavior, which prevented projection bias
[35-37].
Second, our results clearly show differences in the effects of influence and
selection processes between non-reciprocal and reciprocal friendships. Within nonreciprocal friendships, only social selection appears to cause similarity of smoking
behavior, whereas within reciprocal friendships, such similarity was caused by social
influence and possibly also social selection. These findings are in line with previous
research [27, 43]. Urberg and colleagues examined reciprocal friendships and found
evidence for selection as well as influence processes [27]. Previous studies have also
suggested that reciprocal friendships offer higher friendship quality and more
opportunities for interaction than non-reciprocal friendships [43]. Consequently,
higher friendship quality can result in more opportunities for social influence to cause
similarity of smoking behavior [27, 43].
Third, in contrast with previous studies [29, 68-71], we did not find a significant
association between parental and respondent smoking behavior. This might be due
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to the inclusion of sibling smoking behavior in our model. In a recent review,
Avenevoli and Merikangas [18] suggested that significant parental effects are
generally small and are often even completely eliminated when other variables are
included in the model. In-depth analyses without sibling smoking behavior indeed
showed a significant positive effect of parental smoking behavior. In line with
previous studies [18], sibling smoking behavior strongly influenced respondents’
smoking behavior. Additionally, our findings showed that siblings also influenced the
smoking behavior of their brother’s or sister’s reciprocal friends. Future studies need to
investigate further the influence of siblings on family members and on the friends of
their own siblings.
Limitations
This study was subject to some limitations. First, self-reported smoking behavior was
not validated by biochemical measures. However, self-reports have been shown to
be reliable and to correspond well with biological indicators when measurements are
performed under optimized measurement conditions that assure anonymity [86].
During the ESFA project, measurement conditions were optimized by guaranteeing
strict confidentiality of adolescent responses [29, 76, 77]. Second, no direct measures
of parental smoking behavior and sibling smoking behavior were available. The
effects of parental and sibling smoking behaviors may have been overestimated,
although previous research has demonstrated that adolescents aged 13–17 years
are reliable sources for assessing the smoking status of their parents [87]. Third, the
use of a fixed-response name generator might have restricted the ability to
reciprocate, as respondents were only allowed to nominate up to five best friends.
However, previous research, allowing 7th graders to nominate any number of friends,
showed that on average only 4.09 friends were nominated [88]. Allowing to nominate
more than five best friends, might provoke adolescents to nominate peers who are
not ‘best’ friends. Fourth, we considered only two possible social positions by
distinguishing between reciprocal and non-reciprocal friends. Previous research,
using social network techniques, was able to generate more specific social positions
such as relative isolates, peripherals, dyads, and groups [40, 41]. A reciprocal friend
can still be part of an isolated friendship pair, connected to someone within the
group, but not part of the group, or a group member. Future research should also
consider other social positions. Fifth, the SEM techniques do not consider all
dependencies caused by network structure. Nominated friends may also be
respondents in the same model, and respondents are subject not only to influences
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of multiple friends, but also to potentially important indirect “friend-of-friend”
influences. New social network analysis methods that take these kinds of
dependencies into account are currently being developed [89].
Practical implications
This study has several practical implications. First, smoking prevention programs
should focus not only on social influence but also on selection processes. Previous
research has already emphasized that the way in which peer environments are
structured needs more attention within prevention programs besides the promotion
of social influence skills [90-92]. Second, future research should differentiate between
reciprocal and non-reciprocal friendships when investigating social selection and
social influence. Our results demonstrate clearly differences in the effects of influence
and selection processes between non-reciprocal and reciprocal friendships. Third,
sibling smoking behavior seems to be a more important predictor of adolescent
smoking behavior than parental smoking behavior. Additionally, sibling smoking
behavior was associated positively with the smoking behavior of the respondents’
reciprocal friends. Further research is needed to investigate the role of siblings in
adolescent friendships.
Conclusions
We can draw three conclusions about the role of social selection and social
influence regarding similarity of smoking behavior. First, similarity of smoking behavior
between adolescent friends is caused by social selection and social influence.
Second, within non-reciprocal friendships, only social selection causes similarity of
smoking behavior. Within reciprocal friendships, similarity of smoking behavior is
caused by social influence and possibly also by social selection.

Third, sibling

smoking behavior has a greater impact on smoking onset than parental smoking
behavior. These insights can help to develop smoking prevention programs that focus
not only on social influence, but also consider social selection as a major cause of
similarity of smoking behavior among adolescent friends.
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CHAPTER 3
Changes during early and mid adolescence

Based on: Mercken, L., Candel, M., Willems, P., & de Vries, H. (2009) Social influence
and selection effects in the context of smoking behavior: Changes during early and
mid adolescence. Health Psychology, 28(1), 73-82.

37

Thesis_Mercken_v4.pdf 37

25-9-2009 10:20:24

ABSTRACT
Aims: This article examined the contribution of selection and influence processes in
smoking behavior similarity among friends, and changes in these processes during
early and mid adolescence. Design: Data of 1886 Dutch high school students in the
control group of the European Smoking prevention Framework Approach (ESFA)
study were used. Changes in selection and influence were examined during three
successive waves using structural equation modeling. Measurements: Smoking
behavior of adolescents, best friends, parents and siblings. Findings: Most support was
found for selection of reciprocal (pwave1,2,3 < 0.01) and non-reciprocal friends (pwave1,2 <
0.01; pwave3 = 0.25) although these effects decreased over time. Support for influence
was only found among non-reciprocal (desired) friends during the last wave (pwave3 <
0.01). Adolescents were influenced by their parents (pwave2 < 0.01; pwave1,3 > 0.05) and
siblings (pwave1,2 < 0.01; pwave3 = 0.16), but influence diminished over time. Conclusions:
Smoking-based selection processes decreased over time while the influence of
friends increased. Smoking prevention programs should focus on the structure of peer
environments besides promoting social influence skills. During early adolescence
parents and siblings should be targeted, while during mid adolescence, the focus
should shift toward the adolescents and their dynamic peer environment.
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INTRODUCTION
Tobacco is the fourth most common risk factor for disease and the second major
cause of death worldwide [93]. In most Western countries, there is an increase in the
prevalence of smoking during adolescence [2, 3]. For 13-year olds, the prevalence of
regular smoking varies from 3.5% to 12.5% and increases to 17% to 24,5% for 15-year
olds [4]. Insight into the different processes that might explain smoking initiation during
adolescence may facilitate development of prevention programs and adaptation of
policies regarding effective smoking prevention.
Adolescent peer groups play a crucial role in the initiation and maintenance
of smoking behavior as evidenced by a substantial body of research suggesting that
smokers befriend smokers and non-smokers befriend non-smokers [9]. Similarity in
smoking behavior among friends may occur as a result of selection and influence
processes. Similarity in smoking behavior due to selection occurs when adolescents
select friends with similar smoking behavior during the formation of a friendship [12,
13]. When smokers select smoking friends and non-smokers select non-smoking
friends, smoking behavior among peer friends becomes similar.
The similarity-attraction hypothesis [94] might offer an explanation why
adolescents would select friends based on similar smoking behavior. This theory states
that attractiveness of potential friends is associated with similarity in one or more
characteristics, for example their smoking behavior or ethnicity. Similarity in such
characteristics is presumed to be rewarding as it offers a consensual validation of
attitudes and beliefs, and likely will result in enjoyable activities with other adolescents
who have similar interests [94]. When smoking behavior similarity holds out the
prospect of such rewards, an adolescent might show a higher tendency to choose
similar smoking friends.
Social influence of friends occurs when adolescents adjust their smoking
behavior in response to the example of or direct pressure by their friends [12-14].
According to the Social Learning Theory, individuals observe, model, and imitate
behavior of important individuals in their environment [15, 16]. As best friends set an
example or function as a role model, adolescents are inclined to imitate their best
friends’ smoking behavior or smoking-related attitudes. Adolescents might also
perceive direct pressure to smoke. Direct pressure encompasses behaviors like
offering a cigarette, persuasion, challenging or pestering someone to smoke [17].
When studying selection and influence processes among adolescents, it is
important to consider social influence of other important individuals in the
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adolescent’s social environment such as parents and siblings. Adolescents might
model and imitate the smoking behavior of their parents and siblings or feel pressure
(not) to smoke. Previous research showed that children are more likely to smoke if
one or both of their parents smoke [18, 70]. The few studies that have examined the
effects of sibling smoking also show an association between sibling smoking and
adolescent smoking [18, 95].
Currently, most smoking prevention programs are based on the assumption
that smoking onset is caused by peer smoking and an incapability of adolescents to
resist peer pressure [73, 74]. However, mounting evidence suggests that selection
processes may be equally or even more important as compared to social influence
in explaining smoking behavior similarities among friends [12, 13, 23, 25, 26, 28-31, 96,
97]. Consequently, it becomes increasingly important to examine the specific
contribution of influence and selection processes to smoking behavior similarity as
well as possible changes over time in these processes.
When children grow older they have fewer environmental and parental
constraints on their social contacts, gain a longer perspective on their friendships and
become more selective about their friends [46]. As social-cognitive skills mature,
behavioral and egocentric criteria for selecting and maintaining friends might
become less important while sharing of social and emotional experiences gains
importance [98]. Children increasingly will use selection criteria that predict friendship
durability, relevant for later phases of friendship [44, 46]. Selection of similar smoking
friends might therefore decrease during adolescence. To our knowledge, only one
study specifically examined influence and selection processes based on smoking
behavior over time. Simons-Morton and Chen (2006) found evidence for both
influence and selection processes in general, but influence was more consistent over
time than selection.
To study influence and selection processes and the changes over time in
these processes, the following issues should be taken into account: (1) the method of
measuring the smoking behavior of friends, (2) changes in friendship composition,
including deselection of friends, and (3) friendship reciprocity. First, adolescents’
reports on the number of friends that smoke or on their friends’ smoking behavior are
often used as friends’ smoking behavior measures [12, 26, 28, 29, 31, 32, 97]. This can
result in friends’ smoking behavior seeming more similar than it actually is, as
adolescents may project their own smoking behavior on their friends [35]. By using
the smoking behavior as reported by the friends themselves, one can overcome
possible projection bias. Second, when longitudinal studies examine social influence
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regarding smoking behavior, deselection processes are often neglected [28, 29].
Only a few studies examined whether deselection of friends was based on smoking
behavior [13, 23, 24]. Support for terminating friendships due to dissimilarities in
smoking behavior is rarely found, although Ennett and Bauman (1994) did find
support for deselection among non-smokers in one study. Although deselection
based on dissimilarities in smoking behavior does not seem to play an important role,
a biased estimation of social influence may occur when a group of friends still
encompasses friends that are not friends anymore at a later time point (former
friends). Third, previous research has demonstrated that the social position of an
adolescent within a peer group structure is associated with differences in smoking
behavior, selection and influence processes [27, 40, 41, 43]. Several studies suggested
that social interaction may differ between reciprocal and non-reciprocal friendships
[27, 43]. Reciprocal friendships offer a higher friendship quality, which results in more
opportunities for influence processes to cause smoking behavior similarity [27, 43].
Pearson

and

colleagues

considered

differences

in

reciprocity

and

even

demonstrated differences among reciprocal friends that were categorized into
relative isolates, group peripherals or group members. The most important targets for
selection and influence were adolescents within reciprocal friendships, on the
periphery of their peer group [40]. Therefore, it is also important to consider
reciprocity when studying selection and influence.
The goal of this article is to examine the specific contribution of influence and
selection processes to smoking behavior similarity and changes over time. We will
consider possible effects of deselection and examine both non-reciprocal and
reciprocal friendships. Based on the theoretical considerations reviewed above, we
expect influence and selection processes both to contribute to smoking behavior
similarities among adolescent friends. However, the importance of smoking behavior
similarity might decrease over time.

METHODS
Participants
The sample consisted of 1886 Dutch adolescents that participated as a control group
in the European Smoking prevention Framework Approach (ESFA) study [66]. In the
ESFA

study,

communities/regions

were

randomly

chosen,

resulting

in

five
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geographically spread regions within the Netherlands. In each of these regions,
schools were randomly selected and assigned to the experimental or control
condition according to their own preference. Adolescents that participated in the
experimental group were not included, since the smoking prevention intervention
was effective in the Netherlands [76], and relationships between variables of interest
might also have changed.
Procedure
Self-administered questionnaires were first distributed among 7th graders in each
participating school during autumn 1998. Follow-up was conducted 12, 24 and 30
months later [66]. All students present on the days of data collection were asked to
complete the questionnaire. Adolescents were guaranteed that responses would be
treated confidentially and that they could refuse to participate. Students returned
their questionnaire in sealed envelopes in order to guarantee their anonymity. Cases
lost to follow-up were not contacted. In the Netherlands, the proportion of refusals to
participate at baseline was 0.56%.
Measures
Adolescents’ weekly smoking behavior was assessed with one question: ‘On
average, how many cigarettes do you smoke during a week (including the
weekend)?’ (0 = 0; 1 = from 0 to 1; 2 = 2-10; 3 = 11-30; 4 = >30).
Best friends’ smoking behavior was assessed primarily by means of a name
generator in which each respondent could name up to five ‘best friends’ inside
and/or outside school [81]. Of these friends, only best friends from the same grade at
the same school were included, because they were also filling in the questionnaire.
Friends outside the school or inside the school, but not in the same grade as the
respondents who nominated them were excluded. Cross-gender friendships were
allowed, but romantic partners were excluded as it is feasible that romantic partners
exert a different influence compared to best friends. The self-reported smoking
behavior of each included friend was traced back in their personal questionnaire. In
view of the ordinal nature of the respondent’s smoking behavior variable, we
calculated a median score of the smoking behavior of each respondent’s best
friends.
Parental smoking behavior was measured by two questions: ‘Does your father
(male caregiver) smoke?’ and ‘Does your mother (female caregiver) smoke?’.
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Answers were recoded into one variable (0 = neither parent (caregiver) smokes, 1 =
at least one of my parents (caregivers) smokes).
Sibling smoking behavior was measured by two questions: ‘Does one or more
of your brother(s) smoke?’ and ‘Does one or more of your sister(s) smoke?’, and was
recoded into one variable (0 = neither siblings smoke, 1 = at least one of my siblings
smokes).
Furthermore, age (years), gender (0 = boy, 1 = girl), ethnicity (0 = nonnative, 1
= native), religion (0 = not religious, 1 = religious), and alcohol consumption per week,
where 1 glass contains approximately 10 grams of pure alcohol (0 = 0 glasses, 1 = 1 or
2 glasses, 2 = 3 to 5 glasses, 3 = more than 5 glasses) were measured, which served as
covariates in the analysis.
Model development
To examine social influence and selection we developed an explorative structural
equation model which was tested separately in three successive waves. The first
wave encompassed baseline data and data of the follow-up 12 months later. The
second wave consisted of data from the follow-ups 12 and 24 months later, the third
wave was comprised of data from the follow-ups 24 and 30 months later.
Friendship composition changes will be taken into account by distinguishing
between future friends, long-standing friends, and former friends at the first
measurement of each wave (T1). Future friends are nominated by the adolescent for
the first time at the second measurement of each wave (T2). Long-standing friends
are friends nominated by the adolescent at T1 as well as T2. Former friends are
nominated at T1 and not nominated anymore at T2. Reciprocity will be taken into
account by distinguishing between non-reciprocal and reciprocal friends at T1
among future and long-standing friends. Non-reciprocal friends did not confirm the
friendship, whereas reciprocal friends did confirm. Figure 1 summarizes the resulting
model.
Paths 1 and 2 represent selection. The association between the smoking
behavior of non-reciprocal future friends at T1 and adolescents at T2 (path 1)
represents selection of new friends, whereas the association between the smoking
behavior of reciprocal future friends at T1 and adolescents at T2 (path 2) represents
selection of new friends that also selected the adolescent as a friend (returning
friendship). Paths 3 and 4 represent social influence of non-reciprocal (desired
friends) and reciprocal friends, respectively. Of course, selection processes might
have been operating before T1 to produce these long-standing friendships. The
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association between smoking behavior of former friends at T1 and adolescents at T2
(path 5), represents deselection based on smoking behavior. Paths 6 and 7 represent
the social influence of parents and siblings, respectively. The model furthermore
included effects of previous smoking behavior of adolescents, friends, parents and
siblings, and covariates of adolescent smoking behavior, so that age, gender,
ethnicity, religion, and alcohol consumption were accounted for. The covariates
were allowed to influence the smoking behavior of all actors, both at T1 and T2.
Figure 1 Structural equation model to examine influence and selection processes in
each successive data wave
T1
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smoking behavior

Future
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Long-standing
Friends’
smoking behavior
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Parental
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Siblings
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Contemporaneous correlations are included in the model; Background characteristics = age, gender,
ethnicity, religion and alcohol consumption; T1 = first measurement; T2 = second measurement; Bold lines =
paths to examine selection and influence processes regarding adolescent smoking behavior; Dotted lines
= all other included paths in the model.

Statistical analyses
To examine selection and influence processes, this model was tested for each of the
three waves using structural equation modeling (SEM) employing Mplus 4.1 [82]. Since
the variables turned out to be not normally distributed, a robust maximum likelihood
(MLR) analysis was performed [83], which produces maximum likelihood parameter
estimates and standard errors that are robust to non-normality. The MLR standard
errors are obtained through sandwich estimation [84]. MLR is based on all available
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data, not only complete cases, and allows the data to be missing at random (MAR)
[82].
Effect sizes were calculated for the seven most important paths (paths 1 to 7)
in the model. A measure of effect size is obtained by comparing the -2 log likelihood
before and after the inclusion of these paths in the model, and relating this to the -2
log likelihood of a null model. The latter is a model where there are no relationships
between the variable to be predicted (adolescent smoking behavior at T2) and all
predictor variables in the model. This measure of effect size can be interpreted as a
measure of proportional model fit improvement due to the inclusion of a particular
path in the structural equation model [85].
Additional analyses were performed to examine whether results regarding
selection and influence within each wave differed significantly from each other. In
each wave, selection and influence paths were constrained to be equal.
Subsequently, -2 log likelihood values were used to compare model fit between the
constrained and unconstrained models. In this chi-square difference test, the -2 log
likelihoods were divided by a scaling correction factor to better approximate chisquare under non-normality [99]. Furthermore, the relative contribution of selection
and influence will be computed for each wave by taking the ratio of each effect size
to the sum of the effect sizes of both selection and influence.
Attrition analyses
The sample consisted of 1886 Dutch adolescents who completed the questionnaire
at baseline. Attrition analyses were performed separately for each of the three
waves. In the first wave, 1763 out of 1886 adolescents completed the questionnaire
(93.5%). Logistic regression analysis showed that participation at the second
measurement of this first wave was not significantly predicted by any of the included
determinants. In the second wave, 1475 out of 1763 respondents (83.7%) completed
the questionnaire at the second measurement. Participation was significantly
predicted by deselected friends’ smoking behavior and respondents’ gender.
Respondents with deselected friends that smoked less (OR = 0.995; 95% CI = 0.991 –
0.998; p < 0.01), as well as girls (OR = 1.993; 95% CI = 1.408 – 2.820; p < 0.001) were
more likely to respond. In the third wave, 1366 out of 1475 respondents (92.6%)
completed the questionnaire at the second measurement of this third wave.
Respondents with deselected friends that smoked at a lower rate (OR = 0.993; 95% CI
= 0.988 – 0.997; p < 0.01) and girls (OR = 2.131; 95% CI = 1.336 – 3.397; p < 0.01) more
likely responded.
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RESULTS
Characteristics of the sample
Of all 1886 respondents, 91.5% were non-smokers. Respondents nominated 5705 best
friends at baseline out of which 2967 friends (52%) were in the same school and
grade as the respondents who nominated them. Table 1 depicts demographic
characteristics of all respondents involved in each wave. The second part of table 1
presents the number of nominated best friends and the percentages of reciprocal
and non-reciprocal friends and future friends in each wave at T1. The number of total
friends increased over time, whereas number of newly selected friends decreased
slightly during each follow-up.
Table 1 Background characteristics and nominations of (future) best friends
Wave 1
(N=1763)

Wave 2
(N=1475)

Wave 3
(N=1366)

Age (mean years)

12.9

13.7

14.7

Female gender

51%

52%

52%

Nationality: Dutch origin

77%

79%

79%

Religious background: Yes

50%

50%

50%

No alcohol

93.4%

89.7%

78.4%

One or two glasses

4.9%

7.3%

13.4%

Three to five glasses

1.0%

1.7%

3.4%

> five glasses

0.7%

1.3%

4.8%

Background characteristics

Alcohol consumption per week

Nominated best friends and future best friends
Average number of best friends

1.6

2.2

2.3

Non-reciprocal best friends

59.5%

49.4%

50.1%

Reciprocal best friends

40.5%

50.6%

49.9%

Average number of future best friends

1.6

1.5

0.9

Non-reciprocal future best friends

54.0%

57.4%

54.9%

Reciprocal future best friends

46.0%

42.6%

45.1%

N = number of adolescents, participating at T1 in each wave

Table 2 depicts the smoking behavior of adolescents, friends, parents and siblings at
T1 in each of the three waves. Smoking behavior of adolescents, friends and siblings
increased over the three waves, as can be seen by the decreasing percentages of
non-smokers among them. Only parental smoking behavior declined slightly. Table 3
shows the correlation matrix for the smoking behavior of respondents, friends,
parents, siblings and background characteristics at T1 and T2 of the first wave.
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1304

1260

453

527

1813

1760

1760

Future
Non-reciprocal friends*

Future
reciprocal friends*

Long-standing
Non-reciprocal friends*

Long-standing
Reciprocal friends*

Former friends*

Parents**

Siblings**

86.48

48.86

90.73

93.55

90.95

87.54

79.52

91.75

13.52

51.14

3.75

3.23

4.19

4.52

5.98

3.92

-

-

3.42

2.09

3.09

4.37

6.52

2.62

-

-

1.65

0.76

1.32

1.75

4.06

1.02

-

-

0.44

0.38

0.44

1.83

3.91

0.68

4

1467

1467

2071

775

393

918

1236

1461

n

84.19

52.22

81.51

91.35

85.75

77.34

72.09

87.34

15.81

47.78

6.18

3.48

5.60

6.10

4.94

5.07

-

-

5.94

3.35

5.09

6.21

7.04

4.31

-

-

3.19

0.65

1.78

4.14

6.47

1.92

Wave 2
(N=1475)
Smoking behavior
0
1
2
3

-

-

3.19

1.16

1.78

6.21

9.47

0.96

4

1366

1366

1561

963

589

557

678

1333

n

81.99

56.22

74.31

81.10

74.53

70.38

64.45

77.79

18.01

43.78

5.25

6.65

7.13

5.39

6.49

5.93

-

-

7.50

4.67

5.43

7.00

7.82

5.63

-

-

4.93

2.80

5.77

5.21

5.60

3.75

Wave 3
(N=1366)
Smoking behavior
0
1
2
3

-

-

8.01

4.78

7.13

12.03

15.63

6.90

4

N = total number of adolescents, participating in one wave; n = Number of adolescents, nominated friends, parents and siblings whose smoking behavior is known. *Smoking
behavior adolescents and friends: 0 = 0 cigarettes during a week; 1 = from 0 to 1; 2 = 2-10; 3 = 11-30; 4 = > 30. **Smoking behavior parents and siblings: 0 = none of them
smokes; 1 = at least one of them smokes.

1758

Adolescents*

n

Wave 1
(N=1763)
Smoking behavior
0
1
2
3

Table 2 Percentages of adolescents, friends, parents and siblings in each smoking behavior category
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0.04
0.10***
0.25***

-0.01
0.17***
0.39***
0.19***
0.09***

Former friends T1

Parents T1

Siblings T1

Age

Gender

Nationality

Religion

Alcohol consumption T1

Respondent T2

Friends T2

Parents T2

7

8

9

10

11

12

13

14

15

16

17 Siblings T2
0.21***
* p< 0.05; ** p<0.01; *** p<0.001

-0.02

-0.01

0.12***

0.05

0.05*

0.11***

6

5

4

3

1
0.08***

Respondent T1
Future
Non-reciprocal friends T1
Future
Reciprocal friends T1
Steady
Non-reciprocal friends T1
Steady
reciprocal friends T1

1
2

1

0.11***

0.04

0.47***

0.14***

0.08**

-0.05*

-0.08**

-0.07**

0.15***

0.09***

0.05*

0.01

0.01

0.05

0.13***

1

2

0.09***

0.10***

0.52***

0.11***

0.06*

0.02

-0.11***

-0.09***

0.12***

0.06*

0.06*

0.00

0.08**

-0.02

1

3

0.03

0.02

0.22***

0.05

0.10***

-0.02

-0.02

-0.08**

0.05*

0.02

0.01

0.16***

0.15***

1

4

0.04

0.04

0.27***

0.06*

0.08**

-0.02

-0.05*

-0.17***

0.12***

0.04

0.02

0.19***

1

5

0.07**

0.09**

0.09***

0.01

0.07**

-0.04

-0.00

-0.09***

0.07**

0.08**

0.08**

1

6

Table 3 Correlations between the constructs at T1 and T2 of wave 1

0.16***

0.84***

0.08**

0.10***

0.06*

-0.02

-0.04

0.00

0.09***

0.14***

1

7

0.68***

0.12***

0.11***

0.20**

0.13***

-0.02

-0.03

-0.00

0.10***

1

8

0.11***

0.10***

0.20***

0.13***

0.10***

-0.02

-0.14***

-0.10***

1

9

0.03

-0.01

-0.13***

0.03

-0.07***

0.01

-0.01

1

10

-0.05*

-0.06*

-0.14***

0.02

-0.05*

-0.07***

1

11

-0.01

-0.03

-0.03

-0.05

-0.05*

1

12

0.09***

0.04

0.14***

0.13***

1

13

0.30***

0.16***

0.24***

1

14

0.18***

0.12***

1

15

0.21***

1
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Results from structural equation modeling
The results of the structural equation modeling (SEM) analyses of the three waves and
the proportion of variance explained for each dependent variable in the model are
depicted in table 4. Possible school effects were analyzed by including eight dummy
variables into the model as covariates. Since no significant school effect was found,
the dummy variables were excluded for further analyses.
Selection of friends
The association between the smoking behavior of non-reciprocal future friends at T1
and the respondent at T2 (path 1) was positive and significant for wave 1 (p < 0.001)
and wave 2 (p < 0.01), but not for wave 3 (p > 0.05). Hence, only during the first two
waves, respondents selected non-reciprocal friends with similar smoking behavior.
The association between the smoking behavior of reciprocal future friends at T1 and
respondents at T2 (path 2) was positive and significant for wave 1 (p < 0.01), wave 2
(p < 0.001), and wave 3 (p < 0.001), indicating that respondents selected reciprocal
friends, or returned friendships based on similar smoking behavior during each
successive wave.
Influence of friends
The path coefficient from the smoking behavior of non-reciprocal long-standing
friends to the smoking behavior of the respondent at T2 (path 3) was positive and
significant for wave 3 (p < 0.001). Respondents were not influenced by their nonreciprocal friends in wave 1 and 2, but adjusted their smoking behavior to become
more similar to their non-reciprocal friends in wave 3. The association between the
smoking behavior of reciprocal long-standing friends at T1 and respondents at T2
(path 4) was not significant for any of the three waves (p > 0.05), indicating that
respondents were not influenced by their reciprocal friends. The association between
the smoking behavior of former friends at T1 and respondents at T2 (path 5) was not
significant in the three waves (p > 0.05). Hence, respondents were not influenced by
their former friends.
Influence of parents and siblings
The effect of parental smoking behavior at T1 on respondents’ smoking behavior at T2
(path 6) was only significant in wave 2 (p < 0.01). Adolescents with smoking parents,
smoked more cigarettes. The effect of sibling smoking behavior on respondents’
smoking behavior at T2 (path 7) was positively significant for wave 1 (p < 0.01), and

49

Thesis_Mercken_v4.pdf 49

25-9-2009 10:20:25

wave 2 (p < 0.01). Adolescents having at least one smoking sibling, smoked more
compared to adolescents having no smoking siblings.
Previous smoking behavior and covariates
Smoking behavior of adolescents, friends, parents and siblings, were significantly
predicted by their own previous behavior in all three waves (p < 0.05). Of the
covariates assessed, only alcohol consumption was associated with respondents’
smoking behavior at T2 in wave 1 (coefficient = 0.571; p < 0.01), wave 2 (coefficient =
0.331; p < 0.05), and wave 3 (coefficient = 0.253; p < 0.05). Respondents who drank
more alcohol smoked significantly more cigarettes.
Relative contributions of selection and influence
To examine whether results regarding selection and influence of friends within each
wave differed significantly from each other, additional analyses were performed.
Within non-reciprocal friendships, significant differences were found between the
regression weights of selection and influence in wave 1 (Chi-square (df = 1) = 7.95) as
well as wave 3 (Chi-square (df = 1) = 5.29). Selection based on similar smoking
behavior contributed significantly more to smoking behavior similarity between
friends compared to social influence from friends during the first wave. During the
third wave, social influence from friends contributed significantly more to smoking
behavior similarity compared to selection. The relative contributions of selection and
influence among non-reciprocal friends were respectively 97.71% and 2.29% in wave
one, 77.78% and 22.22% in wave 2, and 10.71% and 89.29% in wave 3. Within
reciprocal friendships, no significant differences were found between the regression
weights of selection and influence. Hence selection processes seem to be more
profound in early adolescence, whereas influence processes become more
important during mid adolescence.
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Table 4 Results of Structural Equation Modeling using robust maximum likelihood for
each wave separately: path coefficients (with standard errors), significance levels
and effect sizes
ADOLESCENT’S SMOKING BEHAVIOR T2 on

Wave 1
(N=1763)
Estimate (s.e.)

Wave 2
(N=1475)
Estimate (s.e.)

Wave 3
(N=1366)
Estimate (s.e.)

Non-reciprocal future friends’ smoking

0.320***

0.113**

0.048

(1. selection)
Reciprocal future friends’ smoking

0.238**

(2. selection)
Non-reciprocal long-standing friends’ smoking

-0.226

(0.228)

-0.072

(0.218)

0.191

(0.152)

0.687**

(0.199)

(0.126)

0.264

(0.140)

0.071

(0.070)

0.226***

(0.153)

0.075

0.643**

(0.206)

(0.064)
ES = 0.003

-0.097

(0.062)
ES = 0.006

0.134

ES = 0.019

ES = 0.034

(0.066)
ES = 0.025

ES = 0.002
0.409**

(0.045)
ES = 0.031

ES = 0.012

ES = 0.004

(7. influence)

0.167***

ES = 0.006

ES = 0.000
0.197

(0.048)

(0.042)
ES = 0.003

ES = 0.180

ES = 0.005

(6. influence)
Siblings’ smoking

(0.188)

0.341

(5. deselection)
Parental smoking

0.357***

ES = 0.003

(4. influence)
Former friends’ smoking

(0.070)

(0.039)

ES = 0.021

ES = 0.038

(3. influence)
Reciprocal long-standing friends’ smoking

(0.050)

ES = 0.128

(0.149)
ES = 0.002

0.250

ES = 0.030

(0.178)
ES = 0.004

Adolescent’s smoking

0.940***

(0.135)

0.858***

(0.112)

1.284***

(0.095)

Adolescent’s alcohol consumption°

0.571**

(0.213)

0.331*

(0.158)

0.253*

(0.103)

Non-reciprocal future friends’ smoking

0.810***

(0.073)

0.810***

(0.070)

0.748***

(0.074)

Reciprocal future friends’ smoking

0.939***

(0.088)

0.974***

(0.075)

0.757***

(0.086)

Non-reciprocal long-standing friends’ smoking

0.542*

(0.268)

0.660***

(0.191)

0.737***

(0.128)

Reciprocal long-standing friends’ smoking

0.853***

(0.218)

0.908***

(0.158)

0.635***

(0.094)

Former friends’ smoking

0.099

(0.396)

-0.056

(0.123)

0.073

(0.105)

FRIENDS’ SMOKING BEHAVIOR T2 on

Adolescent’s smoking

0.073

(0.170)

-0.342

(0.178)

0.005

(0.115)

Parental smoking

0.252

(0.202)

0.053

(0.224)

-0.780**

(0.251)

Siblings’ smoking

0.092

(0.281)

-0.293

(0.312)

-0.271

(0.326)

Adolescent’s race

0.108

(0.237)

-0.647*

(0.277)

0.352

(0.326)

Adolescent’s religion

0.323

(0.207)

0.458*

(0.214)

0.271

(0.232)

Adolescent’s alcohol consumption

0.271

(0.221)

0.424*

(0.176)

0.036

(0.134)

Parental smoking

5.245***

(0.195)

4.870***

(0.205)

4.663***

(0.200)

Adolescent’s gender

-0.118

(0.190)

0.403*

(0.187)

-0.095

(0.190)

Adolescent’s religion

-0.266

(0.192)

0.479*

(0.189)

-0.605**

(0.191)

PARENTAL SMOKING BEHAVIOR T2 on

SIBLINGS’ SMOKING BEHAVIOR T2 on
Non-reciprocal future friends’ smoking

0.113

(0.066)

-0.012

(0.055)

0.124*

(0.062)

Reciprocal future friends’ smoking

0.278***

(0.074)

0.185**

(0.067)

0.118

(0.073)
(0.098)

Non-reciprocal long-standing friends’ smoking

0.004

(0.274)

-0.045

(0.129)

-0.014

Reciprocal long-standing friends’ smoking

0.419

(0.227)

0.073

(0.106)

-0.255*

(0.126)

Former friends’ smoking

-0.639*

(0.280)

-0.003

(0.120)

0.094

(0.081)
(0.121)

Adolescent’s smoking

0.112

(0.168)

0.133

(0.139)

0.126

Parental smoking

0.697***

(0.193)

0.026

(0.207)

0.448*

(0.212)

Siblings’ smoking

4.598***

(0.256)

4.170***

(0.229)

4.560***

(0.247)

Loglikelihood

-18956.995

-18838.026

-18865.140

R-square adolescent’s smoking behavior
R-square friends’ smoking behavior
R-square parental smoking behavior
R-square siblings’ smoking behavior

0.164
0.472
0.515
0.338

0.245
0.648
0.477
0.297

0.361
0.714
0.454
0.370

N = number of participating adolescents; Estimate = unstandardized path coefficients; s.e. = standard error; ES = effect
size; T2 = second measurement; * p< 0.05; ** p<0.01; *** p<0.001; °only significant effects of covariates are displayed.
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DISCUSSION
The goal of this article was to examine selection and influence effects on adolescent
smoking behavior and changes in these processes during early and mid
adolescence. Although the smoking rates of adolescents in the present study were
high, they were comparable to smoking rates of youngsters in many Western
countries [4]. Four main conclusions can be drawn.
First, findings showed that selection as well as influence processes are
important in explaining smoking behavior similarities among adolescent friends. In line
with a previous study [96], respondents selected non-reciprocal and reciprocal
friends based on similar smoking behavior. Furthermore, adolescents were only
influenced by their non-reciprocal friends to adopt similar smoking behavior. We did
not find evidence for influence of reciprocal friends. These findings are in line with a
previous study, in which desired (non-reciprocal) friends exerted an important
influence on smoking behavior. Desired friends were more likely to reward an
adolescent with reciprocity if the adolescent’s smoking behavior was consistent with
his desired friends’ than if it was inconsistent [100]. This is contrary to Urberg and
colleagues (2003) who argued that higher friendship quality and more interaction
opportunities resulted in more opportunities for social influence processes to cause
similarity of smoking behavior. However, since adolescents in our study were slightly
younger, it is still possible that influence processes might have increased also among
reciprocal friends after 9th grade. More research is needed to investigate selection
and influence processes over longer time periods.
Second, the importance of selection and influence processes in explaining
smoking behavior similarity changed from early to mid adolescence. When
adolescents grew older, smoking-based selection processes decreased while the
importance of influence processes increased. Smoking behavior similarity is an
important criterion when selecting new friends during early adolescence. With age,
however, its importance seems to decline. For selection of non-reciprocal friends, the
importance of smoking behavior similarity diminished. Criteria for friend selection are
known to change over time. As adolescents grow older, they may start to use criteria
that are more relevant for later phases of friendship, which predict later satisfaction
and durability of friendship [46]. The importance of influence processes among
friends increased from early to mid adolescence. Adolescents were increasingly
influenced by the smoking behavior of their non-reciprocal friends. During mid
adolescence, children started changing their own smoking behavior to become
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more similar to their non-reciprocal friends, at the moment that non-reciprocal friends
were not chosen anymore based on similar smoking behavior. Since smoking
behavior similarity is not a selection criterion anymore for choosing a non-reciprocal
friend, but keeps on being an important criterion for choosing a reciprocal friend or
returning friendships, adolescents start to change their smoking behavior to become
more similar to their desired friends. Changing the smoking behavior to become more
similar will maximize the chance of reciprocity as long as smoking behavior similarity
keeps on being an important criterion for returning friendships during mid
adolescence. Hence, it is possible that influence processes causing smoking behavior
similarity are triggered by the decrease in selection based on similar smoking
behavior. If older adolescents still want to maximize their chances for reciprocity, they
have to change their strategy and start to adopt their behavior to become more
similar to their desired friends.
Third, the lack of evidence for influence processes among reciprocal friends
might suggest that, regardless of age, smoking behavior similarity is more important
during the earlier phases of friendship formation. Selection of non-reciprocal or
reciprocal friends, and having non-reciprocal friends, might be regarded as initial
phases of friendship formation, while sharing an established long-standing friendship
might be regarded as a later or maybe even last phase of the friendship formation
process. Previous research already demonstrated that similarity appeared to be
relatively more important during the initial phases of friendship formation, when
individuals choose potential friends. In later phases, when they establish long-lasting
friendships, the provision of social and emotional resources such as companionship,
emotional support, help and self-validation, become more important [46], and thus
allow for more dissimilarity in certain behaviors.
Fourth, although no support was found for influence processes of friends
during early adolescence, social influence of parents and siblings did play an
important role in early adolescent smoking behavior. During the first wave
adolescents’ smoking behavior was mainly influenced by the smoking behavior of
their siblings, while during the second wave both siblings and parents exerted an
important influence. The effects of parental and sibling smoking status declined
during the last wave. These findings are in line with previous research among
adolescents reporting a decrease of interaction with parents [101], lower feelings of
acceptance by parents, and less satisfaction with family life [102].
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Limitations
Besides several strengths of this study such as the longitudinal design, the inclusion of
parents, siblings as well as best friends, and the consideration of several important
methodological issues, there are also limitations. First, in the ESFA study, five Dutch
regions were randomly selected, in which schools were assigned to the experimental
or control condition according to own preference, which may have resulted in some
bias in the distribution of adolescents’ characteristics. Although matching on degree
of urbanization and educational level was used to make schools comparable, future
studies should try to replicate our findings in a sample collected through random
assignment of schools to the treatment groups. Second, the use of a fixed-response
name generator might have restricted the ability to reciprocate, as respondents
were only allowed to nominate five best friends. However, previous research,
allowing 7th graders to nominate any number of friends, showed that on average
4.09 friends were nominated [88]. Moreover, allowing nominating more than five best
friends might provoke adolescents to nominate peers who are not ‘best’ friends.
Third, only friends inside school in the same grade were included since only those
nominated friends also filled in the same questionnaire including their self-reported
smoking behavior. Therefore, our study could not examine potential influences of
friends outside school or inside school but in a different grade. Future studies should
aim to include influences of other friends as well. Fourth, respondents’ self-reported
smoking behavior was not validated by biochemical measures. However, self-reports
have been shown to be reliable and to correspond well with biological indicators
when measurements are done under optimized measurement conditions that assure
anonymity [86]. During the ESFA project, strict confidentiality of adolescent responses
was guaranteed [66]. Fifth, no direct measures of parental and sibling smoking
behavior were available. The effects of parental and sibling smoking behaviors might
have been overestimated, although previous research has demonstrated that
adolescents aged 13–17 years are reliable sources for assessing the smoking status of
their parents [103]. Finally, SEM techniques assume that dependencies caused by the
network structure of an adolescent do not exist. In our study, a given individual's data
could appear within more than one observation, e.g. as the smoking behavior
outcome for a given case and as one of the friends supplying data for other
individual cases. Furthermore, adolescents can be subject not only to influences of
multiple friends but also to potentially important indirect ‘friend-of-friend’ influences.
New social network analysis methods are currently being developed which are able
to take these kinds of dependencies into account [62].
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Practical Implications
This study has several practical implications. First, friendship composition changes,
including deselection of friends, should be taken into account in future studies
examining influence processes. Not considering or controlling for deselection might
lead to an underestimation of influence processes among friends, as our results
showed that smoking behavior of former friends did not influence adolescent’s
present smoking behavior. Second, our findings suggest that future research should
consider the social position of an adolescent within a peer group structure since
selection and influence processes differed within non-reciprocal and reciprocal
friendships. Suggestions for the development of smoking prevention among
adolescents can also be inferred from the current study. Smoking prevention
programs should focus on selection processes besides social influence processes. In
line with previous research we emphasized that the way peer environments are
structured needs more attention within prevention programs besides the promotion
of social influence skills [90-92]. Programs should also draw on different strategies for
early and mid adolescence. During early adolescence, when youngsters start
forming new friendships, adolescents were mainly influenced by smoking behavior of
their parents and siblings. During mid adolescence, this influence diminished and
peer smoking behavior increasingly affected adolescent smoking behavior. Programs
targeting youngsters in early adolescence should make parents as well as siblings
aware of the effects of their own smoking behavior upon the young adolescent.
During mid adolescence, our results suggest a different approach targeting mainly
the youngsters themselves. Adolescents should be made aware of the effects of peer
smoking behavior. Adolescents have to learn not to adjust to desired friends. In
addition, by making adolescents aware of how friendships are formed and which
characteristics predict a stable long-lasting friendship, programs might also prevent
adolescents from returning friendships based on similar smoking behavior.
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CHAPTER 4
Social network analyses in six European countries

Based on: Mercken, L., Snijders, T., Steglich, C., & De Vries, H. (2009) Dynamics of
friendship networks and smoking behavior: social network analyses in six European
countries. Social Science & Medicine (In press).
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ABSTRACT
The co-evolution of adolescents’ friendship networks and their smoking behavior is
examined in a large sample across six European countries. Selection and influence
processes are disentangled using new methods of social network analysis that
enable alternative selection mechanisms to be controlled for. The sample consisted
of 7704 adolescents participating in the control group of the ESFA (European
Smoking prevention Framework Approach) study. The design was longitudinal with
four measurements. Results indicated that in each country adolescents preferred
selecting friends based on similar smoking behavior. Support for influence of friends
was found in only two countries. Similarity of smoking behavior between friends was
explained more strongly by smoking-based selection processes than by influence of
friends in each of the six countries. Prevention programs need to address aspects that
drive peer selection, and reinforce non-smoking attitudes in adolescents.
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INTRODUCTION
Although smoking prevention programs yield short-term effects, the long-term
effectiveness is often modest [2, 73, 104]. One explanation may be that the
assumption that smoking onset is caused by peer influences [73, 74] is only partly
valid. Although smoking behavior tends to be similar among friends [8, 10, 11], this
similarity can also be attributed to the selection of similar others, instead of influence
[12, 13, 23, 29, 96, 105].
Although previous studies of peer influence on smoking onset successfully
controlled for other determinants of smoking, such as age, gender, parental and
sibling smoking [18], they failed to control for other determinants of friendship
selection besides smoking-based selection of friends. Some of these other
determinants are reciprocation of friendship; to become a friend of somebody who
already is a friend of a friend [106, 107]; and similarities in other variables such as
alcohol consumption [89], age, ethnicity, education, or gender [52]. All of these other
determinants may also lead to similarity of friends with respect to smoking behavior,
and failing to control for such alternative selection processes may accordingly result
in an overestimation of selection based on similar smoking behavior.
Furthermore, previous studies did not account for unobserved changes in
friendships and smoking behavior between the measurement moments. Longitudinal
data is mostly gathered at discrete moments, which makes it impossible to
unequivocally identify which process is responsible for a network or behavioral
change. In between two observations, changes will occur in friendship and smoking
behavior, and a change may even be followed by a change back to the original
value before the next observation. Figure 1 demonstrates a process diagnosed as
influence on the basis of discrete observations, but for which the sequence of events
could have been different, up to the point that it could have been a case of
selection based on similar smoking behavior when observed continuously.
This study examined smoking-related friendship selection and friends’ influence within
the same school grade, while controlling for alternative explaining selection
mechanisms. Although data were gathered at four discrete moments in time,
continuous changes in friendships and smoking behavior in between two
observations were modeled using newly developed methods of social network
analysis [62, 89]. These methods employ a more complete representation of
repeated measures data on friendship networks and smoking behavior, and allow
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the parameters that influence selection processes to be estimated and controlled
for. The sample included adolescents across six countries in Northern, Central, and
Southern Europe, permitting better generalization than data from just one country.
Based on previous studies we hypothesized that similarities in smoking behavior
among friends within the same school grade would be attributed to both selection
and influence processes. We furthermore expected stronger selection processes than
peer influence processes to explain the observed similarity of smoking behavior
between friends.
Figure 1 Ambiguity in diagnosing the peer influence process
Observation of changes
T1

Observed friendship tie from a non-smoker to a smoking friend

T2

Influence of friend to become a smoker

Possible sequence of changes between observations
T1

Observed friendship tie from a non-smoker to a smoking friend
The friendship dissolved
Smoking behavior became similar due to alternative mechanisms

T2
= non-smoker;

Selection of friend based on similar smoking behavior
= smoker;

= friendship tie; T1 = observation 1; T2 = observation 2.
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METHODS
Participants
The sample consisted of 7704 adolescents from six European countries (Denmark,
Finland, the Netherlands, Portugal, the United Kingdom (UK), and Spain) that
participated in the European Smoking prevention Framework Approach (ESFA) study
[66]. Communities (or regions) were randomly selected in each country. High schools
were asked to participate, with a 50% chance of becoming an experimental school.
Experimental schools were excluded from the current study because the intervention
may have changed the relationship between variables of interest. This study included
all control schools that participated at the four measurement times: 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). In none
of the countries did school transitions occur during the ESFA project. Table 1
demonstrates

the

average

school

network

structure

and

demographic

characteristics. The average number of friends decreased slightly over time, while
smoking behavior increased.
Procedure
Self-administered questionnaires were distributed in the seventh grade (mean age =
13) of each participating school during autumn 1998. Follow-up was conducted at
12, 24, and 30 months [76]. Parents were informed about the ESFA study and could
refuse to have their child participate. All students present on the days of data
collection were asked to complete the questionnaire. Adolescents were informed
that responses would be treated confidentially and that they too could refuse to
participate. Students returned their questionnaires in sealed envelopes to guarantee
confidentiality. The overall percentage of refusals to participate was 1.7 (0.6% in
Denmark, 3.0% in Finland, 0.6% in the Netherlands, 2.2% in Portugal, 1.0% in Spain, and
2.3% in the UK).
Questionnaire
Friendship ties were assessed by one question in which adolescents could name up
to five best friends inside and/or outside school [81]. Only best friends inside school in
the same grade were included here, since only best friends also participated as
respondents and filled out the questionnaire.
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Smoking behavior of adolescents was assessed by one question: “On
average, how many cigarettes do you smoke during a week (also count the
weekend)?” (0 = 0, 1 = between 0 and 1, 2 = 2-10, 3 = 11-30, 4 = >30).
Parental smoking behavior was measured by two questions: ‘Does your father
(male caregiver) smoke?’ and ‘Does your mother (female caregiver) smoke?’, and
was recoded into one variable (0 = neither smokes, 1 = at least one parent
(caregiver) smokes).
Sibling smoking behavior was measured by two questions: ‘Does one or more
of your brother(s) smoke?’ and ‘Does one or more of your sister(s) smoke?’, and was
recoded into one variable (0 = no siblings smoke, 1 = at least one sibling smokes). For
those adolescents who indicated having no siblings, the answer was treated as
missing.
Alcohol consumption (0 = 0 glasses of alcoholic drinks per week, 1 = 1 or 2
glasses, 2 = 3 to 5 glasses, 3 = more than 5 glasses), age (in years), gender (0 = boy, 1
= girl), nationality (0 = non-native, 1 = native), and self-reported school achievement
(1 = among the lower third of the class, 2 = the middle third, 3 = the highest third)
were also recorded.
Model development
The interdependence between changes in friendship ties, and between changes in
friendships and smoking behavior, requires a model that expresses this dependence
in a plausible way. To examine selection and influence a model was constructed
which consists of two parts: one part modeled friendship network changes (selection
processes), another part modeled smoking behavior changes (influence processes).
The combined model examines selection and influence processes simultaneously
while controlling either process for the other one. To model continuous changes
between discrete observations, continuous-time Markov chains were used. This
implies that changes in friendship choices or smoking behavior were assumed to
depend on the current state of friendship and smoking, not on the more distant past
(Markov property). The mathematical specification and statistical estimation
procedures are given by Snijders et al. [62, 64] and the model specification was as
follows.
Friendship network changes: selection processes
The friendship network evolution part of the model includes functions of current
network structure and adolescents’ attributes that determine friendship choice
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probabilities. These were called ‘effects’ and are presented in the upper part of
Table 2. This list contained three smoking-based friendship selection components: the
effect of smoking behavior on number of friends chosen (smoking behavior
adolescent), the effect of potential friends’ smoking behavior (smoking behavior
potential friend), and the interaction effect between these two, which was used to
test whether adolescents who smoke more also prefer friends who smoke more
(smoking behavior adolescent × potential friend). As friendship choices might
depend on characteristics of the current network [52, 64, 108], the effects of number
of friends chosen (outgoing friendships), number of reciprocal friends chosen
(reciprocity), and number of friends chosen who were also a friend of a friend
(transitivity) were included. Furthermore, selection based on alcohol consumption,
age, gender, nationality, and school achievement of adolescents and potential
friends was controlled for (see Table 2 for a complete overview).
Smoking behavior changes: influence processes
The smoking behavior evolution part of the model included a list of functions of
network, smoking behavior, and other attributes on which probabilities of changes in
smoking behavior may depend. These effects are presented in the lower part of
Table 2. The list contained three friendship network-related influence components:
the effect of smoking behavior of friends on adolescent smoking; the effect of
number of received friendship nominations (incoming friendships/popularity), and the
effect of number of outgoing friendship nominations on smoking (outgoing
friendships). Included control effects were the tendency to smoke, the addictive
‘feedback’ effect of smoking, parental and sibling smoking, and adolescents’
alcohol

consumption,

age,

gender,

nationality,

and

school

achievement.

Adequately controlling for attributes resulted in a larger number of effects included in
the friendship evolution part of the model compared to the smoking behavior
evolution part. This difference was due to the multidimensional nature of selection
processes. For example, while the effect of gender on adolescent smoking can be
modeled by one influence parameter (the effect of adolescents’ gender on own
smoking behavior), the effect of gender on friendship can be modeled by three
different selection features: the gender of the adolescent, the gender of the
potential friend, and the similarity in gender of the adolescent and the potential
friend.
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Table 1 Descriptive statistics of network structure of schools and individual characteristics
DK
(N=843)

FN
(N=1326)

NL
(N=2524)

PO
(N=1590)

UK
(N=792)

SP
(N=629)

50

121

280

199

198

30

Period 1

7

8

24

30

27

4

Period 2

4

9

36

25

7

2

Period 3

3

2

10

5

9

0

Country
Average network structure of schools
Average number of adolescents
Average number of joiners

Average number of leavers
Period 1

4

8

14

38

15

2

Period 2

8

10

43

39

25

4

Period 3

7

20

22

14

33

2

Wave 1

2.4

1.7

1.5

1.4

2.1

2.2

Wave 2

2.3

2.0

1.7

1.5

2.7

2.2

Wave 3

2.2

1.8

1.7

1.5

2.6

2.0

Wave 4

2.2

1.8

1.6

1.5

2.3

1.8

Wave 1

0.2

0.4

0.2

0.1

0.1

0.0

Wave 2

0.4

0.4

0.3

0.4

0.3

0.3

Wave 3

0.5

0.4

0.3

0.2

0.5

0.2

Wave 4

0.3

0.4

0.3

0.3

0.4

0.3

Wave 1

0.4

0.5

0.2

0.2

0.2

0.1

Wave 2

0.8

0.9

0.5

0.4

0.6

0.5

Wave 3

1.1

1.4

0.8

0.6

0.9

0.8

Wave 4

1.2

1.4

0.9

0.7

1.0

1.2

0.3

0.3

0.3

0.2

0.5

0.1

Age at baseline (in years)

13.3

13.4

12.8

13.2

12.6

12.4

Percentage females

50.0

47.0

49.0

47.0

64.0

47.0

Percentage Natives

97.0

--

75.0

87.0

98.0

95.0

2.3

2.0

--

2.2

2.2

2.1

63.7

49.9

50.2

51.4

38.0

63.2

Average number of friendship nominations

Average observed network similarity a

Individual characteristics
Smoking behavior adolescent (0-4)

Alcohol consumption adolescent (0-3)

School achievement (1-3)
Percentage at least one smoking parent

25.8
23.0
19.3
19.0
18.5
23.3
Percentage at least one smoking sibling
Note. DK = Denmark, FN = Finland, NL = the Netherlands, PO = Portugal, UK = United Kingdom and SP = Spain; N = total
number of adolescents participating in at least one wave in the school networks. Smoking behavior is coded: 0= 0
cigarettes each week; 1= between 0 and 1; 2= 2-10; 3= 11-30; 4= >30; Alcohol consumption is coded: 0= 0 glasses alcohol
each week; 1 = 1-2; 2=3-5; 3=>5; School achievement is coded: 1= among the lower third of the class; 2=middle third;
3=best third. --= variable was not measured. a Network autocorrelation coefficient: Moran’s I.
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Description
Main effect of the adolescent’s own smoking behavior on selection of friends
Main effect of potential friends’ smoking behavior on selection of friends
Preference for choosing a friend based on similar smoking behavior
General preference for choosing a friend
Preference to choose those who have already chosen the adolescent as a friend
Preference for being a friend of a friends’ friend
Main effect of the adolescent’s own alcohol consumption on selection of friends
Main effect of potential friends’ alcohol consumption on selection of friends
Preference for choosing a friend based on similar alcohol consumption
Main effect of the adolescent’s own age on selection of friends
Main effect of potential friends’ age on selection of friends
Preference for choosing a friend based on similar age
Main effect of the adolescent’s own gender on selection of friends
Main effect of potential friends’ gender on selection of friends
Preference for choosing a friend based on similar gender
Main effect of the adolescent’s own nationality on selection of friends
Main effect of potential friends’ nationality on selection of friends
Preference for choosing a friend based on similar nationality
Main effect of the adolescent’s own school achievement on selection of friends
Main effect of potential friends’ school achievement on selection of friends
Preference for choosing a friend based on similar school achievement

Description
Main effect of friend’s smoking behavior on own smoking behavior
Main effect of adolescents’ number of nominations by others on own smoking behavior
Main effect of adolescents’ number of nominated friends on own smoking behavior
General preference to smoke
Feedback effect of adolescent’s own smoking behavior on itself
Main effect of parental smoking behavior on his own smoking behavior
Main effect of siblings’ smoking behavior on his own smoking behavior
Main effect of an adolescent’s alcohol consumption on his own smoking behavior
Main effect of an adolescent’s age on his own smoking behavior
Main effect of an adolescent’s gender on his own smoking behavior
Main effect of an adolescent’s nationality on his own smoking behavior
Main effect of an adolescent’s school achievement on his own smoking behavior

Smoking behavior adolescent
Smoking behavior potential friend
Smoking behavior adolescent × potential friend
Outgoing friendship ties
Reciprocity
Transitivity
Alcohol consumption adolescent
Alcohol consumption potential friend
Alcohol consumption adolescent × potential friend
Age adolescent
Age potential friend
Age adolescent × potential friend
Gender adolescent
Gender potential friend
Gender adolescent × potential friend
Nationality adolescent
Nationality potential friend
Nationality adolescent × potential friend
School achievement adolescent
School achievement potential friend
School achievement adolescent × potential friend

Smoking behavior change: Influence
Smoking behavior friend
Incoming friendships (popularity)
Outgoing friendships
Tendency to smoke
Addiction to smoke
Smoking behavior parents
Smoking behavior siblings
Alcohol consumption adolescent
Age adolescent
Gender adolescent
Nationality adolescent
School achievement adolescent

Table 2 Included effects for modeling selection and influence processes simultaneously
Friendship network change: Selection
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Analysis
The proposed combined model was analyzed for each school separately using SIENA
(Simulation Investigation for Empirical Network Analysis) software [109]. Effects were
tested on the basis of t-ratios defined as estimate divided by standard error, with an
approximate standard normal null distribution [64]. All respondents were included in
the network and data were corrected for respondents who entered the study at a
later time point or left the study at an earlier time point [110]. Estimations were made
using the Method of Moments, and for the Spanish schools, because of the small
networks, by Maximum Likelihood [109] with the usual convergence criteria. When
analyzing small datasets in combination with complex models, the Maximum
Likelihood method is preferred above the Method of Moments as it tends to be a
more efficient estimation method in the sense of producing estimates with smaller
standard errors. When analyzing larger datasets the efficiency advantage is
negligible and there is no reason not to use the less time-consuming Method of
Moments [109].
Finally, for each country, results of all school network analyses were combined
in a meta-analysis. The null hypotheses that in all schools a nonpositive effect (right
one-sided test) is present, and that in all schools a nonnegative effect (left one-sided
test) is present, were separately tested by Fisher’s combination of one-sided tests
[111]. To control for multiple (right and left) testing, there was deemed to be
significant support for an effect if either of these combination tests was significant at
level 0.025. The null hypothesis that effect parameters are constant across schools
was tested by the method of Cochran adapted for network dynamics by Snijders
and Baerveldt [106, 112].
The relative contribution of selection, influence, and alternative mechanisms to
observed smoking behavior similarity
A descriptive statistic measuring the similarity of individuals linked in a network is
Moran’s I, a spatial autocorrelation coefficient [113] applied to adjacency in the
network. By calculating the average network autocorrelation in networks simulated
according to models with coefficients estimated under five different specifications,
the contributions of each specification to observed smoking similarity between
friends can be expressed, as described in [59]. For these analyses, only schools with a
mean observed autocorrelation of at least 0.1 were included, thereby excluding five
Danish and four Spanish schools. The first model specification was a baseline trend
model based on the initially observed network and smoking data. The second model
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was a control model including all control variables but excluding smoking-based
selection and influence of friendship networks. The third model was the second
model to which all smoking-based selection effects were added, while the fourth
model was the second model extended by all influence effects of friendship
networks. Finally, the fifth model included all effects as reported in Table 2. Average
network autocorrelations, based on a large number of simulations, are expected to
be lowest in the first and second models, intermediate in the third and fourth, and
highest in the fifth model. The relative increase, going from the second model to the
third or fourth model, compared with the increase from the second model to the fifth,
indicates the proportion of network autocorrelation that can be allocated to
smoking-based selection or influence friendship networks respectively. Network
autocorrelations were averaged across schools to obtain an overall conclusion per
country.

RESULTS
Friendship network changes: selection of friends
The results of the first part of the model, examining effects on which friendship
selection depended, are depicted in Table 3. In all six countries, adolescents who
smoked more had a greater tendency to choose friends who likewise scored high on
smoking behavior, as indicated by the significant interaction effect of smoking
behavior adolescent × potential friend.
The results for the included alternative selection mechanisms revealed that
adolescents significantly preferred not to select arbitrary friends, but preferred to
have reciprocal friendships and to be friends with their friends’ friends, as indicated
by the significant negative outgoing friendships effects, and significant positive
reciprocity and transitivity effects. Adolescents did not select friends based on similar
alcohol consumption. However, only in Spain adolescents were more popular (more
often selected as a friend) when they drank more alcohol, as indicated by the
significant effect ‘alcohol consumption of potential friend’. Friends were selected
based on similar age in the Netherlands, Portugal, and Spain. In Denmark, the
younger the adolescents were, the more they were selected as friends and selected
friends themselves. Adolescents tended to select friends based on similar gender in
all countries. Selection based on similar nationality was found only in the Netherlands,
although non-native Portuguese adolescents selected fewer friends themselves but
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were more often selected as friends compared to native Portuguese adolescents. In
the UK and Spain, adolescents selected friends based on similar school achievement.
Smoking behavior changes: Influence processes
The results of the smoking behavior evolution part of the model are reported in Table
4. Only in Finland and the Netherlands was adolescent’s smoking behavior
influenced by friends’ smoking behavior. Being more often nominated as a friend
(popularity) or nominating more friends did not have an impact on own smoking
behavior as indicated by no significant effects due to incoming friendships and
outgoing friendships.
In all countries, the significant effects of the control variables ‘tendency to
smoke’ and ‘addiction to smoke’ implied that adolescents had an overall tendency
not to smoke, but smoking behavior was self-reinforcing due to its addictive nature. In
the Netherlands and Portugal, adolescents with at least one smoking parent had a
higher tendency to smoke. In the Dutch sample, adolescents also smoked more
when at least one of their siblings smoked. Drinking more alcohol resulted in a more
smoking in the Netherlands and the UK. The tendency to smoke increased with age
only in Portugal. In Portugal, the UK, and Spain, girls smoked more than boys. Nonnative

Spanish

adolescents

(those

adolescents

with

a

South

American,

Mediterranean, Asian and other background) had a higher tendency to smoke
compared

to

native

Spanish

adolescents.

Adolescents

with

lower

school

achievement had a higher tendency to smoke in Denmark and Spain.
The relative contribution of selection and influence processes to smoking behavior
similarities
The contribution of the various mechanisms generating similarities in smoking
behavior among friends is depicted in Figure 2. The slices labeled ‘selection’
represent the proportion of similarity attributed to smoking-based friendship selection
processes. The mean values of this proportion were 32% in Finland, 19% in Denmark,
45% in the Netherlands, 27% in Portugal, 17% in the UK, and 47% in Spain.
The slices labeled ‘influence’ reflect the proportion of similarity attributed to
influence from adolescent’s friendship networks (smoking behavior of friends, and
numbers of given and received friendship nominations). These proportions were 19%
in Finland, 10% in Denmark, 23% in the Netherlands, 13% in Portugal, 7% in the UK, and
6% in Spain.
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All selection and influence mechanisms except for smoking-based selection and
influence of friends are jointly represented by the slices labeled ‘control’. These
proportions ranged from 1% in Portugal to 38% in Spain. Finally, the slices labeled
‘trend’ cover the consequences of the similarity observed in the preceding wave.
The proportions of smoking behavior similarity explainable from the previous wave
range from 9% in Spain to 49% in Portugal.
In all countries the proportion of smoking behavior similarity explained by
smoking-based selection was higher than the proportion due to influence of
adolescents’ friendship network. A rather large proportion was explained by
alternative selection and influence processes, and general trends we controlled for.
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-2.49

1.46

0.93

-0.00
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0.13

-0.19

-0.15

0.15

0.01

Smoking behavior A × PF

Outdegree

Reciprocity

Transitivity

Alcohol consumption A

Alcohol consumption PF

Alcohol consumption A × PF

Age A

Age PF

Age A × PF

Gender A
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0.05

School achievement PF
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0.87
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right
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School achievement A × PF
0.18
0.08 0.87 0.06
0.02
0.03 0.73 0.38
0.21 0.08
0.99 0.04
0.33
0.05 1.00
0.00
0.16
0.08 0.89
0.01
Note. DK = Denmark, FN = Finland, NL = the Netherlands, PO = Portugal, UK = United Kingdom and SP = Spain; N = number of adolescents; b = unstandardized coefficients according to the Snijders-Baerveldt
method (2003); s.e. = standard error; p-values: Fisher’s combination of one-sided tests; Bold values represent significant results; Significant differences found between schools according to the SnijdersBaerveldt method (2003); - = not measured.
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Friendship network change:
Selection

Country

Table 3 Meta analyses results per country: estimates, standard errors, p-values and differences between schools of the network evolution part of the model
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0.24

0.22

0.00

1.00

0.89

0.85

0.73

right

p-values

UK (N=792)

2.86

0.33

0.18

-0.14

0.28

0.34

0.50

-0.28

-0.17

0.03

0.19

b

1.31

0.19

0.32

1.00

0.19

0.19

0.16

0.27

0.12

0.06

0.30

s.e.

0.98

0.99

0.95

0.18

0.99

0.98

1.00

0.02

0.04

0.24

0.66

left

0.02

0.01

0.13

0.18

0.04

0.09

0.00

0.76

0.91

0.23

0.09

right

p-values

SP (N=629)

School achievement A
-0.39
0.15 0.01
0.98
-0.03
0.03 0.13 0.72
-0.22
0.10
0.11 0.93
-0.14
0.10 0.05 0.98
-0.55
0.33 0.00
0.98
Note. DK = Denmark, FN = Finland, NL = the Netherlands, PO = Portugal, UK = United Kingdom and SP = Spain; N = number of adolescents; b = unstandardized coefficients according to the Snijders-Baerveldt
method 2003); s.e. = standard error; p-values: Fisher’s combination of one-sided tests; Bold values represent significant results; Significant differences found between schools according to the SnijdersBaerveldt method (2003); - = not measured.

0.49

0.13

0.18

0.39

0.06

Age A

0.42

0.05

-1.22

Tendency to smoke

Addiction to smoke

0.09

0.34

0.08

Outgoing friendships

0.09

0.17

Parental smoking

0.05

Incoming friendships

s.e.

Sibling smoking

0.32

Smoking behavior friend

Smoking behavior change:
Influence

b

Table 4 Meta analyses results per country: estimates, standard errors, p-values and differences between schools of the influence evolution part of the model

Country

Figure 2 The relative contribution of selection and influence processes to smoking behavior similarities between friends
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27%
45%
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27%
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Smoking-based selection of friends

17%
49%

37%
25%

FN

NL

9%
18%
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38%

9%

Control: alternative explaining mechanisms
Trend: consequences of previous situation
(friendship network and smoking behavior)

SP

DISCUSSION
This study aimed to disentangle influence and selection by examining the coevolution of adolescents’ friendship networks and smoking behavior in six European
countries, using newly developed social network analysis techniques.
Our findings clearly demonstrate that selection processes play an important
role in creating smoking behavior similarity within friendships. Adolescents preferred to
select friends with similar smoking behavior in each country. These results support
previous findings about the importance of selection processes [12, 13, 23, 29, 105].
One of the strengths of the present study was the inclusion of a number of
alternative explaining mechanisms to counter a possible overestimation of selection
based on similar smoking behavior. Adolescents highly preferred to reciprocate
friendships and to become friends with friends of friends, which is in line with previous
research [106, 107]. Gender similarity was another important selection criterion. These
significant results as well as those of previous studies [52], underline the necessity to
control for such mechanisms when examining selection and influence processes.
The most remarkable finding of this study may be that support for influence of
friends’ smoking behavior on adolescent smoking was only found in Finland and the
Netherlands. In all countries selection based on smoking behavior was more
important than peer influence in explaining similarity in smoking status between
friends. Although often suggested [11, 100, 105], our results do not entirely confirm the
importance of peer influence. Our results slightly differ from a previous study on similar
data [29], in which no support was found for peer influence in Finland and the
Netherlands, but was found in Portugal. In this study [29] friendship composition
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changes were not taken into account and smoking behavior of friends as reported
by the adolescents instead of actual smoking behavior of friends was used, which
may have led to biased estimations of influence and selection processes.
Furthermore, the present study uses data over a longer time period, which yields
higher power for discovering effects. In addition, the influence and selection
processes may change over time. Further research is needed to examine this
possibility.
As in previous studies [18, 75, 114], we found support for parental smoking
influences on adolescent smoking in Finland, the Netherlands, and Portugal. Support
for influence of sibling smoking was only found in the Netherlands. These results might
imply that a substantial number of adolescents were not influenced by their direct
social environment but choose to smoke for different reasons. We did not find
evidence that being more often selected as a friend (being popular) or selecting
more friends oneself affected adolescent smoking behavior in any of the six
countries. This is in contradiction with [115] who reported that popular students were
more likely to become smokers compared to less popular peers. This difference might
be due to the different population or to the stronger control exerted in our study for
alternative mechanisms.
Limitations
This study was subject to limitations. First, self-reported smoking behavior was not
validated by biochemical measures. However, under optimized measurement
conditions that assure anonymity, self-reports have been shown to be reliable and to
correspond well with biological indicators [86, 116]. During the ESFA project,
measurement conditions were optimized by guaranteeing strict confidentiality [66].
Second, no direct measures of parental and sibling smoking were available, which
might have biased estimated parental and sibling smoking behavior effects.
However, previous research has demonstrated that adolescents aged 13–17 years
can be used as reliable sources to report on the smoking status of their parents [103].
Third, the use of a fixed name generator might have limited adolescents’ possibilities
to nominate their best friends. However, previous research, allowing 7th graders to
nominate any number of friends, showed that on average only 4.09 friends were
nominated [88]. Allowing more than five nominations might provoke adolescents to
nominate peers who are not ‘best’ friends. Fourth, we focused on friendships within
the same school grade. Although these specific friends form an important social
environment, they do not represent the entire social network of adolescents. Older
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friends may be an important source of influence, and as adolescents grow older
themselves, friends are more likely to come from various settings. Future social
network studies should aim to include all friends outside and inside school. Fifth, we
could not include classroom membership effects because this information was not
available, which is a disadvantage mainly for the countries where grades were large
(Netherlands, Portugal, UK), as SIENA makes the assumption that all network members
are equally available as potential friends. This may have biased the transitivity
parameter and it might have led to an overestimation of smoking-based selection
since adolescents in the same classroom may have a higher chance to become
friends. Future research should include measurements of classroom membership and
test this possibility. Finally, differences between countries and between schools within
countries were not explored. Although we tested for differences across schools, we
did not examine school level factors such as educational level and school size. It will
be interesting to include such factors in future multilevel analyses.
Practical implications
This study has several practical implications. First, if adolescents are less strongly
influenced by their friends to start smoking than assumed earlier, it is conceivable
they choose to smoke due to earlier formed smoking-related attitudes. In these
cases, smoking prevention programs will probably benefit more from reinforcing nonsmoking attitudes than from teaching adolescents to cope with social influences.
Second, smoking prevention should not solely focus on social influence, but also
consider selection processes. Previous research has already emphasized that peer
network structure needs more attention within prevention programs besides the
promotion of social influence skills [90-92, 116, 117]. Especially in countries where
influence processes play a role, prevention could benefit from creating non-smoking
majorities within groups, working with popular peers as role models, or increasing selfawareness regarding imitation and selection. Finally, the different results across
countries regarding influence processes call for a multilevel approach which could
reveal the effects of cultural norms [118], school size or classroom organization.
Cultural norms may protect against smoking, but may also foster smoking as a
normative behavior. Greater stability in classroom composition over years could
promote friendship stability and decrease opportunities for selection as well as
influence processes.
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CHAPTER 5
A social network analysis in a Finnish sample

Based on: Mercken, L., Snijders, T., Steglich, C., Vartiainen, E., & De Vries, H. (2009)
Dynamics of adolescent friendship networks and smoking behavior. Social Networks
(In press).
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ABSTRACT

The mutual influence of smoking behavior and friendships in adolescence is studied.
It is attempted to disentangle influence and selection processes in reciprocal and
non-reciprocal friendships. An actor-based model is described for the co-evolution of
friendship networks and smoking behavior. This model considers alternative selection
and influence mechanisms, and models continuous-time changes in network and
behavior. The data consists of a longitudinal sample of 1326 Finnish adolescents in 11
high schools. Findings suggest that selection as well as influence processes play an
important role in adolescent smoking behavior. Selection had a relatively stronger
role than influence, in particular when selecting non-reciprocal friends. The strength
of both influence and selection processes decreased over time.
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INTRODUCTION
One of the main preventable causes of cancer, heart disease, and premature death
is cigarette smoking [2, 119-121]. Many youngsters experiment with smoking, which
often results in becoming a regular smoker in adulthood [3]. During adolescence,
smoking behavior tends to be similar among friends [8-11]. This similarity in smoking
behavior, which can be regarded as network autocorrelation [122], could be caused
by selection of similar others as friends as well as by influence processes where friends
adjust their smoking behavior to each other, or by a combination of these. This article
will demonstrate the use of stochastic actor-based models [62, 123] capable of
disentangling influence and selection processes by simultaneously representing
changes in friendship network structure and changes in smoking behavior among
adolescents. In particular, the impact of friendship reciprocity on selection and
influence processes will be explored. Reciprocal friendships may offer higher
friendship quality, which in turn could result in more opportunities for influence
processes leading to smoking behavior similarities among friends [27, 43]. Pearson
and Michell [40] examined non-reciprocal and reciprocal friendships and concluded
that adolescents in the periphery of peer groups were the most important targets of
influence.
Several studies attempted to disentangle selection and influence processes in
the context of smoking behavior and suggested that selection of friends based on
smoking behavior may be just as important as influence processes to explain similarity
among friends, or even more important [12, 13, 23, 29, 96, 105]. Studies that
considered friendship reciprocity showed mixed results. Several studies found stronger
support for influence within reciprocal compared to non-reciprocal friendships [27,
43, 96], other researchers did find strong support for influence of non-reciprocal or
desired friends [100].
Disentangling selection and influence processes, as well as the role of
friendship reciprocity in

these processes, is difficult, due to

the

dynamic

interdependent nature of friendship networks and smoking behavior. Previous studies
have three main shortcomings. First, although most previous studies did include
important alternative influence processes such as the influence of parental and
sibling smoking [18], they did not control adequately for alternative explanatory
selection mechanisms. A smoking adolescent, for example, might choose a smoker
as a friend because this individual already indicated the adolescent as his friend
(reciprocity) or because this particular person was already a friend of the
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adolescent’s other friends (transitivity). Further, the selection of this smoking friend
might be based not on similarities in smoking behavior but on similarities in age,
gender, alcohol consumption, school achievement, etc. Support for these alternative
causes of tie formation was found by previous researchers [52, 106, 107]. Failing to
control for alternative mechanisms might result in an overestimation of the strength of
smoking-based selection processes. Second, researchers did not consider the
continuous changes of network structure and smoking behavior over time happening
between observations. Longitudinal data is mostly gathered at only a few discrete
moments, which makes it impossible to unequivocally identify the processes
responsible for a network or behavioral change. In between two observation
moments, changes will occur in friendships and smoking behavior, and a change
may even be followed by a change back to the original value before the next
observation moment. Figure 1 demonstrates influence and smoking-based selection
processes that are likely to be diagnosed incorrectly on the basis of discrete
observations if change between the observations is not accounted for. Consecutive
observations are denoted here by T1 and T2, and some sequences of changes that
may have occurred between observations are also indicated. Analysis techniques
that are based on classifying observed changes as being due to influence or
selection without accounting for the possibility of other intervening changes [13, 29,
124] may be misleading, and it is preferable to use a technique that does take this
possibility into account. Finally, independence assumptions that underlie the
employed statistical methods are violated. Even more advanced statistical
techniques such as structural equation modeling used for this type of data [29, 124]
assume incorrectly that there are no dependencies caused by the network structure
of an adolescent. For example, a given individual’s value on smoking behavior could
appear within more than one observation, e.g., as the smoking behavior dependent
variable for one case, and as smoking behavior of one of the friends supplying data
for the independent variables in other cases.
New social network analysis methods have recently been developed which
are able to consider alternative explanatory selection mechanisms, to model
continuous-time changes in smoking behavior and friendship networks, and to take
dependencies into account caused by the network structure. Stochastic actorbased models [64, 65], have been developed to include network and behavior coevolution [62, 123]. The following section will describe such an actor-based model for
network-behavior co-evolution in the context of adolescent friendship networks and
smoking behavior. A more extensive introduction is given in [125].
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Figure 1 Possible changes between behavior and network observations
Incorrectly diagnosed peer influence process
Observed data
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The friendship dissolved
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An actor-based model for friendship network- smoking behavior co-evolution
Actor-based models for network-behavior co-evolution assume that at two or more
observation moments, a directed network and one or more behavioral variables are
observed for a finite set of social actors. In our study, the actors are adolescents in a
school. The network is a dichotomous relational variable, in our case indicating who
directs friendship ties to whom. The behavior is assumed to be a dichotomous or
discrete ordinal variable, in our case smoking behavior. Adolescents can change
their smoking behavior, and also their friendship ties, in response to the current
friendship network structure and the smoking behavior of the other adolescents in the
network. It is assumed that all actors are fully informed about the state of the
network, covariates and smoking behavior of all other actors in the network. Actors
are only allowed to change their own outgoing ties and their own smoking behavior;
they cannot make changes in outgoing ties or smoking behavior of other actors.
Each adolescent is furthermore assumed to make decisions to change friendship ties
or smoking behavior by probabilistic rules depending on the current configuration of
network and behavior. The functions that determine the probabilities of change are
called the objective functions, and there are separate objective functions for
network change and for behavior change. Probabilities of change to a particular
network or behavior state are higher accordingly as the objective function is higher;
see Snijders, Steglich, and Schweinberger [62] and Snijders, van de Bunt and Steglich
[125]. One interpretation is that the changes are the result of choices to optimize the
actor’s position in the network according to short-term preferences and constraints
combined with random disturbances, and the objective function represents these
short-term preferences and constraints. Finally, all actors consider and execute
network and smoking behavior changes independently, given the current state of
the network and everybody’s behavior. Actors may change only one friendship tie or
one level of smoking behavior at any moment in time. This implies that actors may
react to each others’ changes in friendship ties and smoking behavior, but do not
negotiate or otherwise make joint changes based on a prior agreement. Therefore a
negotiation like ‘when you start smoking, I’ll become your friend’ would need to be
represented as the result of two smaller changes, between which the causal link
cannot be enforced: ‘you may start smoking, but whether I will become your friend
remains to be seen’. Note that while an actor cannot be certain that starting to
smoke will result in a friendship, if smoking similarity has a positive effect on friendship
selection then the actor does know that starting to smoke will increase the probability
of being considered as a friend by smoking schoolmates.
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The actor-based models for co-evolving networks are modeled according to a
continuous-time Markov process in which likely developmental trajectories between
observation moments are imputed (continuous-time property), and changes
adolescents make are assumed to depend only on the current state of affairs
(Markov property).
To model the co-evolution of friendship and smoking two models are created,
one for friendship network change and one for smoking behavior change. The
network evolution and behavior evolution models are integrated as one internally
dependent process. In this manner, the current state of the continuously changing
friendship network can be a dynamic constraint for changes in smoking behavior,
while simultaneously the current state of smoking behavior can act as a dynamic
constraint for changes in the friendship network.
Using this approach, four main research questions are addressed in this study:
1. Do adolescents select friends based on similar smoking behavior?
2. Are adolescents influenced by friends to adjust to their smoking behavior?
3. Does the strength of these selection and influence processes differ for nonreciprocated and reciprocated friendships?
4. What is the relative contribution of selection and influence processes over time?

METHODS
Participants
The sample consists of 11 Finnish schools containing 1326 adolescents that
participated as a control group in the ESFA study [66, 76], which was an intervention
study with interventions taking place at the community level. The participating Finnish
organization demanded that participating schools be located exclusively in Helsinki.
In this research region, communities/neighborhoods were randomly selected. High
schools within the target communities were asked to participate, indicating that they
would have a 50% chance of becoming an experimental school. Experimental
schools were excluded in this study since the intervention may have changed the
relationship between variables of interest. The present study included all control
schools that participated at each of the four measurement times, resulting in 11
schools with in total 1326 participating adolescents.
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Procedure
Self-administered questionnaires were distributed in schools among seventh graders
during autumn 1998, since smoking onset is most likely to occur among this age
group. Follow-up was conducted respectively 12, 24, and 30 months later [66, 76]. On
the days of data collection, present students were asked to complete the
questionnaire. It was explained to the adolescents that responses would be treated
confidentially and they could refuse to participate. Questionnaires were returned in
sealed envelopes to guarantee their anonymity. In Finland, the overall rate of refusals
to participate was 3%.
Questionnaire
Friendship ties were assessed by one question in which adolescents could name up
to five best friends inside and/or outside school [81]. Only best friends inside school in
the same grade are included here, to have complete networks as data material.
Smoking behavior of adolescents was assessed by one question: “On
average, how many cigarettes do you smoke during a week (also count the
weekend)?” (0 = 0, 1 = between 0 and 1, 2 = 2-10, 3 = 11-30, 4 = more than 30).
Parental smoking behavior was measured by two questions: ‘Does your father
(male caregiver) smoke?’ and ‘Does your mother (female caregiver) smoke?’, and
was recoded into one variable (0 = neither smokes, 1 = at least one parent
(caregiver) smokes).
Sibling smoking behavior was measured by two questions: ‘Do one or more of
your brother(s) smoke?’ and ‘Do one or more of your sister(s) smoke?’, and was
recoded into one variable (0 = no siblings smoke, 1 = at least one sibling smokes).
Alcohol consumption (0 = 0 glasses of alcoholic drinks per week, 1 = 1 or 2
glasses, 2 = 3 to 5 glasses, 3 = more than 5 glasses), age (in years), gender (0 = boy, 1
= girl), and self-reported school achievement (1= lower third of the class, 2= middle
third, 3= highest third) were also recorded.
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Plan of analysis
Model development
An actor-based model was constructed which consisted of two models: one model
simulates the evolution of the friendship network (which allows the study of selection
processes), and the other model simulates the evolution of smoking behavior (for
studying influence processes). The combined model simulates selection and
influence processes simultaneously while controlling either process for the other one.
Four observations were available for each school. None of the respondents were
excluded from the network. Even those respondents who entered the study at a later
time point or left the study before the end of the study were included in the model for
the duration of their membership of the school [110]. The detailed mathematical
specification of actor-based models is given by Snijders, Steglich, and Schweinberger
[62] and Snijders, van de Bunt and Steglich [125]. Table 1 presents a list of descriptions
and mathematical specifications of all the included effects and a sketch of the
model is as follows.
The friendship network evolution part of the model specifies the preferred
direction of network change by a list of functions of network ‘effects’, depending on
current network structure as well as on attributes of adolescents. Friendship choice
probabilities depend on these effects. This list contains four smoking-related friendship
selection components: the effect of adolescent’s smoking behavior on number of
friends chosen (smoking adolescent), the effects of smoking behavior of potential
friends and its square on choosing them (smoking potential friend, squared smoking
potential friend), and an interaction effect between smoking adolescent and
smoking potential friend, which is used to test that adolescents who smoke more also
prefer friends who smoke more (smoking behavior adolescent x potential friend). The
reason for including both the raw and the squared value of the behavior of friends is
to control for possible nonlinearities and to have a more robust assessment of the
influence of friends on the respondent [125]. As network dynamics have major
endogenous components [52, 64, 108], several characteristics of the current network
and various individual attributes were included as control variables. These were:
number of friends chosen (outgoing friendships), number of reciprocal friends chosen
(reciprocity), and the number of friends who are also a friend-of-a-friend (transitivity).
Furthermore, as control effects, similarity on alcohol consumption, age, gender, and
school achievement were included, as well as the effects of these attributes on the
number of friends chosen (e.g., age adolescent) and on the propensity to be chosen
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as a friend (e.g., age potential friend). The friendship network evolution part of the
combined model is summarized in the upper part of Table 1. The rather large number
of control effects is necessary because friendship selection is a multidimensional
process and smoking behavior may correlate with many other attributes as well as
with network position, so that the failure to control adequately for such
characteristics could lead to misleading inferences.
The smoking behavior evolution part of the model likewise specifies preferred
directions of changes in smoking status. It encompasses a list of functions of network,
smoking behavior, and other attributes on which probabilities of changes in smoking
behavior may depend. This list contained one main friendship-related influence
component: the effect of smoking behavior of friends on adolescent smoking
behavior. Included control effects were the basic tendency to smoke expressed as a
quadratic function of smoking behavior and therefore represented by two
parameters, one for the linear and one for the quadratic term; smoking behavior of
parents and siblings; and own alcohol consumption, age, gender, and school
achievement. This list is given as the lower part of Table 1.
Since previous social network analyses within six European countries [126] did
not find evidence for the effects of number of received and outgoing friendship
nominations on smoking behavior, these extra effects on which smoking behavior
changes might depend were only tested by means of score tests [127]. Similarly, two
interaction effects of smoking-based selection and influence of friends with
reciprocity were tested by score tests to examine whether the strength of smokingbased selection and influence of friends differs between non-reciprocated and
reciprocated friendships. Because of co-linearity considerations, this score test
procedure for identifying additional effects to include in a model is generally
preferable to attempts of direct estimation of the effects in question. The latter
procedure runs the risk of not obtaining convergence in the estimation algorithm,
and not being able to identify the newly included effect, and possibly others.
Statistical analysis
For each school separately, the combined model, including the four score tests, was
analyzed using the Unconditional Method of Moments [62, 64] in SIENA version 3.14
(Simulation Investigation for Empirical Network Analysis) [109]. The included effects
were tested on the basis of t-ratios defined as estimate divided by standard error,
with an approximate standard normal null distribution [64]. Subsequently, the results
of all separate school network analyses were combined in a meta-analysis. The t-
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ratios were combined separately for each of the effects in Table 1. It was desired to
use a combination method with a good power to detect various patterns of non-zero
parameter values across the 11 schools and with a minimum of assumptions. For
each effect, the overall null hypothesis that the corresponding parameter is 0 in all
schools was tested by using Fisher’s combination procedure [111] twice, once for a
right-sided and once for a left-sided test. In the right-sided test the null hypotheses is
that in all schools the coefficient of this effect is non-positive, and the alternative
hypothesis is that in at least one school the coefficient is positive. In the left-sided test,
the same is done with interchanged roles of ‘positive’ and ‘negative’. The test
statistic in Fisher’s procedure is minus twice the sum of the natural logarithms of the pvalues of the one-sided tests for the individual schools, with under the combined null
hypothesis a chi-squared distribution having, for 11 schools, 22 degrees of freedom.
To control for multiple (right and left) testing, there was deemed to be significant
support for an effect if either of these combination tests was significant at level 0.025
(Bonferroni correction). In addition, the null hypothesis that effect parameters are
constant across schools was tested by the method of Cochran (1954) adapted for
network dynamics by Snijders and Baerveldt [106, 112]. Depending on the results of
the score tests, the final model for analysis was extended by the effects for which the
score test produced evidence.
Additional models will be estimated to explore whether smoking-based
selection and influence effects differ between the three separate data waves.
Network autocorrelations will be examined to explore the relative contribution of
selection, influence, and alternative mechanisms to observed smoking behavior
similarities among friends.
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xij xji zi zj

Main effect of own smoking behavior on own number of friends
Main effect of potential friend’s smoking behavior on selection
Tendency to select based on similar smoking behavior
Effect of potential friend’s squared smoking behavior on selection
General tendency to choose friends
Tendency to reciprocate friendships
Tendency to being a friend of a friend’s friend
Main effect of own alcohol cons. on own number of friends
Main effect of potential friend’s alcohol cons. on selection
Tendency to choose a friend based on similar alcohol cons.
Effect of potential friend’s squared alcohol cons. on selection
Main effect of own age on own number of friends
Main effect of potential friend’s age on selection of friends
Tendency to choose a friend based on similar age
Main effect of own gender on own number of friends
Main effect of potential friend’s gender on selection
Tendency to choose a friend based on similar gender
Main effect of own school ach. on own number of friends
Main effect of potential friend’s school ach. on selection
Tendency to choose a friend based on similar school ach.
Interaction between reciprocity of friendship and tendency
to choose a friend based on similar smoking behavior

P
x z
Pj ij i
x z
Pj ij j
x z z
j
P ij i2 j
x z
j
P ij j
x
Pj ij
x x
j
P ij ji
xij xjh xih
j,h
P
x
v1i
ij
Pj
xij v1j
j
P
x v v1j
Pj ij 1i
x v2
j
P ij 1j
x v
Pj ij 2i
x v
Pj ij 2j
x v v
j
P ij 2i 2j
x v
j
P ij 3i
x v
Pj ij 3j
x v v
j
P ij 3i 3j
x v
Pj ij 4i
x v
j
P ij 4j
x v v
j
P ij 4i 4j

Smoking behavior adolescent
Smoking behavior potential friend
Smoking behavior adolescent × potential friend
Smoking behavior squared potential friend
Outgoing friendship ties
Reciprocal outgoing friendship ties
Transitivity
Alcohol consumption adolescent
Alcohol consumption potential friend
Alcohol consumption adolescent × potential friend
Alcohol consumption squared potential friend
Age adolescent
Age potential friend
Age adolescent × potential friend
Gender adolescent
Gender potential friend
Gender adolescent × potential friend
School achievement adolescent
School achievement potential friend
School achievement adolescent × potential friend
∗ Smoking behavior similarity × reciprocity
j

Description

SIENA formula

Network decision: selection processes

Table 1 Mathematical formulae and descriptions of the included effects, as components of objective functions, for modeling selection and influence
processes simultaneously.
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j

P

xij zj )/(

j

xij )

Description

Main effect of friend’s smoking behavior on his own smoking behavior
Linear component in basic preference function for smoking
Squared component in basic preference function for smoking,
representing feedback effect of own smoking behavior
zi v5i
Main effect of parental smoking behavior on own smoking behavior
zi v6i
Main effect of siblings’ smoking behavior on own smoking behavior
zi v1i
Main effect of own alcohol consumption on own smoking behavior
zi v2i
Main effect of own age on own smoking behavior
zi v3i
Main effect of own gender on his own smoking behavior
zi v4i
Main effect of own school ach. on his own smoking behavior
P
zi j xij
Main effect own number of nominated friends on own smoking behavior
P
zi j xji
Main effect of number nominations by others on own smoking behavior
P
P
( j xij xji zj )/( j xij xji ) Effect expressing influence from reciprocal friends on
smoking behavior, additional to influence from all friends.

(
zi
zi2

P

SIENA formula

∗ denotes effects tested by means of a score test. Formulae: i=adolescent; j, h=peers; xij indicates presence of a friendship from i to j; xji indicates
presence of a friendship tie from j to i. Description: “own” refers to the adolescent him/herself; “selection” refers to selection as a friend. All variables
are grand mean centered; zi = smoking behavior of i, v2i = age, v 3i = gender, etc.

Smoking behavior parents
Smoking behavior siblings
Alcohol consumption adolescent
Age adolescent
Gender adolescent
School achievement adolescent
∗ Number of outgoing friendships
∗ Number of incoming friendship nominations
∗ Smoking behavior of friends × reciprocity

Average smoking behavior friends
Tendency to smoke
Tendency to smoke: squared component

Behavior decision: influence processes

Table 1 (continued)
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RESULTS
Descriptive statistics
Table 2 demonstrates the average number of friends per adolescent, smoking
behavior of adolescents, and observed network autocorrelations for each wave,
and baseline demographic characteristics. The average numbers of friends generally
increased between subsequent waves, with one exception (slight decrease after
wave 2), while smoking behavior increased over time. The observed network
autocorrelation slightly decreased from 0.42 in the first wave to 0.39 in the last wave.

Table 2 Descriptive statistics of network structure and individual characteristics
Average number of outgoing ties

Wave 1

Wave 2

Wave3

Wave 4

1.67

2.02

1.75

1.77

Average smoking behavior adolescent

0.46

0.90

1.36

1.38

Average observed network autocorrelation (Moran’s I)

0.42

0.42

0.41

0.39

Period 1

Period 2

Period 3

Average number of adolescents joining a school network

8

9

2

Average number of adolescents leaving a school network

8

10

20

Number of adolescents in school

121

Mean
Alcohol consumption adolescent

0.3

Percentage at least one smoking parent

49.9

Percentage at least one smoking sibling

23.0

Age (in years) at baseline

13.4

Percentage females

47.0

School achievement
2.0
Smoking behavior is coded: 0 = 0 cigarettes each week; 1 = between 0 and 1; 2 = 2-10; 3 = 11-30; 4 = >30;
Alcohol consumption is coded: 0 = 0 glasses alcohol each week; 1 = 1-2; 2 = 3-5; 3 = >5; School
achievement is coded: 1= among the lower third of the class; 2 = middle third; 3 = best third.

Friendship network evolution
The score test for interaction between friendship reciprocation and selection based
on similar smoking behavior was significant (left one-sided Fisher combination, Chisquare = 39.6, df = 20, p = 0.006) and therefore this effect was included in the final
model.
Results for the friendship network evolution part of the model are reported in
the upper part of Table 3. In discussing these we focus on the effects linking friendship
and smoking. Adolescents who smoked more had a greater tendency to choose
friends who likewise scored high on smoking behavior as indicated by the significant
interaction smoking ego by smoking alter effect (Chi-square = 70.8, df = 22, p <
88
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0.001). There were no significant main effects of the smoking behavior of the
adolescent or the potential friend on friendship selection.
The additionally included significant interaction effect with reciprocity
furthermore indicated that the tendency to choose similar smoking friends
(interaction smoking ego by smoking alter), was significantly higher when selecting
non-reciprocated friends as compared to reciprocal friends. The remaining effect of
selection of reciprocated friends based on similar smoking behavior was calculated
by combining the results of the interaction smoking ego by alter effect and the three
way interaction of smoking ego by alter by reciprocity effect for each school
separately. The results for all schools were then examined using the Fisher
combination of one-sided tests (left-sided chi-square = 24.94, df = 18, p = 0.13; rightsided chi-square = 13.20, df = 18, p = 0.78). These results imply that similarity of
smoking behavior played a significant role in friendship selection only when there was
not already a tie in the reciprocal direction.
Results for other effects included in the friendship dynamics model and
considered here as control effects, are in line with what has been found more often
in research on friendship dynamics and are not specifically discussed here. To have a
more detailed representation of the contributions of smoking of the adolescent and
the potential friend on tie formation and dissolution, the upper part of Table 4 gives
the total contribution of all smoking-related effects to the objective function for
network change, as defined on the basis of estimated average parameters. This
technique, explained in Section 16 of Snijders et al. (2007), represents numerically the
attractiveness of friends with specific smoking behavior values to be chosen as a
friend by the adolescent. The most attractive potential friends for adolescents that
smoke less than 1 cigarette each week are the classmates who do not smoke at all.
For adolescents who smoke 1 or more cigarettes each week, the most attractive
friends are those who smoke at the highest rate. Furthermore, smoking behavior of
potential friends mattered most in friendship selection for adolescents who smoked at
the highest rate.
Smoking behavior evolution
The score tests for the interaction between friendship reciprocation and influence of
friends’ smoking behavior, the number of outgoing friendship nominations and the
number of received friendship nominations, all turned out not to be significant and
were therefore not included in the final model.
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The results of the smoking behavior evolution part of the social network analysis,
which specifies the preferred direction of change in smoking behavior, are reported
in the lower part of Table 3. Adolescent’s smoking behavior was influenced by the
smoking behavior of their friends. Adolescents adjusted their smoking behavior to the
smoking behavior of their friends (Chi-square = 42.7, df = 22, p = 0.005). The lower
panel of Table 4 gives the combined contribution of the smoking behavior of the
adolescent and that of his/her friends’ to the objective function for smoking. This
represents the attractiveness of different values of smoking behavior, depending on
the behavior of the friends. The most attractive smoking behaviors for adolescents lie
on both ends of the spectrum (the highest and lowest scores). Smoking in-between
the highest and lowest rate, for example score 2, is very volatile and will be absorbed
to one of the ends of the spectrum. The most attractive smoking behavior for
adolescents with friends that do not smoke is non-smoking. For adolescents whose
friends do smoke, the most attractive behavior seemed to be smoking at the highest
rate.
With regard to the other included effects, the significant squared component
of the smoking tendency expresses the positive feedback effect of current smoking,
confirming the addictive nature of smoking. Further, adolescents having at least one
smoking parent or sibling had a higher tendency to smoke.
Additional analyses
The results of the additional analyses indicated no differences in the main included
smoking-based selection and influence effects between the three separate waves.
Adolescents selected friends based on similarities in smoking behavior during each
wave. The score test included to test for differences in selection based on similar
smoking behavior between non-reciprocal and reciprocal friends, was significant in
the second wave (left-sided chi-square = 37.99, df = 22, p = 0.02; right-sided chisquare = 8.18, df = 22, p = 1.00) implying that the tendency to choose similar smoking
friends was significantly higher when selecting non-reciprocated friends as compared
to reciprocal friends. This significant result was not found in the first (left-sided chisquare = 31.86, df = 20, p = 0.05; right-sided chi-square = 15.13, df = 20, p = 0.77) and
third wave (left-sided chi-square = 17.07, df = 22, p = 0.76; right-sided chi-square =
20.76, df = 22, p = 0.54). In none of the three separate waves, a significant effect of
average smoking behavior of friends was found, although a trend was visible.
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Table 3 Results meta analysis Finland
Snijders-Baerveldt
Method
b

Fisher combination test
Left one-sided

s.e.

Χ2

p

Right one-sided

Χ2

p

Network decision: Selection processes
Smoking behavior adolescent

-0.035

0.029

30.8

0.10

13.2

0.93

Smoking behavior potential friend

-0.106
0.093***

0.197
0.016

18.6
3.7

0.67
1.00

16.0
70.8

0.82
<0.001

Smoking behavior adolescent
x potential friend x reciprocity

-0.126**

0.040

40.3

0.002

5.4

1.00

Smoking behavior squared potential friend

0.049

0.102

16.6

0.79

18.2

0.70

Outgoing friendship ties

-3.356***

0.224

276.2

<0.001

0.6

1.00

Reciprocal outgoing friendship ties

1.763***°

0.088

0.9

1.00

3031.9

<0.001

Transitivity

1.175***

0.052

0.1

1.00

3104.0

<0.001

Alcohol consumption adolescent

-0.023

0.047

24.1

0.34

14.5

0.88

Alcohol consumption potential friend

0.189*
0.092*

0.081
0.048

10.5
9.4

0.98
0.99

40.0
34.6

0.01
0.04

Alcohol consumption squared potential friend

-0.100*

0.040

38.3

0.02

9.4

0.99

Age adolescent

-0.148

0.080

30.5

0.11

10.8

0.98

Age potential friend

-0.037

0.052

30.4

0.11

12.7

0.94

Age adolescent x potential friend

0.063

0.133

14.0

0.83

19.5

0.49

Gender adolescent

0.019

0.130

21.2

0.51

26.9

0.22

Gender potential friend

-0.117

0.088

31.1

0.09

13.0

0.94

Gender adolescent x potential friend

3.188***°

0.231

0.0

1.00

382.9

<0.001

School achievement adolescent

0.018

0.033

14.8

0.87

22.5

0.43

School achievement potential friend

-0.034
0.023

0.031
0.036

31.4
17.0

0.09
0.77

19.0
23.4

0.64
0.38

0.005

Smoking behavior adolescent
x potential friend

Alcohol consumption adolescent
x potential friend

School achievement adolescent
x potential friend

Behavior decision: Influence processes
Average smoking behavior friend

0.221**

0.069

7.6

1.00

42.7

Tendency to smoke

-0.922***°

0.081

8477.3

<0.001

0.0

1.00

Tendency to smoke: squared component

0.484***

0.022

0.1

1.00

3112.4

<0.001

Smoking behavior parents

0.232***

0.047

2.2

1.00

67.2

<0.001

Smoking behavior siblings

0.125*

0.054

11.4

0.97

34.4

0.04

Alcohol consumption adolescent

0.009

0.053

24.0

0.35

22.0

0.46

Age adolescent

0.029

0.064

21.9

0.47

21.8

0.47

Gender adolescent

0.056

0.049

15.9

0.82

28.4

0.16

School achievement adolescent

-0.023

0.041

28.6

0.16

19.9

0.59

b = unstandardized coefficients according to the Snijders-Baerveldt method (2003); s.e.= standard error; Bold values
represent significant results; * two sided p-value <.05 ** p<.01 ***p<.001; °Significant differences found between schools
according to the Snijders-Baerveldt method (2003). Χ2 = chi-squared values, all Χ2 have 22 d.f. except for alcohol
consumption adolescent x potential friend (d.f. = 18) and age adolescent x potential friend (d.f.= 20).
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Table 4 The attractiveness of smoking behavior
Selection

friend

adolescent

0

1

2

3

4

0

0.288

0.038

-0.114

-0.169

-0.125

1

0.159

0.002

-0.058

-0.019

0.118

2

0.030

-0.034

-0.001

0.131

0.361

3

-0.099

-0.070

0.056

0.281

0.604

4

-0.228

-0.107

0.113

0.431

0.847

Influence

friend

adolescent

0

0

1

2

3

4

1.654

1.430

1.207

0.983

0.760
0.003

1

0.013

0.011

0.008

0.006

2

-0.659

-0.441

-0.222

-0.004

0.214

3

-0.364

0.075

0.515

0.954

1.394

4

0.899

1.560

2.220

2.881

3.541

Contributions of smoking behavior of adolescent and potential friend to the objective function for
friendship (top panel) and for smoking (bottom panel). Smoking behavior is coded: 0= 0 cigarettes each
week; 1= between 0 and 1; 2= 1-10; 3= 11-30; 4= >30

Network autocorrelations
A descriptive statistic measuring the similarity of individuals linked in a network is
Moran’s I, a spatial autocorrelation coefficient [113] applied to adjacency in the
network rather than in space. By calculating the average network autocorrelation in
simulated models with coefficients estimated under various model specifications, it is
possible to express the contributions of each of these specifications to observed
smoking similarity between friends. For this purpose we follow the approach
explained more fully in Steglich, Snijders and Pearson (2009). Five model
specifications were used. The first is a baseline model expressing only the effects of
the initial smoking distribution within the initial network, the time trends in number of
friends and in smoking. This is a straw man model which serves only as a baseline. The
second is a model including all control effects but excluding smoking-based
friendship selection and excluding influence between friends. In this model the
network dynamics and the smoking dynamics are modelled in a realistic way, but
these two processes are assumed not to influence one another. The third model
differs from the second by the inclusion of smoking-based selection effects, while the
fourth differs from the second by including influence by the smoking behavior of
friends. These two models, therefore, represent friendship-smoking co-evolution with
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only smoking-based friendship selection, and only influence from friends on smoking
behavior, linking the two sub-processes. The fifth model, finally, was obtained as the
end result of the analysis presented in Table 3, assuming smoking-based selection as
well as influence by friends. Network autocorrelation as expressed by the average
Moran’s I in a large number of simulations is expected to be lowest in the first and
second models, intermediate in the third and fourth, and highest in the fifth model.
The relative increase when going from the second to the third or from the second to
the fourth model, compared with the increase from the second to the fifth, indicates
the proportion of network autocorrelation that can be attributed to selection or to
influence, respectively. Network autocorrelations were averaged across schools to
obtain an overall picture for each of the three waves.
Figure 2 presents the allocation of network autocorrelation as observed in
waves 2-4 to diverse mechanisms generating similarity of friends, estimated by
comparing the average values of Moran’s I obtained under the five presented
models. The slices labeled ‘selection’ cover the five included effects of adolescent’s
smoking behavior on network change (adolescent’s own smoking behavior, effect of
smoking behavior of potential friends, squared

smoking behavior of adolescent,

interaction between smoking behavior of adolescents and potential friends, and
interaction of the latter effect with reciprocity), and the slices labeled ‘influence’ the
single included effect of an adolescent’s network on his own smoking behavior
(smoking behavior of nominated friends). The slices labeled ‘trend’ cover the
consequences of the network autocorrelation observed in the preceding wave, such
as would be generated by a very simple model including only basic trends and the
tendency to select arbitrary friends. The other alternative explanatory mechanisms,
such as reciprocity, transitivity and influences of covariates, are represented by the
slices labeled ‘control’. The small ‘ambiguous’ slice is the proportion of network
autocorrelation that could be allocated either to influence or to selection,
depending on the order in which these components are included in the model.
The proportion of network autocorrelation allocated to smoking-based
friendship selection was higher than the proportion allocated to influence processes
in each of the three waves. The mean proportion allocated to selection decreased
from 46% during the first wave to 31% during the third wave. The mean proportions
allocated to influence decreased from 22% during the first wave to 15% during the
last wave. The increasing proportion allocated to trend effects reflects that patterns
of smoking behavior and friendships crystallize over the years of adolescence: the
effect of the preceding wave becomes more and more important. Other selection
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processes, such as selecting friends who are friends of friends or selection based on
gender, and other influence processes, such as from parents and siblings, also play
an important role to explain the observed network autocorrelations.

Figure 2 The relative contribution of selection and
influence processes to smoking behavior similarities
Wave 2

Influence
22%

Ambiguous
1%

Trend
19%

Control
12%

Selection
46%

Wave 3
Influence
21%

Trend
28%

Control
14%

Selection
37%

Wave 4
Influence
15%

Trend
46%
Selection
31%

Control
8%
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DISCUSSION
The main goal of the present study was to test social influence and social selection
processes in the interdependent dynamics of adolescent friendship networks and
smoking behavior, while controlling the test of each of these processes for the other
process and for other processes in the dynamics of friendship and of smoking. This
was studied on the basis of a 4-wave panel study of smoking dynamics among
adolescents (age 13-16 years) in 11 schools in Finland. Due to the dynamic and
interdependent nature of friendship network ties and adolescent smoking behavior,
a recently developed social network analysis method was employed: an actorbased model for friendship network and smoking behavior co-evolution. This method
can

account

for

alternative

mechanisms

explaining

selection,

as

well

as

dependencies caused by network structure, and is capable of modeling continuoustime changes in smoking behavior and friendship networks.
Our findings demonstrate that selection and influence processes both played
an important role in creating and maintaining smoking behavior similarity within
friendships. In line with previous research that already acknowledged the importance
of selection processes [12, 13, 23, 29, 105], adolescents preferred to select friends with
similar smoking behavior. Non-smokers were the most attractive for those smoking less
than once a week, whereas those smoking on average more than one cigarette per
week preferred to choose friends that smoked at the highest rate.
Support for peer influence within friendships, which is often suggested in the
literature [11, 100, 105], was also found. The results of this analysis differ from the results
of a previous study on the Finnish ESFA data [29], in which no support was found for
influence among friends. However, in this previous study [29] only data of the first two
observations were included and other statistical methods were used which do not
fully account for the dependencies caused by the network structure, potentially
leading to biased estimations of peer influence.
We furthermore found that the strength of influence processes did not differ
between non-reciprocated and reciprocated friendships, implying that adolescents
were influenced equally by their non-reciprocal and reciprocal friends. This
contradicts previous studies that argue that reciprocal friendships encompass more
opportunities for influence processes to cause smoking behavior similarities among
friends due to higher friendship quality [27, 43].
The importance of smoking for selection of friends did differ between
reciprocated and non-reciprocated friendships. Results indicated that similarity of
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smoking behavior played a role in friendship selection mainly for the selection of nonreciprocated friends. Furthermore, this effect was mainly found to be significant in the
second data wave according to the results of additional analyses in the three
separate data waves. Selection of non-reciprocated friends might be regarded as
an initial phase of friendship formation, while returning a friendship might be
regarded as a later phase of the friendship formation process. Previous research
already demonstrated that similarity appeared to be relatively more important
during the initial phases of friendship formation, when individuals choose potential
friends. In later phases, when they establish long-lasting friendships, the provision of
social and emotional resources such as companionship, emotional support, help and
self-validation, becomes more important [46], and may allow for more dissimilarity in
smoking behavior. Another explanation might be the social position of the nonreciprocal friends in a larger friendship group. Previous studies have demonstrated
that adolescents in the periphery of their peer group were the most important targets
for selection [40]. Future research should examine selection and influence processes
considering friendship reciprocity, in the context of larger friendship groups.
The present study included a number of alternative explaining mechanisms to
counter biased estimations of influence and selection processes. In line with previous
studies, this showed that adolescents highly preferred to reciprocate friendships and
to become friends with friends of their friends [106, 107], and to select friends based
on gender and alcohol consumption similarities [52, 89]. This also yielded support for
the feedback effect of current smoking behavior, which reflects the addictive nature
of smoking. In line with previous studies [18, 75, 114], adolescents were furthermore
influenced by the smoking behavior of their parents and siblings.
Smoking-based selection explained a larger proportion of smoking behavior
similarity between friends, compared to influence of friends during each of the three
successive waves. The contributions of both of these processes to similarity between
friends of smoking behavior decreased over time while the contribution of the
previous wave increased, reflecting that the friendship network and the smoking
patterns become less fluid as adolescents age from 13 to 16.
Limitations
The following limitations of this study may be mentioned. First, self-reported smoking
behavior was not validated by biochemical measures. However, self-reports have
been shown to be reliable and to correspond well with biological indicators when
measurements are done under optimized measurement conditions, assuring
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anonymity [86]. During the ESFA project, measurement conditions were optimized by
guaranteeing strict confidentiality of adolescent responses [66]. Second, the use of a
name generator limited to a maximum of five friends might have limited adolescents’
possibilities to nominate all their best friends. However, previous research, allowing 7th
graders to nominate any number of friends, showed that on average only 4.09 friends
were nominated [88]. Allowing to nominate more than five best friends might
provoke adolescents to nominate peers who are not ‘best’ friends. Third, we focused
on friendships within schools in the same grade. Although for adolescents, these
specific friends form an important social environment, they do not represent their
entire social network of peers. Future social network studies should aim to include all
friends outside and inside school. Fourth, standardized effect sizes are very hard to
define and therefore not yet provided for complex models such as actor-based
models which makes it difficult to compare our findings with results of previous
studies. However, allocation of network autocorrelation to diverse processes (Figure
2) and calculating the attractiveness of friends (Table 4) is a good alternative way to
demonstrate the strength of selection and influence processes. Fifth, in the present
study, we controlled for alternative selection and influence mechanisms involving
observed and reported variables, although there could be selection and influence
mechanisms involving unobserved covariates too. Finally, the conclusions obtained
here are based on the specification of the actor-based model described above,
and it is possible that other specifications, e.g., controlling for other processes by
including other characteristics of adolescents or different specifications of the
influence mechanism, would yield different results.
Practical implications
This study has several practical implications. First, smoking prevention programs should
not solely focus on social influence processes, but also consider peer selection
processes. Previous research already emphasized that peer network structure needs
more attention within prevention programs besides the promotion of social influence
skills [90-92]. Second, the actor-based model for network and behavior co-evolution
presented in the present study might be used also in different research fields to address
a variety of interesting research questions. This model provides a tool to disentangle
selection and influence mechanisms in numerous social network configurations and
behaviors. Third, adolescents in the present study significantly selected friends based
on similar gender, which indicates that there are gender segregated social networks of
boys and girls. Future research might examine differences in selection and influence
processes between boy and girl friendship network.
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CHAPTER 6
Selection and influence in gender segregated networks

Based on: Mercken, L., Snijders, T., Steglich, C., Vartiainen, E., & De Vries, H. (2009)
Selection and influence processes in gender segregated friendship networks
(submitted for publication).
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ABSTRACT
Aims: The main goal of this study was to examine differences between adolescent
male and female friendship networks regarding smoking-based selection and
influence processes using newly developed social network analysis methods that
allow the current state of continuously changing friendship networks to act as a
dynamic constraint for changes in smoking behavior, while simultaneously allowing
current smoking behavior to be a dynamic constraint for changes in friendship
networks. Design: Longitudinal design with four measurements. Setting: Nine junior
high schools in Finland. Participants: 1163 adolescents that participated in the control
group of the ESFA (European Smoking prevention Framework Approach) study,
including 605 adolescent males and 558 females. Measurements: Smoking behavior
of adolescents, parents, siblings, and friendship ties. Findings: Smoking-based
selection of friends was found in male as well as female networks. However, support
for influence among friends was only found in female networks. Furthermore, females
and males were both influenced by parental smoking behavior. Conclusions:
Prevention programs need to focus on the role of selection processes besides paying
attention to influence processes. Our results suggest that while females need to learn
to cope with peer influences, both males and females may benefit from reinforcing
non-smoking attitudes in order to increase the likelihood that they select non-smoking
peers. Prevention programs should furthermore be combined with smoking cessation
interventions for parents.
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INTRODUCTION
Cigarette smoking continues to be one of the main preventable causes of cancer,
heart disease, and premature death in many countries [2, 119-121]. During
adolescence many youngsters experiment with smoking which may lead to regular
smoking [3].
Numerous studies report smoking behavior to be similar among friends [8-11].
Although early research predominantly argued that this similarity was caused by peer
influence, recent studies have provided evidence that similarity is also caused by
selection of similar friends [12, 13, 23, 26, 29, 75, 96, 128]. Friendship networks are an
important aspect of an adolescent’s life. Children tend to associate mainly with
same-sex others and most close friends are of the same gender [51]. Although
friendships between males and females begin to develop during adolescence,
gender similarity among friends is still marked [52, 53]. Same-gender peer relationships
are an important socializing context that influences the development of gender
differences in social interaction styles. Differences between female-female friendships
and male-male friendships may lead to differences in smoking-based selection and
influence processes during adolescence. This study aims to examine selection and
influence processes, differentiated by gender, in the context of smoking behavior
among adolescent friendship networks.
Researchers have demonstrated that friendship patterns differ for males and
females. Females seem to have more intimate friendships [51, 54, 55], report higher
intimacy levels [55], and are more likely to turn to peers for support [57], which could
result in female networks offering more opportunities for influence. Previous research
furthermore has found that females perceived more social pressure to smoke [129,
130] and were more susceptible to social influences [131]. However, to our
knowledge, no study specifically examined differences between adolescent male
and female friendship networks regarding smoking-based selection and influence
processes.
The present study will examine selection and influence processes in male and female
networks by using newly developed methods of social network analysis [62, 89]. These
new methods, in contrast to conventional statistical methods previously used to
disentangle selection and influence processes, allow the current state of the
continuously changing friendship networks to act as a dynamic constraint for
changes in adolescent smoking behavior, while simultaneously allowing the current
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state of smoking behavior to be a dynamic constraint for changes in friendship
networks. Possible unobserved changes in friendships and smoking behavior that may
occur in between two measurement moments can be taken into account, and,
besides including other possible important determinants of smoking behavior such as
age, parental and sibling smoking behavior [18], these methods allow controlling for
other determinants of friendship selection besides smoking-based selection of friends.
Some of these determinants are reciprocation of friendship; to become a friend of
somebody who already is a friend of a friend [106, 107]; and selection based on
alcohol consumption [89], age, ethnicity and education [52].
We hypothesize that smoking-based selection will be present in males and
females and that females will be more susceptible to influence than males. We will
furthermore explore the impact of reciprocity of friendship on the strength of
smoking-based selection and influence processes.

METHODS
Participants
The sample consisted of 1163 Finnish adolescents that participated as a control
group in the ESFA study [66, 76]. Participating schools were based on a random
selection of communities in the Helsinki region and each had a 50% chance of
becoming an experimental school. The present study included all control schools that
participated at each of the four measurements and encompassed a minimum
number of 20 males as well as females, resulting in 9 schools including 605 males and
558 females.
Procedure
Self-administered questionnaires were distributed among all 7th graders of the
participating schools. Follow-up was conducted 12, 24 and 30 months later [66, 76],
similar questionnaires were distributed among 8th graders (12 month follow-up) and
9th graders (24 and 30 months follow-up). All students present on the days of data
collection completed the questionnaire. It was explained that responses would be
treated confidentially. Students could refuse to participate, and all students returned
their questionnaires in sealed envelopes to guarantee anonymity. At baseline, the
proportion of refusals was .03% [66].
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Questionnaire
The ESFA questionnaire was based on earlier studies about adolescent smoking
behavior [76-80, 132].
Friendship ties were assessed by one question in which adolescents could
name up to five best friends inside and/or outside school [81]. Only best friends inside
school in the same grade are included, as only they also filled out the questionnaire.
Smoking behavior of adolescents was assessed by one question: ‘On
average, how many cigarettes do you smoke during a week (also count the
weekend)?’ (0 = 0, 1 = between 0 and 1, 2 = 2-10, 3 = 11-30, 4 = >30). Note that this
measure will be used to model smoking behavior of ego and alters in the network
analysis.
Parental smoking behavior was measured by two questions: ‘Does your father
(male caregiver) smoke?’ and ‘Does your mother (female caregiver) smoke?’, and
was recoded into one variable (0 = neither smokes, 1 = at least one smokes).
Sibling smoking behavior was measured by two questions: ‘Do one or more of
your brother(s) smoke?’ and ‘Do one or more of your sister(s) smoke?’, and was
recoded into one variable (0 = no siblings smoke, 1 = at least one smokes).
School achievement was assessed by one question: ‘Last year, how well did
you do in school, compared to the others in your class?’ (1= among the lower third of
my class, 2= the middle third, 3= the best third).
Alcohol consumption (0 = 0 glasses of alcoholic drinks per week, 1 = 1 or 2
glasses, 2 = 3 to 5 glasses, 3 = more than 5 glasses), and age (in years), were also
recorded.
Analysis plan
A stochastic actor-based model [59, 62, 64, 65] was constructed to realistically
represent the mutual dependencies between friendship formation and dissolution on
the one hand, and change in smoking behavior on the other hand, by a simulation
model. This model takes into account the mutual feedback processes between
friendship and smoking occurring between the observations. This new approach was
applied successfully earlier to delinquency [107] and alcohol consumption [133]. All
respondents were included and the model accounted for some respondents
entering the study later or leaving earlier [109]. Missing values on adolescents’
attributes and smoking behavior were allowed and treated as non-informative in the
estimation procedure and imputed by a mean value for the start of the simulations.
The model encompasses two parts: one part models friendship network changes

103

Thesis_Mercken_v4.pdf 103

25-9-2009 10:20:29

(selection processes), the other part models smoking behavior changes (influence
processes). Both parts are integrated as one internally dependent process. In this
manner, selection and influence processes can be examined simultaneously while
controlling either process for the other one. Mathematical specifications are given by
[62, 64, 127] and a sketch of the model is described in the next section.
Friendship network changes: selection processes
The friendship network evolution part of the model specifies the preferred direction of
friendship change by including a number of effects that determine probabilities of
changes in friendship status, such as current network structure and adolescent’s
attributes.

This

list contained

four

main

smoking-based

friendship

selection

components: the effect of adolescent’s smoking behavior on number of friends
chosen (smoking behavior ego); the effect of potential friends’ smoking behavior
(raw and squared value) on choosing them (smoking behavior alter, smoking
behavior squared alter); and the interaction between smoking behaviors of
adolescents and potential friends, which allows to test that adolescents who smoke
more also prefer friends who smoke more (smoking behavior ego × alter). We
included the raw and the squared value of alters’ smoking behavior to control for
possible curvilinear dependence of the attractiveness of potential friends on their
smoking behavior. Since friendship choices have been shown to depend strongly
upon characteristics of the current network [52, 64, 108], the effects of number of
friends chosen (outdegree), number of reciprocal friends chosen (reciprocity), and
number of friends chosen who are also a friend-of-a-friend (transitivity) were
included. The selection model controlled for alcohol consumption, age, and school
achievement of adolescents and potential friends. A complete overview of all
included effects is presented in the upper part of Table 1.
Smoking behavior changes: influence processes
The smoking behavior evolution part of the model specifies the preferred direction of
change in smoking behavior by including a list of functions of network, smoking
behavior, and other attributes on which changes in smoking behavior may depend.
The included effects are described in the lower part of Table 1. The list contains three
main friendship network-related influence components: the effect of the average
smoking behavior of friends on adolescent smoking behavior, the effect of number of
received friendship nominations (incoming friendships), and the effect of number of
outgoing friendship nominations on adolescent smoking behavior (outgoing
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friendships). Included control effects were the tendency to smoke, a feedback effect
of own previous smoking behavior to control for nonlinearities in smoking behavior
(tendency to smoke squared), parental and sibling smoking behavior, and
adolescents’ alcohol consumption, age, and school achievement.

Table 1 Included effects for modeling selection and influence processes
Network decision:
Selection processes

Description

Smoking behavior ego

Effect of the adolescent’s own smoking behavior on selection of friends

Smoking behavior alter

Effect of potential friends’ smoking behavior on selection of friends

Smoking behavior alter squared

Effect of potential friends’ squared smoking behavior on selection of friends

Smoking behavior ego × alter

Tendency to choose a friend based on similar smoking behavior

Outdegree

General tendency to choose a friend

Reciprocity

Tendency to have reciprocal friendships

Transitivity*

Tendency to become a friend of a friends’ friend

Alcohol consumption ego

Effect of the adolescent’s own alcohol consumption on selection of friends

Alcohol consumption alter

Effect of potential friends’ alcohol consumption on selection of friends

Alcohol consumption alter squared

Effect of potential friends’ squared alcohol consumption on selection of friends

Alcohol consumption ego × alter

Tendency to choose a friend based on similar alcohol consumption

Age ego

Effect of the adolescent’s own age on selection of friends

Age alter

Effect of potential friends’ age on selection of friends

Age ego × alter

Tendency to choose a friend based on similar age

School achievement ego

Effect of the adolescent’s own school achievement on selection of friends

School achievement alter

Effect of potential friends’ school achievement on selection of friends

School achievement ego × alter

Tendency to choose a friend based on similar school achievement

Extra effect tested with score test:
Smoking behavior
ego × alter × reciprocity

Effect to test whether selection based on similar smoking behavior differs
when selecting a reciprocal or non-reciprocal friends

Behavior decision:
Influence processes

Description

Smoking behavior friends **

Effect of friend’s smoking behavior on his own smoking behavior

Incoming friendships

Effect of number of nomination by others on adolescent smoking behavior

Outgoing friendships

Effect of adolescents’ number of nominated friends on own smoking behavior

Tendency to smoke

General tendency to smoke

Tendency to smoke squared

Feedback effect of adolescent’s own smoking behavior on itself

Smoking behavior parents

Effect of parental smoking behavior on own smoking behavior

Smoking behavior siblings

Effect of siblings’ smoking behavior on own smoking behavior

Alcohol consumption adolescent

Effect of an adolescent’s alcohol consumption on own smoking behavior

Age adolescent

Effect of an adolescent’s age on own smoking behavior

School achievement adolescent

Effect of an adolescent’s school achievement on own smoking behavior

Extra effect tested with score test:
Smoking behavior
Effect to test whether the effect of friend’s smoking behavior differs
friends × reciprocity
among reciprocal and non-reciprocal friends
*transitive ties; ** average alter effect
Note Adequately controlling for attributes, such as age, results in a larger number of effects included in the friendship
evolution part compared to the smoking behavior evolution part. This difference is due to the multidimensional nature of
selection processes. The probability to select a friend may depend on the age of the adolescent, the age of the potential
friend, and similarities in age of both. The effect of age on adolescent smoking behavior can be modeled by including
only the effect of adolescents’ age on their own smoking behavior.
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Analysis
For each wave, two separate friendship networks, a female network and a male
network, were constructed within each participating school. All female adolescents
within the school grade would be members of the female network; all male
adolescents would be members of the male network. Since the focus of the present
paper was on same-gender friendships, cross-gender friendships were excluded. For
each male and female school network, the dynamic actor-based model was
analyzed using SIENA (Simulation Investigation for Empirical Network Analysis)
software [109]. The included effects were tested on the basis of t-ratios defined as
estimate divided by standard error, which follow an approximate standard normal
distribution [64]. Subsequently, results of all separate school network analyses were
combined for males and females in two meta-analyses. The null hypothesis that the
effect is 0 in all male or female networks was tested twice by Fisher’s combination
procedure [111], once for the right-sided test and once for the left-sided test. The
right-sided test examines the null hypothesis that in all school networks the coefficient
of this effect is nonpositive. The alternative hypothesis is that in at least one school the
coefficient is positive. The left-sided test examines the null hypothesis that in all school
networks the coefficient of this effect is nonnegative. The alternative hypothesis is
that in at least one school the coefficient is negative. The Fisher test statistic is minus
twice the sum of the natural logarithms of the p-values of the one-sided tests, with a
chi-square distribution under the combined null hypothesis, having 18 degrees of
freedom for 9 school networks. To control for multiple (right and left) testing, there
was deemed to be significant support for an effect if either of these combination
tests were significant at level 0.025. This Fisher’s combination procedure [111], which
will also be used to combine the T-tests for differences between males and females, is
preferred over the Snijders- Baerveldt method [106] for meta-analysis as it does not
make the assumption that estimated standard errors and estimated parameter
values are uncorrelated, nor the assumption that the networks are a sample of a
population.
The null hypothesis that effect parameters are constant across schools was
tested by the method of Cochran [112] adapted for network dynamics by Snijders
and Baerveldt [106, 112].
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Differences between reciprocal and non-reciprocal friendships
To explore whether the strength of smoking-based selection of friends differs when
selecting a non-reciprocal or reciprocal friend, and whether influence of friends
differs within non-reciprocated and reciprocated friendships, interaction effects of
smoking-based selection and influence of friends with reciprocity were tested by
means of score tests [107, 127].
The relative contribution of smoking-based selection and influence
As a similarity measure of individuals linked in a network we used Moran’s I, a spatial
autocorrelation coefficient [113]. By calculating the average similarity of linked
individuals in simulated models with coefficients estimated under different model
specifications, the relative contributions of selection, influence, and control effects to
observed smoking similarity between friends can be expressed. This method is
explained in detail elsewhere [59]. Two male networks were excluded (N=92) due to
very low smoking rates (mean smoking behavior below 0.5) which might bias the
results of these simulations. For comparative purpose the two female networks within
these schools were also excluded (N=123). We shall graphically represent the
average proportions of similarity allocated to smoking-based selection, peer
influence, selection and influence mechanisms not based on links between friendship
and smoking (i.e., controls), and general trend effects (inertia, effects of previous
friendships and previous smoking behavior).

RESULTS
Descriptives
Table 2 presents the average network structure within the male and female school
networks, the average smoking behavior in each wave, and baseline characteristics.
Females nominated on average more friends than males. Females smoked at a
slightly higher rate, and reported more often to have smoking parents and siblings.
Differences between male and female networks: Selection processes
The results for the friendship network evolution sub-model are reported in the upper
part of Table 3. Males and females tended to nominate more smoking friends when
their own smoking behavior was higher, as indicated by the significant ‘smoking
behavior ego × alter’ effects. There were no significant main effects of adolescent
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own smoking behavior nor of smoking behavior of potential friends on friendship
selection.
Results for the control effects indicated that males and females tended to
choose relatively few friends (outdegree) and tended to reciprocate friendship
choices (reciprocity). Females did have a significant higher tendency to become
and remain friends with friends of their friends (transitivity). Adolescents did not select
friends based on similar alcohol consumption, age, or school achievement. Among
males, a propensity to select low achieving friends was found, while females tended
to select friends drinking alcohol at a medium level (preferred scale value 1). None of
the effects significantly differed between males and females except for the
transitivity effect (combination of left-sided tests Chi-squared = 34.46, d.f. =18, p=
0.01). Females showed a stronger tendency to select friends of their friends
compared to males.
Differences between male and female networks: Influence processes
The results of the smoking behavior evolution part of the model are reported in the
lower part of Table 3. Females were influenced by the smoking behavior of their
friends. Although there was evidence that the magnitude of effect of friend’s
smoking behavior differed across the nine included female school networks (Chisquare = 25.43, d.f. = 8, p = 0.001, estimated true SD = 0.000), the effect was found to
be consistently positive (right-sided p = 0.002, left-sided p = 0.58). Although males and
females did not differ significantly, males did not significantly adjust their smoking
behavior to the smoking behavior of their friends (right-sided p-value = .07). However,
there was evidence for some variation in the effects across the male networks (Chisquare = 16.33, d.f. = 8, p = 0.038, estimated true SD = 0.000). For both males and
females the number of outgoing friendship nominations significantly influenced
smoking behavior. Males and females who nominated fewer friends, tended to
smoke more.
The control effects indicate that adolescents had a significant overall
tendency not to smoke, but smoking behavior tended to be self-reinforcing as
indicated by the significantly positive ‘smoking tendency squared’ effect. Male and
female adolescents smoked more when at least one of their parents smoked and
when they drank less alcohol. Females significantly smoked more when they were
low achievers. High achieving males had a higher tendency to smoke but this effect
was not significant. None of these effects significantly differed between males and
females.
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Differences between reciprocal and non-reciprocal friendships
The score test of the interaction between smoking behavior of ego, alters, and
reciprocity, indicated that in male and female networks, the tendency to select
reciprocal or non-reciprocal friends who are similar in smoking behavior did not differ
(combination left-sided tests chi-squared males = 20.53, d.f. = 18, p = 0.30, females =
29.07, d.f. = 18, p = 0.05; combination right-sided tests chi-squared males = 11.54, d.f.
= 18, p = 0.87, females = 12.77, d.f. = 18, p = 0.81).
The score test of the interaction between friends’ smoking behavior and
reciprocity in its effect on smoking dynamics showed that among males as well as
females influence of friends did not differ between reciprocal and non-reciprocal
friendships (combination left-sided tests chi-squared males=13.34, d.f.=18, p=0.77,
females=7.72, d.f.=18, p=0.98; combination right-sided tests chi-squared males=23.86,
d.f.=18, p=0.16, females=22.39, d.f.=18, p=0.22).
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Table 2 Descriptive statistics of network structure and individual characteristics
MALES

FEMALES

67

62

Average network structure within schools
Average number of adolescents
Average number of friends
wave 1

1.42

1.75

wave 2

1.85

2.45

wave 3

2.02

2.61

wave 4

2.33

2.85
0.46

Reciprocity fraction
wave 1

0.43

wave 2

0.31

0.51

wave 3

0.39

0.40

wave 4

0.31

0.43

Transitivity index
wave 1

0.21

0.26

wave 2

0.16

0.34

wave 3

0.16

0.26

wave 4

0.24

0.26

wave 1

0.31

0.32

wave 2

0.28

0.37

wave 3

0.40

0.45

wave 4

0.41

0.44

Moran’s I network autocorrelation index

Individual characteristics
Mean smoking behavior adolescent
wave 1

0.35

0.47

wave 2

0.74

0.99

wave 3

1.35

1.37

wave 4

1.37

1.46

0.31

0.25

Percentage at least one smoking parent

46

54

Percentage at least one smoking sibling

20

27

13.6

13.6

Alcohol consumption adolescent

Mean age baseline (in years)
Mean school achievement

Friendship ties

1.94

2.01

Wave 1

Wave 2

Wave 3

Wave 4

% friendship ties between males

43.22

37.43

32.01

31.32

% friendships ties between females

54.97

58.78

62.90

63.48

% excluded cross-gender friendship ties
1.81
3.78
5.09
5.20
Smoking behavior is coded: 0 = 0 cigarettes each week; 1 = between 0 and 1; 2 = 2 - 10; 3 = 11 - 30; 4 =
>30; Alcohol consumption is coded: 0 = 0 glasses alcohol each week; 1 = 1 - 2; 2 = 3 - 5; 3 = > 5; School
achievement is coded: 1= among the lower third of the class; 2 = middle third; 3 = best third.
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-0.048
0.070
-0.055
0.116
-2.239
1.433
1.083°
0.048
-0.306
0.081
0.155
-0.191
-0.022
0.191
0.045
-0.122°
0.050

0.953
1.073
0.946
1.123
0.107
4.191
2.954
1.049
0.736
1.084
1.168
0.826
0.978
1.210
1.046
0.885
1.051

OR

0.286
0.636
0.261
1.000
0.000
1.000
1.000
0.311
0.054
0.955
0.925
0.142
0.515
0.783
0.641
0.002
0.689

left
0.794
0.445
0.833
0.000
1.000
0.000
0.000
0.481
0.985
0.318
0.089
0.923
0.877
0.545
0.303
0.923
0.216

right

p-values

MALES (N=605)

-0.036
0.063
-0.027
0.110
-2.454
1.486
1.335°
-0.104
0.239°
-0.110°
0.087
-0.066
-0.011
0.176
0.052
0.042
0.014

Estimate

0.965
1.065
0.973
1.116
0.086
4.419
3.800
0.901
1.270
0.896
1.091
0.936
0.989
1.192
1.053
1.043
1.014

0.144
0.620
0.058
1.000
0.000
1.000
1.000
0.056
0.553
0.009
0.785
0.415
0.358
0.873
0.942
0.942
0.732

left
0.889
0.046
0.839
0.000
1.000
0.000
0.000
0.945
0.000
0.525
0.351
0.722
0.593
0.503
0.257
0.222
0.469

right

p-values

FEMALES (N=558)
OR

0.862
0.395
0.631
0.844
0.380
0.665
0.011
0.816
0.038
0.919
0.679
0.421
0.492
0.682
0.495
0.060
0.699

left
0.716
0.661
0.416
0.468
0.793
0.580
0.480
0.387
0.934
0.125
0.598
0.861
0.640
0.741
0.750
0.963
0.562

right

p-values

Difference test*

0.030°
0.062°
Smoking behavior friends
1.030
0.492
0.074
1.064
0.580
0.002
0.239
0.869
Incoming friendships
-0.028
0.972
0.404
0.578
0.030
1.030
0.850
0.222
0.392
0.727
Outgoing friendships
-0.208
0.812
0.000
0.994
-0.237
0.789
0.000
0.958
0.295
0.517
-0.464°
-0.241°
Tendency to smoke
0.629
0.000
1.000
0.786
0.019
0.690
0.135
0.756
Tendency to smoke squared
0.396
1.486
1.000
0.000
0.377
1.458
1.000
0.000
0.808
0.414
0.414°
Smoking behavior parents^
1.513
0.982
0.000
0.339
1.404
0.920
0.004
0.581
0.208
Smoking behavior siblings^
0.229
1.257
0.981
0.082
0.190
1.209
0.701
0.324
0.895
0.493
-0.159°
-0.253°
Alcohol consumption adolescent^
0.853
0.000
0.973
0.776
0.017
0.380
0.203
0.914
Age adolescent
0.025
1.025
0.341
0.329
-0.087
0.917
0.247
0.808
0.831
0.665
-0.123°
School achievement adolescent^
0.009
1.009
0.520
0.313
0.884
0.018
0.600
0.734
0.300
N = number of adolescents; Estimate = un-standardized coefficients according to the Snijders-Baerveldt method (2003); OR=Odds Ratio; p-values:
Fisher’s combination of one-sided tests; Bold values represent significant results; ^attributes modeled as changing covariates; *Independent
samples T-tests combined with Fisher’s combination of one-sided tests; °Significant differences found between schools according to the SnijdersBaerveldt method (2003).

Smoking behavior change

Smoking behavior ego
Smoking behavior alter
Smoking behavior alter squared
Smoking behavior ego × alter
Outdegree
Reciprocity
Transitivity
Alcohol consumption ego^
Alcohol consumption alter
Alcohol consumption alter squared
Alcohol consumption ego × alter
Age ego
Age alter
Age ego × alter
School achievement ego^
School achievement alter
School achievement ego × alter

Friendship network change

Estimate

Table 3 Meta analysis results: estimates, p-values and differences between schools
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The relative contribution of smoking-based selection and influence
Figure 1 shows that the mean proportion of similarity attributed to smoking-based
friendship selection was respectively 22% for males and 18% for females. The mean
proportion attributed to influence of friendship networks was 15% for males and 21%
for females. Inertia and trend effects accounted for 42% in male and female
adolescents and other determinants of friendship and smoking only played a very
small role in the explanation of smoking behavior similarity.

Figure 1 The relative contribution of smoking-based selection and influence on similarities in smoking behavior

100%
18%

80%
Average
proportion
smoking behavior
similarity

22%

3%

1%
60%

15%

40%

21%

2%

3%

42%

42%

20%
0%
Males

Females

Smoking-based selection of friends
Indeterminate
Influence of an adolescent's friendship network
Control: alternative explaining selection and influence mechanisms
Trend: consequences of previous network state and smoking behavior
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DISCUSSION
The main goal of this study was to examine differences between adolescent male
and female friendship networks regarding smoking-based selection and influence
processes using newly developed tools of social network analysis. Given longitudinal
data, these new methods allow to draw conclusions about the empirical evidence
for either of these processes, while controlling for the other process as well as for
additional explanations of friendship choice and smoking dynamics that were used
as general control effects.
We found evidence that males and females formed friendships based on
similarities in smoking behavior. This process was similar for adolescent males and
females. These results are in line with our hypothesis and earlier research reporting
peer selection to be important in explaining similarities between adolescent friends
with respect to smoking [12, 13, 23, 26, 29, 75]. However, no study specifically
examined the role of smoking-based selection in gender segregated friendship
networks.
We found empirical support for influence of friends with respect to smoking
behavior within female networks. For the male networks this effect was not significant.
Although our findings seem in line with previous studies suggesting that females
perceive more social pressure [130] and are more susceptible to social influences
[131], the difference between males and females was not significant and parameter
estimates were such that a relatively large amount of the smoking behavior similarity
among male friends was explained by influence processes (Figure 1). The lack of
strong support for influence processes within male networks might be explained by
the fact that males more than females, foster friendship intimacy through sharing
activities with friends [134], which mostly takes place outside school. Out-of-school
friends with whom males share more activities or leisure time may therefore exert a
more important influence compared to friends within school. Further research with a
larger data base is needed to give more unequivocal results about male-female
differences in this respect, and to study the dependence of these differences on the
school context.
There was no evidence that reciprocation of friendship modified the effect of
smoking similarity on friendship choice. In contrast with previous studies reporting
stronger support for influence processes among reciprocal friends [27, 43] the
strength of influence processes did not differ significantly between reciprocal and
non-reciprocal friendships in the present study. However, researchers did find support
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for influence among reciprocal friends [27, 43, 96] as well as non-reciprocal friends
[100, 128] among different populations. More research is needed to clarify the
specific role of friendship reciprocity.
Besides smoking-based selection, we controlled for a number of alternative
processes explaining peer selection. Only transitivity differed significantly between
males and females indicating that females showed a higher tendency to select
friends that were already friends of their friends. Males and females were similar in
their tendency to select arbitrary friends and reciprocate friendships. Females
furthermore preferred to select other females that reported medium scores on
alcohol consumption. In contrast with findings of previous studies [89] no support was
found for selection based on similar alcohol consumption. However, since findings on
the complete Finnish sample did show support for adolescents selecting their friends
based on similar alcohol consumption [135], the lack of support may be caused by
the reduced sample size due to restricting the social networks to solely males and
females. In line with earlier studies arguing that boys’ culture is less study oriented
[136], and that school achievement is not considered to be ‘cool’ among boys [137,
138], males preferred to select other males scoring low on school achievement.
Regarding the alternative influence mechanisms, no significant gender
differences were found. Females did smoke more when they scored low on school
achievement. In line with previous studies, males and females were both influenced
by parental smoking behavior [18, 75, 130]. The counter-intuitive negative effects of
alcohol consumption on smoking might be explained by youngsters’ choices to
either smoke or start consuming alcohol.
Limitations
The following limitations of this study can be reported. First, self-reported smoking
behavior was not biochemically validated. However, self-reported smoking has been
found to be reliable and to correspond well with biological indicators under
measurement conditions that assure anonymity [86]. The ESFA project optimized
measurement conditions by guaranteeing strict confidentiality of adolescent
responses [66]. Second, data were gathered from the Helsinki area only. It is
conceivable that in a non-urban Finnish area peer influence might be different.
Further research is needed to illuminate similarities and differences between urban
and rural areas. Third, we only included friendships within school within the same
school grade. Although these friends represent an important part of an adolescent’s
social environment, future studies should examine influence and selection in larger
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social networks that include friends of other school grades and out-of-school friends.
Fourth, due to the scope of the present study we did not include various effects
parents can have on their children’s peer relationships. However, previous research
has demonstrated that parents can have an effect on the types of friends that
adolescents are selecting [139]. Future research should examine the role of parenting
styles and practices in smoking-based selection processes using actor-based
modeling techniques. Fifth, several included constructs were measured with one
item. Future studies should include variables based on multiple questions to increase
reliability and validity. Sixth, although adolescents have been known to be reliable
sources to assess the smoking status of their parents [103], our results might be biased
since no direct measures of parental and sibling smoking were available. Finally, we
modeled selection and influence processes over three data waves without
considering possible differences between the three successive data waves.
However, a previous study on the same dataset indicated no differences in the main
included smoking-based selection and influence effects between the three separate
waves [135].
Practical implications
This study has several practical implications. First, both male and female adolescents
selected friends based on similar smoking behavior, implying that prevention
programs for adolescent males as well as females should focus on selection
processes. Previous studies already demonstrated the importance of peer networks
besides the focus on social influences [92, 116]. Although more research is needed
on the relation between attitudes and selection process, reinforcing non-smoking
attitudes among males and females might be a way to increase the likelihood that
they select non-smoking peers. Second, only females were significantly influenced by
their friends to take up smoking and should therefore benefit from learning skills to
resist social influence of friends. Although the support for influence of friends among
males was weak, the effects between males and females did not differ significantly
and we therefore cannot conclude that prevention programs will benefit from
targeting adolescent males and females in a different way. Third, as both males and
females were influenced by parental smoking behavior, the nature of this link should
be investigated in more detail to learn how parents should be involved in youth
smoking prevention programs.
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The World Health Organization (WHO) reported smoking to be a major risk factor for
the development of and death from several forms of cancer, pulmonary and
respiratory diseases, cardiac diseases, and vascular diseases [140]. Despite these
dangerous

health

consequences,

current

smoking

rates

among

European

adolescents are the highest in the world [119]. Adolescents continue to initiate
smoking, which underlines the need for insight into different processes that might
explain smoking initiation and maintenance during adolescence. Friends’ smoking
behavior is found to be one of the most consistent and robust predictors of
adolescent smoking [14]. In a comprehensive review, Conrad and colleagues
showed that friends’ smoking behavior influenced adolescent smoking behavior in 15
out of 19 studies [69]. Similarities in smoking behavior among friends, however, can be
caused by selection processes besides influence processes. Selection occurs when
adolescents select friends based on similar smoking behavior. When smokers select
smoking friends and non-smokers select non-smoking friends, smoking behavior
among friends becomes similar. Social influence among friends occurs when
adolescents adjust their smoking behavior in response to the example of or the direct
pressure by their friends. Since in most studies peer influence and selection processes
have not been disentangled, the impact of friends’ smoking on adolescent smoking
may be overestimated.
The aim of the present dissertation was to gain more insight in and
disentangle selection and influence processes within peer friendship networks. We
examined selection and influence processes in a large dataset containing
behavioral and relational data of adolescents in six European countries (Denmark,
Finland, the Netherlands, Portugal, Spain, and the UK) that participated as a control
group in the ESFA (European Smoking Prevention Framework Approach) study [66].
Friendship networks, smoking behavior and relevant other adolescent characteristics
were assessed at four waves during autumn 1998, 1999, 2000 and spring 2001. To
examine the co evolution of friendship networks and smoking behavior we employed
structural equation modeling and longitudinal social network modeling techniques. In
this concluding chapter, the main findings of the five studies presented in this
dissertation will be discussed. In addition, we will address the limitations and present
some directions of future research. Finally, practical implications will be discussed.
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GENERAL DISCUSSION
Similarities in smoking behavior caused by selection and influence processes
The first question posed in the present dissertation was “Do friends select each other
based on similar smoking behavior?”. Findings presented in chapters two to six
unequivocally show that adolescents selected each other based on similar smoking
behavior. In chapter four, evidence for selection based on similarities in smoking
behavior was found in each of the six European countries that participated in the
ESFA study. The second question posed was “Do friends influence each other in
smoking behavior?” Support for influence of friends was found in the studies reported
in chapters two and three, which only included adolescents from the Netherlands.
Chapter four demonstrated that support for influence of friends was not found in all
of the six included European countries. Besides in the Netherlands, adolescent
smoking behavior was influenced by the smoking behavior of their friends in Finland.
In chapter four, an in depth examination of network autocorrelation coefficients
(descriptive statistics that represent the similarity of individuals linked in a network)
furthermore demonstrated that the observed similarities in smoking behavior among
linked adolescents within a school network were explained more by smoking-based
selection processes than by influence of friends in each of the six countries.
These findings were in line with a large body of research conducted during
the past decade [30-34], arguing that the role of peer selection processes appears to
be at least as significant as the role of peer influence processes during adolescence.
However, in the present dissertation, several methodological pitfalls were tackled
through improved research design. We avoided projection bias by using the smoking
behavior as reported by the adolescents and friends themselves and considered
friendship changes over time. In chapters 4-6, we were further able by conducting
advanced social network analysis to model the occurrence of changes in friendships
and smoking behavior between consecutive observation moments in a more realistic
way, to control for alternative selection mechanisms, and to allow network
dependencies to occur [59].
In sum, adolescents demonstrated a strong propensity to select friends based
on similar smoking behavior. The support for influence processes among friends was
weaker than expected based on results of previous research, implying that other
factors might play a more important role in determining adolescent smoking
behavior.
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The role of friendship reciprocity in influence and selection processes
In chapters two, three, and five the specific role of friendship reciprocity in influence
processes was examined. In most previous studies, the role of friendship reciprocity
was not considered when examining selection and influence processes. By taking
reciprocity into account, we were able to examine possible influences of four types
of peers or friends in the adolescents’ social networks. Table 1 describes each of the
examined peer relationships.
Table 1 Friendship formations
Wannabe friend

P

A

A peer who wants to be friends with the adolescent,
while the adolescent does not regard him as a friend

Desired friend

F

A

A friend of the adolescent
who did not (yet) returned the friendship

Reciprocal friend

F

A

A friend of the adolescent
who did return the friendship

Former friend

P

A

A peer who was a reciprocal or desired friend
but is not a friend anymore

= peer or friend;

= Adolescent;

= friendship tie ;

= former friendship tie

In chapter two a structural equation model was tested which made a distinction
between reciprocal friends and wannabe friends, whereas in chapter three a model
was tested which discriminated between desired friends, reciprocal friends and
former friends. Findings from chapters two and three showed that in the Netherlands
adolescents were not influenced by wannabe friends nor former friends, but were
influenced by their desired friends’ smoking behavior. Results regarding the influence
of reciprocal friends were mixed. The study reported in chapter three did not find
significant support for influence among reciprocal friends, which contradicts the
results of the earlier study reported in chapter two. In chapter three, however, a more
refined model was tested which allowed a better control for covariates of
adolescent smoking behavior which might have resulted in these contradicting
findings. In chapter five differences between influence of desired and reciprocal
friends were examined in a Finnish sample using social network analysis techniques.
Support was found for Influence of desired friends as well as reciprocal friends among
Finnish adolescents.
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The role of friendship reciprocity in smoking-based selection was also examined in the
same three chapters. Findings indicated that reciprocity did not play an important
role in smoking-based selection of friends as support for selection of reciprocal as well
as desired friends was found in the Dutch studies reported in chapters two and three.
However, the social network analysis reported in chapter five, using the Finnish ESFA
dataset, clearly showed that friendship reciprocity did play a role in that specific
sample. Adolescents in Finland had a significant stronger propensity to select desired
friends based on similar smoking behavior compared to the propensity to select
reciprocal friends based on similarities in smoking behavior.
Desired friends, those friends that did not yet return the friendship, seem to be
selected based on similarities in smoking behavior and seem to have the power to
influence their future friend’s smoking behavior before a reciprocal friendship is
formed. These findings suggest that desired friends and reciprocal friends are
different agents within an adolescent’s social network, that they can be associated
with different selection and influence processes, and should be studied separately.
Researchers have argued that adolescents were more strongly inclined to adapt to
a desired friend’s norms and behaviors because of their intrinsic needs to make the
friendship mutual and adapting to the smoking behavior of a desired friend might be
one way to achieve this [100, 141]. Furthermore, the actual influence of a desired
friend may differ from the influence within a reciprocal friendship. Although one of
the strengths of the studies presented in this dissertation is that research findings are
based on analyses with actual smoking behavior measures of friends instead of
adolescents’ perceptions of the smoking behavior of friends, it is feasible that the
modeling of smoking behavior will be based more strongly on perceptions of smoking
behavior when it involves a desired friend in contrast to a reciprocal friend.
Perceptions of smoking behavior may also differ and be less accurate for desired
friends compared to reciprocal friends.
In sum, our findings suggest that desired and reciprocal friends can be
associated with different selection and influence effects and should therefore be
distinguished in future research. In addition, desired friends appeared to be selected
based on similarities in smoking behavior and to influence their future friend’s smoking
behavior. Further research is needed to examine the specific role of desired friends in
more detail.
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Changes over time in influence and selection processes
In chapter three changes in selection and influence were examined during three
successive waves using structural equation modeling in a Dutch sample. Findings
indicated that in the Netherlands, selection based on similar smoking behavior
decreased over time. Results furthermore only showed support for influence of
desired friends during the third/last wave, indicating that influence of desired friends
increased from early to mid adolescence.
In chapters five and six, the relative contribution of smoking-based selection
and influence processes to observed smoking behavior similarity between friends was
examined

among

Finnish

adolescents

by

studying

changes

in

network

autocorrelation coefficients over time. In line with the findings of chapter three, the
proportion of smoking behavior similarities explained by smoking-based selection
processes decreased over time. Results furthermore showed a decrease in the
impact of friend influence processes in causing smoking behavior similarities among
friends. However, in these social network studies, changes over time were not
examined separately for desired and reciprocal friends. In this manner, we cannot
exclude the possibility that influence of desired friends in particular increased, while
influence of reciprocal friends decreased.
It is known that conformity increases during middle childhood, peaks in
middle adolescence and then decreases [142, 143]. Young adolescents affiliate with
peer groups by confirming to group norms. When adolescents grow older, they form
a more autonomous sense of self, group affiliation becomes less important and
conformity decreases [144]. The decrease of smoking-based selection of friends with
age may be explained by children’s changing selection criteria. Older children are
known to choose friends based on criteria that are more relevant for later phases of
friendship, friendship satisfaction and durability [46].
In sum, influence and selection processes seemed to decrease from early to
mid adolescence. In addition, our findings indicated that the specific influence of
desired friends may increase over time. More research is needed to confirm our
findings in other samples.
The role of gender in selection and influence processes
The final goal of this dissertation was to examine the role of gender in selection and
influence processes. In chapters four and five, findings demonstrated in line with
previous studies that adolescents had the propensity to choose friends based on
similar gender [52]. Chapter six specifically addressed the role of gender in smoking-
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based selection and influence processes by studying friendship and smoking
behavior dynamics in male and female friendship networks. Slightly stronger
evidence was found for influence among adolescent females compared to males
which is in line with previous research demonstrating that females perceived more
social pressure [130] and were more susceptible to social influences [131].
Differences in attachment styles between adolescents may explain variations
found in individual susceptibility to influences of friends [145]. Attachment styles
consist of two major dimensions: anxiety and avoidance. Individuals expressing an
anxious attachment style, are anxious to be accepted, afraid of abandonment, or
over concerned with approval. Individuals who are avoidant attached are distant
and avoid closeness [146]. Adolescents demonstrating an anxious attachment to a
peer group may identify more strongly with that group for fear of being rejected. This
may result in engaging in risk behaviors such as cigarette smoking and alcohol
consumption in order to be noticed or accepted. Throughout childhood and
adolescence, females are known to differ from males in their attachment styles [147,
148]. Further research is needed to explore the relationships between attachment
styles and smoking-based selection and influence processes among males and
females.
Structural Equation Modeling versus Social Network Analysis
In the present dissertation selection and influence processes were disentangled
initially by using structural equation modeling techniques and during the later phases
by using actor-oriented models in longitudinal social network analysis. The
shortcomings of conventional analysis techniques and more sophisticated and
advanced analysis techniques such as structural equation modeling have been
discussed extensively throughout this dissertation. Three main issues are fundamental
for the separation of selection and influence processes: (1) modeling possible
changes in friendships and smoking behavior between consecutive observation
moments (2) controlling for alternative selection mechanisms, and (3) allowing
network dependencies to occur [59]. When the set of friends at one observation
moment is different from the set of friends at the next observation moment, in SEM it is
necessary to make decisions, with arbitrary components, to specify whose influence
plays a role in such cases. Furthermore, if the set of friends remains the same, a
change might occur as well as a change back to the original value during the same
period in between two discrete observations. If data would be completely observed,
the problem of alternative mechanisms remains in SEM analyses. The selection of
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friends takes place not only based on attributes such as smoking behavior but also on
the basis of current network structure. One example is ‘transitivity’, which is a
structural network mechanism known to play a strong role in friendship formation.
Transitivity reflects the tendency to select those friends that are already friends of
your friends regardless of their smoking behavior [60, 61]. Not controlling for such
mechanisms would mistakenly lead to diagnosing selection based on similar smoking
behavior. Third, when analyzing data of a complete network, the smoking behavior
score of a specific individual can appear in more than one observation in the
dataset. Smoking behavior of many individuals will also appear as smoking behavior
scores of friends in observations of other individuals. This phenomenon violates
independence of observations, a crucial assumption of SEM.
By constructing actor-based models for the co-evolution of networks and
behavior as implemented in the SIENA software, we were able to overcome those
shortcomings and succeeded in disentangling smoking-based selection and
influence processes. Although we recommend future researchers to use these
advanced social network analysis techniques to solve empirical problems related to
selection and influence processes, this method also has some limitations. First,
compared to SEM, conducting social network analyses can be rather timeconsuming for larger networks because of the iterative process used to estimate
parameters. Second, during the course of this research social network analysis was
limited to dichotomous network ties (having a friendship or having no friendship). It
was not possible to model different strengths or qualities of friendship ties. Third, there
are no conventional metric effect sizes in SIENA such as model fit indices or R-squares
that are available in SEM. However, the resulting T-statistics are standardized and
may be therefore used to assess the relative strength of the various parameter
estimates but it is not yet possible to compare results with effect size statistics
calculated via other statistical techniques [107].
In conclusion, when examining influence and selection processes the use of
actor-oriented

models

for

the

co-evolution

of

networks

and

behaviour

is

recommended. Despite the current limitations of this new method, it tackles three
fundamental methodological problems of conventional analysis techniques.
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LIMITATIONS AND SUGGESTIONS FOR FUTURE RESEARCH
First, the social networks of adolescents examined in the present dissertation were
limited to friendships within the same school grade. Adolescents also tend to select
friends outside their own school grade or outside the school environment and may
well be influenced by those friends, which may explain the somewhat weaker
evidence found for influence processes among friends. Although focusing on school
grade networks has some advantages, such as controlling for the availability of
friends within the network and to some extent controlling for selection of friends
based on similarities in attributes other than included in the present research, future
social network studies focusing on selection and influence processes during
adolescence should aim to examine all friendships inside and outside the school
environment.
Second, in this dissertation we examined smoking-based selection and
influence processes within friendship dyads. In the social network studies presented in
chapters four to six, we controlled for the formation of triads (a small group of three
adolescents that share friendships with each other). However, we did not examine
whether adolescents select friends of friends based on different criteria and whether
adolescents part of a triad experience different influence processes compared to
adolescents that are part of a friendship dyad. Ties in a triad are known to be
qualitatively different from dyadic ties [149]. Dyads preserve more individuality
compared to triads, in a dyad, individuals have more bargaining power than in a
triad, and conflicts are more readily managed and resolved in a triad [150].
Furthermore, Social Identity theory states that smoking homogeneity of behavior
develops within groups as group members modify their behavior to fit the norms that
are central to the social identity of the group [151]. This process may be more
pronounced during adolescence as identity is yet to be formed. By selecting friends,
adolescents thus choose their own peer group and context, which will determine the
kind of influences they will experience. Influence can play different roles among
dyads, triads, or larger social groups. Influence of a single friend can be concordant
with the influence of the social crowd, but can also differ. Future research should
examine smoking-based selection and influence processes in the multiple dimensions
of adolescent’s social networks.
Third, among adolescents in the network, either a friendship tie was directed
from one adolescent to another or no friendship existed. The SIENA software used
during the course of this dissertation did not allow us to include gradations of tie
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values such as friendship quality or friendship strength. Furthermore we did not
consider other relationships between adolescents such as negative ties or romantic
ties. Negative ties might exist among adolescents who are or have been in a fight
and whose friendship ended. During adolescence, romantic relationships can also
evolve which can be important for peer status and facilitate relationships with other
adolescents. The effects of a break-up can undermine an adolescent’s standing and
might even result in losing one’s place in the social network [152]. Future social
network research needs to focus on positive as well as negative relationships and
should model different types of relationships between adolescents with graded tie
values as reported by the adolescents themselves.
Fourth, in the present dissertation peer influence was assumed to exist based
on the association between the actual smoking behavior of two adolescents in a
social network. Whether peers offer each other cigarettes, model smoking behavior,
exert pressure to smoke, or adapt to smoking norms of social crowds was not
examined. Whether peers also exert influence on smoking-related attitudes and
beliefs besides influence on actual smoking behavior was also beyond the scope of
the present dissertation. A broader spectrum of influence processes should be
studied in the future by using actor-based models for the co-evolution of networks
and behavior.
Finally, although we controlled for differences between schools, we did not
investigate possible effects of school factors such as school size and smoking bans in
schools on smoking-based selection and influence effects. Furthermore, there is a
growing body of research indicating that adolescents from various ethnic groups
differ in their selection of similar friends [153, 154]. Adolescents might use different
criteria when selecting friends, rooted in unique historical and cultural circumstances.
Similarities in smoking behavior for example may be a strong selection criterion in
many but not all cultures. Future research should consider a multilevel approach and
investigate the role of school characteristics and cultural differences in smokingbased selection and influence processes among adolescents.
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PRACTICAL IMPLICATIONS
Findings from the present dissertation suggest that current prevention programs such
as mass-media campaigns and school smoking prevention interventions should focus
on adolescents’ dynamic social environment besides focusing on the adolescent as
an individual. Strong support was found indicating that adolescents selected friends
based on similar smoking behavior. By selecting friends, they also select their own
future social environment in which they will experience future influences. It is
important to increase adolescents’ knowledge about influences of their social
environment and more specifically their own role in that when selecting smoking
friends. By strengthening attitudes and norms less favorable to smoking among
adolescents, interventions may be able to decrease the tendency to select smokers
as friends and increase the popularity of non-smokers.
Support for influence was also found. Although the support from our studies
was only weak, it is very well feasible that the role of influence among adolescents is
larger when larger social networks are studied containing friends within as well as
outside school. An informal peer-led intervention program that adopts the social
influence approach in combination with a social network approach can be
successful in reducing adolescent smoking behavior [116]. Popular non-smoking
adolescents that are for example regarded as opinion leaders by their peers can be
targeted to become key individuals that may influence adolescents in real time while
they make decision whether or not to smoke.
Specifically those adolescents that have many desired friends can be
regarded as a high risk group since adolescents were found to be influenced by their
desired friends to adapt their smoking behavior. By using a social network approach,
intervention programs could furthermore identify those adolescents with many
desired friends that smoke. Changing the image of smokers, changing the
adolescents’ attitudes, teaching skills to resist peer pressure and increasing selfefficacy to resist smoking may all help to reduce their susceptibility to these
influences.
Our findings demonstrated that smoking-based selection and influence
processes may differ for adolescents in different social positions. Previous research
furthermore indicated that adolescents of different social status might smoke for
different reasons [155]. These findings imply that intervention programs aimed at
preventing smoking behavior among adolescents would benefit from considering the
wider peer group structure. Computer-based interventions can be developed that
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incorporate a component to assess the social network structure of an adolescent
and enable tailoring messages on the specific needs of adolescents in different
social positions.
Since our findings only weakly indicated different influence processes for girls
and boys, we can not firmly confirm that gender specific strategies are needed to
counter smoking uptake during early adolescence. However, our finding were in line
with previous studies suggesting that girls perceive more social pressure [130] and are
more susceptible to social influences [131]. More research is needed to clarify the
role of gender in smoking-based selection and influence processes.
Although it was not the main focus of the research presented in the present
dissertation, we did find support for influence of parental smoking behaviour. During
early adolescence, youngsters were influenced by smoking behavior of their parents.
During mid adolescence, this influence diminished and peer smoking behavior
increasingly affected adolescent smoking behavior. Besides focusing on actual
smoking behavior of parents, a substantial body of research focused on parenting
styles and anti-smoking parenting practices. Some studies suggested that children of
authoritative parents who have high levels of control (monitoring and consistent
discipline) and acceptance (nurturance, warmth and attachment) are less likely to
initiate smoking [156, 157]. Other findings, however, could not confirm a significant
association between parental control and smoking onset [158]. Having rules and
discussions about smoking generally are found to be helpful in prevention smoking by
youngsters [159-161]. Previous research furthermore demonstrated that parents can
have an effect on the friendship relationships of their child by guiding and monitoring
their child, and prohibiting contact with some youngsters [139]. However, it is
important to replicate these findings using social network analysis techniques which
can take dependencies caused by the friendship network structure of adolescents
into account, and can represent changes in adolescents’ friendship networks and
smoking behavior in a realistic way. Programs targeting youngsters in early
adolescence should include parents in prevention programmes but more research
still is needed to examine the specific role parents can play in their children’s smoking
behavior.
The findings of the present dissertation also don’t deny there still is a lot to be
gained by national anti-smoking policies. National policies can help prevent imitation
of smoking behaviour. Prohibiting smoking in social settings and public places such as
schools, cinema’s, restaurants, bars, and public transport will not only protect nonsmokers from passive smoking, but also presumably effectively decrease smoking
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uptake in adolescence. A longitudinal study in Massachusetts for example found that
besides a strong increase of quit attempts among adults, young people living in
towns with strong compared to weak smoking regulations in restaurants had less than
half the odds of becoming an established smoker [162, 163]. Comprehensive bans on
tobacco marketing, forcing plain packaging and reducing positive media images of
smoking may also help to create non-smoking norms among youngsters, and reduce
the risk that adolescents select a social environment that will influence them to start
smoking. In the UK, the evaluation of a comprehensive ban on tobacco advertising
and promotion showed a reduction of young people’s awareness of tobacco
marketing, as well as their susceptibility to smoking [164]. A comprehensive review of
the entertainment media’s role in promoting tobacco use found that anti-tobacco
advertisements before movies can partially counteract the impact of tobacco
portrayals in movies among American and Australian adolescents [165]. Future
research should examine whether strong national anti-smoking policies can indeed
also specifically reduce peer influence to start smoking and increase healthy
friendship choices among youngsters by establishing a non-smoking norm and
specifying what is socially desirable.
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Tobacco use is the fourth most common risk factor for disease worldwide and the
second major global cause of mortality [1]. In most Western countries, the smoking
prevalence increases during adolescence [2, 3]. Among 13-year olds, the
prevalence of regular smoking varies from 3.5% to 12.5% and increases to 17% to
24.5% for 15-year olds [4]. Once adolescents start to smoke, they are more likely to
become a regular smoker due to the physiological dependence on nicotine [5-7].
Insights into the different processes that might explain smoking initiation and
maintenance during adolescence may benefit the development of prevention
programs and adaptation of policies regarding effective smoking prevention.
A substantial body of research suggests that smoking behavior is often similar
among friends [9, 10]. This similarity may occur as a result of two different processes:
friendship selection and influence. Selection occurs when adolescents select friends
with similar smoking behavior during the formation of a new friendship [12, 13]. Social
influence among friends occurs when adolescents adjust their smoking behavior in
response to the example of or the direct pressure by their friends [12-14]. During the
past few decades, several studies have tried to separate selection from influence
processes in adolescent deviant behaviors such as smoking behavior, marijuana use,
alcohol consumption and delinquency [12, 13, 23-34]. The main conclusion of this
substantial body of research is that the role of selection processes appears to be at
least as significant as the role of peer influence, certainly during adolescence.
However, after decades of research attempting to disentangle selection and
influence processes, some important limitations remain present.
The aim of the present dissertation was to gain more insight in and
disentangle selection and influence processes within peer friendship networks by
overcoming several of the main limitations of previous research which are discussed
in detail in chapter 1. We examined selection and influence processes in a large
dataset containing behavioral and relational information on adolescents in six
European countries that participated as a control group in the ESFA (European
Smoking Prevention Framework Approach) study [66]. Friendship networks, smoking
behavior and relevant other adolescent characteristics were assessed at four waves
during autumn 1998, 1999, 2000 and spring 2001. To examine the co-evolution of
friendship networks and smoking behavior we employed structural equation
modeling (chapters 2 and 3) and longitudinal social network modeling techniques
(chapters 4, 5, and 6). Of the various statistical techniques used by previous
researchers to disentangle selection and influence effects, until recently structural
equation modeling (SEM) remained the best option as it had the least shortcomings.
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This statistical technique is able to examine selection and influence processes
simultaneously, while mutually controlling for each process. However, this method still
is limited by not being able to address three main issues that are fundamental for the
separation of selection and influence processes: (1) modeling the possible
occurrence of changes in friendships and smoking behavior in between consecutive
observation moments (2) controlling for alternative selection mechanisms, and (3)
allowing network dependencies to occur [59]. However, the advanced social
network analysis method using actor-based models for co-evolving friendship
networks and smoking behavior as implemented in the SIENA (Simulation
Investigation for Empirical Network Analyses) software is capable of tackling these
three limitations.
The first question posed in the present dissertation was “Do friends select each
other based on similar smoking behavior?”. Findings presented in chapters two to six
unequivocally showed that adolescents selected each other based on similar
smoking behavior. The second question posed was “Do friends influence each other
in smoking behavior?” Support for influence of friends was found in the studies
reported in chapters two and three, which only included adolescents from the
Netherlands. Chapter four demonstrated that support for influence of friends was not
found in all of the six included European countries. Besides in the Netherlands,
adolescent smoking behavior was influenced by the smoking behavior of their friends
in Finland.
Since the role of friendship reciprocity was not considered when examining
selection and influence processes in most previous studies, the specific role of
friendship reciprocity in influence and selection processes was studied in chapters
two, three and five. Our findings suggested that desired and reciprocal friends were
associated with different selection and influence effects and should therefore be
distinguished in future research. In addition, desired friends appeared to be selected
based on similarities in smoking behavior and to influence their future friend’s smoking
behavior. Further research is needed to examine the specific role of desired friends in
more detail.
The fourth question posed in the present dissertation was “Do influence and
selection processes change over time?”. In chapter three changes in selection and
influence were examined during three successive waves using structural equation
modeling in a Dutch sample. Findings indicated that selection based on similar
smoking behavior decreased over time. Results furthermore only showed support for
influence of desired friends during the third/last wave, indicating that influence of
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desired friends increased from early to mid adolescence. In line with the findings of
chapter three, chapter five and six showed that the proportion of smoking behavior
similarities explained by smoking-based selection processes decreased over time.
Results furthermore showed a decrease in the impact of friend influence processes in
causing smoking behavior similarities among friends. However, in these social network
studies, changes over time were not examined separately for desired and reciprocal
friends.
The final goal of this dissertation was to examine the role of gender in
selection and influence processes. In chapters four and five, findings demonstrated in
line with previous studies that adolescents had the propensity to choose friends
based on similar gender [52]. Chapter six specifically addressed the role of gender in
smoking-based selection and influence processes by studying friendship and smoking
behavior dynamics in male and female friendship networks. Slightly stronger
evidence was found for influence among adolescent females compared to males.
In the concluding chapter (chapter 7), the main findings of our studies were
summarized and discussed. The research presented in the present dissertation has led
to some new insights regarding the co-evolution of friendship networks and influence
processes during adolescence. In addition, we discuss the most important limitations
and present recommendations for future research and practical implications.
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Tobaksgebruik is de vierde hoogste risicofactor voor ziekte en de tweede hoogste
oorzaak van sterfte wereldwijd [1]. In het merendeel van de westerse landen ziet
men een toename van roken tijdens de adolescentie [2, 3]. 3.5% tot 12.5% van de 13jarigen rookt regelmatig en de prevalentie van rokers neemt met de leeftijd toe
gaande van 17% tot 24.5% rokers onder 15 jarigen [4]. Eens adolescenten beginnen
met roken is het risico groter om een regelmatige roker te worden door het
verslavingseffect van nicotine [5-7]. Inzichten in de verschillende processen die
beginnend en volhardend rookgedrag kunnen verklaren tijdens de adolescentie
kunnen de ontwikkeling van preventie programma’s en de aanpassingen van
regelgeving aangaande effectieve rookpreventie verbeteren.
Een aanzienbaar aantal wetenschappelijke studies suggereert dat vrienden
vaak hetzelfde rookgedrag vertonen [9, 10]. Deze gelijkheid kan veroorzaakt worden
door twee verschillende processen: vriendschap selectie en beïnvloeding. Selectie
vindt plaats wanneer adolescenten vrienden selecteren gebaseerd op gelijk
rookgedrag tijdens het vormen van een nieuwe vriendschap [12, 13]. Sociale invloed
onder vrienden komt voor wanneer adolescenten hun rookgedrag aanpassen
gebaseerd op voorbeelden van vrienden of onder druk van vrienden [12-14].
Gedurende de afgelopen decennia hebben meerdere studies geprobeerd selectie
processen van invloed processen te scheiden in de context van adolescent
rookgedrag, marijuana gebruik, alcohol consumptie en crimineel gedrag [12, 13, 2334]. De hoofdconclusie van deze studies is dat de rol van selectie processen
tenminste zo belangrijk is vergeleken met de rol van invloed processen, zeker
gedurende adolescentie. Maar, na decennia onderzoek dat poogt selectie en
invloed processen uit elkaar te rafelen, blijven nog steeds een aantal belangrijke
tekortkomingen bestaan in onderzoek.
Het doel van dit proefschrift was meer inzicht te verkrijgen in en het ontrafelen
van selectie en invloed processen binnen vriendschapsnetwerken en daarbij een
aantal

belangrijke

beperkingen

overwinnen

van

vroegere

studies

dewelke

gedetailleerd zijn beschreven in hoofdstuk 1. We hebben selectie en invloed
processen bestudeerd in een grote dataset die informatie bevat over gedragingen
en relaties van adolescenten in zes europese landen die als controle groep hadden
deelgenomen in de ESFA (European Smoking Prevention Framework Approach)
studie

[66].

Vriendschapsnetwerken,

rookgedrag

en

relevante

andere

eigenschappen van adolescenten waren verzameld op vier tijdstippen gedurende
herfst 1998, 1999, 2000 en lente 2001. Om de co-evolutie van vriendschapsnetwerken
en rookgedrag te onderzoeken hebben we structural equation modeling (SEM)
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analyse technieken gebruikt (hoofdstuk 2 and 3) en longitudinale sociale netwerk
analyse technieken (hoofdstuk 4, 5, and 6). Van de vele statistische technieken
gebruikt door vroegere onderzoekers om selectie en invloed effecten van elkaar te
scheiden, bleef SEM tot op heden de beste optie gezien het de minste
tekortkomingen had. Deze statistische techniek kan selectie en invloed processen
tegelijk onderzoeken, terwijl het ene proces controleert voor het andere. Deze
methode is echter gelimiteerd gezien drie fundamentele opties, cruciaal voor het
scheiden van selectie in invloed processen niet mogelijk zijn: (1) het modelleren van
mogelijke

veranderingen

in

vriendschappen

en

rookgedrag

tussen

twee

opeenvolgende observatie momenten (2) het controleren voor alternatieve selectie
mechanismen, en (3) het toelaten van afhankelijkheden veroorzaakt door het
netwerk [59]. De geavanceerde sociale netwerk analyse methode die gebruik
maakt van actor-based models voor de co-evolutie van vriendschap netwerken en
rookgedrag geïmplementeerd in de SIENA (Simulation Investigation for Empirical
Network Analyses) software houdt wel rekening met deze drie fundamentele
tekortkomingen.
De eerste onderzoeksvraag bestudeerd in dit proefschrift luidt: “Selecteren
vrienden elkaar gebaseerd op gelijk rookgedrag?”. De bevindingen gepresenteerd
in hoofdstukken twee tot zes tonen eensgezind aan dat adolescenten elkaar
selecteerden gebaseerd op gelijk rookgedrag. De tweede onderzoeksvraag luidde:
“Beïnvloeden vrienden elkaars rookgedrag?”. Bewijs voor invloed van vrienden is
gevonden in de studies gerapporteerd in hoofdstukken twee en drie, in welke enkel
Nederlandse adolescenten waren geϊncludeerd. Hoofdstuk vier toont dat bewijs voor
invloed van vrienden niet in alle zes Europese landen van de ESFA studie was
gevonden. Adolescent rookgedrag was enkel beïnvloed door rookgedrag van
vrienden in Nederland en Finland.
Gezien de rol van vriendschap reciprociteit niet is meegenomen in de meeste
studies die selectie en invloed processen onderzochten, was de specifieke rol van
reciprociteit bestudeerd in hoofdstukken 2, 3 en 5. Onze bevindingen suggereren dat
gewenste vrienden (niet reciproque of unilaterale vrienden) en reciproque vrienden
geassocieerd zijn met verschillende selectie en invloed processen en dus apart
onderzocht moeten worden in toekomstig onderzoek. Daarenboven bleek dat
adolescenten hun gewenste vrienden selecteerden gebaseerd op gelijk rookgedrag
en dat ze door deze gewenste vrienden ook beïnvloed werden. Meer onderzoek is
nodig om de rol van gewenste vrienden in detail te onderzoeken.
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De vierde onderzoeksvraag in dit proefschrift luidde: “Veranderen invloed en
selectie processen over de tijd?”. In hoofdstuk drie hebben we in de Nederlandse
dataset de veranderingen in selectie en invloed processen onderzocht in drie
opeenvolgende waves gebruik makende van structural equation modeling
technieken. Resultaten toonden aan dat selectie gebaseerd op gelijk rookgedrag
afnam over de tijd heen. Verder toonden de resultaten enkel ondersteuning voor
invloed van gewenste vrienden tijdens de derde/laatste wave. Dit impliceert dat
invloed van gewenste vrienden toeneemt van vroege naar mid adolescentie. In
overeenstemming met de bevindingen uit hoofdstuk drie, tonen de resultaten van
hoofdstuk vijf en zes dat de proportie gelijk rookgedrag dat verklaard wordt door
selectieprocessen gebaseerd op rookgedrag afnam met de tijd. Daarenboven
toonden de resultaten ook een afname van de impact van invloed van vrienden. In
deze sociale netwerkstudies werden veranderingen over de tijd heen echter niet
afzonderlijk onderzocht voor gewenste en reciproque vrienden.
Als laatste is de rol van geslacht onderzocht in selectie en invloed processen.
De bevindingen van hoofdstukken 4 en 5 toonden in overeenstemming met vorige
studies aan dat adolescenten de neiging hadden vrienden te selecteren van
hetzelfde geslacht [52]. In hoofdstuk 6 onderzochten we de rol van geslacht in
selectie en invloed processen door de dynamieken van vriendschap en rookgedrag
apart te onderzoeken in meisjes vriendschapsnetwerken en jongens vriendschaps
netwerken.

Bewijs

voor

invloed

was

iets

sterker

binnen

de

meisjes

vriendschapsnetwerken in vergelijking met de jongens vriendschaps netwerken.
In het allerlaatste hoofdstuk (hoofdstuk 7), zijn de belangrijkste resultaten van
onze studies samengevat en besproken. Het onderzoek van dit proefschrift heeft tot
nieuwe inzichten geleid aangaande de co- evolutie van vriendschapsnetwerken en
rookgedrag tijdens adolescentie. Daarnaast worden de belangrijkste tekortkomingen
besproken, aanbevelingen gedaan voor toekomstig wetenschappelijk onderzoek en
de implicaties voor preventie voorgesteld.
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