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a b s t r a c t

Teachers' opportunities to learn at the workplace are shaped by the relationships in which they discuss
their instructional practice, what we call teaching networks. This study examined the extent to which
such teaching networks could be strengthened during a professional development (PD) program. An
intervention was designed to evaluate whether the development of teaching networks was affected in
terms of network composition and access to teaching content. Longitudinal ego-network data of Belgian
university teachers (N ¼ 38, 1670 ties) were collected over a two-year time period. Multilevel analyses
showed that the intervention group developed larger networks and increased network dynamics,
compared to the control group. The intervention group also developed more diverse networks, and
showed increased access to teaching content, suggesting that the intervention changed teachers' net-
works over time. This study shows the potential of network interventions to support teachers’ profes-
sional development, and of network analysis as a tool to analyze professional relations.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Traditionally, calls for professional development of teachers
have been answered with formal training initiatives (Avalos, 2011;
Saroyan & Trigwell, 2015), i.e. structurally organized professional
development (PD) programs aimed at enhancing teaching and
learning. Yet, across the globe, informal learning is increasingly
recognized as an important driver for ongoing professional devel-
opment (Kyndt, Gijbels, Grosemans, & Donche, 2016) as most
learning within the teaching profession takes place through colle-
gial interaction and transcends boundaries of formal programs
(Lieberman & Pointer Mace, 2008; Vangrieken, Dochy, Raes, &
Kyndt, 2015). The current body of research on PD programs
mainly focuses on the knowledge and skills of individual teachers.
Scholars increasingly suggest to complement this research with a
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focus on teachers' networks, aimed at enhancing teachers’ access to
resources through social relationships (A. Fox & Wilson, 2015;
Penuel, Sun, Frank, & Gallagher, 2012). Recently, emerging
research highlights the importance of the personal teaching net-
works that surround participants during PD programs (Van Waes,
Van den Bossche, Moolenaar, Stes, & Van Petegem, 2015b;
Rienties & Kinchin, 2014). These scholars have suggested that for
PD programs to be effective and sustainable, participants have to
learn to recognize and access their network. However, most
research is limited to descriptive accounts of networks and little is
known about if and how teachers can strengthen their networks.

Given this gap, the central aim of this study is to examine the
extent to which teaching networks can be strengthened during PD
programs. In specific, we focus on academics who teach at the
university. For this set of teachers, informal learning is of particular
importance as university teachers traditionally begin teaching in
higher education with little or no formal training. Being an expert
in the content field is assumed to be a sufficient condition to teach
others (Denicolo & Becker, 2013). Over the past two decades,
improving university teaching standards has been the driver of
interest in academic development internationally (Baume, 2006;
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Devlin& Samarawickrema, 2010). Isolated practice is considered an
inadequate way of performing teachers’ work (Bakkenes, De
Brabander, & Imants, 1999). Yet, issues of privacy, autonomy, and
even isolation in higher education have been quite prominent (Cox,
2004; Ramsden, 1998).

This study draws on research on performance, expertise devel-
opment and on social network research to explore the role of
networks in supporting professional development, and more spe-
cifically, the potential of network interventions for university
teachers’ professional development.

1.1. A network perspective on professional development

Studies on workplace learning of professionals are increasingly
taking a social perspective on development to understand its
relational and interactive nature (Gruber, Lehtinen, Palonen, &
Degner, 2008; Tynj€al€a, 2008). The urge to capitalize on social
interaction is reflected by a growing number of concepts that aim to
improve this social side of learning, such as communities of prac-
tice, professional communities, and networks (Louis&Marks,1998;
McLaughlin & Talbert, 2006; Wenger, McDermott, & Snyder, 2002).
In education, the development of teachers is no longer regarded as
an individual endeavor, rather, it is placed within the larger
network of relationships that surrounds the individual (Moolenaar,
2012). Social network theory provides a valuable lens and the tools
to examine professional interactions of teachers (Carolan, 2014).
The key assumption of social network theory is that individuals'
behavior and performance are significantly affected by theway that
they are tied into a larger web of social connections (Burt, 1992;
Granovetter, 1973). Interest in teachers’ professional interactions
has sparked an important body of research into the meaning and
potential of networks. This research has established the signifi-
cance of teaching networks for student achievement (Pil & Leana,
2009), teacher development (Van Waes, Van den Bossche,
Moolenaar, De Maeyer, & Van Petegem, 2015a; Van Waes et al.,
2016), reform and improvement (Daly & Finnigan, 2011), policy
implementation (Coburn & Russell, 2008), and leadership (Pitts &
Spillane, 2009).

1.2. Teaching networks in professional development (PD) programs

The recognition of the importance of networks for professional
development, affects our thinking around PD programs. Up until
now, teacher interaction during PD programs has mostly been re-
ported as a side-effect while studying PD programs from a mainly
individual perspective (Postareff, Lindblom-Yl€anne, & Nevgi, 2007;
Stes, Clement, & Van Petegem, 2007). Recently, a small body of
research emerged using a social network perspective to study the
extent to which teachers actually engage in interactions around
their teaching practice during and beyond PD programs. Findings
showed that within PD programs, teachers' connections with other
participants increased over time (Moses, Heestand Skinner, Hicks,
& O'Sullivan, 2009; Rienties & Kinchin, 2014). Furthermore,
teachers also increasingly engaged in collegial interaction outside
the PD program, with colleagues in the department or grade (Van
Waes et al., 2015b; Gamoran, Gunter, & Williams, 2005). These
connections are considered valuable since teachers' approaches to
teaching can be shaped by the perceptions of the cultures into
which they are inserted (Roxå&Mårtensson, 2009; Spillane, Kim,&
Frank, 2012). However, PD programs do not automatically influence
the networks of every teacher involved. In specific, a recent longi-
tudinal study on network development in PD programs showed
that while on average, networks changed significantly, this study
also discerned different profiles of network change (stable, flexible,
expansive, isolated) showing some university teachers that did not
change their networks during the program, nor connected with
others about their teaching practice (Van Waes et al., 2015b).

1.3. Interventions to strengthen networks

Scholars are increasingly suggesting that for PD programs to be
effective and sustainable, participants have to learn to recognize
and access their personal teaching network (Baker-Doyle & Yoon,
2010; Penuel et al., 2012). Some studies contain suggestions for
further research on how to promote or support network develop-
ment in PD programs, e.g. assisting participants in recognizing the
potential of collegial interactions, implementing critical friend
systems and peer observations, or involving colleagues from the
workplace (Gerken, Beausaert,& Segers, 2016; Thomson, 2015). Yet,
to our knowledge, the current body of work provides little empir-
ical insight into the extent to which teaching networks can actually
be strengthened.

Recently, network interventions have been developed to sup-
port professionals and organizations to intentionally act on their
networks (Cross & Thomas, 2009; Parise, 2007). Network in-
terventions are purposeful efforts to use social network data to
accelerate behavior change, to improve performance, or diffuse
innovations (Valente, 2012). Valente (2012) presents four strategies
to use network data for intervention: (i) identifying individuals
(e.g., key players or opinion leaders) for diffusion purposes: (ii)
segmentation to identify groups of people to change at the same
time; (iii) induction to create cascades of information diffusion (e.g.,
word of mouth, respondent-driven sampling); and (iv) alterations
that change the network. These interventions often build on the
underlying assumption that individuals, who are aware of their
networks and the resources and expertise residing in it, are more
likely to reach out to the ‘right’ people at the ‘right’ time when
presented with challenges or opportunities (Borgatti & Cross,
2003). Teachers who consciously act to strengthen their network,
display what is recently coined as ‘network intentionality’
(Moolenaar et al., 2014), that is, agency in forming, maintaining,
activating, and dissolving relations to gain access to resources for
themutual benefit of oneself and others, given their own cognitions
of what makes for a ‘good’ network (Nardi, Whittaker, & Schwarz,
2002). Outside education, scholars have provided evidence that
professionals who learned the properties of an effective network,
achieved greater performance and career advancement (Burt &
Ronchi, 2007). As such, increasing university teachers' network
awareness and intentionality may be a valuable element in a PD
program for these teachers. This study designed an intervention to
strengthen university teachers' networks in support of their pro-
fessional development as teachers.

1.4. Network features related to professional performance

The literature on performance and expertise development of
professionals provides insight into high leverage network features
(Cross & Thomas, 2008; Lin, Cook, & Burt, 2001). These network
features can relate to the composition (the different actors in the
network and their attributes) or content of the network (what
actually flows through relationships).

Network composition can be explored bymeasuring the size (e.g.,
number of relationships that are new, lost or kept) and diversity of
networks (e.g., in experience and expertise). Earlier research
outside education has suggested that these personal network fea-
tures are related to professional performance. For instance, high
performers engaged in professional interactions with a relatively
large number of people (Van Waes et al., 2015a; Parker, Halgin, &
Borgatti, 2016). This does not mean that networks have to be
large per se (Roxå & Mårtensson, 2009). In this regard, two tracks
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can be discerned in network research: the cohesion approach (the
bigger the better) and the structural equivalence approach (not all
ties are equal). In this paper we consider both tracks, since research
shows that high professionals did not only/necessarily develop
large networks, but also engaged in behaviors that led to diverse
networks (Kilduff & Krackhardt, 1994; Mehra, Kilduff, & Brass,
2001). Moreover, large networks have shown to increase the
chance of comprising diverse people (Baer, Evans, Oldham, &
Boasso, 2015). Specifically, the networks of high performers have
a greater tendency to minimize insularity (Cross, Singer, Colella,
Thomas, & Silverstone, 2010). Diversity in the composition of pro-
fessionals’ networks has been found to impact individual innova-
tion (McFadyen & Cannella, 2004). Networks that span boundaries
improve performance in knowledge-intensive work, because they
are tapping into diverse expertise when framing problems or
acquiring information (Burt, 1992; Cross & Thomas, 2008). Crafting
a network of diverse actors requires intentionality and opportunity,
as research suggests that individuals have a tendency to seek
similar others with whom to engage (McPherson, Smith-Lovin, &
Cook, 2001). Studies in education identified access to teaching
expertise as a key element in the development of networks
(Coburn, Choi, & Mata, 2010; Spillane, Hallett, & Diamond, 2003).
These findings in organizational and educational research were
recently confirmed for the context of higher education. The net-
works of high performing university teachers typically consisted of
people with diverse teaching experience and expertise, and were
larger in size compared to their lower performing colleagues (Van
Waes et al., 2015a).

Studies on network content, or what actually flows through
networks (Bellotti, 2014) show that certain interactions or ties
might provide access to more relevant resources than others.
Network content characterized by deep interaction or high inter-
dependence between teachers is associated with higher perfor-
mance and adoption of innovation (VanWaes et al., 2016; Coburn&
Russell, 2008). Cross and Sproull (2004) discerned different infor-
mational benefits for professionals when consulting others: solu-
tions (answers to specific questions), meta-knowledge (general
guidance or referrals), problem reformulation (considering various
dimensions), and validation (bolstering self-confidence and
thinking). These informational benefits can result in ‘actionable
knowledge’ (Cross & Sproull, 2004) which can help find answers,
show different perspectives, construct meaning, or offer a sound-
board when dealing with professional matters. The frequency with
which these different types of content are discussed matters. Uni-
versity teachers who frequently discussed their teaching practice
displayed higher performance (Van Waes et al., 2015a).

2. Hypotheses

This study aims to examine the extent to which teaching net-
works can be strengthened during a PD program. Specifically, we
are interested in whether an intervention during a PD program
strengthens the development of (1) the composition and (2) the
content of teaching networks. Firstly, we expect that the inter-
vention affects the size and diversity of the networks, in that the
intervention group will develop larger networks (hypothesis 1a)
and more diverse networks, i.e. in terms of the teaching experience
and expertise of the people in the networks, and their affiliation
with the PD program and/or the workplace (hypothesis 1b). Sec-
ondly, we expect that the intervention affects the development of
the content of teaching networks. We hypothesize that teachers in
the intervention condition will more frequently consult others for
information or advice around their teaching practice, i.e. in terms of
seeking solutions, meta-knowledge, problem reformulation, and
validation (hypothesis 2).
3. Method

3.1. Context

This study was conducted in a mid-sized, multidisciplinary,
public and research-intensive university in Belgium serving 15,000
students and employing 2855 faculty members, of whom 830
combine a teaching and research appointment. Novice university
teachers (i.e., appointed as lecturers or assistant lecturers during
the last seven years) can participate in a 18-month PD program to
enhance their instructional thinking and practice.
3.2. PD program

The central aim of the PD program is to gear participants’
teaching practice towards the concept of competence-based and
student-activating teaching as embraced by university manage-
ment. The program starts off with a two-day collective start with
sessions on the five key topics of the program: developing, teach-
ing, assessing and evaluating a course, and participating in curric-
ulum development. At the end of the collective start, the
participants write a personal teaching project plan, aligning their
own objectives with the five key topics of the program. Participants
develop practice-oriented material during the program, i.e. directly
relevant for and implementable in their instructional practice.
Participants are grouped together based on similarities in their
project plans, which creates four small, interdisciplinary groups of
four to five teachers. Each group is assigned a coach who provides
individual feedback on the teaching project over the course of the
program. At the end of the program, the participants present and
defend their teaching project for an assessment committee (con-
sisting of their coach, the chair of education or another senior
colleague, and an expert in education). Overall, the program in-
volves a minimum workload of 150 h.
3.3. Participants

The PD program limits participation to 25 university teachers to
ensure intensive guidance during the process. Participants enrolled
on voluntary basis in the PD program during two subsequent edi-
tions: the control group followed the program between December
2011eMay 2013 (N ¼ 22), and the intervention group between
January 2014eJune 2015 (N ¼ 24). Respectively six (control con-
dition) and two teachers (intervention condition) left the program
after the first data collection wave, due to new job opportunities
(e.g., grants) or maternity leave. Of the remaining 38 teachers, a
response rate of 100% was obtained for all measurement moments.
Given our interest in how teaching networks develop over time, we
only included the data of these teachers for final analysis. Upon
enrolment, participants agreed to take part in research activities
and consented to have their data reported anonymously. The con-
trol condition consisted of 16 participants (12 male; MAge ¼ 40.38,
SD¼ 8.53;MTeachingExperience¼ 8.13, SD¼ 6.10), and the intervention
condition of 22 participants (15 male; MAge ¼ 35.09, SD ¼ 4.01;
MTeachingExperience¼ 7.61, SD¼ 3.68). The gender ratio in both groups
is comparable to that at the university as a whole. There is a dif-
ference in age, yet, previous research shows that age is not a
determining factor in network development of university teachers
(Van Waes et al., 2015a). Rather it is the teaching experience
that matters, which is similar in both groups. All participants
combined a teaching and research appointment. In both conditions
participants were equally divided along social/human and hard
disciplines.



Fig. 1. Overall intervention design.
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3.4. Design

Fig. 1 displays the longitudinal quasi-experimental design set up
to compare the extent towhich a control and intervention condition
differed in terms of network development before, midway, at the
end, and after a PD program. Since participating in the program is
voluntary, teachers were randomly distributed over the two con-
ditions. Participants in the control condition followed the PD pro-
gram as described in 3.2. The intervention condition attended the
same PD program, with a network training session at the start and
integrated network elements during the program. The intervention
design keeps the workload of the intervention group similar to the
control group.1 The design of the intervention is based on alteration,
one of four strategies that capitalize on network data for interven-
tion purposes (Valente, 2012). In contrast to the other strategies,
alteration does not assume that networks are static and takes into
account network dynamics. An alteration strategy deliberately aims
to alter the network to improve efficiency and/or performance.
Different tactics of network alterationmay be considered, such as (i)
adding or deleting alters or ties, and (ii) rewiring existing ties.
Adding alters can create new opportunities or resources. Networks
can be rewired to increase efficiency or improve performance. By
adding, deleting or rewiring alters and/or ties, the network can be
maximized on one or several aspects (Valente, 2012). The
assumption underlying the intervention design was that in-
dividuals, who are aware of their networks and the resources and
expertise residing in it, are more likely to reach out to the ‘right’
people at the ‘right’ time when presented with challenges or op-
portunities (Borgatti & Cross, 2003). As such raising teachers'
1 Potential contamination (e.g., a participant from the control group is mentioned
in the network from the intervention group) was possible in both conditions since
the PD program already ran in this format before the control group edition.
network awareness was a key element of the intervention.
At its core, the intervention consisted of a network training

session to raise teachers' network awareness (cf. Baker-Doyle, 2011;
Cross et al., 2010; Uzzi & Dunlap, 2005). This session took place at
the plenary start of the PD program. In the session, teachers were
introduced to the idea of ‘teaching networks’ (i.e., the people they
discuss their instructional practice with, consult for information or
advice) and how these may help them to improve their practice.
Before the plenary start, participants had filled out a network sur-
vey to map their networks (3.6). Based on these surveys, a personal
networkmap was generated for each participant on A3-sized paper
(Fig. 2) to visualize their teaching network (Hogan, Carrasco, &
Wellman, 2007). These network maps served as a tool during the
training session to introduce and apply several network concepts,
related to network composition (e.g., How diverse is my network in
terms of teaching experience? Does my network consist of ties to
people both within and outside the department/university?), and
network content (e.g., which ties do you consult for solutions or
problem reformulation?). Participants identified strong and weak
points in their networks (network gap analysis technique, Cross
et al., 2010, p 0.198), and examined if and how their network
could support and/or hinder them during the PD program and in
their practice. Strategies were introduced to rewire and maximize
the networks in light of their professional development (Valente,
2012). As a consequence of growing awareness of their networks,
participants could complete information about their networks in
the surveys. Participants were encouraged to explicitly reconsider
their networks each time they updated the network survey. The
training session took up 45 min, and was first piloted in a small
group.

Furthermore, over the course of the program several network
elements were integrated. These were aimed at sustaining the
transfer of the training session. Specifically, these network ele-
ments continually refresh the strategies of adding/deleting and



Fig. 2. Example of a network map (based on network survey 1) provided at the
network training session in the intervention condition.
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rewiring alters and ties to maximize the networks' potential. When
writing up their project plans, participants were encouraged to
include people that might contribute to the development of their
project (e.g., people in educational boards, central services, other
participants, colleagues at the department). A list of contacts was
added to the learning materials (‘know-what’) containing contact
details of people holding education-related positions (‘know-who’).
Whenever relevant, the coaches referred to the networks as a po-
tential tool when participants had questions or encountered diffi-
culties, as many questions or issues are context-specific. Moreover,
within the small-group meetings a targeted critical friend system
was developed, connecting participants based on their project
topics. Finally, critical reflection guidelines contained relational
prompts (e.g., Who could further advance your practice regarding
this objective?).

3.5. Procedure

In both conditions, network data were gathered over a two year
time-frame. An identical network survey was administered by in-
ternal mail four times at fixed time intervals aligned with the
program, each spanning a period (P) of six months. The first
network survey was administered before the start of the program
(P1), the second survey was filled out midway the program when
participants submitted a formative version of their teaching project
(P2), the third survey took place at the end of the program right
after the final submission of the project (P3), and the last survey
was distributed half a year after completion of the program (P4). In
the intervention condition, the network training session took place
after P1, during the plenary start of the program. The other network
elements were embedded during the program (P2-P3).

3.6. Data collection

We took an ego-network approach to social network analysis
(Crossley et al., 2015), meaning that networks were mapped
centered on an individual (ego). The people that an individual in-
teracts with are alters, and the relationship between ego and alter is
a tie. The benefit of using this approach is that participants can map
their networks from the ground up. It allows participants to define
their own network boundaries, which opened up the opportunity
to capture relationships beyond the boundaries of the department
or university. This was an important consideration, given our focus
on professional development, to include external professional
contacts as well.

A network survey (Borgatti, Everett, & Johnson, 2013) was
used to capture each participant's teaching network. The central
open-ended question was: ‘Write down the names of the people
you communicate with about your instructional practice. This in-
cludes talks/calls/e-mails about preparing and teaching courses,
teaching methods, student guidance, student assessment, thesis
students and student evaluations.’ We specified that we were not
looking for administrative or legal discussions about education.
Each time the survey was administered, a clear time framewas set
(six months) to gain insight into their current networks. People
from within or outside the university could be included. We also
indicated that network size could be small or large depending on
the participant's specific situation. Follow-up questions further
inquired about the attributes of alters and ties, to obtain infor-
mation on the composition and content of participants' networks.
From network survey 2 onwards, an overview of the alters listed
in the previous survey was provided for every participant indi-
vidually. This overview served as a reminder to prevent mea-
surement error (e.g., ‘new’ or ‘lost’ ties due to forgetfulness or
potential name confusion). It allowed participants to update their
networks by first indicating which connections were lost over
time, with whom they still interacted, and which relationships
were new.

3.7. Variables

Network composition. At eachmeasurement occasion the size of
participants' networks was calculated by counting the ties in the
different networks. By comparing network size matrices between
the measurement occasions, the number of new, lost and kept ties
was calculated. Diversity in network composition was measured
bymapping the diversity of various alter characteristics within the
personal teaching networks. In specific, diversity in alters' teach-
ing experience and expertise was measured, as well as alters' di-
versity in affiliation to the same or a different department, and
their involvement in the PD program. The teaching experience of
participants' alters was measured on a scale varying from 1 (none)
to 6 (more than 30 years). This variable was recoded into a dummy
variable, indicating whether the ego connected to alters with
similar teaching experience (1) or different teaching experience
(0). To gain insight into the teaching experience of participants'
alters at different measurement occasions, rating scales of all al-
ters within a network at every occasion were totaled. Alters'
teaching expertise (‘This person has teaching expertise regarding
instructional matters’) wasmeasured on a scale varying from 1 (do
not agree) to 7 (totally agree). Similarly, rating scales of all alters
within a network at every occasion were totaled. Participants
indicated whether alters belonged to the same or a different
department. Whether alters were involved in the PD programwas
tallied on name-basis.

Network content. Four questions were posed to gain insight into
the content of participants' teaching networks. These questions
concerned different kinds of relational network benefits (Cross &
Sproull, 2004), i.e. solutions (‘how often have you turned to this
person… for specific or detailed questions about your instructional
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practice?’), meta-knowledge (‘ … for information about other
sources of information or people concerning your instructional
practice?’), problem reformulation (‘ … to help you think about
questions or problems related to your instructional practice?’), and
validation (‘ … to simply talk and bolster your thinking and self-
confidence about your instructional practice’). Finally, in relation-
ship to the PD program, we asked the participants for each alter
how often they had discussed their teaching project. These ques-
tions weremeasured on a frequency scale varying from 1 (never) to
7 (daily).

To approximate a normal distribution (J. Fox, 1997) a logit-
transformation was applied on all continuous dependent variables.

3.8. Data analysis

To obtain an overview of the differences in network develop-
ment between the control and intervention condition, we drew on
multilevel models, using MLwiN (Rasbash, Steele, Browne, &
Goldstein, 2016). Multilevel models explicitly take into account
the nested data and related dependency structure of personal
networks (Crossley et al., 2015; Wellman& Frank, 2001). Multilevel
techniques also give more specific insight how personal networks
change: “They allow to distinguish between the influence of indi-
vidual and of tie characteristics on the stability of personal net-
works as a whole and of specific ties within a personal network”
(van Duijn, van Busschbach, & Snijders, 1999, p. 187). The data of
this study has a complex structure as it contains information on
various ties (teaching relationships) pertaining to ego's (partici-
pants). These ties comprise multiple observations (maximum four)
over time. Data on a total of 1670 ties was analyzed for 38 ego's
(control condition N ¼ 389, intervention condition N ¼ 1281).

For the network attributes related to network composition (size
and diversity), the development was studied at ego-network level.
A model of analysis was used to estimate average values for each
combination of Group x Measurement Occasion (e.g., average
network size for the intervention group at P2). These eight pa-
rameters (2 Groups x 4 Measurement Occasions) constituted the
fixed part of the model. In a next step, variance between partici-
pants (or ego's) regarding these eight averages was allowed. This
defined the random part of the model, i.e., describing differences
between participants within the control or intervention group. This
random part of the model allowed us to measure the diversity in
the personal teaching networks.

For the network attributes related to network content (e.g., the
frequency of seeking solutions for each tie in a network), two
different models were estimated, i.e. at ego and at tie level. These
models show a more complex picture since we were not only
interested in how participants used the network as a whole and
how this developed (ego-network level), but also in how each
separate tie is used and how this developed (tie level). The analyses
at tie level provide information about how purposively participants
used their network (e.g., do they use all their ties equally for
problem reformulation or do they consult a specific set?) This can
be deduced from the extent to which ties within ego's differ on a
certain measurement occasion. The observations are nested within
ties and within ego's. For these network attributes, average values
were estimated likewise for each combination of Group x Mea-
surement Occasion (fixed part). Finally, variances between alters
were estimated (random part). In addition, to the tie level models,
ego level models were estimated. Tie level models do not take into
account the size of participants' networks, and thus disregard the
fact that participants with a larger network have teaching ties with
more people. From a network perspective it is relevant to know
whether participants consult one person for problem reformulation
purposes, or gain perspectives from four different persons within
their network. This last approach is intrinsically related to network
size (i.e. number of ties). Sum scores were calculated to obtain in-
formation about these variables at ego-network level.

For all models c2 tests were used to test whether differences
were significant between averages at different occasions for both
groups, between differences in development of averages for both
groups, and between variances at different occasions for both
groups (see Appendix).

4. Results

4.1. Network composition

4.1.1. Network size (H1a)
The fixed part of the model shows that both groups increased in

network size after the start of the PD program (Table 1 in the
Appendix). Yet, despite existing differences between both groups
in network size before the start of the PD program (P1), the inter-
vention group showed a steeper increase in average network size at
the start of the PD program (from P1 to P2), adding on average 6.78
people to their networks, compared to the control group who
added 2.38 new ties (c2(1) ¼ 4.53, p < 0.05) (Fig. 3). This increase
took place at the start of the PD program, after the network training
session. The random part shows less variation for the intervention
group (c2(1) ¼ 5.12, p < 0.05), indicating that the increase
between P1 and P2 happened for most participants in this group. In
contrast, some participants in the control group enlarged their
networks and others did not, suggesting that the PD program
influenced the network development of some participants but not
all. In both groups, the overall increase in network size remained
constant after completion of the PD program, meaning that par-
ticipants’ networks grew during the PD program and remained
larger in overall size up until six months after the program had
finished.

Figs. 4 and 5 show that participants in the intervention group
did not simply add more ties to their teaching networks, they also
lost more ties in the second half of the PD program (P2-P3)
(c2(1) ¼ 5.18, p < 0.05), indicating an increased level of network
dynamics over the course of the program in comparison with the
control group.

4.1.2. Network diversity (H1b)
At the end of the PD program (P3), the intervention group

indicated that on average they had 3.43 ties to people involved in
the program (i.e., other participants, coaches), compared to 1.88 ties
in the control group (c2(1) ¼ 4.29, p < 0.05) (see also Table 2 in the
Appendix). The network between participants within the inter-
vention group also grewmore dense, meaning that the participants
within the intervention group discussed their teaching practice
more with each other than the control group (c2P2(1) ¼ 10.29,
p < 0.01; c2P3(1) ¼ 5.52, p < 0.05; c2P4(1) ¼ 4.86, p < 0.05). In both
groups, ties to people involved in the PD programwere maintained
even after completion of the program (P4). Moreover, participants
in the intervention group did not only add ties related to the PD
program, they also enlarged their local network at the department.
After the start of the PD program (P1-P2), the network at the
department of the intervention group grew substantially compared
to the control group (c2(1) ¼ 8.57, p < 0.01) (Figs. 6 and 7).

Regarding the teaching experience of the alters within the
networks, we noted that the control group increasingly connected
to people with similar teaching experience towards the second part
of the PD program (P2-P3), compared to the intervention group
(c2(1)¼ 3.94, p < 0.05). Furthermore, the total teaching expertise of
the people within participants’ networks increased in both groups
after the start of PD program. Yet, the intervention group showed a
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steeper increase as they doubled the total teaching expertisewithin
their networks (c2(1) ¼ 16.68, p < 0.001). In sum, these findings
suggest that the intervention affected the development of network
size (H1a) and diversity (H1b).

4.2. Network content (H2)

Concerning the content of participants’ teaching networks
(i.e. the interactions around their teaching practice regarding
seeking solutions, meta-knowledge, problem reformulation and
validation, and the frequency of these types of interactions) two
approaches were taken. This resulted in information about how
they used the network as a whole during the PD program (ego-
network level), and about how each separate tie is used during the
program (tie level). The ego-network level results overall demon-
strate that when participants in the intervention group enlarged
their networks (4.1.1), they did not reduce the frequency of contact
with their teaching ties (see Table 3 in the Appendix). So they
increased their network and at the same time kept up the fre-
quency of interaction around their teaching practice regarding
seeking solutions, meta-knowledge, problem reformulation and
validation. This development in network content showed clearly
in the first half of the PD program (P1-P2), and differed from
the control group (c2Solutions(1) ¼ 13.34, p < 0.001; c2Meta-

knowledge(1) ¼ 12.76, p < 0.001; c2ProblemReformulation (1) ¼ 10.88,
p < 0.01; c2Validations(1) ¼ 7.52, p < 0.05). Moreover, this increase in
total frequency of interaction around the teaching practice was
maintained until after completion of the PD program (P4).

The tie level results showed few differences in content between
the control and intervention group, indicating that both groups
used their ties in similar ways to seek information or discuss their
teaching practice during the program (see Table 4 in the Appendix).
The one difference between both groups was that the intervention
group showed higher variance between ties when seeking others to
talk through teaching related problems (problem reformulation).
This was the case from the start of the PD program onwards, and
even grew stronger after the program had finished (c2P2(1) ¼ 7.02,
p < 0.05; c2P3(1) ¼ 6.74, p < 0.05; c2P4(1) ¼ 11.46, p < 0.01). This
means that participants in the intervention group started to
differentiate in which ties they used for problem reformulation,
whereas the control group used each tie about equally.

Finally, as the program evolved, participants in the intervention
group showed a slight tendency to discuss the PD program and
their teaching project more often, compared to the control group
(c2(1) ¼ 3.40, p ¼ 0.065) (also see Table 4 in the Appendix). The
intervention group also showed higher variance in the random part
of the model, indicating that participants discussed their teaching
project with some people in their network and not with others,
whereas this was more uniform in the control group
(c2P2(1) ¼ 3.83, p ¼ 0.05, c2P3(1) ¼ 12.06, p < 0.01, c2P4(1) ¼ 6.71,
p < 0.05). In sum, these findings show that the intervention affected
network content at ego-level, and thereby partly confirm hypoth-
esis 2.

5. Discussion

This study examined the extent to which personal network
features relevant to professional development can be strengthened
during a PD program in higher education. Thus far, studies have
examined teachers' interactions during PD programs in a mainly
descriptive and cross-sectional way. This work provides empirical
evidence on an intervention conducted to strengthen teachers’
network development. Moreover, a novelty of this study was that it
provided a longitudinal account (over a two-year time frame) of
how networks may change during a PD program, also considering



Fig. 4. The development in network composition: number of new ties.

Fig. 5. The development in network composition: number of lost ties.
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the period after completion of the program. Overall, our study
showed that teaching networks can be strengthened during a PD
program, as evidenced by differences between the control and
intervention condition in network composition and content. We
discuss three key themes that emerged from this study and may
yield suggestions for practice and research.

5.1. The intervention group increased network size and network
dynamics (H1a)

The inclusion of multiple measurement periods allowed insight
into how the size of the teaching networks evolved at specific pe-
riods before, during and after the program. In line with previous
research (e.g., Rienties & Kinchin, 2014), findings showed that
networks in both the control and intervention group increased in
size during the PD program. Despite existing differences between
both groups in network size before the start of the program, the
intervention group showed a steeper increase in average network
size; indicating an effect of the intervention. The focus of our study
is on the development of networks. Yet, it could be true that
teachers with a larger starting network have a higher chance of
showing further network development after intervention. In both
groups, the increase in size of the teaching networks was main-
tained until at least six months after completion of the program.
This suggests that for this time period, the program had a sustained
influence on participants’ teaching network.

Furthermore, teachers in the intervention condition did not only
develop larger teaching networks, their networks were also char-
acterized by increased dynamics. Specifically, teachers in the
intervention condition did not only form more ties, they also dis-
solved more ties, yet overall maintaining larger networks than the
control condition. The latter implies a sustainability effect of the
intervention. The increase in network dynamics may also imply
that the intervention group explored their networks at the start of
the PD program in light of increased network awareness. As the
program proceeds, they narrowed down the network again,
possibly to reflect their needs in development at that time. As
our findings demonstrated that the networks changed most



Fig. 6. Results of the development in network composition in the control condition.
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significantly between the start and midway point of the program, a
suitable moment for network interventions may be at the begin-
ning of a program. Our study also showed that teaching networks
can be affected significantly through short interventions, and may
be sustained by implementing other network elements during the
program.

Underlying the network intervention in this study, was the
assumption that change in network behavior is caused by raising
teachers’ awareness of their personal teaching networks. When
teachers become aware of their network, they can act intentionally
by using and maintaining existing ties, forming new ties, or dis-
solving ties (Moolenaar et al., 2014). Future intervention studies
should further grasp the extent to which teachers acted more
intentionally on their networks, and/or grew increased awareness
about their networks. Future (qualitative) work could also grasp the
processes underlying tie formation, maintenance and dissolution
(Spillane & Shirrell, 2017) to further understand the different
meanings and reasons for network development.

There are several possible arguments in favor and against
generalizability of our intervention findings. For example, the
typical professional activity of university teachers might be mainly
individual work, whereas in other professions collaborative and
cooperative activities are paramount. It may be expected that the
importance of network relations is quite different in such pro-
fessions. University teachers represent a specific subset of teachers,
who combine different job responsibilities such as research,
teaching and social services. The pressure for publication is high,
and the juggling of responsibilities has undoubtedly an impact on
the time and effort faculty members can and want to invest in their
teaching practice. Faculty members are mostly evaluated on their
individual merits and less as a team or department, which may
impact the patterns and constellations of their teaching networks.
Even though one cannot adopt our work indiscriminately to other
contexts, the design principles and findings of the network inter-
vention can be generalized to similar teaching qualification pro-
grams. To advance the design of network interventions in light of
professional development, future studies should compare and
contrast interventions at different times and in different settings
and institutions. Future research should also provide further
empirical evidence on which (combination of) network elements
offer(s) what kind of contribution, and should explore other ele-
ments (e.g., self-selected peer coaches, observation of (senior)
colleagues’ teaching).

5.2. The intervention group developed more diverse networks (H1b)

The intervention group showed an increase in diversity as their
networks consisted of people from within the PD program (co-
participants, coaches) as well as outside the PD program (col-
leagues at the department, people in educational central services).
The control group showed less diversity in network composition.
When enlarging their networks during the PD program, they
increasingly connected to people with similar teaching experience.
Network diversity is linked to opportunities for innovation (Kilduff
& Krackhardt, 1994) as one can tap into diverse sources of teaching
expertise and experience when framing problems acquiring



Fig. 7. Results of the development in network composition in the intervention condition.
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information to solve them (VanWaes et al., 2015a; Burt, 1992; Cross
& Thomas, 2008). Furthermore, the control group showed limited
interaction between participants within the PD program, and less
conversations about teaching with colleagues at the department
compared to the intervention group.

Overall, we note that in both groups the networks between
participants remained sparse. The intervention teachers developed
more ties with other participants, but still this concerned few ties.
Large distances between several participants remained in both
groups, implying that teaching resources did not spread easily
among the program participants. It is remarkable that participants
indicated few relations with co-participants, since they provided
feedback to each other as part of a critical friend system andworked
in small groups. A possible explanation may be that the teaching
project in this PD program was an individual endeavor aimed at
their teaching practice at the workplace. Perhaps, if the program
would have included collective tasks or shared goals, connections
between participants may have grown stronger (Rienties &
Kinchin, 2014).

The intervention group especially developed ties to people
outside the PD program at their workplace. Scholars have argued
that participants’ workplace connections are a significant factor in
facilitating transfer of training (Hatala & Fleming, 2007; Van den
Bossche & Segers, 2013). If what is learned during the PD pro-
gram is not supported or is contradictory to what happens at the
workplace, transfer will be less likely, and teachers are likely to fall
back on older practices (Blume, Ford, Baldwin, & Huang, 2010). A
network approach to PD programs seeks to reduce how training is
often separated from practice at the workplace, as has previously
been raised by scholars (Tynj€al€a, 2008). We believe these are
important implications for practice. Academic developers may
explicitly consider strengthened networks as an outcome of PD
programs as network development could augment and sustain the
effects of PD programs (Penuel et al., 2012; Thomson, 2015). Yet, the
balance between fostering network awareness and imposing
network building is a delicate and critical one (Brown & Duguid,
1991; Datnow, 2011).

5.3. The intervention group consulted a wider network of people for
different types of content (H2)

A novelty of this studywas that it also considered different types
of content that are exchanged, whereas most studies only focus on
the composition of networks. Findings demonstrated that partici-
pants in the intervention condition increased the total time they
spent consulting their teaching network for information and
advice. This suggests that participants discussed their teaching
practice with more people to seek solutions, meta-knowledge,
problem reformulation and validation. Having a wider network
has been shown to increase the likelihood of encountering
actionable knowledge (Cross & Sproull, 2004). The network inter-
vention also stimulated participants in the intervention group to
discuss their teaching project and the PD program more frequently
compared to the control group.

Scholars should further explore the depth and interdependence
of teachers' interactions, using qualitative (network) techniques
(Bellotti, 2014), as these have proven consequential in studies on
professional development (VanWaes et al., 2016; Coburn& Russell,
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2008). Qualitative research could also enrich insight into how
‘negative or difficult ties’ (Everett & Borgatti, 2014) may constrain
or hinder teachers when following PD programs as these may in-
fluence the transfer to the workplace. Overall, these findings
further nuance the adage of ‘the bigger the network, the better’.
This study raises further questions about how network size in-
teracts with the content and diversity of the network (do larger
networks offer more opportunities for diverse input and/or com-
plementary content?), and which (combinations) matter for pro-
fessional development. Depending on what teachers need in light
of their professional development, some may show increased
network dynamics or diversity, but not necessarily larger networks.
This touches upon the two approaches of cohesion (the bigger the
better) and structural equivalence (not all ties are equal) in network
research. This study addressed both approaches. Future work
should examine if we should both strengthen cohesion and struc-
tural equivalence in network interventions to foster professional
development. A further deepening of the structural equivalence
approach, beyond network content, can bring more understanding
(e.g., by tracing learning cultures, or the value created through
networks).
6. Delimiters

Our work is also bounded by a few delimiters. In this study, we
have taken a quantitative approach to assess the strengthening of
networks. However, it would be valuable to examine not only the
increase in (diversity of) ties and its content, but also to gain more
insight in qualitative nature of these ties. For instance, future work
may explore whether network-oriented PD programs may also
contribute to more in-depth, targeted discussions around teaching.
In addition, future work should provide further insight into the
complex interplay between the development of networks and
outcomes such as teaching performance and student results. For
example, do teachers with higher network diversity also show
improved teaching skills? Potential outcomes could be assessed
using student evaluations, student achievement results, (peer)
observations of teaching, peer nominations, and think aloud in-
terviews on teaching approaches and behavior. A next step is to
analyze how variations in interventions amplify or erode perfor-
mance effects. Yet, investigating the relation between network and
performance outcomes is very delicate work as change in teaching
practices takes time and is hard to track (Stes et al., 2007; Stewart,
2014). Therefore, wewould argue that further research may benefit
from longitudinal mixed methods approaches to explore these
types of questions.

Next, our work focused on strengthening network development,
and started from the knowledge base on high leverage network
features related to performance and expertise development. It did
not (further) examine the relation between network and perfor-
mance outcomes to investigate (causal) relationships. Future work
should provide further insight into the complex interplay between
how networks and performance develop. Do certain network fea-
tures support professional development? Or do developments of
individual attributes come along with developments of the
networks?

Furthermore, this study used an ego-network approach by
mapping the networks of individual teachers and allowing them to
set the boundaries of their network, without assuming pre-existing
boundaries. A limitation of such an approach is that it negates an
overall ‘systems’ perspective that is gained by taking a whole-
network approach (e.g., by including the ties of all teachers
within an academic department). However, not properly attending
to the individual in favor of the whole network results in an
incomplete picture as well (Kilduff & Krackhardt, 1994). As such, it
may be valuable for future work to capture both teachers' ego- and
whole networks during a networked intervention.

Finally, information about network change as reported in this
study, was based on self-report measures. Research provides evi-
dence that an individual's perception of his/her network proves
more consequential than the actual structure of the network
(Kilduff & Krackhardt, 1994). Yet, an area ripe for exploration in
network research is to triangulate self-reported network data with
other data sources, such as tracking interactions through logs, e-
mails or documents, socio-metric badges, observation, or inter-
viewing/surveying the alters in the network as a member check
(snowball method).

7. Conclusion

This work further demonstrates the value of networks for
teachers’ professional development. In higher education, the
reduction of isolated practice to improve teaching quality is high on
the policy and research agenda. This study shows that the devel-
opment of university teaching networks can be strengthened
through intervention, not only affecting the network composition
in size and diversity but also influencing the content of what is
exchanged around the teaching practice. Moreover, as demon-
strated, networks can be strengthened over a short time period.
This study yields several suggestions for practice and research on
network interventions to strengthen professional development. It
highlights the potential of enhanced social networks as an outcome
of PD initiatives, supplementary to the existing focus on individual
outcomes.

Appendix

Results of multilevel analyses for network composition and content

Note: For sake of transparency, we included the tables of the
multilevel analyses. The main results are incorporated and illus-
trated in the manuscript itself.

Legend
Fixed part: This part of the model gives an overview of the

extent to which the control and intervention group differed on
average at each MM.

Random part - ego and alter: This part of the model shows the
random residuals that were estimated for the ego and alter/tie
levels, yielding a variance parameter between egos (i.e., describing
differences between participants in the control and intervention
condition) and within egos (i.e., describing differences between
relations within participants’ networks) at every MM.

Exp: The exponent is the inverse of LN, the natural logarithm.

a For this variable, variance is estimated at 0.00 at P2. Participants
in both the control and intervention group lost near to none ties.
Therefore, comparison of differences was not useful.

b For this variable, variance is estimated at 0.00 at P1. Participants
in both the control and intervention group had near to none ties
to other participants before the PD program (P1). Therefore,
comparison of differences was not useful.



Table 1
Results of the multilevel analyses for network composition: network size.

Fixed part Number of ties Number of new ties Number of lost ties Number of kept ties

estimate exp SE estimate exp SE estimate exp SE estimate exp SE

P1 control 1,45 4,25 0,12 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
P1 intervention 1,95 7,00 0,10 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
P2 control 1,85 6,37 0,16 0,87 2,38 0,28 �1,39 0,25 0,50 1,39 4,00 0,13
P2 intervention 2,62 13,74 0,08 1,91 6,78 0,13 �3,14 0,04 1,00 1,94 6,96 0,10
P3 control 1,99 7,32 0,18 0,41 1,50 0,31 �0,58 0,56 0,44 1,76 5,81 0,20
P3 intervention 2,57 13,04 0,10 0,04 1,04 0,41 0,55 1,74 0,39 2,49 12,00 0,10
P4 control 1,85 6,37 0,20 �0,69 0,50 0,50 0,36 1,44 0,35 1,77 5,88 0,22
P4 intervention 2,49 12,00 0,12 �1,06 0,35 0,38 0,33 1,39 0,26 2,46 11,65 0,12
Random part
P1 control 0,00 1,00 0,08 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
P1 intervention 0,08 1,09 0,07 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
P2 control 0,27 1,31 0,15 0,84 2,31 0,45 0,00 1,00 0,00 0,02 1,02 0,09
P2 intervention 0,06 1,06 0,04 0,22 1,24 0,11 0,00 1,00 0,00 0,09 1,09 0,07
P3 control 0,35 1,42 0,17 0,89 2,43 0,55 1,37 3,94 1,11 0,45 1,57 0,22
P3 intervention 0,17 1,19 0,07 2,83 17,00 1,11 2,94 18,90 1,04 0,13 1,14 0,06
P4 control 0,49 1,64 0,23 2,00 7,39 1,41 1,24 3,45 0,68 0,61 1,84 0,28
P4 intervention 0,25 1,29 0,10 0,44 1,55 0,98 0,84 2,32 0,46 0,25 1,29 0,10

Intervals & tests

Fixed part p c2 p c2 p c2 p c2

P1: control vs. intervention 0,00 10,08 n.a. n.a. n.a. n.a. n.a. n.a.
P2: control vs. intervention 0,00 18,15 0,00 11,63 0,12 2,45 0,00 11,47
P3: control vs. intervention 0,00 8,09 0,48 0,50 0,06 3,65 0,00 10,91
P4: control vs. intervention 0,01 7,23 0,56 0,33 0,94 0,01 0,01 7,38
P1-P2: control vs. intervention 0,03 4,53 n.a. n.a. n.a. n.a. n.a. n.a.
P1-P3: control vs. intervention 0,56 0,35 n.a. n.a. n.a. n.a. n.a. n.a.
P1-P4: control vs. intervention 0,41 0,68 n.a. n.a. n.a. n.a. n.a. n.a.
P2-P3: control vs. intervention 0,06 3,44 0,02 5,65 0,02 5,18 0,22 1,53
P3-P4: control vs. intervention 0,50 0,46 1,00 0,00 0,14 2,23 0,58 0,30
P2-P4: control vs. intervention 0,21 1,57 0,05 3,83 0,15 2,05 0,44 0,60
Random part
P1: control vs. intervention 0,46 0,54 n.a. n.a. n.a. n.a. n.a. n.a.
P2: control vs. intervention 0,17 1,92 0,18 1,83 n.a.a n.a.a 0,53 0,40
P3: control vs. intervention 0,33 0,94 0,12 2,45 0,30 1,06 0,16 1,95
P4: control vs. intervention 0,33 0,93 0,36 0,83 0,63 0,23 0,22 1,50
P1-P2: control vs. intervention 0,02 5,12 n.a. n.a. n.a. n.a. n.a. n.a.
P1-P3: control vs. intervention 0,07 3,23 n.a. n.a. n.a. n.a. n.a. n.a.
P1-P4: control vs. intervention 0,11 2,55 n.a. n.a. n.a. n.a. n.a. n.a.
P2-P3: control vs. intervention 0,77 0,08 0,05 3,81 0,30 1,06 0,02 5,23
P3-P4: control vs. intervention 0,62 0,25 0,08 3,11 0,25 1,31 0,73 0,12
P2-P4: control vs. intervention 0,86 0,03 0,60 0,28 0,63 0,23 0,06 3,42

Table 2
Results of the multilevel analyses for network composition: network diversity.

Fixed part Teaching expertise Teaching experience Ties within PD program Ties to participants Ties to department

estimate SE estimate exp SE estimate exp SE estimate exp SE estimate exp SE

P1 control 24,56 3,44 0,00 1,00 0,31 �0,58 0,56 0,33 �2,77 0,06 1,00 1,01 2,75 0,17
P1 intervention 36,30 4,40 0,69 2,00 0,15 �0,04 0,96 0,21 �1,34 0,26 0,42 0,96 2,61 0,15
P2 control 36,88 6,61 0,36 1,44 0,23 0,63 1,88 0,27 �0,83 0,44 0,40 1,22 3,37 0,22
P2 intervention 72,74 6,12 1,42 4,13 0,12 1,23 3,43 0,12 0,58 1,78 0,17 1,57 4,78 0,13
P3 control 42,44 8,10 0,60 1,81 0,22 0,92 2,50 0,23 �0,38 0,69 0,36 1,29 3,63 0,21
P3 intervention 71,04 7,55 1,42 4,13 0,12 1,26 3,52 0,13 0,58 1,78 0,19 1,45 4,26 0,15
P4 control 36,75 8,34 0,49 1,63 0,25 0,84 2,31 0,25 �0,47 0,63 0,37 1,31 3,69 0,22
P4 intervention 67,22 8,23 1,27 3,56 0,15 1,17 3,22 0,15 0,48 1,61 0,22 1,42 4,13 0,15
Random part
P1 control 188,75 66,73 0,50 1,65 0,53 0,00 1,00 0,00 0,00 1,00 0,00 0,12 1,13 0,17
P1 intervention 444,21 130,99 0,00 1,00 0,00 0,00 1,00 0,00 0,28 1,32 1,21 0,15 1,16 0,16
P2 control 699,86 247,44 0,15 1,16 0,30 0,60 1,82 0,40 0,31 1,36 0,92 0,47 1,59 0,27
P2 intervention 860,98 253,89 0,08 1,08 0,10 0,05 1,05 0,10 0,12 1,13 0,20 0,18 1,19 0,11
P3 control 1049,87 371,19 0,22 1,24 0,27 0,42 1,52 0,29 0,59 1,80 0,72 0,44 1,55 0,25
P3 intervention 1310,48 386,44 0,08 1,08 0,10 0,10 1,11 0,11 0,29 1,33 0,25 0,26 1,29 0,14
P4 control 1112,19 393,22 0,37 1,45 0,35 0,54 1,72 0,34 0,60 1,82 0,78 0,50 1,65 0,27
P4 intervention 1558,00 459,43 0,22 1,24 0,15 0,18 1,19 0,14 0,45 1,56 0,32 0,29 1,34 0,16

Intervals & tests

Fixed part p c2 p c2 p c2 p c2 p c2

P1: control vs. intervention 0,04 4,43 0,04 4,16 0,18 1,80 0,19 1,73 0,82 0,05

(continued on next page)
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Table 2 (continued )

Intervals & tests

Fixed part p c2 p c2 p c2 p c2 p c2

P2: control vs. intervention 0,00 15,85 0,00 16,68 0,04 4,29 0,00 10,29 0,17 1,89
P3: control vs. intervention 0,01 6,68 0,00 10,93 0,19 1,73 0,02 5,52 0,53 0,40
P4: control vs. intervention 0,01 6,76 0,01 7,40 0,25 1,33 0,03 4,86 0,67 0,18
P1-P2: control vs. intervention 0,00 15,17 0,18 1,78 0,88 0,02 1,00 0,00 0,00 8,57
P1-P3: control vs. intervention 0,04 4,38 0,63 0,23 0,69 0,16 0,68 0,17 0,18 1,81
P1-P4: control vs. intervention 0,04 4,40 0,76 0,10 0,68 0,17 0,68 0,17 0,33 0,96
P2-P3: control vs. intervention 0,20 1,64 0,05 3,94 0,01 6,36 0,01 7,81 0,03 4,99
P3-P4: control vs. intervention 0,62 0,25 0,68 0,17 0,88 0,02 0,95 0,00 0,49 0,47
P2-P4: control vs. intervention 0,35 0,87 0,08 3,02 0,01 6,02 0,01 6,34 0,05 3,90
Random part
P1: control vs. intervention 0,08 3,02 0,35 0,89 n.a.b n.a.b 0,01 6,76 0,90 0,02
P2: control vs. intervention 0,65 0,21 0,83 0,05 0,18 1,80 0,01 6,37 0,32 1,00
P3: control vs. intervention 0,63 0,24 0,64 0,23 0,31 1,05 0,05 4,00 0,52 0,41
P4: control vs. intervention 0,46 0,54 0,68 0,17 0,33 0,96 0,00 11,50 0,50 0,46
P1-P2: control vs. intervention 0,76 0,10 0,32 0,98 0,18 1,80 0,03 4,76 0,12 2,41
P1-P3: control vs. intervention 1,00 0,00 0,41 0,68 0,31 1,05 0,08 3,03 0,34 0,92
P1-P4: control vs. intervention 0,73 0,12 0,47 0,52 0,33 0,96 0,00 9,65 0,33 0,93
P2-P3: control vs. intervention 0,79 0,07 0,69 0,16 0,25 1,30 0,86 0,03 0,38 0,78
P3-P4: control vs. intervention 0,49 0,48 0,91 0,01 0,75 0,10 0,06 3,54 0,81 0,06
P2-P4: control vs. intervention 0,14 2,20 0,73 0,12 0,37 0,82 0,03 4,79 0,67 0,18

Table 3
Results of the multilevel analyses for network content (ego-level).

Fixed part Solutions Meta-knowledge Problem reformulation Validation

estimate SE estimate SE estimate SE estimate SE

P1 control 13,31 1,74 11,19 1,54 12,88 1,84 11,31 1,63
P1 intervention 22,00 2,34 19,22 2,42 20,52 2,31 19,35 2,15
P2 control 17,19 2,69 13,44 2,05 17,25 2,59 16,63 2,77
P2 intervention 36,96 3,23 31,87 3,01 33,78 3,10 33,48 3,29
P3 control 19,81 3,19 16,13 2,43 19,88 3,24 19,06 3,10
P3 intervention 37,22 4,38 32,39 3,83 33,87 4,07 34,26 4,13
P4 control 17,31 3,23 13,38 2,60 16,75 3,17 16,38 3,12
P4 intervention 33,52 4,26 29,39 3,91 30,87 4,05 30,78 3,86
Random part
P1 control 48,47 17,14 38,15 13,49 54,11 19,13 42,47 15,01
P1 intervention 126,09 37,18 134,95 39,80 122,86 36,23 106,23 31,33
P2 control 115,65 40,89 67,25 23,78 106,94 37,81 122,36 43,26
P2 intervention 240,30 70,86 208,37 61,45 220,78 65,10 249,29 73,51
P3 control 163,15 57,68 94,73 33,49 168,36 59,52 153,43 54,25
P3 intervention 440,60 129,93 336,85 99,33 380,11 112,09 392,37 115,70
P4 control 166,47 58,85 107,86 38,13 160,81 56,86 155,61 55,02
P4 intervention 417,03 122,98 350,85 103,46 376,72 111,09 342,95 101,13

Intervals & tests

Fixed part p c2 p c2 p c2 p c2

P1: control vs. intervention 0,00 8,87 0,01 7,81 0,01 6,70 0,00 8,88
P2: control vs. intervention 0,00 22,11 0,00 25,62 0,00 16,79 0,00 15,36
P3: control vs. intervention 0,00 10,32 0,00 12,87 0,01 7,24 0,00 8,67
P4: control vs. intervention 0,00 9,21 0,00 11,66 0,01 7,54 0,00 8,43
P1-P2: control vs. intervention 0,00 13,34 0,00 12,76 0,00 10,88 0,01 7,52
P1-P3: control vs. intervention 0,04 4,32 0,02 5,57 0,10 2,77 0,08 3,13
P1-P4: control vs. intervention 0,09 2,95 0,05 3,86 0,11 2,58 0,13 2,29
P2-P3: control vs. intervention 0,36 0,83 0,35 0,89 0,29 1,12 0,52 0,41
P3-P4: control vs. intervention 0,58 0,31 0,90 0,02 0,95 0,00 0,71 0,14
P2-P4: control vs. intervention 0,23 1,43 0,35 0,86 0,32 0,99 0,38 0,77
Random part
P1: control vs. intervention 0,06 3,60 0,02 5,31 0,09 2,82 0,07 3,37
P2: control vs. intervention 0,13 2,32 0,03 4,59 0,13 2,29 0,14 2,22
P3: control vs. intervention 0,05 3,81 0,02 5,34 0,10 2,78 0,06 3,50
P4: control vs. intervention 0,07 3,38 0,03 4,86 0,08 2,99 0,10 2,65
P1-P2: control vs. intervention 0,53 0,40 0,50 0,46 0,49 0,47 0,42 0,64
P1-P3: control vs. intervention 0,13 2,25 0,14 2,19 0,22 1,52 0,15 2,11
P1-P4: control vs. intervention 0,19 1,74 0,18 1,79 0,21 1,56 0,27 1,22
P2-P3: control vs. intervention 0,11 2,55 0,16 2,00 0,23 1,44 0,20 1,63
P3-P4: control vs. intervention 0,73 0,12 1,00 0,00 0,95 0,00 0,47 0,52
P2-P4: control vs. intervention 0,22 1,49 0,21 1,59 0,22 1,53 0,49 0,48
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Table 4
Results of the multilevel analyses for network content (tie-level).

Fixed part Solutions Meta-knowledge Problem
reformulation

Validation Talk PD program

estimate SE estimate SE estimate SE estimate SE estimate SE

P1 control 2,99 0,14 2,59 0,14 2,91 0,13 2,46 0,16 n.a. n.a.
P1 intervention 3,01 0,11 2,59 0,14 2,83 0,12 2,61 0,13 n.a. n.a.
P2 control 2,66 0,10 2,15 0,13 2,73 0,14 2,57 0,16 2,57 0,21
P2 intervention 2,72 0,10 2,34 0,10 2,49 0,09 2,44 0,10 2,50 0,10
P3 control 2,71 0,11 2,33 0,16 2,77 0,17 2,66 0,20 2,48 0,13
P3 intervention 2,73 0,11 2,41 0,10 2,50 0,11 2,52 0,11 2,75 0,07
P4 control 2,67 0,14 2,09 0,16 2,57 0,13 2,50 0,18 2,33 0,17
P4 intervention 2,67 0,16 2,37 0,15 2,44 0,15 2,48 0,15 2,52 0,10
Random part - ego
P1 control 0,01 0,09 0,00 0,00 0,00 0,00 0,08 0,12 n.a. n.a.
P1 intervention 0,11 0,08 0,28 0,13 0,13 0,09 0,20 0,11 n.a. n.a.
P2 control 0,00 0,00 0,08 0,08 0,14 0,09 0,24 0,14 0,53 0,24
P2 intervention 0,12 0,06 0,14 0,06 0,09 0,05 0,12 0,06 0,12 0,05
P3 control 0,06 0,06 0,25 0,14 0,28 0,14 0,37 0,20 0,11 0,08
P3 intervention 0,18 0,08 0,12 0,06 0,14 0,07 0,16 0,07 0,00 0,00
P4 control 0,12 0,08 0,24 0,14 0,10 0,08 0,32 0,16 0,30 0,15
P4 intervention 0,44 0,16 0,38 0,14 0,36 0,14 0,37 0,14 0,11 0,05
Random part - tie
P1 control 1,41 0,25 1,43 0,24 1,46 0,24 1,66 0,29 n.a. n.a.
P1 intervention 1,33 0,16 1,16 0,14 1,46 0,17 1,39 0,16 n.a. n.a.
P2 control 1,07 0,15 0,56 0,16 0,95 0,14 1,11 0,16 1,00 0,15
P2 intervention 1,39 0,11 1,03 0,15 1,43 0,12 1,37 0,11 1,37 0,11
P3 control 0,96 0,13 0,40 0,09 0,88 0,12 1,40 0,19 0,95 0,13
P3 intervention 1,25 0,10 1,08 0,09 1,31 0,11 1,21 0,10 1,58 0,13
P4 control 0,94 0,14 0,10 0,15 0,78 0,12 0,79 0,12 0,79 0,12
P4 intervention 1,23 0,11 0,24 0,11 1,34 0,12 1,10 0,10 1,19 0,10

Intervals & tests

Fixed part p c2 p c2 p c2 p c2 p c2

P1: control vs. intervention 0,89 0,02 0,96 0,00 0,65 0,21 0,47 0,52 n.a. n.a.
P2: control vs. intervention 0,70 0,15 0,22 1,51 0,14 2,15 0,50 0,47 0,76 0,09
P3: control vs. intervention 0,92 0,01 0,64 0,21 0,17 1,84 0,53 0,40 0,07 3,40
P4: control vs. intervention 1,00 0,00 0,20 1,64 0,52 0,42 0,92 0,01 0,33 0,94
P1-P2: control vs. intervention 0,87 0,03 0,37 0,81 0,43 0,62 0,25 1,30 n.a. n.a.
P1-P3: control vs. intervention 0,97 0,00 0,72 0,13 0,45 0,56 0,30 1,09 n.a. n.a.
P1-P4: control vs. intervention 0,94 0,01 0,31 1,03 0,86 0,03 0,55 0,35 n.a. n.a.
P2-P3: control vs. intervention 0,82 0,05 0,64 0,23 0,92 0,01 0,96 0,00 0,17 1,86
P3-P4: control vs. intervention 0,96 0,00 0,48 0,50 0,58 0,31 0,69 0,16 0,73 0,12
P2-P4: control vs. intervention 0,82 0,05 0,74 0,11 0,61 0,25 0,70 0,15 0,35 0,86
Random part - ego
P1: control vs. intervention 0,40 0,70 0,03 4,52 0,16 1,99 0,46 0,56 n.a. n.a.
P2: control vs. intervention 0,04 4,06 0,55 0,35 0,64 0,22 0,43 0,63 0,11 2,61
P3: control vs. intervention 0,23 1,45 0,41 0,67 0,38 0,77 0,33 0,94 0,19 1,70
P4: control vs. intervention 0,07 3,17 0,45 0,57 0,10 2,66 0,80 0,07 0,24 1,40
P1-P2: control vs. intervention 0,86 0,03 0,18 1,76 0,20 1,63 0,29 1,12 n.a. n.a.
P1-P3: control vs. intervention 0,93 0,01 0,04 4,09 0,14 2,15 0,23 1,47 n.a. n.a.
P1-P4: control vs. intervention 0,31 1,02 0,56 0,33 0,49 0,48 0,80 0,06 n.a. n.a.
P2-P3: control vs. intervention 0,93 0,01 0,31 1,02 0,64 0,22 0,74 0,11 0,27 1,24
P3-P4: control vs. intervention 0,31 1,02 0,27 1,21 0,08 3,10 0,39 0,75 0,65 0,20
P2-P4: control vs. intervention 0,31 1,05 0,69 0,16 0,11 2,59 0,50 0,45 0,48 0,50
Random part - tie
P1: control vs. intervention 0,80 0,06 0,33 0,94 1,00 0,00 0,40 0,70 n.a. n.a.
P2: control vs. intervention 0,09 2,87 0,77 0,09 0,01 7,02 0,19 1,72 0,05 3,83
P3: control vs. intervention 0,09 2,92 0,19 1,68 0,01 6,74 0,39 0,75 0,00 12,06
P4: control vs. intervention 0,09 2,81 0,54 0,38 0,00 11,46 0,04 4,19 0,01 6,71
P1-P2: control vs. intervention 0,23 1,45 0,30 1,09 0,12 2,45 0,11 2,51 n.a. n.a.
P1-P3: control vs. intervention 0,26 1,25 0,14 2,21 0,19 1,70 0,81 0,06 n.a. n.a.
P1-P4: control vs. intervention 0,27 1,23 0,24 1,36 0,09 2,93 0,08 3,04 n.a. n.a.
P2-P3: control vs. intervention 0,88 0,02 0,50 0,45 0,79 0,07 0,09 2,96 0,23 1,46
P3-P4: control vs. intervention 0,95 0,00 0,59 0,29 0,52 0,41 0,03 4,65 0,24 1,41
P2-P4: control vs. intervention 0,91 0,01 0,85 0,04 0,74 0,11 0,84 0,04 0,86 0,03
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