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� Collaboration networks became denser during the professional development project.
� Collaboration patterns were positively related to propinquity.
� Experienced teachers (more than 5 years) were more likely to collaborate.
� Informal interaction outside work was positively related to a collaboration tendency.
� Teachers were more likely to observe a colleague with whom they already collaborate.
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a b s t r a c t

Professional interaction in the workplace is an indispensable part of professional development. We
examined how teachers' teaching collaboration networks within a university department changed
throughout an eight-month professional development project and how these networks influenced
teachers’ observation choices in formative peer observations. Stochastic actor-oriented modeling (SAOM)
shows that it was more likely that teachers started to collaborate when they were working on the same
floor (propinquity), were more active in attending project meetings, and had more teaching experience.
The multiple regression quadratic assignment procedure (MR-QAP) indicates that teachers were more
likely to observe colleagues with whom they already collaborated.

© 2021 Published by Elsevier Ltd.
1. Introduction

In the last two decades, improving teaching and learning prac-
tices is an increasingly recognized priority in many higher educa-
tion institutions in Europe (Gaebel et al., 2018; Van Waes et al.,
2018). Professional development in higher education has mainly
focused on increasing individual teachers’ teaching and learning
skills, knowledge, and expertise (Leslie et al., 2013; Steinert et al.,
2016; Stes et al., 2010), which is consistent with the typical teach-
ing practices in university education where teachers design and
teach their courses independently (Hadar & Brody, 2010; Spalter-
, 9712TS, Groningen, the
Roth et al., 2010). The social component in the development pro-
cess is mostly neglected (Hadar & Brody, 2010). This is surprising
since interaction between colleagues in the workplace has been
considered as an integral aspect of professional development for
decades (e.g., Lave&Wenger, 1991; Little, 1993). Recently, there has
been a renewed appeal in higher education policy and research for
a shift from traditional - individual-focused - practices to profes-
sional development as a socially interactive and contextual process
(e.g., Benbow& Lee, 2019; Gaebel et al., 2018; Hadar& Brody, 2010;
Hinojosa-Pareja & García-Cano, 2020). Correspondingly, this para-
digm shift aims to break with the notion of teaching as an isolated
practice and instead emphasizes shared responsibility to respond
to changing societal demands and educational innovations (Gaebel
et al., 2018; Gast et al., 2017; Saroyan & Trigwell, 2015; Taylor &
Znajda, 2015).

mailto:i.noben@rug.nl
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tate.2021.103579&domain=pdf
www.sciencedirect.com/science/journal/0742051X
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We adhere to the shared responsibility paradigm, which we
illustrate by the example of a departmental professional develop-
ment project. The project's main goal was to strengthen profes-
sional interaction between teachers within the department. To
realize this goal, teachers were asked to collaboratively redesign
the curriculum. Collaboratively designing a curriculum can be seen
as a form of professional development; activities and processes that
teachers engage in to improve their teaching, and consequently
students' learning (Saroyan & Trigwell, 2015). As teachers collab-
oratively develop a curriculum, they share knowledge, exchange
perspectives, and solve challenges. This is further facilitated by the
fact that the activity is connected to their everyday practice
(Steinert et al., 2016). Collaboration has various beneficial effects. It
can strengthen the connection between the formal and the enacted
curriculum through enhancing teachers' collective ownership of
the curriculum (Penuel et al., 2009; Voogt et al., 2016) as well as
increases the acceptance, implementation, and sustainability of the
educational reform (Bolander Laksov et al., 2020; Daly, Moolenaar,
Bolivar,& Burke, 2010). Further, it can improve teacher well-being -
through increased job motivation, self-efficacy beliefs, collegiality,
and reduced feelings of isolation (Moolenaar et al., 2012;
Vangrieken et al., 2015)-, and teachers' teaching practices, beliefs,
and attitudes (Voogt et al., 2016).

In higher education, the department level is a uniquely suitable
context for teacher collaboration due to its relative autonomy in
designing courses and the fact that staff members are already
grouped in an organizational unit, allowing for potentially more
frequent social interactions (Quardokus & Henderson, 2015).
Furthermore, departmental structures have considerable influence
on members’ acceptance of change initiatives, such as curriculum
reform (Quinlan & Åkerlind, 2000; Wieman, 2010). While re-
searchers are increasingly focusing on team-based professional
development activities in higher education (e.g., Bolander Laksov
et al., 2020; Gast et al., 2017; Hinojosa-Pareja & García-Cano,
2020; Quardokus & Henderson, 2015), collaboration on the
department level as a focus of professional learning is largely
missing in the higher education literature (Katajuvuori et al., 2019;
Vangrieken et al., 2015).

In this study, we examine university teachers' collaboration
networks in a professional development project from a longitudinal
social network perspective. Social network analysis (SNA) can
provide information on the structure of teachers’ professional
networks and on how the relationships can be influenced (Penuel
et al., 2009). To measure network change, we surveyed teachers
at the start and at the end of an eight-month professional devel-
opment project that focused on community building through cur-
riculum design activities. Longitudinal social network analysis can
provide insights in how the interaction patterns change over time
within the network (Kadushin, 2012; Wasserman & Faust, 1994).
Furthermore, we investigate how the collaboration among teachers
contribute to the choice of peers in formative observations of
teaching at the end of the project. The context of our study is a
language teaching department at a Dutch research-oriented
university.

Our study positions itself in the literature in various ways. First,
we are unaware of any research that examines the development of
teaching collaboration networks in a professional development
project over time while taking into account cross-network effects
and selection mechanisms. Second, although authors have high-
lighted the importance of professional development activities in
teams (e.g., Gast et al., 2017), only a few studies have focused on the
department level (e.g., Quardokus & Henderson, 2015). Third, most
studies examining professional networks have relied on self-
reported ego-centric social network measures (Van Waes et al.,
2018). In this study, we combine survey responses with
2

observational data about participants’ engagement in the profes-
sional development project, such as peer observations and partic-
ipation in project meetings. Finally, the outcomes of our study can
contribute to the design of professional development activities as
strengthening relationships and community building is considered
an important goal of professional development (Van den Bossche&
Segers, 2013; Van Waes et al., 2018).

1.1. The importance of social capital building for professional
development

The importance of collaboration among teachers is rooted in
social capital theory. Although various definitions of social capital
exist (e.g., Bourdieu, 1986; Coleman, 1990; Lin, 2001; Loury, 1987),
in general, social capital refers to the ability of actors to access re-
sources as a result of their membership in a social network (Portes,
1998). Whereas all definitions (Bourdieu, 1986; Coleman, 1990; Lin,
2001; Loury, 1987) recognize the access of resources, authors differ
in their emphasis of the other elements of social capital. Bourdieu
(1986) considers the amount and quality of the resources
accessed in his definition of social capital. Coleman (1990) states
that social capital is defined by its function; the structure facilitates
the action of the members within it and individuals can obtain
certain goals that could not be obtained otherwise. Finally, Lin
(2001) highlights, in addition to the access of social capital, the
actions of the individuals in mobilizing the resources within their
network. In this study, we regard social capital as an individual's
access to and mobilization of resources that exist within the social
relations in their social networks. Resources are defined as the
potential for information, knowledge, ideas and support that are
derived from social relationships (Coleman, 1990; Lin, 2001).

Researchers in higher education are increasingly turning to so-
cial network analysis (SNA) to study university teachers' social
networks e and the social capital that resides within these net-
works (e.g., Benbow et al., 2020; Benbow & Lee, 2019; Rienties &
Kinchin, 2014; Van Waes et al., 2015). Whether or not social capi-
tal is mobilized, depends, among other things, on teachers' actions.
Therefore, teachers’ social networks are not their effective social
capital, but a reflection of the potential of it.

1.2. Social network theory

SNA represents actors as nodes in a web of connections (or ties)
and explores the patterns within these connections, allowing for
the identification of members’ social positions and their behaviour
(Wasserman & Faust, 1994). Each actor e in our study a teacher -
has a certain position in the network based on the connection with
other actors. Actors are connected for different reasons, such as
friendship, informational transfer, and formal relations. SNA mea-
sures are used to study the relational structure among these actors
(Snijders, 2001, 2011; Wasserman & Faust, 1994). There are two
main SNA perspectives; structuralism and connectionism. The
structuralist perspective focuses on how the social network struc-
ture impacts the actors, whereas the connectionist perspective
provides understanding on the flow of information between the
actors and how this affects their behaviour (Borgatti& Foster, 2003;
Jaspersen & Stein, 2019). In this study, we adopt the structuralist
perspective with a main focus on the social network structures of a
university department.

Several measures describe the network at different levels. First
there is the individual (node) level. A well-established descriptive
measure at the node level is degree centrality (Borgatti et al., 2009).
Degree centrality means the total number of connections of an
actor and can be distinguished in incoming connections (indegree
centrality) and outgoing connections (outdegree centrality; see
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Gest & Kindermann, 2012). For example, teacher A asks teacher B
for teaching advice. In this case, the directionality of the connection
is from A to B. In SNA terms, this is indicated as an outdegree
measure for teacher A and an indegree measure for teacher B.
Whether or not teacher B will also consult teacher A, depends, for
example, on whether or not teacher B also values teacher A's
teaching expertise. Teachers who are more central in a de-
partment's network have more opportunities to access the social
resources within the network (Moolenaar, 2012; Quardokus &
Henderson, 2015). Besides the node level, the smallest possible
groupwithin a network is a dyad. A dyad represents two actors who
are connected. At the dyadic level, the measure reciprocity ex-
presses the proportion of mutual connections between two actors
in a network (Borgatti et al., 2013). Transitivity, or transitive triplets,
is a triad (i.e., three actors) where two actors are intended to con-
nect to a common connection (Wasserman & Faust, 1994). This is
often expressed as a friend of a friend becomes a friend (Davis,
1970; Holland & Leinhardt, 1971; Prell, 2012). For example,
teacher A has a connectionwith teacher B, teacher B with teacher C,
then it is likely that teacher A also connects to teacher C. Another
key metric at the network level about social cohesion is density.
This refers to the proportion of the possible connections in a
network (Borgatti et al., 2013). A network with a higher density
indicates that teachers are more connected to each other. In addi-
tion to the network structures, different personal attributes (such
as teaching experience) and other networks (such as friendship) are
conditions for initiating connections among actors.

1.3. Social selection mechanisms: why teachers initiate
collaboration with each other

Developing relationships (social networks) as well as mobilizing
the resources that resides within them (social capital) are a result of
actors' intended or unintended decisions, which are in turn deter-
mined by various factors. This means that networks are not static as
individuals form and dissolve relationships, resulting in an altered
network structure. These mechanisms of tie formation and deac-
tivation can either be a result of intentional decisions of the actors
to achieve a certain goal (Kossinets & Watts, 2006; Schreurs et al.,
2019) or they are unintentionally influenced by their individual and
the organization's characteristics (Van Waes et al., 2015).

Two well-established mechanisms that influence social selec-
tion are homophily and propinquity. Homophily refers to the
perception of social similarity: “birds of a feather flock together”
(McPherson et al., 2001, p. 417). Transferred to teachers, it is more
likely that they interact more with colleagues who are similar to
them. For example, secondary school teachers who teach the same
subject are more likely to interact with each other (Van Gasse et al.,
2020) as well as academics who perform similar work tasks
(Pataraia et al., 2014). Propinquity means being in close proximity
to someone else. Besides spatial propinquity, two related spatial
mechanisms are in play when examining the formation of social
ties: spatial composition and spatial configuration. Spatial
composition refers to the presence or absence of functional zones
that allow for social interaction, such as teacher lounges. Spatial
configuration refers to how the workplaces and functional zones
are placed in the building (Small & Adler, 2019). The importance of
physical proximity of workplaces for professional interaction be-
tween teachers has been well-established in primary and second-
ary education research. For example, Spillane, Shirrell, & Sweet
(2017) examined help-seeking behaviour of elementary school
teachers. They found that teachers whose walking paths to func-
tional zones e such as restrooms and the photocopy machine e

overlapped more frequently were more likely to interact with each
other about work. Furthermore, Thomas et al. (2020) found that
3

beginning primary teachers interact more with colleagues whose
classrooms are located in close proximity to their own. Similar to in
the study of Van Gasse et al. (2020), teachers also indicated that
relationship building was supported by an inviting staffroom.
While Thomas et al. (2020) focused on beginning teachers, Lohman
and Woolf (2001) interviewed experienced teachers. They found a
propinquity effect for teachers’ tendency to self-initiate learning
activities, such as knowledge exchange and collaboration. In
conclusion, propinquity has found to be especially important for
teachers to serendipitously interact with other colleagues (Schreurs
et al., 2019).

The importance of frequent interaction possibilities to increase
the likelihood of establishing a relationship also comes forward in
the higher education literature (Kossinets & Watts, 2006; Pataraia
et al., 2014; Van Waes et al., 2015). For example, the close prox-
imity of university teachers’ offices facilitates interaction compared
to teachers whose office location is more isolated (Fleming et al.,
2016).

1.4. Choosing a colleague to observe: an indication of mobilizing
social capital

A widespread professional development activity that is
increasingly receiving attention in the higher education literature is
peer observations of teaching (POT) (e.g., Chamberlain et al., 2011;
O'Leary & Savage, 2020; Torres et al., 2017). POT is rooted in social
cognition theory which, in essence, assumes behaviour is learned
observationally through modeling (Bandura, 1997; Hendry et al.,
2014). The premise of formative POT is that by participating in it
teachers identify new teaching and learning strategies and change
their own practice. The activity is also associated with various in-
direct benefits for teaching and learning. For example, broadening
collegiality and collaboration (Bell, 2001; Sandr, 2012; Tezcan-Unal,
2018), encouraging reflection on teaching, and developing con-
ceptions of teaching (Bell & Mladenovic, 2015).

There is consensus in the literature that POT is best imple-
mented for developmental and collaborative purposes in which
academic staff engage as equals in a partnership to observe and
provide feedback to each other on their teaching practices (Bell &
Mladenovic, 2015). The importance of a trusting, collegial rela-
tionship without power dynamics has been stressed by various
authors as a key element for successful implementation of the ac-
tivity (e.g, Hammersley-Fletcher & Orsmond, 2005; Huxham et al.,
2017; O'Leary & Savage, 2020, Thomas et al., 2014). To make sure
teachers perceive observations as a formative instead of an evalu-
ative activity, it has been suggested to provide themwith a choice of
the observer (McMahon et al., 2007). While Bell (2001) suggests
that teachers might prefer to have a “friendly face” observe them in
order to increase the chance of receiving positive feedback, not
much is known about how teachers select peers to observe.

1.5. The current study

Although the body of literature that studies teachers' social
networks in higher education is growing (e.g., Benbow& Lee, 2019;
Benbow et al., 2020; Ma et al., 2019; Pataraia et al., 2014, 2015;
Rienties & Kinchin, 2014; Roxå & Mårtensson, 2009; Van Waes
et al., 2015, 2016, 2018), to our knowledge, we are the first who
tested selection mechanisms in university teachers' networks with
the advanced statistical tool of stochastic actor-oriented modeling
(SAOM). Contrary to conventional statistical techniques, SAOM
does not violate the assumption of independent observations and is
equipped to account for this independency in the network changes
over time (Snijders, 2005; Snijders et al., 2010). The method has
advanced insights in related fields. Van Gasse et al. (2017), for
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instance, looked at interaction networks in teacher teams in sec-
ondary education. Over time teachers were more likely to invest in
reciprocated relationships. Purwitasari et al. (2020), investigating
researchers' collaborations through co-authorship, concluded that
academics demonstrated the tendency to collaborate with the co-
authors of their co-authors. Brouwer et al. (2020), examining
communication networks of pre-service teachers, reported a
decrease in the networks' cohesion and found a cross-networks
effect for friendship and support from peers. We will investigate
structural changes in teachers' collaboration networks, and, spe-
cifically, two selection mechanisms in the networks: homophily
and propinquity, while controlling for cross-network effects.
Furthermore, we will investigate whether teacher's collaboration
networks contribute to peer observations as part of a professional
development programme. By doing so, we address the following
research questions: (1) To what extent do collaboration patterns of
university language teachers change throughout a professional
development project? (2) To what extent do selection mechanisms
relate to collaboration between university language teachers? (3)
To what extent are collaboration patterns related to peer
observations?

Regarding the collaboration patterns, we expect that when
teachers collaborate and attend project meetings, that social
cohesion will increase over time, i.e., increasing percentage of
reciprocity, transitivity, and density. This means also that more
connections will emerge over time, but this may vary among
teachers. Regarding the selection mechanisms, we expect that it is
more likely that teachers collaboratewith each other when they are
more similar to each other (homophily) and when they have more
opportunities to frequently interact with each other due to physical
proximity. In the collaboration networks, we take teacher attributes
and cross-network effects into account. We include relevant
teacher characteristics such as teaching time, employment history
at the department, contract type (i.e., tenure or not), and course
coordinator role. Course coordinators have been found to demon-
strate influence on instruction through informal leadership in
departmental teaching networks (Apkarian & Rasmussen, 2020).
Further, we take into account teachers’ teaching experience as it
has been found to be both positively and negatively associated with
network strength, size, and diversity (Benbow & Lee, 2019; Van
Waes et al., 2015, 2016). Finally, we consider cross-network ef-
fects; i.e., do connections in one network influence those in
another. More specifically, does having either an established
informal relationship outside of work (informal contact network)
or having an office on the same floor (propinquity network) make it
more likely that a professional collaborative relationship will
develop between colleagues. Informal interactions have been found
to be key to establish work-related interactions (Rienties& Kinchin,
2014; Van Gasse et al., 2020; Van Waes et al., 2015) and can be
considered as a proxy for trust (Liou et al., 2017). Regarding the link
between collaboration and peer observation, we expect that it is
more likely that a teacher chose a peer to observe when they also
collaborated. It has been suggested that the existence of an inter-
personal relationship between the observer and the observed
teacher is essential for teachers to engage in formative peer ob-
servations (Hammersley-Fletcher & Orsmond, 2005; Thomas et al.,
2014).

2. Methods

2.1. Professional development project

At a research-oriented university in the Netherlands 35 Euro-
pean language teachers, clustered in eight language groups within
a department, participated in an eight-month professional
4

development project that focused on strengthening professional
interaction. To realize the project's goal, teachers were asked to
collaboratively redesign their curriculum to reduce teacher work-
load and benefit student learning. The project was inspired by
research on knowledge sharing. In order for teachers to efficiently
collaborate, they need to be aware of their colleagues' expertise,
value the expertise, and have access to it (Borgatti & Cross, 2003).
Furthermore, teachers should feel supported in a safe environment
and be committed to the collaboration (Cross et al., 2001).

To support teachers' information seeking behaviour, recom-
mendations from the literature were included in the project's
design. First, the project kicked-off with a two-day conference in
November 2018. The conference strongly focused on involvement
of all participants by, for example, hosting discussions of what
entails good language teaching and learning and smaller partici-
patory sessions in which teachers could showcase practices in their
courses. In a similar way, the project was wrapped-up at a con-
ference in June 2019. Second, monthly project meetings were
organized for all involved teachers. These meetings served as a
format in which colleagues could highlight course adaptations and
research findings, raise questions, and discuss their practice.
Department administrators were instructed to exempt all teachers
involved from teaching tasks during the time of these meetings.
This allowed teachers to disconnect from their daily work and
provided time to reflect on their practices (Tynj€al€a, 2008).
Furthermore, it allowed teachers to get to know each other's
expertise as well as it provided opportunities to interact with each
other; i.e., gaining access to their colleagues (Borgatti & Cross,
2003). Third, several smaller working groups, consisting of mem-
bers from different language groups, were created to work on
specific output, such as the redesigning of a course module and
reviewing the programme learning outcomes. Each language group
was further represented by a language coordinator in a core project
group (Kossinets & Watts, 2006; Rienties & Kinchin, 2014). Fourth,
participants were asked to engage in formative peer observations of
at least three colleagues throughout the project (Benbow & Lee,
2019; Chester et al., 2019). During the conference in November an
observation training was held in which attention was paid to the
observation instrument, the formative goal of the observations, and
how to provide feedback. Fifth, organizational support was strongly
present in the project (Newell & Bain, 2020). For example, the head
of the language learning cluster was often present at the project
meetings (Benbow & Lee, 2019; Taylor & Znajda, 2015; Voogt et al.,
2016) and additional finances were acquired from the university to
provide teachers with additional time and resources (Taylor &
Znajda, 2015). Lastly, an educational advisor from the central
educational support department was assigned to the project
(Quinlan & Åkerlind, 2000; Voogt et al., 2016).

2.2. Data collection

Before starting the data collection, approval for the study was
obtained from the Ethics Committee of the university in question.
Next, participants were informed about the aim of study, the
duration, participation on a voluntary basis, and ethical concerns
(such as data storage and withdrawal from the study). Participants
completed twice the same questionnaire on paper: at the start of
the project in November 2018 and at the end in June 2019. The
questionnaire started with asking the participants for their
informed consent. It further inquired about participants’ charac-
teristics (years of teaching experience, percentage teaching time,
coordinator role, contract type, employment history, and location
of their office). The main part of the questionnaire focused on
network questions. The teachers were presented with a complete
roster of names of their colleagues in the department. The question
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probing the collaboration networks asked about whom the par-
ticipants consulted regarding teaching the last two months.
Consultation of colleagues is a form of collaboration that mostly
involves discussing and planning teaching and learning content,
ideas, materials, and assessment practices (Vangrieken et al., 2015).
To control for personal relationships, participants nominated with
whom they already informally interacted with outside of work
during the last two months (for example to meet for a coffee, social
activities, or activities that are connected to their children).

Participants engaged in various activities throughout the proj-
ect. The information regarding teachers' participation in these ac-
tivities served as input for the network data. A project assistant
tracked project meeting attendance. Teachers’ participation in peer
observations was recorded through an online application. To pre-
vent missing data, teachers could also inform the first author about
observations carried out via email or during a project meeting.

2.3. Participants

Our sample was comprised of 19 European language teachers,
out of the 35 employees of the department, as they completed both
surveys (i.e., response rate 54%). This resulted in 342 possible ties
within the network for each measurement. All eight language
groups are represented in the sample. Table 1 summarized the
characteristics of the teachers in the collaboration networks. More
than half of the teachers were working for at least 3 years at the
department and had at least five years of language teaching expe-
rience. Almost three quarter of the teachers had a tenured contract
at the end of the second semester. Only 20% indicated to have at
most 80% of their time assigned to teaching tasks, and 40% acted as
a coordinator for their language group. Out of nine project meet-
ings, teachers attended on average between seven to eight meet-
ings and 11 (58%) participated in all meetings. Due to the
underrepresentation of male teachers in the department, gender
specificities are not provided to safeguard anonymity of the par-
ticipants in this study.

2.4. Data analyses

We examined changes in teachers’ collaboration networks with
SAOM (Brouwer & Froehlich, 2020; Snijders, 2001, 2005; Snijders
et al., 2010), using the data-analysis package Simulation investi-
gation for empirical network analysis (SIENA) within the pro-
gramming language R. Advantages compared to conventional
methods are that RSiena simultaneously takes into account the
relationship between teachers in the network (the network
Table 1
Demographics of the teachers in the collaboration networks.

Teacher's network characteristics Percentage

Experience
�3 years working at the department 53%
�5 years language teaching experience 53%

Fixed-term contract
First semester 68%
Second semester 74%

Teaching time (�80%) 21%
Language group coordinator 42%

Mean (SD)

Attendance of project meetings 7.79 (2.04)

5

structure), various characteristics that determine why members
collaborate with each other, and cross-network effects (informal
contact outside of work and propinquity) (Ragan, Osgood, Ramirez,
Moody, & Gest, 2019; Ripley et al., 2020). Since social network data
are interdependent it is not allowed to make use of conventional
statistical techniques, such as repeated measures ANOVA, as they
violate the statistical assumption of independent observations
(Snijders, 2005; Snijders et al., 2010; Veenstra & Steglich, 2012).

The estimation of the parameters is performed with an iterative
continuous-time Markov chain Monte Carlo procedure where the
simulated network is compared to the observed network as spec-
ified by the model parameters (Schweinberger & Snijders, 2007;
Snijders, 2001). The parameter estimates are interpreted as log
odds ratios referring to the likelihood that relationships are
established. A positive estimate means that it is more likely that a
relationship will be formed, whereas a negative estimate means
that it is less likely that a relationship will be formed given the
parameters in the model. Parameters are commonly tested with t-
ratios (parameters/standard errors) and the corresponding signifi-
cance level. Modeling in RSiena requires dichotomized social
network data in which a dyad of two actors is represented with
either a 1 (presence of a tie) or a 0 (absence of a tie) (Ripley et al.,
2020; Snijders, 2005; Snijders et al., 2010). To be informed about
selection and non-selection processes - i.e., in which a teacher
initiates collaboration with another teacher - we need to make use
of whole networks measured longitudinally (Veenstra & Steglich,
2012). The whole network refers to a set of actors within a
certain finite boundary (Wasserman & Faust, 1994). The network
boundary is determined based on a nominalist approach (Laumann
et al., 1983), meaning it is based on researchers’ argumentation. In
this study, the network boundary is the complete university lan-
guage teaching and learning department where all teachers could
nominate each other.

To address our research questions, we modelled general struc-
tural effects, cross-network effects, and the effect of actor-level
attributes on the formation of relationships at the beginning of
the first semester and at the end of the second semester (Ripley
et al., 2020; Wasserman & Faust, 1994). See Table 2 for an over-
view and explanation of the effects that we included in the RSiena
model (cf., Glegg et al., 2019; Ripley et al., 2020; Snijders, 2001). We
tested selection processes with our variables of interest as follows.
The dependent network variable was a teacher's collaboration
network measured in the first semester and at the end of the aca-
demic year (second semester). In the selection model, the cova-
riates (i.e., the two cross-networks: informal contact outside of
work and propinquity) are measured at the first time point (i.e., at
the beginning of the first semester) and are fixed. We include three
parameters related to actor-characteristics (i.e., individual attri-
butes). The first parameter, the alter, indicates whether the attri-
bute (such as teaching experience) is associated with the extent to
which teachers receive collaboration nominations. The second
parameter, the ego, specifies whether the attribute is associated
with the extent to nominating colleagues. Finally, the similarity
parameter indicates the tendency whether teachers name col-
leagues who are similar to themselves on the attribute. Specifically,
we relate the parameters to three actor-characteristics: frequency
of the attendance to the project meetings (ordinal attribute),
teacher's experience with language instruction (at least five years)
(categorical attribute), and teaching time (at most 80%) (categorical
attribute). To have the most optimal and parsimonious model, we
excluded the non-significant attributes in our final models, i.e.,



Table 2
Overview of the effects included in the RSiena-model.

Explanation Significance

General structural network effects
Density The proportion of existing ties relative to all possible

ties in the network
Indication of the departments' cohesiveness

Degree centrality Number of directed ties of an actor Indication of teacher visibility within the department
Indegree centrality Number of ties an actor receives from others Indication of perceived importance or popularity of a teacher within the

department
Outdegree centrality Number of ties an actor sends to others Indication of exposure to other teaching practices
Reciprocity The tendency to which ties are bidirectional Indication of equality within the relationship between two teachers
Transitive triplets The tendency to which actors form a triad in a

transitive structure.
Indication of access to potential collaboration relationships via colleagues (a
colleague of a colleague)

Transitive reciprocated
triplets

Interaction effect of transitive triplets and reciprocity Indication to form a reciprocated collaborative relationship with a colleague of
a colleague

Rate function The rate at which changes can occur in actors' outgoing
ties

Indication of teachers' opportunities to change their collaborative outgoing
connections with colleagues

Cross-network effects
Office on the same floor Indication of propinquity
Informal contact outside of

work
Proxy for friendship and trust

Attributes
Attendance of project

meetings
e Indication of propinquity

Teaching experience e Indication of homophily
Teaching time e Indication of homophily
Language coordinator e Indication of homophily
Contract type e Indication of homophily
Employment history at the

department
e Indication of homophily

Table 3
Descriptive network statistics of teachers’ collaboration networks.

Contact

Sem. 1 Sem. 2

Network indicators
Average degree 5.8 9.8
SD Indegree 2.3 2.1
SD Outdegree 3.5 5.1
Density 32% 54%
Reciprocity 46% 56%
Transitivity 49% 70%

Change Sem. 1 e Sem. 2
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whether or not being a language coordinator, contract type, and
employment history (at least three years' work experience at the
department). Our decision about the most optimal model was
based on the convergence of the parameters and convergence of
the complete model (see Ripley et al., 2020).

Additionally, to determine whether collaboration patterns are a
predictor of selecting a colleague to observe, we used the Multiple
Regression Quadratic Assignment Procedure (MR-QAP) in R
(Borgatti et al., 2013). With this procedure, we regressed the peer
observations, measured at one point in time at the end of the
project, on the collaboration networks at the beginning of the first
semester, the independent matrices.
Number of ties dissolved 25
Number of ties emerged 100
Number of ties maintained 86
Jaccard index 41%
Hamming distance 125

Note. Collaboration networks refer to the extent teachers consulted each other for
teaching related questions during the last two months. Semester 1: September and
October 2018; Semester 2: April and May 2019.
3. Results

3.1. RQ1. To what extent do collaboration patterns of university
language teachers change throughout a professional development
project?

Table 3 shows the descriptive statistics for the collaboration
network in the first and the second semester. The mean degree
centrality indicates that teachers connected on average with five to
six of their colleagues during the first semester and 9 to 10 of their
colleagues in the second semester (towards the end of the project).
The standard deviation was larger for the outdegree than for the
indegree, which means that more variance exists for teachers who
are active in their networks (outgoing ties) than for popularity or
status (incoming ties). The density, which means the proportion of
actual ties divided by all possible ties in a network, increased from
32% to 54% over the course of eight months. The same holds for
reciprocity, which increased from 46% to 56% and for transitivity,
which increased from 49% to 70%. Across the two semesters, the
network changed with 25 connections dissolved, 100 ties emerged,
and 86 ties maintained.
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3.2. RQ2. To what extent do selection mechanisms relate to
collaboration between university language teachers?

The Jaccard Index is 41%, which means that the stability in the
networks is sufficient for estimating the parameters in RSiena
(Ripley et al., 2020; Snijders et al., 2010). Table 4 shows the RSiena
results for teachers’ teaching collaboration networks. The structural
network effects revealed that teachers were more likely to recip-
rocate the professional relationship (Est. ¼ 1.90, SE ¼ 0.79) and to
form transitive triplets (Est. ¼ 0.27, SE ¼ 0.11). Within the transitive
triplet, the tendency to reciprocate the relationship appears to be
lower than outside of it (Est. ¼ �0.28, SE ¼ 0.16). Teachers who
worked on the same floor were 1.58 times more likely to



Table 4
RSiena results on the effects of propinquity, attendance of project meetings, and
teaching experience on collaboration among teachers.

Teachers' collaboration networks

Estimate (Est. ¼ x) ex SE

Rate parameter 16.14* 4.19
Structural network effects
Outdegree �1.63* 0.20 0.50
Reciprocity 1.90* 6.69 0.79
Transitive triplets 0.27* 1.31 0.11
Transitive reciprocal triplets e 0.28* 0.76 0.16

Cross-network effects
Office on the same floor (propinquity) 0.46* 1.58 0.22
Informal contact outside of work 0.61* 1.84 0.26

Attributes
Attendance of meetings alter 0.05 1.05 0.07
Attendance of meetings ego 0.16* 1.17 0.06
Attendance of meetings ego � alter e 0.09 0.91 0.05
Teaching experience alter e 0.22 0.80 0.19
Teaching experience ego 0.48* 1.62 0.19
Same teaching experience 0.16 1.17 0.17
Teaching time alter e 0.09 0.91 0.32
Teaching time ego 0.51 1.67 0.32
Same teaching time 0.07 1.07 0.33

Note. *p < 0.05 (based on non-rounded estimates). Overall maximum convergence
ratio 0.15 (<0.25). Convergence t-ratios all <0.05.
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collaborate than teachers who worked on different floors
(Est. ¼ 0.46, e46 ¼ 1.58 SE ¼ 0.22). The odds for collaborating were
even larger when teachers meet each other outside of work
(Est. ¼ 0.61, e61 ¼ 1.84, SE ¼ 0.26). When teachers attended more
often the monthly project meetings, they were 1.17 times more
likely to collaborate compared to their colleagues who less often
attended the project meetings (Est. ¼ 0.16, e16 ¼ 1.17, SE ¼ 0.06).
Teachers with at least five years of language teaching experience
were also 1.62 times more likely to collaborate with their col-
leagues to teachers with less than 5 years experience (Est. ¼ 0.48,
e48 ¼ 1.62, SE ¼ 0.19). Other attributes, such as the period of
working at the department, having a tenured contract, and being a
language group coordinator appeared not to be significant and
were excluded from the model.

3.3. RQ3. To what extent are collaboration patterns related to peer
observations?

In addition, we tested whether collaboration in the beginning of
the project was related to the likelihood that teachers observed
each other's teaching practices (i.e., formative peer observations of
teaching). The MR-QAP showed that when teachers collaborated
during the first semester with each other (T1), it was more likely
that they observed each other's teaching (Est. ¼ 0.09; p ¼ 0.04).

4. Discussion

Professional development in higher education is increasingly
being recognized as a socially interactive and contextual process.
This is evidenced by the growing body of literature that adopts SNA
to examine teachers' interactions in professional development
programmes (e.g., Rienties & Kinchin, 2014; Van Waes et al., 2018).
However, to our knowledge, no previous research has considered
the development of teachers' networks in a professional develop-
ment project while simultaneously taking into account teachers'
characteristics and cross-network effects. We used SAOM to
examine structural changes in teachers’ collaboration networks
over time using the data-analysis package RSiena. Besides the
structural network effects, we specifically focused on two selection
mechanisms: homophily and propinquity.
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First, we examined the development of the collaboration pat-
terns over the course of the professional development project. In
our model, we found several structural network effects related to
tie formation. Overall, the number of ties and the network's degree
centrality, density, reciprocity, and transitivity were higher towards
the end of the project compared to the beginning. The increased
degree centrality and density indicate that the teachers in the
department became more directly, and more cohesively, connected
to each other. We further observed an increase in reciprocity. This is
expected as collaboration implies a joint interaction (Vangrieken
et al., 2015). We also found an increase in transitive triplets in
which teachers were less likely to reciprocate the relationship
within, compared to outside of the triad. This structural tendency
against reciprocated ties can be considered as a local informal hi-
erarchy within the network (Block, 2015; Ripley et al., 2020;
Snijders et al., 2010).

Next, we explored the tendency to which selection mechanism
e propinquity and homophily - relate to teachers' collaboration
networks by examining cross-network effects and teacher's attri-
butes. We found an effect of the location of teachers' offices (pro-
pinquity network) on their collaboration patterns. Teachers whose
offices were located on the same floor were more likely to collab-
orate with each other. The close proximity to each other as well as
sharing the same functional zones on the floor, such as the coffee
corner, photocopying machine, and lavatories, created opportu-
nities for (serendipitous) interaction. Our results correspond to
studies that researched professional interactions of teachers in
primary and secondary education. They found that both experi-
enced (Lohman&Woolf, 2001) and beginning (Thomas et al., 2020)
teachers self-initiate more knowledge exchange, resource sharing,
and collaboration with colleagues whose classrooms were closer in
proximity. Teachers whose walking paths to functional zones
crossed more frequently were also more likely to start a profes-
sional relationship (Spillane et al., 2017; Van Gasse et al., 2020). The
importance of propinquity was further stressed in the existence of a
centrally-located staff room (Lohman&Woolf, 2001; Spillane et al.,
2017; Van Gasse et al., 2020).

Further, teachers in our studywhomore frequently attended the
project meetings were also more likely to collaborate. Similar to
Bjorklund and Daly (2021), we postulate that the project meetings
allowed teachers time to form professional relationships and
therefore this is also a propinquity effect. Corresponding to previ-
ous research (Rienties & Kinchin, 2014; Van Gasse et al., 2020; Van
Waes et al., 2015), teachers who informally interacted outside of
work (informal contact network) were also more likely to collab-
orate, which is not surprising since we perceived this relationship
as a proxy for trust. The odds of collaborating when teachers have
informal contact outside of work are slightly greater than those of
collaborating when their offices are on the same floor, which may
indicate that the former is of greater importance for collaborative
interactions.

Turning to teacher's attributes, we did not find a homophily
effect in teachers' collaboration patterns. Compared to Van Gasse
et al. (2020), who found that teachers who teach the same sub-
ject are more likely to interact with each other, the participants in
our study are more similar to each other as they all teach a Euro-
pean language and belong to the same department. In addition,
Rienties and Kinchin (2014) have argued that when teachers
collaborate for a substantial period of time e in our study the
participants were involved in a professional development project of
eight months e they develop relationships across characteristics.

Teachers who had more than five years of teaching experience
were more likely to collaborate. The difference between novice and
experienced teachers in collaborating may be explained by their
knowledge systems. Compared to novices, more experienced
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teachers generally have well-developed and hierarchically orga-
nized cognitive schemata about teaching that allows them to
determine what resources are relevant and adopt an overarching
curriculum perspective, resulting in more efficiently lesson plan-
ning (Borko& Livingston, 1989; Ropo, 2004). Consequently, the less
experienced teachers in our study may have had less time for
collaboration.

Lastly, we examined whether collaborating with colleagues was
a predictor for selecting them as a peer to observe in classroom
observations. The results of the MR-QAP show that the choice of a
peer to observe was related to an existing collaboration relation-
ship at the beginning of the academic year. Chester et al. (2019)
suggested that peer observations of teaching can support social
capital development amongst teachers in higher education. How-
ever, our results indicate that teachers observed colleagues with
who they already collaborated regarding teaching. This is not sur-
prising since the existence of a collegial e trusting - relationship is
considered paramount for successful formative peer observations
in the literature (e.g., Hammersley-Fletcher & Orsmond, 2005;
Thomas et al., 2014). Further, expanding professional networks
does not automatically lead to social capital development since
mobilizing capital largely depends on teachers’ decisions; in this
case: the choice of a peer to observe. Although not surprising, this
result may be undesirable for departmental teaching and learning
practices since observing various colleagues implies more diversity
which is associated with innovation and change (Burt, 2004).

This study is subject to a few limitations. Our study offers a
unique data set that presents the development of departmental
collaboration networks in higher education. Research reporting
longitudinal SNA results is scarce as the data is time-consuming
and costly to collect (Stadtfeld, Snijders, Steglich, & van Duijn,
2020). Although we succeeded in collecting such data and our
models converged well, our response rate was 54%. From our
observational datawe know that attendance of themonthly project
meetings was not a 100%. Non-respondents might have not atten-
ded e or showed up late to - the first or last project meeting in
which the survey was distributed. Possible reasons for non-
attendance of these meetings are conflicting work schedules if
they were also employed at another organization than the uni-
versity, personal circumstances such as being out sick or taking care
of a child, or running into a student or colleague in the hall. To reach
teachers who did not attend e or showed up late e to the afore-
mentioned meetings, we distributed the survey electronically and
on paper via the university postal office. Other reasons for non-
response may be reluctance to share personal data, such as con-
tact outside of work. While we have no reasons to believe our
sample differs distinctively from the non-respondents, we
acknowledge that there might still have been a selection bias and
therefore we need to be cautious with firm conclusions. Moreover,
we focused on one department in higher education; i.e., European
language teachers. The generalisability of our results may be
limited due to the particular characteristics of this department
within a research-oriented university. Considering these limita-
tions, we recommend replication of the current study in other
settings and in university departments from different disciplines.

Compared to the beginning of the first semester, the collabo-
ration networks became denser towards the end of the second
semester. While more cohesive teams tend to report more collec-
tive learning (Palonen et al., 2004), for example developing a
shared teaching repertoire, our structuralist SNA perspective does
not provide insights in the focus of the collaboration. Different
forms of collaboration can be distinguished and placed on a con-
tinuum characterised by increasing levels of interdependence: in
which sharing ideas can be placed on one end and high levels of
teamwork on the other (Vangrieken et al., 2015). For further
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research, it is recommended to combine a structuralist with a
connectionist perspective by collecting qualitative data to analyse
what resources (social capital) flow through the network (Jaspersen
& Stein, 2019). For example, the following topics can be considered:
the contribution of collaborative relationships to curriculum rede-
sign and student learning, the perception of teachers regarding the
overall success of a departmental professional development project
on establishing a community, and the reasons for choosing a
colleague to observe.

Finally, we collected our data before the Covid-19 pandemic.
Although the pandemic has resulted in an increase in remote
working, we believe our results can contribute to designing future
workspaces that support the kind of interactions that cannot
happen remotely (Boland et al., 2020). The results of this study
indicate that physical proximity and informal social connections
have an extensive impact on collaboration patterns and the
development of social capital at work. When colleagues largely
work from home, they will encounter less serendipitous in-
teractions, such as running into each other at the coffee machine,
resulting in less opportunities to establish social connections. This
endangers the upcoming paradigm that views teaching and
learning as a shared responsibility and risks perceiving teaching,
once again, as an isolated practice. As a consequence, this may
result in teachers reinventing the wheel on their own, in which an
example of the proverbial wheel in the online teaching and
learning context is how to create educational videos, instead of
collaborating. Educational developers and department heads play
an important role in purposefully creating (online) collaboration
opportunities, bringing teachers together, and nurturing
communities.

5. Conclusions and implications

Our results suggest that the professional development project
has been successful in fostering professional interaction by creating
more collaborative relationships. The project design was inspired
by research on knowledge sharing (Cross et al., 2001). Following
this reasoning, the development of collaborative relationships is
subject to four relational conditions: teachers 1) are aware of their
colleagues' expertise, 2) have timely access to their colleagues, 3)
interact in a safe environment, and 4) are committed to the inter-
action. Our study provides empirical evidence that supports the
claims of Cross et al. (2001). First, teachers with more than five
years of teaching experience (indication of expertise) were more
likely to collaborate with colleagues. Second, we found a propin-
quity effect of teachers' office location as well as a cross-network
effect of informal contact outside of work. The close proximity of
teachers' offices can shape interaction by creating timely access to
colleagues as well as create serendipitous encounters. Third, by
interacting outside of work, teachers simultaneously gain access to
their colleagues' expertise and establish a relationship of trust,
which supports a safe collaboration environment at work. Fourth,
although we did not explicitly examine participants' commitment
to the project, teachers who more frequently attended the project
meetings were also more likely to collaborate. Our study further
revealed that teachers’ choice of a colleague to participate in
formative peer observations of teaching was related to an existing
collaboration relationship before the project.

The findings of this study have implications for practice. The
massification of higher education has as a result that universities
are pressed for space. As a consequence, teachers who belong to the
same department are sometimes scattered across a building, like
the participants in our study. Similar to studies in primary and
secondary education (e.g., Lohman & Woolf, 2001; Spillane et al.,
2017; Van Gasse et al., 2020) e who underscored that school
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building design should take into account the importance of prox-
imity for collaborative interaction and informal professional
development e we argue that universities should pay attention to
office allocation of teachers, by minimizing walking distance be-
tween the offices and considering functional zones (such as coffee
corners) overlap to increase interaction opportunities. We further
advocate for the creation of designated spaces where teachers can
meet each other, similar to teacher lounges in secondary education.
As building designmeasures take time, we agree with Thomas et al.
(2020) that department heads play a mitigating role in relationship
building by allocating designated time for knowledge exchange and
resource sharing by, for example, regularly organizing activities in
which teachers can (in)formally meet each other, such as lunch
meetings and curriculum discussion sessions, as exemplified by the
project described in this study.

Past research has posited that formative peer observations of
teaching supports the development of a shared teaching repertoire
and improve teaching practices, of which a beneficial effect is noted
for both the observer as the observe, as the method can serve “as a
springboard for sharing ideas and stimulating reflective dialogue”
(O'Leary & Price, 2016, p. 115). However, our findings indicate that
when teachers are free to choose a colleague to observe, they
intend to select someone with whom they already collaborate. To
maximize the benefits of peer observations of teaching, educational
developers and managers should consider regulating formative
observations, for example by requesting monthly observations of a
different colleague. This will result in more diverse observations,
which in turn contributes to building a more cohesive depart-
mental network.
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