Tertiary Education and Management (2022) 28:61-79
https://doi.org/10.1007/511233-021-09086-0

ORIGINAL PAPER

®

Check for
updates

Promoting educational innovations and change
through networks between higher education teachers

Elena Stasewitsch'® - Sofia Dokuka? - Simone Kauffeld'

Received: 10 February 2021 / Accepted: 26 November 2021 / Published online: 22 December 2021
© The Author(s) 2021

Abstract

Innovation in higher education teaching is essential to respond to global challenges and
actively improve teaching (e.g. through new technologies), necessitating the implemen-
tation of educational reform programmes that fund educational innovations. Although
currently deployed strategies frequently promote networks between innovators to diffuse
educational innovations, little is known about the efficiency of these networks or whether
they promote innovation diffusion. This study investigates a network comprising 88 higher
education teachers who received funding for their educational innovations in a German
university. We collected longitudinal data by asking higher education teachers from whom
they adopted innovative teaching ideas and requesting self-reports on innovative teaching
climate. Our findings show that the teachers’ social network had a smaller path length and
more clustering than might be expected by chance. This observation might indicate that
the examined educational innovation network exhibits a small-world property and allows
efficient exchange of ideas among the teachers. In line with our hypotheses, the network’s
initial tendency toward hierarchy and homophily decreased over time in response to strate-
gies and network interventions. In summary, this study provides initial empirical support
that educational reform programmes can create efficient educational innovation networks,
facilitating innovation diffusion and promoting change in higher education teaching.

Keywords Diffusion of innovation - Educational innovation - Innovative teaching climate -
Innovative teaching project - Small-world - Social network analysis

Introduction

Worldwide, scholars in educational systems have long discussed the need for change and innova-
tion in higher education (Bruckmann & Carvalho, 2018; Clark, 1968; Kozma, 1985). Due to
higher education’s societal role, various educational reform programmes have facilitated change
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processes in higher education to enhance teaching quality and support change through educa-
tional innovations. Such innovations have involved new projects or programmes aiming to change
attitudes, ideas, cultures or pedagogical practices (Kauffeld et al., 2019a; Benz-Gydat et al., 2021;
Civis et al., 2019; Fullan, 2010; Jiitte et al., 2017). These endeavours have focused on improving
teaching at different levels (e.g., the course, programme, or system level; see Hasanefendic et al.,
2017) and enhancing student learning (e.g. Kauffeld et al., 2019a, Feixas et al., 2018).

While significant financial and human resources have been deployed to develop and
implement educational innovations (Kauffeld & Othmer, 2019; Benz-Gydat et al., 2021;
Hannan et al., 1999; Jiitte et al., 2017), some scholars have described educational innova-
tions as “difficult, technically and emotionally demanding as well as complex” (Towndrow
et al., 2010, p. 451). Consequently, the question arises as to whether educational innova-
tions can lead to change in higher education teaching.

One approach to creating change via educational innovations is through “networks of
educational innovation” (Feixas et al., 2018, p. 2), where higher education teachers can
share knowledge or support regarding their educational innovations and larger-scale adop-
tion can take place (Kauffeld et al., 2019a). These networks do not occur naturally and
must be strategically constructed (Portes, 1998). Hence, educational reform programmes
often employ various strategies to support such networks (e.g. de Lima, 2010; Kezar,
2014), including networking events, training, or teaching conferences, which can help cre-
ate professional communities between higher education teachers and can be defined as net-
work interventions (Kauffeld et al., 2019a; Benz-Gydat et al., 2021; Gast et al., 2017; Jiitte
et al., 2017; Van Waes et al., 2018).

Although researchers have suggested that educational innovation networks positively
influence higher education teaching, the supporting empirical evidence is scanty. Some
scholars have even argued that educational networks supported and developed through
reform efforts might operate in a limited, narrow, and goal-directed way, inhibiting innova-
tion diffusion (de Lima, 2010). However, others have found that innovators’ characteristics
in higher education teaching, such as their strategic use of networks, provide advantages
when implementing educational innovations (Hasanefendic et al., 2017). Nevertheless, few
studies have examined the structure of educational (innovation) networks in higher educa-
tion that support knowledge transfer and innovation diffusion (Al-Kurdi et al., 2018; Kezar,
2014). More research is needed to reveal how the characteristics of higher education teach-
ers influence network structures (Hasanefendic et al., 2017).

This study explores the structure of educational innovation networks funded by edu-
cational reform programmes and supported via network interventions. Thus, we analysed
how educational innovations can efficiently diffuse in these networks, (1) determining how
higher education teachers share ideas from their educational innovations in educational
innovation networks and (2) investigating what affects the networks’ structure. To achieve
our goals, we used social network analysis (SNA) to focus on a specific educational inno-
vation network promoted by an educational reform programme.

Theoretical Background
According to the diffusion of innovation theory (Rogers, 1995), an innovation’s adop-

tion rate is influenced by the social system in which it is diffused. The peer network and
its structure are crucial to achieving a critical mass of adopters, leading most people in a
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social system to adopt an innovation (Rogers, 1995). In line with Rogers’ theory (1995),
educational evaluation frameworks propose scaling educational innovations’ success by
analysing diffusion and adoption processes in social networks (Cohen & Ball, 2007). This
approach has not escaped criticism, as the diffusion of educational innovation on a larger
scale is not always intended (or possible) and is rarely observed empirically (Towndrow
et al., 2010). At the same time, this approach suggests that detected diffusion processes are
a strong indicator of teaching-related change.

Furthermore, these ideas indicate that some network structures are more beneficial for
innovation diffusion than others. Organisational research has revealed that the efficiency
of network structures for innovation diffusion differs depending on such factors as the net-
work type (e.g. inter-organisational vs intra-organisational networks) or network perspec-
tive (e.g. ego-networks vs whole networks; Phelps et al., 2012). Hence, analysing social
networks in their respective contexts is necessary to gain a better understanding of innova-
tion diffusion processes (Wolfe, 1994).

Innovation models (Amabile, 1988; Martins & Terblanche, 2003; Rogers, 1995)
describe innovation as a process ranging from development through implementation to its
transfer. Various organisational members can be involved at different stages of the process.
In the context of innovations in higher education, the network under investigation should
incorporate higher education teachers involved in educational innovations. Especially inter-
esting are teachers who focus on educational innovations, e.g., because they receive fund-
ing to develop and implement educational innovations. Focusing on innovation diffusion
as a means to scale educational innovations implies that network ties between the actors
consist of exchange relationships regarding these innovations (e.g. exchanging ideas about
educational innovations).

Furthermore, innovation diffusion cannot be sufficiently analysed on an ego network
level, which only provides information concerning the individual’s social connections
(Prell, 2012) and excludes data from a larger social context. The ties between actors in
such networks and most actor characteristics can only be assessed indirectly. Hence, this
study adopted a whole network approach to analyse the structure of higher education teach-
ers’ educational innovation networks. This analytical strategy aligns with other educational
studies on innovation and change, for example, analysing departmental networks in higher
education (e.g. Quardokus & Henderson, 2015; see also Authors et al., in press).

The structure of educational innovation networks

Network centralisation in education has evaded scrutiny, offering excellent possibilities for
explaining the flow of knowledge and information in terms of power locations (de Lima,
2010). Analysing a network’s centralisation can facilitate drawing conclusions about its
social hierarchy. In an educational innovation context, network hierarchy implies that some
higher education teachers gain crucial knowledge regarding educational innovations from
peers while not sharing ideas and knowledge (to the same extent) themselves.

Teachers in academic departments tend to form clubs or groups (Quardokus & Hen-
derson, 2015). Scholars have argued that increasing application of corporate management
policies in public institutions have made campus networks more hierarchical (Kezar, 2014;
Seeber et al., 2015). Furthermore, different organisational roles can cause a hierarchical
social network structure (e.g. Benz-Gydat et al., 2021). University lecturers might com-
prise newly hired research assistants, long-term professors, or external lecturers having few
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connections with the university organisation. Such diverse organisational roles can lead to
a natural power imbalance in a social network, as reflected in a hierarchical network struc-
ture. This structure, likely visible in existing campus networks, may also characterise new
networks between higher education teachers, including networks created and supported
through educational reform programmes aiming to enhance teaching quality through edu-
cational innovations. Thus, we propose that:

H1: Educational innovation networks initially display a hierarchical structure.

Centralisation in educational networks negatively affects educational reform outcomes
(Daly & Finnigan, 2010). In the same vein, higher education teachers participating in an
instructional development programme identified hierarchy as a critical factor that nega-
tively impacted their interaction (Van Waes et al., 2015b). Powerful actors or groups may
filter crucial information; consequently, hierarchy may inhibit innovation diffusion (de
Lima, 2010; Quardokus & Henderson, 2015).

However, Valente (2012) noted that (network) interventions can positively affect social
network structure. Typically, government funds or the university’s efforts support such
interventions, including teaching conferences, team-based workshops, training, and net-
working events (Kauffeld et al., 2019a; Benz-Gydat et al., 2021; Gast et al., 2017; Hell-
mann et al., 2014; Jiitte et al., 2017). One example of network interventions’ potential
positive influence on higher education teachers’ networks is the opportunity for higher
education teachers with different backgrounds (e.g. departments or organisational roles) to
meet and establish social ties. A positive effect of (network) interventions was empirically
demonstrated during an instructional development programme (Van Waes et al., 2018).
However, such interventions are not usually carried out as a finite, short-term programme
but are ongoing processes (Kauffeld et al., 2019a). Therefore, we postulate that:

H2: Educational innovation networks created and supported by educational reform pro-
grammes display decreasing hierarchy over time due to network interventions.

Hierarchy can also impact the global structure and unity of a network and lead to net-
work fragmentation. Fragmentation, in turn, might block innovation diffusion and thus
educational change. Researchers have pointed out that in educational networks, fragmenta-
tion or a lack of connectivity develops if individual teachers insist on their autonomy and
avoid participating in collective actions and efforts (de Lima, 2010).

Higher education networks might not display enough clustering and connectivity for
various reasons. For example, higher education institutions are often characterised by
many conflicts (Kezar, 2014), such as limited resources for teaching and research (Schnei-
jderberg & Gotze, 2020). Furthermore, fixed-term contracts, prevalent at universities, and
a high turnover rate inhibit the organisational capability to create long-term ties between
organisational members (Kauffeld et al., 2019b; Kezar, 2014; Schneijderberg & Gotze,
2020).

However, isolation is not a given in social networks. According to the “small-world”
paradigm, individuals connect to some degree in most social networks and potentially
might reach each other in a few steps (Milgram, 1967; Phelps et al., 2012; Watts &
Strogatz, 1998). Research has repeatedly demonstrated that network structures associ-
ated with small-worldness enhance learning and lead to social cohesion (Phelps et al.,
2012; Schilling & Phelps, 2007; Uzzi & Spiro, 2005). In higher education, different
reasons can underlie the development of small-world networks. For example, higher
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education teachers may need to design a common curriculum for a specific degree
programme, requiring them to coordinate with their colleagues to ensure that the stu-
dents’ learning content aligns with other lectures. Innovators must also discuss their
ideas with colleagues and professors, for example, to ensure compliance with module
handbooks despite changes in teaching. Such tasks mandate communication and infor-
mation exchange between higher education teachers in networks. Furthermore, educa-
tional reform programmes provide additional funding for teaching staff and learning
(Kauffeld et al., 2019a; Benz-Gydat et al., 2021; Jiitte et al., 2017), reducing conflict
and enhancing communication, knowledge, and idea transfer. Accordingly, we propose
that:

H3: Educational innovation networks created and supported by educational reform pro-
grammes exhibit small-world characteristics (e.g. high connectivity).

Factors influencing the structure of educational innovation networks

Scholars have identified different variables, in addition to the structure of the social net-
work, crucial for successful (educational) innovation diffusion, including characteris-
tics of the individuals and their environment (Cohen & Ball, 2007; Hasanefendic et al.,
2017; Wolfe, 1994). These variables are closely interconnected since individual creativ-
ity and innovation happen within the organisational context where the individual works
(Amabile, 1988).

This organisational context is reflected by the organisational climate — the employ-
ees’ shared perception of their work surroundings (Al-Kurdi et al., 2020; Stasewitsch et
al., 2021; Patterson et al., 2005). Some scholars have referred to the individual’s percep-
tion of the organisational climate as a “psychological climate” (James & Jones, 1974;
Patterson et al., 2005, p. 380), allowing organisational climate to be defined as an indi-
vidual attribute of the employees. Climate can refer to different aspects of the work sur-
roundings, and scholars have recommended “a facet-specific climate approach where
climate has a focus and is tied to something of interest” to create meaningful results
and contribute to organisational theory (Patterson et al., 2005, p. 381). This approach
can identify the effect of specific facets of organisational climate on desired outcomes
(Stasewitsch et al., 2021; Stasewitsch & Kauffeld, 2020; Ashkanasy et al., 2000; Pat-
terson et al., 2005).

In the context of educational innovations in higher education, the organisational climate
facet of interest is the orientation toward innovation in teaching or the innovative teach-
ing climate. This latter term describes the shared perception of higher education teachers
regarding their working conditions that can positively and negatively influence change and
innovation in teaching (Stasewitsch et al., 2021; Stasewitsch & Kauffeld, 2020). Innova-
tive teaching climate can be defined as an individual characteristic of the higher educa-
tion teachers who interpret the innovative teaching climate in their university departments
(Stasewitsch et al., 2021; Stasewitsch & Kauffeld, 2020). Scholars identified innovation
climate as a critical variable for developing educational innovations in higher education
institutions (Benz-Gydat et al., 2021). As noted earlier, little is known about the impact
of higher education teacher characteristics on education network structures (Hasanefendic
et al., 2017; Kezar, 2014). Findings in this area could allow us to suggest how innovative
teaching climate affects the formation of educational innovation networks.

@ Springer



66 Tertiary Education and Management (2022) 28:61-79

Homophily and innovative teaching climate in educational innovation
networks

Assumptions about how individual attributes, such as innovative teaching climate, might
influence network formation can be derived from the “birds of a feather” theory (also
referred to as the homophily principle; McPherson et al., 2001). This theory proposes
that regardless of the type of connection (e.g. friend vs colleague), social similarity or
homophily is the primary process that governs social network formation. Homophily has
been studied to a limited extent in academic networks (Quardokus & Henderson, 2015).
Consequently, little is known about why homophily develops in academic networks and
based on which particular individual characteristics. Seeking to provide insights into
this phenomenon and based on McPherson et al.’s (2001) “birds of a feather” theory,
we propose that in educational innovation networks that are created and supported by an
educational reform programme:

H4: Higher education teachers initially display homophilous connections regarding their
perceived innovative teaching climate.

Scholars have suggested that homophily may lead to negative results in terms of educa-
tional change because of a lack of diversity in idea creation (Kezar, 2014) or teachers’ iso-
lation due to different beliefs (Qian et al., 2013). According to Daly and Finnigan (2010),
internally focused or homophilous networks having little communication between school
administrators and school district departments hinder change. Based on quantitative and
qualitative data analysis, the authors reasoned that homophilous communication patterns
inhibit an efficient transfer of different knowledge and education innovation. Homoph-
ily has also been found in educational research networks in higher education, potentially
impeding interdisciplinarity, diversity, and hence innovation (Hartlep et al., 2017).

A similar result might emerge in the context of educational innovations in higher edu-
cation teaching if the exchange of knowledge and ideas involves only higher education
teachers with a similar perception regarding the innovative teaching climate. This case
would encourage a homophilous communication pattern, potentially causing educators to
miss the chance to exchange ideas with higher education teachers from departments with
other backgrounds (such as different innovative teaching climates). Research has indi-
cated that organisational climate (e.g. innovativeness) can positively influence employ-
ees’ knowledge-sharing attitude, intention, and behaviour (Bock et al., 2005; Matic et al.,
2017). Sharing the same perception on innovative teaching climate might be positive for
knowledge transfer or innovation diffusion. However, diverse ties regarding innovative
teaching climate might lead to exchanging diverse ideas and thinking. Studies have also
pointed to a positive relationship between diversity and innovation (@stergaard et al.,
2011).

Typical reform efforts to enhance teaching quality and promote educational innovations
include material support, interventions, and events. Higher education teachers who par-
ticipate in training and networking interventions and events can meet others from different
departments with different innovative teaching climates. Such events allow these teach-
ers to share different experiences and knowledge (Kauffeld et al., 2019a; Hellmann et al.,
2014, Jiitte et al., 2017). Hence, reform efforts increase the likelihood of collaboration
between teachers from departments with different innovative teaching climates. Therefore,
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we propose that in educational innovation networks that are created and supported by an
educational reform programme:

HS5: Higher education teachers display a decrease in homophilous connections regarding
their perceived innovative teaching climate over time due to network interventions.

Method
Case description

To gain a deeper understanding of the structure of educational innovation networks, we
studied a specific network in the context of the German educational reform programme
“Qualititspakt Lehre” [Teaching Quality Pact]. This endeavour is similar to other educa-
tional reform programmes (e.g. in the United States) that fund educational innovation and
networks between teachers (Peurach, 2016).

This study involved analysing an educational innovation network in the context of a
medium-sized German university that had received funding to enhance its teaching and
learning quality. Higher education teachers from any discipline could submit propos-
als within a university-internal funding programme (“Innovation Programme”) describ-
ing their educational innovations. Annually or semi-annually, a jury of experts (university
professors, research staff members, and student representatives) evaluated proposals and
selected suitable projects. Within a fixed total amount of funding, the number of funded
projects per year varied, offering the flexibility to fund numerous low-cost projects or a
small number of cost-intensive projects or a mix of both types. Funding for a project typi-
cally lasted 1 year, financed one staff member (50%), and provided additional support for
educational materials and graduate assistants. In most cases, higher education teachers
have proposed educational innovations designed for a specific course or discipline, aim-
ing at the course or programme level of teaching at their university. One or only a few
higher education teachers engaged in a specific educational innovation project, and often
the educational innovation initially reached only a few students (Kauffeld & Othmer, 2019;
Stasewitsch et al., 2021b). Similar small-scale interventions (e.g. Towndrow et al., 2010)
have gained increasing attention over the last decade. These programmes are also known as
“innovative teaching projects” (Kauffeld & Othmer, 2019; Benz-Gydat et al., 2021; Feixas
et al., 2018; Hellmann et al., 2014; Jiitte et al., 2017).

Funded higher education teachers were required to participate in networking events
and workshops designed to provide general didactical knowledge and specific support for
implementing innovative teaching projects (Kauffeld et al., 2019a). Furthermore, the uni-
versity provided additional funding for a transfer programme intended to apply ideas from
innovative teaching projects funded by the innovation programme to other departments
(“Transfer Programme”). Usually, both the transfer providers (participants in the original
innovative teaching project) and the transfer takers (who wanted to implement the project
in their department) received a 50% employee position for 1 year if their proposals were
approved (Kauffeld et al., 2019a; Stasewitsch et al., 2021b). All these efforts (e.g. fund-
ing, networking events, workshops) targeted to create an educational innovation network
between higher education teachers, enabling the transfer of knowledge from the educa-
tional innovations and their diffusion to other areas.
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Data collection

We identified all funded teachers and other individuals associated with the funded educa-
tional innovations (e.g. staff who participated in the proposals but did not receive funding
themselves). Collecting social network data involved a survey instrument that included an
initial list of 103 higher education teachers participating in the innovation and transfer pro-
gramme over time. Primary data collection took place in 2016 during an annual half-day
networking event. Currently funded teachers are required to attend this event. Individuals
who had gained funding in a previous academic year were also invited. The participants
were asked to fill out the questionnaires following the event’s input presentations.

We also asked the respondents to distribute the questionnaires to others who took part
in innovative teaching projects but were not included in the initial network instrument (e.g.
they had supervised the project in their department) to obtain fuller, more precise informa-
tion about the network. Furthermore, our network instrument’s original list of participants
might have been incomplete due to teachers taking sick leave or parental leave or leav-
ing their innovative teaching projects or the university system. Teachers who could not
attend the networking event did not complete the questionnaires at that time and, along
with teachers who were handed the instrument later, returned their forms by mail.

Overall, 88 higher education teachers completed the network questionnaire, 82 of whom
also filled in a demographic survey (Appendix, Table 1), indicating a response rate of
85.44%. In all, we collected data on 1,018 social network connections for the first time
point (T1) and 1,245 for the second (T2).

Name generator

We asked the respondents to name the source of teaching ideas they had adopted: “Please
also indicate from whom you have taken teaching ideas from the ‘Innovation or Trans-
fer Programme’ during the relevant period.” We requested that they provide data on this
exchange for the current academic year (Autumn 2015—-Autumn 2016 =T2) and, retrospec-
tively, the previous year (Autumn 2014—Autumn 2015=T1; for retrospective data collec-
tion, see Mikolajczyk & Kretzschmar, 2008). The number of network nominations was
unlimited.

Social network methods

For this study, we used SNA to investigate our research questions exploring an educa-
tional innovation network’s efficiency. Evaluating networks requires having a concept of
the “good, the effective, the productive network™ (Rogers et al., 2001, p. 171) and under-
standing different criteria by which a network can be judged as satisfactory. We used two
approaches to determine network efficiency. First, we evaluated efficiency by identifying
beneficial network structures (e.g. small-worldness) and analysing whether these network
characteristics became more pronounced over time (Stoll et al., 2006).

Second, we compared the identified network characteristics or structures with random
graphs based on empirical networks (Erdos & Rényi, 1959; Newman, 2001; Opsahl, 2013;
Watts & Strogatz, 1998) via a tie-reshuffling procedure and a permutation test (see Appen-
dix, Table 2 for details; Christakis & Fowler, 2013). This approach allowed examining
whether the network characteristics (e.g. centrality or path length) were more pronounced
than might be expected by chance. In the frames of these randomisation approaches, we

@ Springer



Tertiary Education and Management (2022) 28:61-79 69

compared the existing network parameters with the distribution drawn from 100,000 ran-
dom same-sized networks (Fredrickson & Chen, 2019).

Social network variables

Hierarchy The centralisation index calculated the heterogeneity of the degree centralities
(number of the individual’s contacts), ranging from 0 to 1 (Wasserman & Faust, 1994).
Centralisation was 1 for the star network since one central actor directly contacts every
other network member, while the rest of the network members were not connected. Cen-
tralisation equalled 0 when all actors had the same centrality index.

Small-worldness Small-worldness reflects connectivity in the network. Thus, we consid-
ered a set of network parameters to describe the network structure. First, we examined the
clustering coefficient (CC), ranging from O to 1, to identify whether dense groups emerged
within the educational innovation network. The CC equalled O if no triangles existed in
the network and 1 if all 2-paths were closed (Opsahl, 2013). In other words, CC =number
of all closed 2-paths (triplets) in the network / total number of 2-paths. Next, we looked
at the network’s path length to analyse whether a group of higher education teachers in
the educational innovation network displayed connections that facilitated rapid informa-
tion transfer. This measure indicated the average number of steps along the shortest paths
for all possible pairs of members in the network (Ansell et al., 2017). Lastly, we calculated
the small-world coefficient to analyse whether the educational network exhibited a short
path length and high clustering (Ansell et al., 2017). This index was determined by divid-
ing the global CC by the average path length from an empirical network and dividing this
quotient by the similar ratio of a random graph based on the same number of nodes as the
empirical network. In a recent study, Opsahl et al. (2017) criticised the use of the small-
world coefficient, arguing that networks are too easily identified as small worlds. Thus, we
followed the authors’ methodology, a mathematical approach that uses simulations to avoid
this problem. Specifically, we evaluated small worldness in the educational innovation net-
work by comparing it with a high number of random networks based on Opsahl et al.’s tie
reshuffling algorithm.

Homophily The E-I index showed the extent to which intra- and intergroup processes
characterised communication in a network (Krackhardt & Stern, 1988). This index could
be used to evaluate the degree of homophily in the educational innovation network and
represented the relationship between the external and internal number of ties based on a
specific actor attribute (in this case, innovative teaching climate): E-I index = (external
ties — internal ties) / (external ties + internal ties). The E-I index ranged from — 1 (where all
the connections were between individuals with the same characteristics, meaning complete
homophily) to 1 (where all the ties were between individuals with different characteristics,
meaning zero homophily; see Daly & Finnigan, 2010; Krackhardt & Stern, 1988).

Innovative teaching climate Our investigation involved the use of a self-developed scale
for innovative teaching climate, a;=0.68, a,=0.72, that focused on the attitude of
higher education teachers toward change in teaching, for example, “Our teachers are will-
ing to take risks to improve their teaching” (see Kauffeld et al., 2004; Stasewitsch & Kauf-
feld, 2020; see also Appendix, Table 3).
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Results

The appendix (Table 1) presents the descriptive results for both educational innovation net-
works. The average degree (the number of individuals nominated by an actor) increased
from T;, dr;=1.79, to T,, dr,=2.15, indicating that the participating higher education
teachers built more connections in the educational innovation network over time.

We postulated that the educational innovation network would initially display a hier-
archical structure (H1) and that this tendency would decrease over time (H2). Our results
showed that centralisation in the educational innovation network at T1, C;; =0.12, was sta-
tistically significantly higher than in same-sized random networks, Crjngom=0.04, 95%
CI=[0.04, 0.05], p<0.0001. This outcome can be interpreted as support for H1, indicat-
ing that the number of connections within a social network was initially distributed more
heterogeneously than could be expected by chance. In other words, we found the presence
of hierarchical structures in the network. Furthermore, hierarchy decreased over time,
Cp,=0.10, providing support for H2.

We also hypothesised that the educational innovation network would exhibit small-
world patterns (H3). The small-world quotient was larger than 1 for both time points,
Qr;=2.32 and Qr,=2.53. Furthermore, our findings revealed that the average path length
was statistically significantly shorter in the empirical educational innovation network,
lt;=3.61 and 1;,=3.64, than in the random networks, lt; .n4om=3-65, 95%, CI=[3.64,
3.65] and 11 ngom=3.71, 95% CI=[3.70, 3.71]; moreover, p <0.001 for both T1 and T2.
The CC was statistically significantly higher in the empirical educational innovation net-
work, CC;=0.19 and CCy,=0.22, than in the random networks, CCry ngom =0.082, 95%
CI=[0.081, 0.082] and CCr, sndom=0.089, 95% CI=[0.088, 0.089], and p<0.001 for
both T1 and T2). These results reflect that the teachers increased their connectivity within
the educational innovation network over time. Overall, these findings together empirically
support H3 and indicate that the studied educational innovation network was a small world.

Our investigations focused on the role of innovative teaching climate as an individual
characteristic in network formation in an educational innovation network. In this context,
we postulated that higher education teachers would initially display homophilous con-
nections in terms of their innovative teaching climate (H4). The E-I index for innova-
tive teaching climate in the educational innovation network was statistically significantly
lower, El; = —0.14, than in random networks at T, Elt}an4om =0.002, 95% CI=[0.0022,
0.0024], p<0.001. This outcome indicates that the higher education teachers initially
tended to create connections with those who had similar levels of innovative teaching cli-
mate levels, supporting H4.

Furthermore, we postulated that higher education teachers would display a decrease in
homophilous connections related to their perceived innovative teaching climate over time
due to network interventions (H5). Our findings demonstrated that the level of homoph-
ily decreased by almost half over time, from Ely, = —0.14 to El,= —0.07 (Fig. 1). Our
results suggest support for HS.

Discussion

Scholars have previously identified the “need to artificially construct or support network-
ing to facilitate change” in higher education (Kezar, 2014, p. 111). This argument aligns
with discussions of professional networks’ role in teaching (e.g. Van Waes et al., 2018) and
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Fig. 1 Educational innovation network for T1 (left) and T2 (right). Orange nodes =high innovative teaching
climate. Blue nodes =low level of innovative teaching climate. Node size reflects teachers’ indegree central-

ity

supporting educational innovations (e.g. Benz-Gydat et al., 2021; Feixas et al., 2018; Jiitte
et al., 2017). Because networks in education do not occur naturally, reforms and change
programmes have been implementing strategies to create professional connections between
teachers to achieve positive changes (Kauffeld et al., 2019a; Benz-Gydat et al., 2021; de
Lima, 2010; Jiitte et al., 2017; Portes, 1998).

However, little is known about teachers’ networks in higher education and the diffusion
of educational innovations within these structures (Kezar, 2014). Following the evaluation
framework of Cohen and Ball (2007) and its application by Towndrow et al. (2010), we
sought to close this research gap by focusing on innovation diffusion processes in educa-
tional innovation networks. Furthermore, we wanted to investigate factors that might affect
the networks’ structure.

In line with our first hypothesis, we found that the network’s hierarchy decreased over
time. Initially, we found that hierarchy was present to some degree in the network. One rea-
son for this finding might include preferential attachment (also called the Matthew effect)
in the network, meaning the tendency for popular actors or individuals in a network to gain
more popularity and activity, which other studies analysing higher education (research)
networks have also reported (Vlegels & Huisman, 2021). This effect might arise if a net-
work expands. New network members’ preference to connect to already popular (and pow-
erful) individuals in the network means the latter gain additional contacts (Vlegels & Huis-
man, 2021). Also, the initial hierarchy in the educational innovation network conceivably
reflects the organisational hierarchy in the university. Higher education teachers or groups
of higher education teachers might initially benefit from their high status in the university
(e.g. due to their reputation(s), organisational role(s), or access to resources), leading to a
favourable position in the network.

Nevertheless, networking interventions can decrease hierarchy over time (e.g., Stase-
witsch et al., 2021b). In concrete terms, this decrease might indicate the redistribution of
the network hierarchy where higher education teachers or groups of teachers who might
initially have a better network position in the educational innovation network “lose” these
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beneficial structural positions over time, while individuals or groups from the periphery of
the network might increase their number of connections.

We consider this effect a positive development in a network, potentially facilitating
innovation and knowledge transfer. Less hierarchy leads to a dispersal of power, which is
vital for innovation development and diffusion (Damanpour, 1991). Moreover, a decrease
in hierarchy might reduce communication costs and allow faster and more effective
exchanges between higher education teachers in different positions (e.g. members of either
the network core or the periphery) who might also differ in their background (e.g. depart-
ment, organisational position, professional experience). In turn, these new, diverse connec-
tions might lead to the generation of (teaching-related) ideas (e.g. @stergaard et al., 2011).

We found support for the assumption that educational reform efforts promote small-
world structures in teachers’ innovation networks, observing the formation of dense groups
between higher education teachers, which promoted knowledge sharing (Schilling &
Phelps, 2007; Uzzi & Spiro, 2005) regarding educational innovations. Our results demon-
strated that higher education teachers could reach each other through four steps, on aver-
age, illustrating that rapid idea exchange was possible. These findings agree with various
studies demonstrating small-world networks beneficial for an organisation’s innovation and
productivity (e.g. Verspagen & Duysters, 2004).

In summary, these results indicate that the strategies (e.g. networking events for higher
education teachers, workshops, training, symposia; Kauffeld et al., 2019a; Benz-Gydat
et al., 2021; Hellmann et al., 2014; Jiitte et al., 2017) that educational reform programmes
introduce lead to efficient network structures. This finding supports prior research reporting
the positive effect of training or professional development programmes on social network
development (Van den Bossche & Segers, 2013; Van Waes et al., 2018). Furthermore, our
results align with current research on knowledge transfer in higher education institutions.
Using a questionnaire design, Fauzi et al. (2019) demonstrated that social networks posi-
tively influenced knowledge sharing attitudes, which positively influenced the knowledge
sharing intention of academics in turn. We have expanded the current research through
quantitative structural SNA, demonstrating that social networks in higher education (espe-
cially educational innovation networks) can be created and supported through networking
interventions that support knowledge transfer and innovation diffusion.

We also examined the factors contributing to network formation, evaluating how the
perceived innovative teaching climate influenced idea exchange in an educational innova-
tion network. In line with the homophily principle (McPherson et al., 2001), we found a
moderate tendency toward homophily in the network. While this outcome suggests high-
quality network connections that enhance knowledge transfer involving complex issues,
the pattern could also represent a disadvantage, as the exchange of diverse strategies and
knowledge (of the best way to develop and implement educational innovations) might have
been insufficient (e.g. Van Waes et al., 2015a). Higher education teachers whose depart-
ments’ innovative teaching climate is relatively low, may significantly benefit from partners
whose departments (and possibly professors) are enthusiastic about educational innova-
tions, resulting in spillover effects. Over time, the data indicated a positive trend in the edu-
cational innovation network and decreased homophily, suggesting tie formation between
teachers experiencing different levels of innovative teaching climate. Hence, higher edu-
cation teachers with different backgrounds exchange ideas in the educational innovation
network over time. Thus, innovations might have been shared or communicated to depart-
ments where teaching and innovation in teaching may have had a lower priority. We argue
that this finding indicates that innovations — if shared in educational innovation networks

@ Springer



Tertiary Education and Management (2022) 28:61-79 73

supported by network interventions — can influence attitudes and pedagogical practices (see
Benz-Gydat et al., 2021; Civis et al., 2019; Fullan, 2010; Jiitte et al., 2017).

This study has several strengths. Our empirical results arguably tackle issues that edu-
cational research has not sufficiently addressed to date (e.g. Kezar, 2014), such as the influ-
ence of individual teacher-related attributes on network formation (Hasanefendic et al.,
2017) or the power distribution (hierarchy) in educational networks (de Lima, 2010). We
also drew upon two essential features of Cohen and Ball’s (2007) evaluation framework of
educational innovations — innovation diffusion processes and the environment’s role — and
applied these to the context of higher education innovation.

Using diffusion processes to evaluate the success of educational innovations sets a high
standard (Towndrow et al., 2010); nevertheless, we found indications that innovation diffu-
sion can be achieved through network interventions. This study is one of the first to provide
empirical insights about the structure of educational innovation networks (e.g. their hierar-
chy) using actual structural social network methods. We have demonstrated that higher edu-
cation teachers diffuse their ideas efficiently through working in dense groups while at the
same time maintaining short connections with each other. Moreover, we did not merely map
a “funding network™ but asked higher education teachers to indicate from whom they took
innovative ideas (regarding other educational innovations). Hence, we analysed and revealed
(e.g. through our results on small-worldness and hierarchy) the existence of real idea exchange
between higher education teachers in the educational innovation network beyond funding.

Practical implications

For those responsible for educational reform programmes (in the government, ministries, and
at the university level), our results support the conclusion that deploying financial and human
resources to create educational innovation networks is worthwhile, allowing efficient diffusion
of educational innovations. Our findings also indicate the need for (further) network inter-
ventions. As an innovative teaching climate plays a crucial role in the educational innovation
network structure, university practitioners should emphasise diverse collaborations between
higher education teachers (e.g. between different departments with different innovative teach-
ing climates).

Limitations and further research

We analysed an educational innovation network that was promoted through funding, yielding
detailed insights into the network structure. However, further research is needed to determine
generalisability in other contexts. Our findings regarding the hierarchy of the educational inno-
vation network, including its decreasing over time, are in line with recent studies indicating
that innovation networks in higher education do not display a tendency for hierarchy (Stase-
witsch et al., 2021b). However, to some degree, this result contradicts other research on prefer-
ential attachment in higher education (e.g. Vlegels & Huisman, 2021). Hence, we propose that
more research is needed to scrutinise the structure of different networks in higher education
and to understand what drives the formation of academic networks (e.g. Stasewitsch et al.,
2021). Furthermore, our results on homophily contradict other studies in higher education that
did not find homophily (e.g. based on gender or job title) in academic networks (Quardokus
& Henderson, 2015). Thus, further studies should identify mechanisms that enhance or inhibit
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homophily in educational networks. Another limitation is the absence of data on the organi-
sational hierarchy. Universities’ inherent formal hierarchical structure might affect the diffu-
sion of information, innovation, and resources within the university as well as in educational
innovation networks. We suppose this is a critical issue for further study (e.g. by analysing
multiplex network structures). In addition, further research should focus on different (network)
interventions and how those influence educational innovation and change in higher education
teaching (Stasewitsch & Kauffeld, 2021).

Conclusion

Circumstances in higher education teaching are typically uncertain due to various factors
such as globalisation or new technologies (Kozma, 1985; Taylor, 1998). Innovation appears
to be a pivotal aspect to adapting and creating change. However, research on mechanisms
that lead to change through educational innovation remains scarce; moreover, few studies
have employed SNA to uncover the structure of educational networks (Kezar, 2014). We
found that network interventions (e.g. networking events, training, or teaching conferences;
Kauffeld et al., 2019a; Jiitte et al., 2017; Van Waes et al., 2018) could establish structures
in an educational innovation network that promoted innovation diffusion (e.g. a short path
length). This outcome indicates that networks accompanying educational innovations can
create change in higher education teaching.

Appendix

Tables 1,2 and 3

Table.1 Descriptive Statistics

for the Educational Innovation Parameter T 12
Nowork pd s o o
Edges 179 251
Density 0.02 0.02
Average degree 1.79 2.18
Sex (female, male, no response) - 27%, 36%, 37%
Mean age (SD) - 39.93 (10.96)
Mean no. teaching semesters (SD) - 17.76 (15.27)
Role in the university: professors, postdoc- - 22%, 5.0%, 18%

toral candidates, predoctoral candidates

Note. Details on sex, age, no. teaching semesters, and role are only
mentioned for T2 due to the retrospective data collection method in
this study.
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Table.2 Tie-Reshuffling

. Statistical procedure Description
Procedure and Permutation Test P P

Tie-reshuffling procedure The tie-reshuffling procedure cre-
ates a random network by rewir-
ing the existing ties between the
actors, maintaining the degree
centrality of each actor (Opsahl
et al., 2017). This technique
makes creating a random network
possible, identical to the initial
degree of distribution and with
a completely distinct topological
structure.

Permutation test The permutation test is applied
to reveal specific features of the
observed network (Christakis &
Fowler, 2013) and maintains the
original network structure in cre-
ating a random network. Further-
more, individual characteristics
(e.g. innovative teaching climate)
can be randomly assigned.

Table.3 Items on Innovative Teaching Climate

Items in German English translation

Die Lehrenden bei uns sind bereit Risiken einzugehen, um die Lehre zu Our teachers are willing

verbessern. to take risks in order to

improve their teaching.

Die Lehrenden bei uns nehmen an vielen hochschuldidaktischen Weiter- Our teachers participate in

bildungen innerhalb unserer Universitit teil. many didactical training

courses at our university.
Die Lehrenden bei uns nehmen an vielen hochschuldidaktischen Weiter- Our teachers take part in many

bildungen auBerhalb unserer Universitit teil. didactical training courses

outside our university.
Verinderungen in der Lehre werden durch die Lehrenden bei uns unter- Changes in teaching are sup-
stiitzt. ported by our teachers.

Die Lehrenden bei uns tauschen sich regelmiBig mit Experten aulerhalb ~ Our teachers regularly exchange
unserer Universitit zu hochschuldidaktischen Themen aus (z.B. zur ideas with experts outside our

Curriculumsentwicklung). university on topics related

to didactic studies (e.g. cur-
riculum development).

Note. Items for innovative teaching climate were answered on a scale from 1 (do not agree) to 5 (highly
agree).
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