
lable at ScienceDirect

Teaching and Teacher Education 83 (2019) 42e53
Contents lists avai
Teaching and Teacher Education

journal homepage: www.elsevier .com/locate/ tate
The use of visual network scales in teacher leader development

Samuel J. Polizzi a, Brandon Ofem b, William Coyle a, Keith Lundquist c,
Gregory T. Rushton d, *

a Department of Chemistry and Biochemistry, Kennesaw State University, Kennesaw, GA, 30144, USA
b Department of Global Leadership and Management, University of Missouri e St. Louis, St. Louis, MO, 63121, USA
c Department of Chemistry and Institute for STEM Education, Stony Brook University, Stony Brook, NY, 11790, USA
d TN STEM Education Center, Middle Tennessee State University, Murfreesboro, TN, 37132, USA
h i g h l i g h t s
� Teacher leadership activities can be organized around network concepts and images.
� Visual network scales are a pedagogical tool for presenting network principles.
� Networks move science teacher discussions toward broader leadership issues.
� Science teachers attach educational meanings to open and closed network structures.
� Teacher leaders benefit from hybrid networks with distinct open and closed structures.
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a b s t r a c t

Changes in the age and experience of the US teacher workforce have heightened the need for teacher
leaders. Based on network-enhanced leadership development models advocated in the management
sector, we developed an activity using Visual Network Scales as a pedagogical tool and assessed its utility
within a teacher leader development program. Discourse analysis indicates teachers can discuss net-
works at both ends of a visual density scale, with discussions aligned to community-oriented leadership
activities rather than personal classroom topics. Network analysis provides evidence for hybrid network
structures explaining the diverse, concurrent set of local and regional activities ascribed to teacher
leaders.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Over the last 20 years, pre-retirement turnover has resulted in
the United States (US) science teacher workforce becoming both
younger and older (Ingersoll & Merrill, 2010), as experienced mid-
career teachers are replaced with younger (e.g., post-
baccalaureates) or older (e.g., career-changers) novice teachers
(Polizzi, Jaggernauth, Ray, Callahan,& Rushton, 2015; Rushton et al.,
2017). The dwindling base of experienced teachers who remain are
likely to face increasing pressure to provide the growing novice
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ellows.
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teacher populationwith support throughmentoring, best practices,
and community involvement (Rushton et al., 2014). However, with
increased demand also comes an increased opportunity for expe-
rienced teachers to become teacher leaders that are capable of
providing these supports.

Given the potential impact of teacher leaders, teacher leadership
has become an area of intense interest in the international research
and policy arenas (Brauckmann & Pashiardis, 2011). Although
teacher leaders might traditionally be viewed as leaders of teachers
(e.g. administrators), US scholars have advocated for a more robust
understanding of teacher leaders, or teachers who maintain active
teaching loads and lead from the classroom (Criswell, Rushton,
McDonald, & Gul, 2018; Dozier, 2007; Katzenmeyer & Moller,
2009), consistent with the focus of this manuscript. Similarly, na-
tional efforts in the UK focused on “the capacity for teachers to
exercise leadership for teaching and learning within and beyond
the classroom” (pg. 963) (Muijs & Harris, 2006) rather than formal
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roles of assistant head or subject coordinator. York-Barr and Duke's
(2004) seminal review of teacher leadership literature from 1980 to
2004 focused on what established teacher leaders “do,” such as
mentoring other teachers and participating in professional orga-
nizations, but highlighted the process through which teacher
leaders were developed was not well defined. A decade later,
Wenner and Campbell's (2017) review of international teacher
leadership efforts identified key aspects of teacher leadership to
include leadership: (i) beyond their classroom walls, (ii) in profes-
sional learning settings at their schools, (iii) relevant to policy and/
or decision making, and (iv) invested in improving student success
at the school organization level. However, the reviewed leadership
studies did not provide a consistent framework or grounding the-
ory for developing teacher leaders.

Policy initiatives have begun to address this theory-practice gap
by proposing different frameworks for teacher leadership devel-
opment. For example, the National Board for Professional Teaching
Standards has described a professional development or career
progression that starts with pre-service teachers, and moves them
through self-focused stages as novice, professional, and board
certified teachers, before advancing to the community-focused
stages of teacher leaders or leaders of teachers (NBPTS, 2016;
Thorpe, 2014). In another example, the Noyce I-IMPACT project has
proposed and refined the use of four metaphors for teacher lead-
ership that also span self-focused and community-focused stages,
and described activities to develop the metaphors (i.e. teacher as a
fully functioning person, reflective practitioner, scholar, and
learning partner) (Rushton & Criswell, 2015; Criswell et al., 2018;
Alemdar, Cappelli, Criswell, & Rushton, 2018; Polizzi et al., 2018).
Separately, the KyNT3 project has described six spheres of influence
for teacher leaders, as well as vignettes for the core beliefs, dispo-
sitions, and knowledge/skills that can be cultivated to expand
leadership capacity in each sphere (KyNT3, 2015). While frame-
works may scaffold leadership activities in a sequence for logistical
or credentialing purposes, a longitudinal analysis of teacher lead-
ership development supports that leadership develops via more
cyclical, overlapping, or dynamic interactions (Taylor, Goeke, Klein,
Onore, & Geist, 2011). In order to fully realize any of these example
frameworks, additional professional development (PD) activities
must be designed to move teachers or emerging teacher leaders
along a dynamic trajectory toward becoming leaders.

Here, we explore a definition of teacher leadership as those
teachers who maintain teaching duties and lead from the class-
room (e.g. sharing best practices, mentoring, participating in pro-
fessional organizations/efforts, etc.). We describe a leadership PD
activity that employs elements of social network theory to discuss
the professional systems in which high school science teachers
work and strive to lead others. During the activity with high school
science teachers, we facilitated discussions of networks using a
visual density scale and solicited feedback on how networks
manifested in their professional settings. In order to determine the
relevance of the activity, we then analyzed the discourse and
generally compared the types of networks that teachers discussed
to the types of networks that teachers reported in a separate social
network survey. Finally, we analyze network discussion and survey
data in light of the diverse activities reported for teacher leaders.
The development of our activity and subsequent analyses were
guided by the following research questions:

1) Towhat extent can teacher leadership PD activities be organized
around network discussions and network images?

2) How do science teachers make sense of professional network
structures?

3) To what extent are visual network images realized in actual
teacher leader networks?
4) How do self-reported education networks support or refute the
diverse activities and demands ascribed to classroom teacher
leaders?
2. Background

Leaders engage in a social enterprise to influence others to
achieve (Bass & Bass, 2009). As such, leadership is an emergent
property of social systems that arises from individuals working
together toward a common goal. Leadership is both a function and
outcome of the relationships within the social system (Carter,
DeChurch, Braun, & Contractor, 2015; Cullen-Lester &
Yammarino, 2016). Professional relationships form larger struc-
tures of connectivity, with some structures conferring distinct ad-
vantages for leadership (Balkundi & Kilduff, 2006; Burt, Kilduff, &
Tasselli, 2013). Network awareness, or knowledge of the broader
set and structure of relationships, can contribute to an individual's
leadership capacity (Cullen-Lester, Woehler, & Willburn, 2016).
Knowledge of the broader structure of relationships is essential to
influence, mobilize, and lead others to higher levels of achievement
(Krackhardt, 1990). This has been applied in the business world
withmanagers seeking to better lead their employees (Day, Fleenor,
Atwater, Sturm, & McKee, 2014), and by analogy may apply to
teacher leaders seeking to empower those around them.

Network-enhanced leadership development is a recent model
for impacting individuals' and/or collective's network relationships
to expand leadership capacity (Cullen-Lester, Maupin, & Carter,
2017). In contrast to traditional approaches that focus on devel-
oping the knowledge, skills, and abilities of the individual, the so-
cial network perspective emphasizes the relational and embedded
nature of leadership. Social network analysis (SNA) provides a rich
set of theoretical constructs and visualization techniques to think
about complex social worlds in concrete, measurable terms. Thus,
SNA moves beyond characteristics of the individuals to focus on
characteristics of the relationships in which those individuals are
embedded. Network-enhanced leadership development, in partic-
ular, focuses on developing knowledge, skills, and abilities
regarding the formation, strengthening, and capitalization of
network relationships, while using SNA as a pedagogical tool
(Cullen-Lester et al., 2017). This may be of immense value in
equipping leaders across a range of organizational settings,
including teacher leaders, as they consider how to improve the
social networks that shape their spheres of influence.

Leadership development practitioners, and their targeted au-
diences, may benefit from using visual network scales (VNS) in
their activities. VNS are stylized depictions of social networks that
can clearly communicate some of the main ideas of network theory
(Mehra et al., 2014). For example, Mehra et al. (2014) placed
network images along a scale of increasing density (Fig. 1) as a new
methodology to approximate network characteristics. Graphical
representations of network data can quickly give researchers and
school leaders a systemic overview of the social structure of an
individual (Frank, Lo, & Sun, 2014). VNS have also been deemed
helpful in allowing respondents to visualize and understand their
own networks (Cullen-Lester et al., 2017). A key component of VNS
is the built-in ability to compare and contrast the multiple network
images. A teacher in a network can range from being isolated to
completely centralized in the network (Baker-Doyle & Yoon, 2011),
so reflective practices that examine different scenarios along a scale
may be relevant to teacher growth. Using VNS as a basis of group
discourse is also likely to reveal the types of teachers who represent
different images along a given scale, which may facilitate richer
discussion on how or when a certain network is beneficial.

Despite the importance of leadership issues in education, there



Fig. 1. Visual network scale (VNS) depicting ego network images with increasing network density (left to right), described as increasing connectivity between all possible in-
dividuals in the network. Based on the work of Mehra et al. (2014).
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is not a consensus on how to develop teacher leaders. Management
and network theory literature suggest that using network thinking
or organizational behavior training can improve leadership capac-
ity (Cullen-Lester et al., 2017; Day et al., 2014). Thus, we have
identified VNS as a possible means to provide that training, given
the technique's capacity to summarize, illustrate, and compare the
professional networks of teacher leaders. In particular, we focused
on a VNS depicting network density, because this metric is
commonly associated with multiple forms of social capital, defined
as the resources, capabilities, and/or goodwill established through
an individual's social ties (Burt, 2000; Coleman, 1988).
3. Framework

Our professional development activity and subsequent analyses
were conceived through the lens of network theory, in order to
more objectively examine educational systems and teacher groups
(Penuel, Sussex, Korbak, & Hoadley, 2006). Networks model social
systems through a set of nodes and connecting ties (Borgatti &
Ofem, 2010). Typically, the nodes represent the social actors (e.g.,
individual teachers, teams, or schools) and the ties are the various
relationships between them (e.g., social support between in-
dividuals, collaboration, or resource sharing). A key tenet of social
network theory is that the aggregate pattern of ties in a social
structure has implications for the actors within it, as well as for the
structure itself (Kilduff & Brass, 2010). Ties serve as pipes through
which resources, information, and influence flow, or bonds that
facilitate joint and/or multilateral action (Borgatti & Ofem, 2010;
Borgatti & Halgin, 2011). They also serve as prisms that confer
legitimacy or status benefits to well-connected actors (Podolny,
2001). Thus, different positions within a network can confer ben-
efits, opportunities, and/or constraints for actors occupying those
positions. This relational view posits that actors controlling infor-
mation or understanding the nature of networks could derive more
benefits than constraints. Directly related to our study, sharing
knowledge about network theory, co-constructing an under-
standing of teacher networks, and examining personal teaching
networks in light of their functions, are all designed to foster a
relational view in teacher actors and the potential to derive more
benefits.

The nature of networks, and their benefits, can be understood
through different network characteristics and research typologies
related to nodes, ties, and overall structures (Borgatti & Ofem,
2010). Network benefits could be considered related to the ages
of contacts (i.e. node characteristics), the types of advice or
friendship interactions (i.e. tie characteristics), or positions within
the varying shapes and complexities of groups (i.e. structural
characteristics). Network theorists have attended to these different
characteristics of networks, with structural characteristics often
representing a decontextualized or minimalistic starting point for
understanding outcomes (Borgatti, Mehra, Brass, & Labianca,
2009). For instance, a Job Embeddedness Model suggests that a
greater degree of links or structural embeddedness in the occupa-
tional network could impact job turnover by creating “a net or a
web in which an individual can become stuck” (pg.1104) (Mitchell,
Holtom, Lee, Sablynski, & Erez, 2001). This structural starting
model can explain some variation in outcomes without node or tie
characteristics, but has been refined over time. In a later model,
Soltis, Agneessens, Sasovova, and Labianca (2013) found that the
direction of interactions (i.e. tie characteristics) and whether a
contact was obligated to interact (i.e. node characteristics) could
explain additional variation in job turnover intentions.

Our activity is grounded in a similar network perspective that
structural characteristics can serve as a foundation to explain net-
works, and future understanding of nodes and ties might be
expanded later by asking, respectively, “Who is in the network?”
and “What types of interactions are important?” Basic structural
characteristics can also be easily depicted in VNS form (Fig. 1) and
presented to individuals new to SNA. We chose to visualize struc-
tural characteristics associated with social capital outcomes in
network literature. Social capital is described as less tangible than
physical capital (e.g. equipment, tools) or human capital (e.g. em-
ployees, knowledge) and “exists in the relations among persons”
that can “facilitate productive activity” (pg. 100e101) (Coleman,
1988). Networks that are structurally open, or less dense, present
an individual with different social capital, and associated benefits
or constraints, than networks that are structurally closed, or more
dense. Open networks allow a central individual to control the flow
of information in a network with less connectivity, and have been
associated with access to novel information (Burt, 2000) and syn-
thesis of new ideas (Burt, 2004). At the other end of the density
VNS, closed networks increase interactions and have been associ-
ated with feelings of inclusion (Brown, 1990), collaborative activ-
ities, and a culture of norms (Coleman, 1988). The contrast in
network structure images and outcomes provides a rich context for
facilitating discussions in the activity.
4. Study

Based on our interest in the use of VNS and SNA as teacher
leadership PD activities, we designed a network-based leadership
activity for a group of 16 Master Teaching Fellows (MTFs) enrolled
in a National Science Foundation grant to develop science teacher
leaders. As part of the grant, MTFs were completing the third and
final course in a Teacher Leader Endorsement Certification program
recognized by their state located in the southeastern US. MTFs also
engaged in a leadership framework that we have previously
described in greater detail (Criswell& Rushton, 2013; Criswell et al.,
2018). Briefly, teachers were developed using a framework that
combined Dempsey's (1992) four metaphors for teachers as leaders
(i.e. teacher as a … fully functioning person, reflective practitioner,
scholar, and learning partner) with Goodwin's (1994) notion of
professional vision (i.e. coding, highlighting, and articulating the
competencies within a profession). As such, MTFs routinely
engaged in discourse with each other, 16 novice Teaching Fellows,
and project staff related to professional vision, professional iden-
tity, leadership plans, and science education [see (Polizzi et al.,
2019) for additional program details]. MTFs comprised high
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school main teaching assignments in Chemistry (50%) or Physics
(50%), and 9 of 16 of MTFs identified as female (56%).

Our professional development activity began with the admin-
istration of an online network survey to all 16 MTFs [see (Polizzi
et al., 2019) for instrument]. The network survey served two pur-
poses, both as a foundation for the face-to-face activity and as a
data source unbiased by the activity. We designed the teacher (i.e.
ego) centered SNA survey to capture “Who would you [the teacher
of interest] go to for information on teaching content and/or
pedagogy?” We specifically asked about information networks (i.e.
“information on teaching” as opposed to “teacher friends” or
“general advice”), because Coburn, Mata, and Choi (2013) previ-
ously found that teacher networks comprised of exchanges of
expertise have been shown to persist despite changes at the school-
level. Next, for each contact the survey asked, “Of the contacts you
listed, who does contact A [B, C…] interact with for information on
teaching content and/or pedagogy?” Together, these questions
created the foundation of a teacher's network map by identifying
contacts (i.e. alters) who were connected to the teacher of interest,
and then establishing how connected a teacher's primary contacts
were to each other (i.e. secondary ties between alters). We also
captured demographic information on the teacher of interest and
how geographically distant they were from each contact (i.e. in
same school/district/state/nation or international). We piloted the
survey with 6 science teacher-researchers spanning secondary
education (pre-service and in-service teacher) and higher educa-
tion (postdoctoral and assistant and associate professor) positions.
This allowed us to validate whether the survey question constructs
were interpreted similarly across teacher groups, and led to the
refined geographic categories and example prompts that were
administered to the 16 MTFs.

Approximately two weeks after administering the network
survey, we facilitated the face-to-face PD activity using VNS [see
(Polizzi et al., 2019) for activity materials]. The activity began by
examining the difference between an organizational chart and an
actual information network (Fig. 2), in order to illustrate how re-
lationships within an organization matter, and how making our
implicit networks explicit can provide advantages when navigating
that system. Then we showed two networks with different den-
sities (i.e. degrees of connectedness between contacts) along the
density continuum and previewed that networks provide different
opportunities and constraints for individuals within them. Next, we
unpacked network vocabulary and diagrams by using teachers from
popular culture as nodes in a hypothetical network and defined the
Fig. 2. Hypothetical diagrams of an organizational structure chart (left), and the actual
network for communicating information within the same organization (right). This
contrasting image illustrates that formal titles and intended reporting systems are not
the same as the informal network of relationships that communicate information.
Based on the work of Cross, Parker, Prusak, and Borgatti (2001).
ties as people they “look up to.” For example, the “Bill Nye looks up
to Captain Kangaroo” network interaction could be represented as
an arrow originating from the Bill Nye node and pointing to the
Captain Kangaroo node [see (Polizzi et al., 2019) for activity slides].
We then connected the network principles to the teachers’ own
experiences of the network survey they had taken in the previous
two weeks. We walked through the survey prompts and showed
how each answer was converted into a part of the network dia-
gram, first with the teacher taking the survey, then primary con-
tacts connected to the teacher, and finally with secondary ties
between the contacts (Fig. 3). After that, we shared personalized
network maps with the MTFs, and asked them to briefly reflect on
how the maps were constructed and the nature of the interactions
depicted.

Having built teacher networks along a VNS continuum of
increasing density, from only primary contacts (i.e. low density) to
many secondary ties between contacts (i.e. high density), we
extended the implications of density to social capital. We presented
an overview of social capital outcomes, such as access to novel
information in low density (i.e. open) networks, and a culture of
norms in high density (i.e. closed) networks (Coleman, 1988). MTFs
were then encouraged to consider their own network maps, and
the social capital represented by the network structures they
contained.

In the next phase of the activity, we facilitated discourse
through the use of scenarios and conversation prompts. In order to
increase the relevance of the activity, we used our knowledge of the
MTF professional learning communities within the grant to frame
the scenarios. A similar strategy could be used by other facilitators
based on the interests of their target teacher groups. For example,
in discussion Scenario 1 we showed a network on the more dense,
closed end of the continuum, and paraphrased, “Would this
network of contacts be helpful if you were trying to gamify (i.e.
introduce game elements like levels and badges into) your class-
room curriculum for the first time?” In Scenario 2, we showed a
network on the less dense, open end of the continuum, and para-
phrased, “Would this network of contacts be helpful if you wanted
to create curriculum for out of field teachers?” Following those
prompts, we broadened the conversation to open ended discussion
and paraphrased, “How do networks appear in, or apply to, the
education systems in which you operate?”

In the final phase of the PD activity, we challenged the MTFs
with a view of teacher leadership that seemed contradictory to the
open or closed network principles we had previously reviewed:
“teacher leaders can increase other teachers' access to expertise
and support, thereby creating a more collaborative work environ-
ment” (pg 75) (Spillane & Kim, 2012). We highlighted that in
network terms, access to novel information or expertise typically
speaks to open networks, while a collaborative work environment
speaks to closed networks. We directly posed the question, “How
can teacher leaders have networks that show mutually exclusive
structures?” In response, we asked the group to consider a hybrid
network structure thatmight be found along themiddle of the VNS.
The hybrid model contained both densely connected collaborative
groups for accomplishing tasks (i.e. closed network regions), and a
number of sparsely connected sources of novel information or
expertise (i.e. open network regions). We concluded with a
reflection of how the hybrid model might address Spillane and
Kim's (2012) view of teacher leaders, and what could be done if a
teacher's personal network map did not contain the expertise or
collaborations that might be essential for teacher leadership.

Regarding the time needed for the activities, the online social
network survey described above required approximately 30min for
participants to complete on their own schedules. The PD activity
took approximately 60min to complete, including the overview of



Fig. 3. Flow diagram of data conversion from social network survey to network diagram. (Left to right) The survey prompts teachers to identify themselves, the contacts they would
go to for information related to teaching content and/or pedagogy, and which contacts interact with each other in a similar capacity. This information is extended from a central ego
node, to peripheral alter nodes and ties, and finally additional ties between alter nodes.
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networks, review of personal network maps, and guided discus-
sions. The PD activity took place during an 8-h monthly meeting
and was videotaped.

5. Data analysis

Primary sources of data included network survey responses, and
transcripts of group discussions during the PD activity. Electronic
survey data were collected from 13 MTFs (81% completion rate)
using Qualtrics (Provo, UT) and analyzed using UCINET network
software and the Netdraw function for generating network maps
(Borgatti, Everett, & Freeman, 2002). Discussions were transcribed
for discourse analysis [see (Polizzi et al., 2019) for transcript data]
and deductively coded using the characteristics of open and closed
networks taken from the PD activity and literature (Table 1). For
example, during the PD we listed “access to novel information/
expertise” as a feature of open networks during the unpacking of
network structures and social capital, so when an MTF spoke of
recruiting new teachers from afar to access new ideas, we later
coded the statement as referring to “open” networks. Alternatively,
Coleman (1988) described a culture of expectations, obligations
and norms found in closed networks, so when an MTF spoke of
needing a group to reach a set of common goals or ideas, we coded
the statement as referring to “closed” networks. Coding occurred at
the participant “comment” level. Comments (e.g. sentence or
paragraph) were long enough to determine if a teacher was dis-
cussing open or closed networks [see (Polizzi et al., 2019) for
method details]. We identified 28 comments for coding from 9
distinct participants in the discussion. Two independent re-
searchers separately coded participant statements as referring to
networks that were “open,” “closed,” or “both,” then compared
Table 1
Characteristics used to code discussions as pertaining to open or closed

Open Network (Low Density) a

Sparse (Borgatti, Everett, & Johnson, 2013)
Structural holes (Burt, 1992)
Absence of connections
Irreplaceable positions
Less visibility
Individual transactions
Autonomy
Information outside-to-inside (Burt, 2000)
Expertise (Burt, 2000)
Brokerage (Burt, 2000)
Access to novel information (Burt, 2000)
Synthesis of new ideas (Burt, 2004)
Knowledge creation (Fleming & Waguespack, 2007)
High locus of control (Kalish & Robins, 2006)
Increased influence/power (Brass, 1984)

a Comments coded as “both” contained a feature from each category
codes and reached a consensus.
6. Results

6.1. Social networks in teacher professional development

In order to investigate the extent to which teachers could relate
to PD organized around network principles and VNS, we coded the
teacher group discussion for comments related to open networks,
closed networks, or both open and closed networks. Based on our
coding of 28 teacher comments, teachers appeared to be able to
relate to and discuss network densities along a VNS continuum.We
observed distinct discussions related to open (n¼ 7) and closed
(n¼ 15) networks separately, or together (n¼ 6). Below, we
describe some of the educational contexts in which teachers made
sense of each network type and provide exemplar teacher
statements.
6.1.1. Teacher discussions of closed networks
The first situational prompt we discussed with the teachers was

related to the pedagogical approach of gamifying (i.e. adding game
elements like levels and badges to) (Dominguez et al., 2013; Kapp,
2012) curriculum in the context of a closed networks like Fig. 1
(right):

Facilitator: I want to pose this question to the group then. If this
[closed network image] is the network that you have, and you
want to implement gamification of your curriculum starting
from ground zero, do we think this is a good or bad network; or,
what features of this network are going to make this successful
networks, or both.

Closed Network (High Density) a

Dense (Borgatti et al., 2013)
Closure
Adding connections
Structural redundancy
More visibility
Culture of expectations (Coleman, 1988)
Culture of obligations, norms (Coleman, 1988)
Sharing of information (Coleman, 1988)
Empowering structure
Collaboration (Coleman, 1988)
Conformity of ideas (Marsden, 1987)
Implementation of ideas (Obstfeld, 2005)
Knowledge diffusion (Fleming & Waguespack, 2007)
Feelings of well-being (Bearman & Moody, 2004)
Sense of inclusion (Brown, 1990)

and were often comparative.
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or not, if you know nothing about gamification and you just
decide, I want to start incorporating this into my classroom?

Teachers provided comments mainly related to closed network
structures and their associated outcomes following this prompt.
Tess commented on the collaborative benefits of a dense network,
“If everybody else is into doing the same thing, it might be effective
towork together, you know, each of you can research different parts
and bring it together into a program.” Aimee further highlighted
the importance of a shared vision or common goal for effective
collaborative networks:

Then it seems like you might have to get agreement, get
everybody to agree that it’s a good idea before you can move
forward. MaybedI'm just thinking about this from a standpoint
of working together in teams toward a common goal and unless
everyone is sharing, or if everyone doesn't think this is a good
idea, but everybody needs to be doing the same thing …

Teachers also explored the constraints of closed networks.
Aimee touched on the culture of norms that must be considered in
dense networks, “There's already an established way of doing
things…” Dennis then expanded on the power of teacher culture in
connected groups:

You have to figure out a way to share it to hopefully get every-
body excited about it. Because with a group that's inter-
connected like that, they're already talking to each other about
it, so if you don't communicate it to that group in away that gets
them all excited about it, you know, it's not going to happen.

In these statements, the MTFs consider dense, closed networks
as a force to either leverage or overcome when initiating change in
education. By taking a step back from the specifics of the curricu-
lum scenario, they gain an organizational perspective of the chal-
lenges. Armed with this network information, the emerging
teacher leaders can be more purposeful about the way they recruit
individuals to their causes, and how they motivate existing groups.
6.1.2. Teacher discussions of open networks
The second situational prompt we discussed with the teachers

was related to the leadership activity of developing curriculum in
open networks like Fig. 1 (left):

Facilitator: So we've got another PLC [professional learning
community] that I've heard talked about. It's that we are going
to … meetings every year, and there's always a biology teacher
who is coming into the physics classroom for the first time. Let's
try to create some curriculum that is going to target them, and
then we're going to try and implement that overall. So my
question is, for this [open network image] type of network …

what are the good or bad aspects of this network for trying to
establish that goal or get to that resolution?

Teachers provided comments mainly related to open network
structures and distributed social capital following this prompt.
Elaine commented on the access to novel information associated
with open networks, “… but also it adds to, it would add to con-
versation, that new perspective.” Dennis also commented on the
non-redundant nature of open networks, but focused on the
additional effort required to spread information:

Now you have to individually convince every single one of those
people that's the way to go. Because they're not going to
reinforce each other at all if they're not talking to each other. So
you now have to have four individual transactions to convince
them of this.

Unabashedly, the teachers then extended non-redundancy to
include the increased power of individuals who were irreplaceable.
Dennis looked to the centralized flow of information in the open
network:

Or if everybody on the outside believes that person in the
middle is a goober, and [the middle] do whatever they tell them
to, then I guess that could be effective. Hopefully that person in
the middle knows what they're talking about.

Along similar lines, Tess stated, “Well, if you think that person in
the middle is a moron, you've got a big problem.” Faced with the
constraints of open networks voiced above, Lee reasoned through a
comparison of both network types in the context of curriculum
development:

If I'm in charge of creating curriculum, then I want a network
that looks like that [open network image], where I can pull from
lots of resources that are going to have different information. I
wouldn't want a closed network where, if one person doesn't
know it, no one knows it. But if I was trying to get something
done as a group, I'd probably prefer the closed group, where
we're all pretty closely tied to each other and work well
together.

Through his comparison, Lee highlighted aspects of social cap-
ital available via densities along the VNS continuum, while simul-
taneously underscoring the diverse activities that engage teacher
leaders.

6.1.3. Educational networks experienced by teachers
After initial discussions of specific network structures along the

density VNS continuum, the teachers reflected on their own
teaching experiences and shared additional contexts in which
networks impacted them. Although the teachers had their personal
networks in hand for the discussions, it became clear from state-
ments below that they were extending their understanding of
network structures to include the broader network of the school
and other leadership activities beyond the professional contact
depicted in their personal network maps.

6.1.3.1. Recruiting and staffing. When considering access to novel
information associated with open networks, Melanie shared her
school's preference for recruiting at large, rather than from
neighboring schools:

We do that a lot at our school, too. People are always surprised
that we have so many brand new teachers, but we like the new
fresh ideas that they bring, and if they have a lot of recent ex-
periences in education, and so on.

Using an open recruiting network, Melanie's school could be
infused with novel ideas that might yield more creative solutions
for today's educational challenges. Armed with this network
perspective, Melanie appeared to gain a better understanding of
the mechanisms at work in staffing, and might advocate for new
hires or local transfers based on her department's needs.

6.1.3.2. Interdisciplinary groups. Open network images invoked a
different response from Tess, who had been trying to work
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collaboratively with a state broadcasting company to develop sci-
ence instructional television shows:

Doing something similar with the [state Public Broadcasting]
stuff, like it's been amazing how much you have to negotiate
with other people about, ‘Oh, this is important to chemistry, for
example, because of this, and we should do this in this order.’ So
I just think having one person then trying to convince, okay, so
the person down in the corner [of the open network] thinks that
we should do it this way, so now I'm going to talk to you other
three about it. But you have a different opinion, so now I need to
go back and talk up here, and then I've got to go back and talk to
everybody again to try to negotiate a common set ofdyeah,
vocabulary, or the words that we use, and that these are the
most important points of the physics curriculum that I would
feel teachers need. So I think that this [open network] would be
difficult. It might be a good way to, once you have the agree-
ment, to then divide duties.

We learned from Tess that during the conception of the televi-
sion show, experts with different backgrounds in science, teaching,
acting and television were recruited, but a common goal and
normative culture was not firmly established by the unconnected
areas of the project. Instead, much time was spent establishing
group expectations, after which Tess pointed out the value of
dividing the workload. In instances where diverse individuals are
assembled for a common purpose, having an effective central figure
to broker relationships can ameliorate some of the discomfort Tess
experienced. Through additional conversations, it was apparent
there were frustrations with the process, although the brokering
group did produce an outcome Tess endorsed as worthy of sharing
with the education community. Armed with this network
perspective, Tess appeared to have a better appreciation of how to
efficiently lead an interdisciplinary group toward a common goal in
the future, or future seasons of the television show.
6.1.3.3. Nominating teacher leaders. Discussions also turned to
visibility within different network structures. Elaine voiced concern
that administrators in need of capable teacher leaders did not al-
ways have access to all parts of the school network:

I think that sometimes you have really amazing teachers who
may not be noticed so much. So it may be the administration
needs to ask department chairs for nominations, and then, you
know, ask that teacher do they want to do more stuff. I mean,
recently, I've been nominated to do stuff, and they are things
that I didn't necessarily set out to do. I was like, “Okay, I'll do
that,” and then interviewed for it. So I think some of it is when
you just appoint teachers and like, “Oh, and I get a stipend!” …
they might not be the best choice. So do more of a nomination/
application type thing, so they [administration] have to ask
them [the strong teachers].

This situation speaks to an open network, in which individuals
do not have access to all other individuals, resulting in less visible
regions of the network. If value resides in the less connected region
of the network, it may be less likely to be called upon. One solution
to increase visibility would be to spend time increasing connec-
tions, and therefore visibility, in a denser network. Instead, Elaine's
proposes to more strategically sample the existing network for
individuals, or brokers, who have access to otherwise inaccessible
regions of the school network. By a distributed nomination process,
Elaine argues more “amazing teachers” and fewer “I get a stipend!”
teachers might obtain leadership opportunities.
6.1.3.4. School initiatives. The topic of leadership opportunities
prompted additional conversations around the educational context
of teachers spearheading initiatives. Tess considered the need for
dense collaborative networks to fully enact an initiative:

I think after this conversation, what youmademe think of, like if
you're only sending two people from each school … you're not
interconnecting enough people to other people. And I realize
there's a cost function to that … maybe it’s not possible to send
10 people from every school, but then you take, you know, 10
people from every school with 10 people from all these other
schools, and you have interconnected all those people with all of
those people. So then when they come back to the school,
there's not just one or two people as a source of information for
the whole rest of the school. Then there's a lot of people who
have each otherdthose 10 people or whateverdand now, if I'm
not one of them, I have lots of people I can connect to who are
then connected to lots of other people as far as sharing ideas and
things like that.

Lee then contemplated the temporal nature of initiatives, which
need a critical mass to be effective:

So if you don't have the budget to get some people from every
school, you could pick a few schools. It's better to be effective in
a few schools than not effective in any schools at all. And that
could grow from there.

These comments find benefits in the redundancy of the closed
network structure, considering that initiatives may grow over time
if key individuals do not turn over during the initiative's timeline.
6.1.3.5. Professional organizations. Finally, teachers considered the
network implications of professional organizations. Aimee high-
lighted that by connecting to a larger, dense network, she could
broker information for her school network:

I'm the dot in the corner. I'm the purple dot, but I've got this
connection to the green dot that nobody else has. The green dot
is all that's useful in all the information that we collectively
have, then I am connected to Noyce [NSF Teacher Leader Pro-
gram] and I'm the only one connected to green, and anything I
bring back I can share with everybody at my school.

Aimee sees that connecting to existing networks, not just in-
dividuals, can benefit her school. Tess moves beyond the Noyce
community and generalizes to the Advanced Placement (AP)
network:

What I was thinking about with these questions was that this
didn't tie into anything like the larger network. Like, you know,
where would I go to get new info or new ideas would probably
be to go to a conference, which would tie me into a whole other
set of networks. If this is only individuals, not like connected to
organizations, where you could get awhole lot ofdLikewhat we
were talking about with the AP stuff earlier, the AP online re-
sources came up. That's a place to get some support as well as
the new ideas. So that's something else to consider as part for
your overall network, or the other network you can tap into.

Both scenarios provide the teacher with support from a dense
network, while allowing them the power to broker information
between organizations.
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6.2. The density and structure of teacher information networks

During the PD discourse analysis, we observed that MTFs dis-
cussed important roles for both open and closed networks in ed-
ucation. Therefore, we were interested in determining the types of
network structures that the emerging teacher leaders actually
cultivated in their professional environment. We returned to the
SNA survey data that had been used to create network maps for the
PD activity, but this time we analyzed the network density using
UCINET. Network density is a basic quantitative measure of ego
network structure, defined as the degree to which all contacts in a
network are connected with all other possible contacts. Density can
be quantified along a VNS continuum (Fig. 1), with at one extreme,
networks capturing all possible connections having a high density
of 1, and at the other extreme, networks with only connections
between the ego and individual contacts having a low density.

In our study, no teachers reported a network that was
completely open or completely closed. Instead, all teachers re-
ported networks that were less than 50% dense (Fig. 4A). On
average, network densities corresponded to approximately 29% of
all possible connections. As a consequence, each network was
missing more than half of all possible connections between a
teacher's contacts, and visibly appeared to have open regions (i.e.
structural holes) where connections were absent. Inspection of
both the most closed and open networks in our sample, corre-
sponding to Henry (Fig. 4B) and Marty (Fig. 4C) respectively,
showed contacts that were not maximally connected, consistent
with density calculations <50%.
6.3. Hybrid networks

During the PD discussion, we challenged the MTFs with a hybrid
network model of teacher leadership containing very dense and
very sparse regions within a single network. Our initial analysis of
the networks revealed densities <50%, which might be explained
by either hybrid-style networks (e.g. some individuals in the
network highly connected in groups, while others only connected
to the ego), or a low number of evenly distributed ties (e.g. all in-
dividuals in the network connected to 1e2 others). In both of the
above network images (Fig. 4B and C), we noted that the number of
Fig. 4. Ego network densities. Density in this information-based network was defined as the
connections in the network. (A) Distribution of teacher densities. Pseudonyms are listed acro
deviation is 28.9± 11.6%. The 50% cutoff is depicted by a dashed line to illustrate that all tea
dense teacher network in sample corresponding to Henry. (C) Diagram of least dense teach
relative to the ego (red) to show contacts in the same school (orange), district (yellow), stat
school level, despite being in the same district, state and nation.
connections was not evenly distributed over all contacts. For
example, the average density we observed for Henry (Fig. 4A and B)
was not the result of each contact having connections with a low
number of randomly distributed ties. Instead, we observed a group
of state/district contacts that was densely interconnected (Fig. 4B,
top), a distinct group of district/school contacts that was inter-
connected (Fig. 4B, bottom), and a pair of national contacts that was
connected (Fig. 4B, right). Connections between these groups was
minimal, or absent in the case of the national pair, and contributed
to a hybrid-style network structure with lower overall density.

Contacts who were connected to the ego, but none of the other
alters, also contributed to a hybrid-style network structure and
lower overall density calculation. For example, the average density
we observed for Marty (Fig. 4A,C) was depressed by the presence of
three contacts that were isolated from more densely collected
groups of contacts. A total of 23 isolated contacts were present in 9
of the 13 teacher networks, and just as in the case of Marty, the
isolated contacts were separated from one or more groups of more
densely connected contacts, as might be expected for hybrid-style
networks [see (Polizzi et al., 2019) for individual network maps].
In order to better understand the types of hybrid network struc-
tures that were important for teacher leaders, we also examined
the isolated contacts for howgeographically distant theywere from
the surveyed teacher. We found that 43% (or 10/23) of isolated
contacts appeared as (inter)national contacts. This finding indicates
that the largest proportion of sparse contacts in hybrid networks
are at longer geographic distances, and supports a teacher leader
model of local dense networks and distant sparse contacts.
7. Discussion

7.1. Teacher leadership activities can be organized around network
concepts and images

Network-enhanced leadership development models have been
advocated for in the management sector to empower leadership
through an understanding of the formation, strengthening, and
capitalization of network relationships (Cullen-Lester et al., 2017).
Network-based PD has also been investigated with teachers in
higher education related to instructional improvement (Van Waes
number of connections present in an ego's network, divided by the number of possible
ss the x-axis for each of the surveyed teachers (n¼ 13). Average density with standard
chers reported networks with more open than closed structures. (B) Diagram of most
er network in sample corresponding to Marty. Nodes are colored by closest geography
e (green), or nation (blue), noting that a teacher at the same school is listed only at the
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et al., 2016, 2018). Here, we adapted this leadership strategy from
the human resources and management fields, and applied it to
teacher leadership. We proposed that using VNS as a PD tool can
allow participants to explore network theory and organizational
behavior, both of which are advocated for in the network-enhanced
leadership development model. VNS provides several network
images that target a single concept from network theory and gen-
erates a frame of reference for internal comparing and contrasting.
While comparing visual models may seem intuitive to teacher ed-
ucators as a pedagogical technique for guiding reflection and
facilitating discourse, to our knowledge, VNS has not been reported
as a focused PD activity. In this activity, we found that teachers
successfully engaged in group discussions of hypothetical or real-
world scenarios using network principles despite limited expo-
sure to SNA and VNS. In the 1-h activity, the participants generated
28 distinct discussion points related to networks that were later
coded. This generative conversation was likely influenced by the
fact that teachers find themselves embedded in numerous implicit
networks related to teacher leadership, which can be made explicit
with purposeful facilitation.

7.2. Networks move science teacher discussions toward broader
leadership issues

York-Barr and Duke (2004) described what teacher leaders “do”,
such as improve school systems through mentoring and empow-
ering other teachers, but did not define the processes through
which teachers begin to think as leaders in more systemic terms.
Larrivee (2008) has argued that “carefully constructed guidance”
(pg. 345) is needed in the process of promoting critical reflection on
the teaching profession, such as challenging the status quo of po-
wer and control, and considering practices within broader socio-
logical, cultural, historical, and political contextsdthings we might
expect leaders to do. We provide our network-enhanced leadership
activity as one mechanism for providing that guidance and moving
teacher discussions toward leadership topics. By helping teachers
think about the systems inwhich they are embedded, the resources
that are available, and the goals they want to achieve, there is a
natural shift to systemic thinking, questioning how to redistribute
power and control, and broader contexts.

In support of this idea, we highlight the two discussion sce-
narios dealing with curriculum development. At first glance, cur-
riculum development might be seen as an individual teacher's
project, primarily concernedwith where to find information to take
back to their classroom. However, given the preceding discussion of
network concepts, the discussions turned to who in the system had
information, and were they in a position that was ready for
collaboration, or did something in the system need to change to
make it more collaborative. Further, the open ended discussions did
not generally focus on a single teacher's actions inside their own
classroom, but moved to more outward facing, systemic issues,
consistent with Wenner and Campbell's (2017) description of
teacher leaders enumerated in the introduction. Leadership related
topics included recruiting and staffing, interdisciplinary groups,
recognizing other teachers' abilities, professional organizations,
and school initiatives. Similarities and differences voiced in the
group discussion allowed teachers to make sense of different pro-
fessional networks, and how they might be mobilized both for
personal benefits and leadership opportunities.

7.3. Science teachers find meaning in both open and closed network
structures

During the teacher leadership activity, we observed that MTFs
were able to discuss open or closed networks. In the cases of open
networks, value was often placed on access to novel information
and expertise, rather than other outcomes associated with open
networks in the business world, such as autonomy or the power to
broker individual transactions (Table 1, left column). The MTFs
appeared to have found meaning in the networks related to
empowering the systems in which they were embedded, instead of
focusing on personal gain. Turning to the cases of closed networks,
value was often placed on collaboration and consensus building,
rather than other outcomes associated with closed networks from
the social sciences, such as feelings of well-being and belonging
(Table 1, right column). It is possible that the higher experience
levels of the MTFs caused the latter emotional features to be de-
emphasized, suggesting that feelings of inclusion afforded by
closed networks might be more important for novice teachers who
were not included in our sample. It is also not immediately clear
why twice as many comments were related to closed networks
compared to open networks. One possibility is that the leadership
focus of the group tended to identify with discussions of collabo-
ration and communication more than accessing novel information.
Another possibility derived from the network maps [Fig. 4 and
Polizzi et al.(2019)] is that a higher proportion of contacts were
involved in dense communication networks compared to being
isolated, which translated to MTFs thinking proportionately more
about their dense networks. Yet another possibility is related to the
egalitarian norms found in many schools. MTFs may have risen as
teacher leaders in part due to personal tendencies toward equal
access and sharing networks, or responded based on experiences
with dense interactions in department- or grade-wide initiatives. In
any case, the discussed values of both open and closed networks
were confirmed in the network maps generated before the PD
discussion. MTFs reported via survey that their actual networks
were somewhere on the VNS continuum between fully open and
fully closed networks, and then they verbally indicated how both
open and closed networks were important in their education
settings.

7.4. Teacher leaders benefit from a hybrid network with distinct
open and closed structures

Spillane and Kim (2012) have advocated that “teacher leaders
can increase other teachers' access to expertise and support,
thereby creating a more collaborative work environment” (pg 75).
In network terms, access to expertise and collaboration have been
associated with open or closed networks, respectively (Table 1),
and might be viewed as mutually exclusive options for an overall
network structure. Reagans, Zuckerman, and McEvily (2004)
explored an alternative network structure that includes distinct
open and closed areas within business networks. In their hybrid
network, the combination of dense local ties and more sparse
ranging ties were proposed to increase an individual's social capital
and a work team's performance. The local-distant nature of ties in
the hybrid model seems consistent with Tess's comments about
leading through accessing novel information from a conference
resource and then bringing it back to a dense network of school
colleagues lacking similar access to the information. Our analysis of
the network maps provides additional evidence for this model, as
densely connected work groups visually included school, district
and state contacts, while the largest proportion of isolated contacts
occurred outside the state in which a teacher worked. Given the
national scope of education and teacher professional organizations,
it is possible that teacher leaders may need to adopt a hybrid
network structure in order to gain social capital that can enhance
individual and collective performance.

This hybrid model may also help account for the diversity of
activities and responsibilities ascribed to teacher leaders in reviews
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of what teacher leaders do and why informal teacher leadership
may be conflated with formal leadership of teachers (Wenner &
Campbell, 2017; York-Barr & Duke, 2004). Teacher leader re-
sponsibilities in mentoring junior teachers and participating in
school change and improvement are consistent with our observa-
tion of higher numbers of contacts and higher density groups at the
more local, school and district levels. Additional activities that may
be characteristic of teacher leaders, such as participating in pro-
fessional organizations, or building partnerships with colleges and
universities to prepare future teachers (York-Barr & Duke, 2004),
are not necessarily tied into the local dense network. Instead, the
teacher leaders may represent their schools as more singular rep-
resentatives or brokers, and make less dense connections through
their state or (inter)national spheres of influence. Given the de-
mands of classroom teaching alone, it may be untenable for teacher
leaders to have overly dense networks, in which national and
school level contacts are collaborating, or multiple dense collabo-
rative groups in different spheres of influence. However, it is also
tempting to consider the dynamics of a hybrid structure in terms of
formal and informal leadership positions. At a point in which high
density at the local school level begins to be exchanged for higher
density at a district, state or national level, is a teacher more likely
to transition into more formal roles as a principal, curriculum
coordinator, or policy advocate?

8. Limitations

This study may have limitations in generalization, given the
small sample size and other leadership activities the MTFs engaged
in over the 5 years of support. For example, MTFs were grouped in
cohorts spanning school districts, supported in leadership activities
at local and state levels, and exposed to national teaching experts
through grant funding. In addition, our study only examines one
particular type of network characteristic even though there are
many other network features that might be important for teacher
leaders (e.g. tie strength, ego network heterogeneity, role model
homophily, etc.). We also did not investigate the accuracy of self-
reported network interactions disclosed during the activity
discourse, or during the network survey, suggesting the teacher
networks should be treated as perceived networks. However, our
intent with this study is to demonstrate the utility of VNS to discuss
network theory to promote network-enhanced professional
development in teacher leaders. Although we focused only on
network density, our preliminary use of VNS seems appropriate for
other PD with STEM educators, who often teach through the use of
visuals and system diagrams (e.g. food webs). For those in STEM
teacher (leader) preparation and education research, we see a
number of potential applications for VNS studies. We hope our
study encourages additional examination of VNS in both the
research and practice of developing teacher leaders.

9. Implications for VNS

VNS has been proposed as a methodology for a more direct
examination of SNA constructs such as density and betweenness,
rather than calculating these values from surveys of secondary ties
(Mehra et al., 2014). Subsequent SNA studies have incorporated
VNS as a methodology and time saving tool, but it is unclear the
extent to which the two distinct methods (i.e. VNS vs secondary
ties) routinely provide similar descriptions of the same network
characteristic. In our study, we analyzed the easily conceptualized
network characteristic of density, and gathered data from VNS and
secondary tie methods. Although our VNS and secondary tie data
were qualitative or quantitative, respectively, and our VNS datawas
collected from a group activity, our measures do provide a degree of
general agreement between the methods. Teachers discussed the
professional relevance of both open and closed networks on the
VNS continuum, and they provided secondary tie data that was
neither completely open nor completely closed, but instead had
regions of open ties and regions of closed groups. This finding of
general agreement between density constructs from VNS or sec-
ondary ties appears to be consistent with the findings of Brands,
Menges, and Kilduff (2015). In their study, two quantitative
network data sets were collected using either traditional secondary
ties or the new VNS measures. Correlations found between cen-
trality, cohesion, gender, and charisma in the traditional secondary
ties data set were also found in the VNS data set, indicating
agreement in the methodologies (Brands et al., 2015). Based on the
utility of VNS, we propose several possible uses for VNS in leader-
ship studies in the future, as detailed below.

9.1. Measuring teacher sphere of influence

In our study, Tess described a leadership opportunity derived
from leveraging her contacts in the broader community to bring
back novel information/expertise to her school working group. Our
examination of the network maps showed multiple examples of
contacts inside and outside the teacher leaders’ schools. We pro-
pose that examining a VNS of the geographic range of teacher
networks at the school/district/state/(inter)national levels may
serve as away of quickly analyzing spheres of influence and teacher
leadership capacity.

9.2. Longitudinal measure of how teacher leadership develops

The teachers in our study spanned experience ranges of
approximately 6e20 years in the classroom.We observed a range of
network sizes and densities, and are interested in possible re-
lationships between experience and network characteristics, or
how teacher leader networks change over time. We propose that a
VNS of size or density could be used at multiple time points, or in a
reflective activity in which teacher leaders select the network
characteristics that represent their development over time. For
example, teacher leaders may select network images that indicate
in year one of teaching they had large, dense networks that were
trimmed over time to form a hybrid-styled network image, and
indicate they were externally validated for their teacher leadership
at that time.

9.3. Professional development activity in teacher leadership
programs

Finally, our data have implications for the way that teacher
leaders are prepared. SNA has been incorporated into managerial
training schemes and MBA curricula, where it can help individuals
take an organizational perspective onworkplace issues, rather than
an idiosyncratic perspective that their issues are unique and
insurmountable. To this end, effective managers are expected to
understand the system in which they operate and how to navigate
the challenges to satisfactory conclusions. We see the potential for
teachers to receive similar systems training using VNS to equip
them with social network theory. In doing so, teacher leaders can
become similarly empowered to navigate their professional sys-
tems in higher functioning ways.

9.4. Selective criterion for teacher leadership opportunities

Selecting participants for an extended teacher leader program,
or even the single teacher leader activity we presented here, re-
quires defining a set of criteria for inclusion and screening



S.J. Polizzi et al. / Teaching and Teacher Education 83 (2019) 42e5352
candidates. Based on the data collected in this study, VNSmay serve
as a means to assess the leadership potential of teachers, since GPA
or year of experience may not depict the relationships that must be
leveraged by leaders. For example, our activity with teacher leaders
revealed networks of a general size with both open and closed
regions. It may not be advisable to select teacher leader candidates
who select images representing a diminutive network size, com-
plete isolation in their practice, or only a dense network of
redundant contacts at the school level. Additional leadership
studies are needed to determine those desired criteria.

9.5. Diagnostic for teacher leadership outcomes of an intervention

Teacher leadership initiatives and activities takemany forms but
are likely to include capitalizing on interactions and increasing
spheres of influence. Based on the diversity of network densities
and contexts that were captured in our activity, we propose that
VNS covering a range of network properties, such as density and
reach could be used to rapidly assess the ways in which an inter-
vention changed participants’ interactions. For example, VNS data
from before and after our five-year teacher leader project may have
shown that initially MTFs were not connected to stakeholders
beyond their district, but after the project, they were connected at
state and national levels as a positive outcome.

Acknowledgments

This work was supported in part by National Science Foundation
(NSF) Awards DUE-1035451 and DUE-1660736. The authors would
also like to gratefully acknowledge the financial support from
Kennesaw State University and our colleagues for providing valu-
able feedback on early drafts of this manuscript. The findings,
conclusions, and opinions herein represent the views of the authors
and do not necessarily represent the view of personnel affiliated
with NSF.

References

Alemdar, M., Cappelli, C. J., Criswell, B. A., & Rushton, G. T. (2018). Evaluation of a
Noyce program: Development of teacher leaders in STEM education. Evaluation
and Program Planning, 71, 1e11.

Baker-Doyle, K. J., & Yoon, S. A. (2011). In search of practitioner-based social capital:
A social network analysis tool for understanding and facilitating teacher
collaboration in a US-based STEM professional development program. Profes-
sional Development in Education, 37(1), 75e93. https://doi.org/10.1080/
19415257.2010.494450.

Balkundi, P., & Kilduff, M. (2006). The ties that lead: A social network approach to
leadership. The Leadership Quarterly, 17(4), 419e439. https://doi.org/10.1016/
j.leaqua.2006.01.001.

Bass, B. M., & Bass, R. (2009). The Bass handbook of leadership: Theory, research, and
managerial applications. Simon and Schuster.

Bearman, P. S., & Moody, J. (2004). Suicide and friendships among American ado-
lescents. American Journal of Public Health, 94(1), 89e95. https://doi.org/
10.2105/AJPH.94.1.89.

Borgatti, S. P., Everett, M. G., & Freeman, L. C. (2002). Ucinet for windows: Software
for social network analysis: Analytic technologies.

Borgatti, S. P., Everett, M. G., & Johnson, J. C. (2013). Analyzing social networks. SAGE
Publications Limited.

Borgatti, S. P., & Halgin, D. S. (2011). On network theory. Organization Science, 22(5),
1168e1181. https://doi.org/10.1287/orsc.1100.0641.

Borgatti, S. P., Mehra, A., Brass, D. J., & Labianca, G. (2009). Network analysis in the
social sciences. Science, 323(5916), 892e895. https://doi.org/10.1126/
science.1165821.

Borgatti, S. P., & Ofem, B. (2010). Overview: Social network theory and analysis. In
A. J. Daly (Ed.), Social network theory and educational change (pp. 17e29).
Cambridge, MA: Harvard University Press.

Brands, R. A., Menges, J. I., & Kilduff, M. (2015). The leader-in-social-network
schema: Perceptions of network structure affect gendered attributions of
charisma. Organization Science, 26(4), 1210e1225. https://doi.org/10.1287/
orsc.2015.0965.

Brass, D. J. (1984). Being in the right place: A structural analysis of individual in-
fluence in an organization. Administrative Science Quarterly, 29(4), 518e539.
https://doi.org/10.2307/2392937.
Brauckmann, S., & Pashiardis, P. (2011). A validation study of the leadership styles of
a holistic leadership theoretical framework. International Journal of Educational
Management, 25(1), 11e32. https://doi.org/10.1108/09513541111100099.

Brown, B. B. (1990). Peer groups and peer cultures. In S. S. Feldman, & G. R. Elliott
(Eds.), At the threshold: The developing adolescent (pp. 171e196). Cambridge, MA:
Harvard University Press.

Burt, R. S. (1992). Structural holes: The social structure of competition. Cambridge,
MA: Harvard University Press.

Burt, R. S. (2000). The network structure of social capital. Research in Organizational
Behavior, 22(0), 345e423. https://doi.org/10.1016/S0191-3085(00)22009-1.

Burt, R. S. (2004). Structural holes and good ideas. American Journal of Sociology,
110(2), 349e399. https://doi.org/10.1086/421787.

Burt, R. S., Kilduff, M., & Tasselli, S. (2013). Social network analysis: Foundations and
frontiers on advantage. Annual Review of Psychology, 64, 527e547.

Carter, D. R., DeChurch, L. A., Braun, M. T., & Contractor, N. S. (2015). Social network
approaches to leadership: An integrative conceptual review. Journal of Applied
Psychology, 100(3), 597e622. https://doi.org/10.1037/a0038922.

Coburn, C. E., Mata, W. S., & Choi, L. (2013). The embeddedness of teachers' social
networks: Evidence from a study of mathematics reform. Sociology of Education,
86(4), 311e342. https://doi.org/10.1177/0038040713501147.

Criswell, B. A., & Rushton, G. T. (April 6-9, 2013). A clearer vision: Findings from the
first year of a project designed to develop teacher leaders. In Paper presented at
the Annual International Conference of the National Association for Research in
Science Teaching, Rio Grande, Puerto Rico.

Criswell, B. A., Rushton, G. T., McDonald, S. P., & Gul, T. (2018). A Clearer vision:
Creating and evolving a model to support the development of science teacher
leaders. Research in Science Education, 48(4), 811e837. https://doi.org/10.1007/
s11165-016-9588-9.

Coleman, J. S. (1988). Social capital in the creation of human capital. American
Journal of Sociology, 94, S95eS120. https://doi.org/10.2307/2780243.

Cross, R., Parker, A., Prusak, L., & Borgatti, S. P. (2001). Knowing what we know:
Supporting knowledge creation and sharing in social networks. Organizational
Dynamics, 30(2), 100e120. https://doi.org/10.1016/S0090-2616(01)00046-8.

Cullen-Lester, K. L., Maupin, C. K., & Carter, D. R. (2017). Incorporating social net-
works into leadership development: A conceptual model and evaluation of
research and practice. The Leadership Quarterly, (1)https://doi.org/10.1016/
j.leaqua.2016.10.005.

Cullen-Lester, K. L., Woehler, M. L., & Willburn, P. (2016). Network-based leadership
development: A guiding framework and resources for management educators.
Journal of Management Education, 40(3), 321e358.

Cullen-Lester, K. L., & Yammarino, F. J. (2016). Collective and network approaches to
leadership: Special issue introduction. The Leadership Quarterly, 27(2), 173e180.
https://doi.org/10.1016/j.leaqua.2016.02.001.

Day, D. V., Fleenor, J. W., Atwater, L. E., Sturm, R. E., & McKee, R. A. (2014). Advances
in leader and leadership development: A review of 25 years of research and
theory. The Leadership Quarterly, 25(1), 63e82. https://doi.org/10.1016/
j.leaqua.2013.11.004.

Dempsey, R. (1992). Teachers as leaders: Towards a conceptual framework. Teaching
Education, 5(1), 113e120.

Dominguez, A., Saenz-de-Navarrete, J., de-Marcos, L., Fernanddez-Sanz, L., Pages, C.,
& Martinez-Herraiz, J.-J. (2013). Gamifying learning exeriences: Practical im-
plications and outcomes. Computers & Education, 63, 380e392.

Dozier, T. K. (2007). Turning good teachers into great leaders. Educational Leader-
ship, 65(1), 54e59.

Fleming, L., & Waguespack, D. M. (2007). Brokerage, boundary spanning, and
leadership in open innovation communities. Organization Science, (2), 165.
https://doi.org/10.1287/orsc.1060.0242.

Frank, K. A., Lo, Y.-J., & Sun, M. (2014). Social network analysis of the influences of
educational reforms on teachers' practices and interactions. Zeitschrift für
Erziehungswissenschaft, 17(5), 117e134. https://doi.org/10.1007/s11618-014-
0554-x.

Goodwin, C. (1994). Professional vision. American Anthropologist, 96(3), 606e633.
https://doi.org/10.1525/aa.1994.96.3.02a00100.

Ingersoll, R. M., & Merrill, L. (2010). Who's teaching our children? Educational
Leadership, 67(8), 14e20.

Kalish, Y., & Robins, G. (2006). Psychological predispositions and network structure:
The relationship between individual predispositions, structural holes and
network closure. Social Networks, 28, 56e84. https://doi.org/10.1016/
j.socnet.2005.04.004.

Kapp, K. M. (2012). The gamification of learning and instruction: Game-based methods
and strategies for training and education. John Wiley & Sons.

Katzenmeyer, M., & Moller, G. (2009). Awakening the sleeping giant: Helping teachers
develop as leaders. Thousand Oaks, CA: Corwin Press.

Kilduff, M., & Brass, D. J. (2010). Organizational social network research: Core ideas
and key debates. The Academy of Management Annals, 4(1), 317e357.

Krackhardt, D. (1990). Assessing the political landscape: Structure, cognition, and
power in organizations. Administrative Science Quarterly, 35(2), 342e369.
https://doi.org/10.2307/2393394.

KyNT3. (2015). Kentucky teacher leadership framework. Retrieved from https://
ctlonline.org/kentucky-teacher-leadership-framework/.

Larrivee, B. (2008). Development of a tool to assess teachers' level of reflective
practice. Reflective Practice, 9(3), 341e360. https://doi.org/10.1080/
14623940802207451.

Marsden, P. V. (1987). Core discussion networks of Americans. American Sociological
Review, 52(1), 122e131. https://doi.org/10.2307/2095397.

http://refhub.elsevier.com/S0742-051X(18)31339-8/sref1a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref1a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref1a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref1a
https://doi.org/10.1080/19415257.2010.494450
https://doi.org/10.1080/19415257.2010.494450
https://doi.org/10.1016/j.leaqua.2006.01.001
https://doi.org/10.1016/j.leaqua.2006.01.001
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref9
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref9
https://doi.org/10.2105/AJPH.94.1.89
https://doi.org/10.2105/AJPH.94.1.89
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref11
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref11
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref12
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref12
https://doi.org/10.1287/orsc.1100.0641
https://doi.org/10.1126/science.1165821
https://doi.org/10.1126/science.1165821
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref2a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref2a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref2a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref2a
https://doi.org/10.1287/orsc.2015.0965
https://doi.org/10.1287/orsc.2015.0965
https://doi.org/10.2307/2392937
https://doi.org/10.1108/09513541111100099
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref18
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref18
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref18
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref18
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref19
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref19
https://doi.org/10.1016/S0191-3085(00)22009-1
https://doi.org/10.1086/421787
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref22
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref22
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref22
https://doi.org/10.1037/a0038922
https://doi.org/10.1177/0038040713501147
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref3a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref3a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref3a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref3a
https://doi.org/10.1007/s11165-016-9588-9
https://doi.org/10.1007/s11165-016-9588-9
https://doi.org/10.2307/2780243
https://doi.org/10.1016/S0090-2616(01)00046-8
https://doi.org/10.1016/j.leaqua.2016.10.005
https://doi.org/10.1016/j.leaqua.2016.10.005
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref28
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref28
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref28
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref28
https://doi.org/10.1016/j.leaqua.2016.02.001
https://doi.org/10.1016/j.leaqua.2013.11.004
https://doi.org/10.1016/j.leaqua.2013.11.004
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref32
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref32
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref32
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref33
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref33
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref33
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref33
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref33
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref34
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref34
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref34
https://doi.org/10.1287/orsc.1060.0242
https://doi.org/10.1007/s11618-014-0554-x
https://doi.org/10.1007/s11618-014-0554-x
https://doi.org/10.1525/aa.1994.96.3.02a00100
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref38
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref38
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref38
https://doi.org/10.1016/j.socnet.2005.04.004
https://doi.org/10.1016/j.socnet.2005.04.004
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref40
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref40
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref40
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref41
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref41
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref42
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref42
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref42
https://doi.org/10.2307/2393394
https://ctlonline.org/kentucky-teacher-leadership-framework/
https://ctlonline.org/kentucky-teacher-leadership-framework/
https://doi.org/10.1080/14623940802207451
https://doi.org/10.1080/14623940802207451
https://doi.org/10.2307/2095397


S.J. Polizzi et al. / Teaching and Teacher Education 83 (2019) 42e53 53
Mehra, A., Borgatti, S. P., Soltis, S. M., Floyd, T., Halgin, D. S., Ofem, B., & Lopez-
Kidwell, V. (2014). Imaginary worlds: Using visual network scales to capture
perceptions of social networks. In Contemporary perspectives on organizational
social networks (pp. 315e336). Emerald Group Publishing Limited.

Mitchell, T. R., Holtom, B. C., Lee, T. W., Sablynski, C. J., & Erez, M. (2001). Why people
stay: Using job embeddedness to predict voluntary turnover. Academy of
Management Journal, 44(6), 1102e1121. https://doi.org/10.5465/3069391.

Muijs, D., & Harris, A. (2006). Teacher led school improvement: Teacher leadership
in the UK. Teaching and Teacher Education, 22(8), 961e972. https://doi.org/
10.1016/j.tate.2006.04.010.

NBPTS. (2016).What teachers should know and Be able to do (2nd ed.). Arlington, VA:
National Board of Professional Teaching Standards.

Obstfeld, D. (2005). Social networks, the tertius iungens orientation, and involve-
ment in innovation. Administrative Science Quarterly, 50(1), 100e130.

Penuel, W. R., Sussex, W., Korbak, C., & Hoadley, C. (2006). Investigating the po-
tential of using social network analysis in educational evaluation. American
Journal of Evaluation, 27(4), 437e451. https://doi.org/10.1177/
1098214006294307.

Podolny, J. M. (2001). Networks as the pipes and prisms of the market. American
Journal of Sociology, 107(1), 33e60.

Polizzi, S. J., Head, M., Barrett-Williams, D., Ellis, J., Roehrig, G. H., & Rushton, G. T.
(2018). The use of teacher leader roles in an online induction support system.
Teaching and Teacher Education, 75, 174e186. https://doi.org/10.1016/j.tate.2018.
06.010.

Polizzi, S. J., Jaggernauth, J., Ray, H. E., Callahan, B., & Rushton, G. T. (2015). Highly
qualified or highly unqualified? A longitudinal study of America's Public High
School Biology Teachers. Bioscience, 65(8), 812e821. https://doi.org/10.1093/
biosci/biv093.

Polizzi, S. J., Ofem, B., Coyle, W., Lundquist, K., & Rushton, G. T. (2019). Social
network data from teacher leader development. Data-in-Brief Journal.

Reagans, R., Zuckerman, E., & McEvily, B. (2004). How to make the team: Social
networks vs. Demography as criteria for designing effective teams. Adminis-
trative Science Quarterly, 49(1), 101e133. https://doi.org/10.2307/4131457.

Rushton, G. T., & Criswell, B. A. (2015). Plugging the 'leaky bucket' of early career
science teacher attrition through the development of professinal vision. In
J. A. Luft, & S. L. Dubois (Eds.), Newly hired teachers of science: A better beginning
(pp. 87e98). Rotterdam, Netherlands: Sense Publishers.
Rushton, G. T., Ray, H. E., Criswell, B. A., Polizzi, S. J., Bearss, C. J., Levelsmier, N., …

Kirchhoff, M. (2014). Stemming the diffusion of responsibility: A longitudinal
case study of America's chemistry teachers. Educational Researcher, 43(8),
390e403. https://doi.org/10.3102/0013189x14556341.

Rushton, G. T., Rosengrant, D., Dewar, A., Shah, L., Ray, H. E., Sheppard, K., &
Watanabe, L. (2017). Towards a high quality high school workforce: A longi-
tudinal, demographic analysis of US public school physics teachers. Physical
Review Physics Education Research, 13(2).

Soltis, S. M., Agneessens, F., Sasovova, Z., & Labianca, G. (2013). A social network
perspective on turnover intentions: The role of distributive justice and social
support. Human Resource Management, 52(4), 561e584. https://doi.org/10.1002/
hrm.21542.

Spillane, J. P., & Kim, C. M. (2012). An exploratory analysis of formal school leaders'
positioning in instructional advice and information networks in elementary
schools. American Journal of Education, 119(1), 73e102. https://doi.org/10.1086/
667755.

Taylor, M., Goeke, J., Klein, E., Onore, C., & Geist, K. (2011). Changing leadership:
Teachers lead the way for schools that learn. Teaching and Teacher Education,
27(5), 920e929. https://doi.org/10.1016/j.tate.2011.03.003.

Thorpe, R. (2014). Sustaining the teaching profession. New England Journal of Public
Policy, 26(1), 5.

Van Waes, S., De Maeyer, S., Moolenaar, N. M., Van Petegem, P., & Van den
Bossche, P. (2018). Strengthening networks: A social network intervention
among higher education teachers. Learning and Instruction, 53, 34e49. https://
doi.org/10.1016/j.learninstruc.2017.07.005.

Van Waes, S., Moolenaar, N. M., Daly, A. J., Heldens, H. H. P. F., Donche, V., Van
Petegem, P., et al. (2016). The networked instructor: The quality of networks in
different stages of professional development. Teaching and Teacher Education,
59, 295e308. https://doi.org/10.1016/j.tate.2016.05.022.

Wenner, J. A., & Campbell, T. (2017). The theoretical and empirical basis of teacher
leadership:A review of the literature. Review of Educational Research, 87(1),
134e171. https://doi.org/10.3102/0034654316653478.

York-Barr, J., & Duke, K. (2004). What do we know about teacher leadership?
Findings from two decades of scholarship. Review of Educational Research, 74(3),
255e316. https://doi.org/10.3102/00346543074003255.

http://refhub.elsevier.com/S0742-051X(18)31339-8/sref5a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref5a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref5a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref5a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref5a
https://doi.org/10.5465/3069391
https://doi.org/10.1016/j.tate.2006.04.010
https://doi.org/10.1016/j.tate.2006.04.010
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref49
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref49
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref50
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref50
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref50
https://doi.org/10.1177/1098214006294307
https://doi.org/10.1177/1098214006294307
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref52
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref52
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref52
https://doi.org/10.1016/j.tate.2018.06.010
https://doi.org/10.1016/j.tate.2018.06.010
https://doi.org/10.1093/biosci/biv093
https://doi.org/10.1093/biosci/biv093
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref8a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref8a
https://doi.org/10.2307/4131457
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref9a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref9a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref9a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref9a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref9a
https://doi.org/10.3102/0013189x14556341
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref11a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref11a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref11a
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref11a
https://doi.org/10.1002/hrm.21542
https://doi.org/10.1002/hrm.21542
https://doi.org/10.1086/667755
https://doi.org/10.1086/667755
https://doi.org/10.1016/j.tate.2011.03.003
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref57
http://refhub.elsevier.com/S0742-051X(18)31339-8/sref57
https://doi.org/10.1016/j.learninstruc.2017.07.005
https://doi.org/10.1016/j.learninstruc.2017.07.005
https://doi.org/10.1016/j.tate.2016.05.022
https://doi.org/10.3102/0034654316653478
https://doi.org/10.3102/00346543074003255

	The use of visual network scales in teacher leader development
	1. Introduction
	2. Background
	3. Framework
	4. Study
	5. Data analysis
	6. Results
	6.1. Social networks in teacher professional development
	6.1.1. Teacher discussions of closed networks
	6.1.2. Teacher discussions of open networks
	6.1.3. Educational networks experienced by teachers
	6.1.3.1. Recruiting and staffing
	6.1.3.2. Interdisciplinary groups
	6.1.3.3. Nominating teacher leaders
	6.1.3.4. School initiatives
	6.1.3.5. Professional organizations


	6.2. The density and structure of teacher information networks
	6.3. Hybrid networks

	7. Discussion
	7.1. Teacher leadership activities can be organized around network concepts and images
	7.2. Networks move science teacher discussions toward broader leadership issues
	7.3. Science teachers find meaning in both open and closed network structures
	7.4. Teacher leaders benefit from a hybrid network with distinct open and closed structures

	8. Limitations
	9. Implications for VNS
	9.1. Measuring teacher sphere of influence
	9.2. Longitudinal measure of how teacher leadership develops
	9.3. Professional development activity in teacher leadership programs
	9.4. Selective criterion for teacher leadership opportunities
	9.5. Diagnostic for teacher leadership outcomes of an intervention

	Acknowledgments
	References


