") Check for updates

American Educational Research Journal

April 2019, Vol. 56, No. 2, pp. 247-288

DOI: 10.3102/0002831218788528

Article reuse guidelines: sagepub.com/journals-permissions
© 2018 AERA. htip://aerj.aera.net

Access, Activation, and Influence:
How Brokers Mediate Social Capital Among
Professional Development Providers

Richard Paquin Morel
Cynthia Coburn
Northwestern University

Professional development [PD] providers can shape how teachers understand
and implement new policies. Yet we bave a limited understanding of how
providers develop the ideas they promote. We explore this by examining
social capital among mathematics PD providers. Using social network and
interview data, we identified providers in brokerage positions and analyze
their interactions. We found that broker behavior varied by organizational
setting. Brokers in school districts typically discussed logistical issues related
to PD delivery, while brokers outside of districts often discussed substantive
matbhematical topics. When district brokers did access substantive informa-
tion, they rarely shared it. We conclude that (1) the disconnect between
accessing and sharing diminished district brokers’ ability to support PD in
their districts and (2) the lack of substance diminished their ability to influ-
ence ideas about mathematics.
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Introduction

The widespread adoption of the Common Core State Standards brings
new ideas about instructional content, teaching and learning, and curriculum
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organization to classrooms across the United States. The standards differ
notably from previous state standards, particularly in mathematics (Cobb
& Jackson, 2011; Porter, McMaken, Hwang, & Yang, 2011; Schmidt &
Houang, 2012). During times of reform, schools and districts often turn to
professional development (PD) providers to support teacher learning
(Little, 1993). PD providers comprise a wide variety of practitioners, all
focused on offering teachers learning opportunities to improve their profes-
sional practice. As districts implement new standards, it is likely that they will
rely on PD providers to help teachers as they learn the expectations of the
new policy and begin to implement them in the classroom.

PD providers play an important, although often underacknowledged,
role in the policy implementation process (Coburn, 2005a; Knapp, 2003;
Little, 1993). The policy messages that teachers are exposed to, and how
those messages are framed, matter for the implementation process
(Spillane, Reiser, & Reimer, 2002). PD providers can actively filter, frame,
and interpret the meaning of reforms as they present them to teachers and
influence implementation in the classroom (Anagnostopoulos & Rutledge,
2007; Coburn, 2004, 2006; Woulfin, Donaldson, & Gonzales, 2015).

PD providers occupy a unique space in the educational sector. The edu-
cational sector consists of “system” actors—schools, districts, teachers,
administrators, state educational offices—and “nonsystem” actors—nonpro-
fits, universities, textbook publishers, commercial enterprises (Coburn,
2005a; Honig, 2004; Rowan, 2002). While researchers have often explored
the role played by system actors, they have paid increasing attention to
the role of nonsystem actors and intermediary organizations. Nonsystem
actors can shape school-based actors understanding policy expectations
(Coburn, 2004, 2005a, 2000), and intermediary organizations can provide
schools with resources, expertise, and administrative support (Honig,
2004; Honig, Venkateswaran, & McNeil, 2017). For-profit enterprises have
influenced the content and practice of teaching since the common school
movement (Burch, 2006; Clifford, 1984), and philanthropic organizations
are increasingly influential in creating educational policy (Reckhow &
Snyder, 2014).

Providers of PD span this divide between system and nonsystem set-
tings, which may influence the policy ideas that they promote in PD ses-
sions. While PD providers often come from nonsystem settings (e.g.,
universities, nonprofits, for-profits), it is not uncommon for districts to
develop the capacity to provide in-house PD. PD providers from many dif-
ferent settings participate in translating policy into practice. Aspects of an
organization, such as roles, routines, and dominant norms and beliefs, can
shape how actors understand policies (Spillane et al., 2002). It is likely
that these aspects vary across PD providers by their organizational setting.
This may lead to the development of different understandings of policy
demands, based on the organizational setting of the providers. Since
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teachers often experience PD from multiple providers, they may receive
incoherent or mixed messages about policies (Newmann, King, & Youngs,
2000; Penuel, Fishman, Yamaguchi, & Gallagher, 2007).

Despite the unique position of PD providers in the educational sector,
there has been little sustained attention on how providers develop the policy
messages they promote in PD opportunities. New policies, especially ambi-
tious ones like the Common Core State Standards, abound with ideas about
teaching and learning (Cohen & Moffitt, 2009). Which ideas get promoted
has consequences for the implementation of policy. Ideas are shaped by
social interactions. In conversations, people promote, frame, and interpret
information about new policies. This process shapes the content, availability,
and flow of information (Beckert, 2010). This is critical for the implementa-
tion of policies, since the available ideas in the environment can influence
which practices are adopted (Coburn, 2004, 2005b; Rao, Monin, &
Durand, 2003; Spillane, 1998). As PD providers interact, they develop shared
understandings about new policies, which they present to teachers in PD
opportunities.

Social capital theory provides a theoretical lens to explore how social
relationships among PD providers affects the flow of information and ideas.
Social capital consists of material and informational resources that actors
have access to through social ties (Coleman, 1988; Lin, 2002; Portes, 1998).
Scholars distinguished between social capital access, on the one hand, and
mobilization or activation, on the other (Lin, 2002; Smith, 2000, 2005).
Social ties enable actors to access information and resources. Actors encoun-
ter ideas and information that influence how they understand social phe-
nomena (Beckert, 2010; Burt, 1999). However, actors must capitalize on
this access by using the information and resources they access to achieve
goals and advance their interests (Granovetter, 1973; Smith, 2005). Not all
actors are equally positioned to access and activate social capital. A class
of actors called brokers have unique social capital advantages, conferred
by their position in a social network, that enable them to influence the con-
tent and flow of information (Burt, Kilduff, & Tasselli, 2013).

Using a social capital frame, this study explores the role of brokers in
a regional social network of mathematics PD providers. Drawing on social
network and interview data, we analyzed how PD providers who occupy
informal broker roles interact with others, focusing on how they accessed
and shared information and resources. The combination of network and
interview data allowed us to, first, identify providers in influential positions
and, second, to analyze the nature of their interactions. We found that while
brokers were located both within and outside of school district settings,
brokers from these settings engaged with their networks in contrasting fash-
ions. While brokers based in both district and nondistrict used their network
connections to access substantive information about mathematics PD,
district-based brokers much more often interacted around technical and
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logistical information about the planning and delivery of PD, particularly
when they shared information. The content of the information they shared
mostly involved such logistical details rather than substantive topics related to
mathematics PD. Brokers from nondistrict settings, on the other hand, both
actively accessed and shared substantive information. We characterize this as
a failure among district brokers to activate their social capital. From these find-
ings, we draw two key conclusions. First, at the local level, nondistrict brokers
had greater potential to support the complex work of planning and delivering
PD opportunities. By failing to activate their social capital, the information
accessed by district brokers was not relayed to other PD providers within dis-
tricts, preventing access to outside expertise. Second, at the network level, out-
side actors were more likely to shape ideas about the Common Core in the
mathematics PD network. Those nearest to the teaching and learning occurring
inside of schools were less likely to influence the information teachers would
receive about the Common Core mathematics standards.

Social Capital Access and Activation

To understand how interactions among PD providers shape social cap-
ital in a social network, we draw on the concept of brokerage (Burt, 1992).
Social capital is a critical resource for individuals in organizations, especially
for those engaged in complex work requiring knowledge from multiple
domains. Individuals can use social connections to access expertise in areas
relevant to their work, enabling them to be more effective at their job (Burt,
1992). Individuals can also use social capital to benefit organizational goals.
By accessing information and expertise that are not available locally, individ-
uals help support organizational work by sharing information with
colleagues or making connections between them. This is particularly impor-
tant for organizations that develop innovations (Hargadon & Sutton, 1997,
Obstfeld, 2005), whose work depends on expertise from different knowl-
edge domains (Hansen, 2002; Reagans & McEvily, 2003; Tortoriello,
Reagans, & McEvily, 2012) or who work in emerging fields (Owen-Smith
& Powell, 2004; Powell, Koput, & Smith-Doeer, 1996; Powell, White,
Koput, & Owen-Smith, 2005).

Providing PD requires knowledge from multiple domains, including
pedagogy, curriculum content and development, adult learning, and the
needs and desires of schools and districts. The adoption of the Common
Core introduces new curricular content and sequencing, along with new
ideas about teaching and learning (Coburn, Hill, & Spillane, 2016; Hill,
Beisiegel, & Jacob, 2013; Porter et al., 2011). Access to diverse expertise,
which is often distributed over different organizations in a region (Owen-
Smith & Powell, 2004), makes social capital a key resource for PD providers
as they develop the capacity to plan and deliver PD opportunities to teachers
in response to the Common Core.
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The Social Capital Advantages of Brokerage Positions

Whether used as a resource for individual or collective purposes, social
capital emerges from the social ties of individuals. The network position,
composition, and range of ties affect an individual’s access to social capital.
Of interest in the literature on social capital is the role of brokers, defined as
individuals who span gaps in networks and mediate between other actors
(Burt, 1992, 2007; Gould & Fernandez, 1989). By bridging gaps, brokers
have ties to areas of a network that their peers do not. This confers two dis-
tinct advantages for brokers. First, they have access advantages—the ability
to gather information and resources unavailable to others (Burt, 1992). This
often means that they have boundary-spanning ties to individuals in other
departments or organizations. For example, a PD provider working in
a school district who has a tie to a university researcher with expertise in
mathematics learning may have access to ideas about mathematics instruc-
tions that are unavailable to her colleagues. From the perspective of others
in the school district, the PD provider has privileged information that could
support the development and delivery of PD opportunities for teachers.

Second, thanks to their position of mediation, brokers have control
advantages—the potential to influence the flow of information and resour-
ces through a network (Burt, 1992). Since information must flow through
a broker to reach other areas of a network, a broker can manage information
by selectively sharing, hoarding, filtering, or translating information (Burt,
1999; Fernandez & Gould, 1994; Kellogg, 2014; Stovel & Shaw, 2012). For
this reason, brokerage positions can confer greater autonomy of action to
individuals compared with others (Burt, 1992). Returning to the previous
example, the PD provider can choose to share her information with others
in her district or hoard it. Or she can—intentionally or not—interpret that
information as she shares it, exerting a powerful influence on the informa-
tion teachers receive (Coburn, 2005a). She may translate information to
make it palatable to colleagues or to dissuade them from it. In any case,
her privileged access gives her a range of actions not available to her col-
leagues. Such control advantages allow brokers to shape both the flow
and the content of information across a network.

Brokers can use social capital advantages to advance personal or collec-
tive goals (Burt, 1992; Obstfeld, 2005; Stovel & Shaw, 2012). Because of their
access to privileged information and resources, they can provide valuable
resources to an organization. But through control advantages, brokers
have discretion over how to activate social capital. Through access and acti-
vation of social capital, brokers can benefit organizational work. But they
need not. A critical question for brokers is not just whether they access infor-
mation but also how they activate it. A PD provider who gathers information
from outside experts, but does not share this information with her
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colleagues, is not capitalizing on her privileged access to support PD devel-
opment and delivery.

Brokerage Position and Process

Answering such a question requires not only knowing who the brokers
are—that is, knowing the structural arrangements of networks—but also
how they interact with the people to whom they are connected. Much of
the empirical research on brokers focuses on the advantages of the structural
position of brokers, with comparatively little attention to how brokers enact
their social capital advantages (Burt et al., 2013; Obstfeld, Borgatti, & Davis,
2014). Yet it is the process of accessing and sharing information in social
interactions that shapes the content of information available in a network
(Beckert, 2010). Merely occupying a brokerage position does not ensure
influence over the content and flow of ideas. That depends on how brokers
interact with others. While position provides access to social capital, pro-
cesses are ways that individuals activate that social capital (Smith, 2005).
PD providers with access may talk to experts about the Common Core
math standards, gathering valuable information. They may activate this
access by using these ideas to develop PD sessions or by sharing them
with colleagues and collaborators. Or they may behave in very different
ways, gathering unnecessary information or not sharing critical expertise.
Strictly structural measures of brokerage may mask such on-the-ground dif-
ferences that could matter for the kinds of messages teachers receive in PD
sessions.

Few studies have used both network structural measures of brokerage
and detailed qualitative data to explore how brokers act (Obstfeld, 2005,
is an exception). No studies that we are aware of explicitly link network
measures and qualitative data to identify brokers and explore their interac-
tions. To understand how PD providers shape ideas that will reach teachers
in PD sessions, it is critical to link position and process. In this way, we can
identify who potentially influential providers are and how they may influ-
ence policy messages.

Data Collection

To investigate how PD providers in brokerage positions shaped social
capital, we drew on data from a larger study of mathematics and science
PD in a major metropolitan region in the western United States. The study
intended to capture the range of PD opportunities available to teachers
within the region. The region in the study consisted of four counties, the
metropolitan area itself and its three contiguous counties. We considered
PD providers to include anyone involved in the planning or delivery of
PD opportunities to teachers in any of the four counties. We did not require
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Wave 0 Wave 1 Wave 2 Wave 3
Exploratory Participant Participant Surveys (n = 104)
interviews (n = 10) interviews (n = 23) interviews (n = 42)
23 names generated 42 names generated 39 names generated
| 1 | /

Initial seed list Seed list Seed list

n=23 n=65 n =104

(28 + 42) (23 + 42 + 39)
\/

Final interview Final network sample
sample
Completed a survey
Interviewed and n=284
completed a survey
n=>58

Figure 1. Flowchart of snowball sample design.
Note. Exploratory interviews used to generate initial seed list are not included in the final sam-

ple. The final interview sample is the subset of the final network sample that includes all those

in the network with interviews.

that the PD providers were based in region, so long as they provided PD in
one of the four counties.

The larger study used interviews and surveys to map the advice and col-
laboration networks of PD providers in the two subjects. For the current
study, we used data on the advice network of PD providers in mathematics.
We chose the mathematics network because the state in which the study was
conducted had already adopted and begun implementing the Common Core
standards in mathematics. The second author, along with a team of research
assistants, collected the interview data for the study. Interviews were con-
ducted between March 2013 and June 2014. The first and the second author,
along with research assistants, collected the survey data in January of the fol-
lowing year.

Since the network under investigation spanned a variety of organiza-
tions in a region, we did not know the population of PD providers in
advance of data collection. There was no available roster listing all the pro-
viders in the region. Therefore, we used a three-wave snowball sampling
design (summarized in Figure 1). Snowball methods allow researchers to
collect network data when population boundaries are ill-defined (Doreian
& Woodard, 1994). We began the snowball by conducting exploratory inter-
views with PD providers selected to represent the geographic areas and the
range of actors and organizations providing PD (Wave 0, n = 10). We
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identified individuals in key PD organizations in each of the four counties,
including providers from school districts, charter management organizations
(CMOs), nonprofit organizations, for-profit organizations, and local universi-
ties. The purpose of the exploratory interviews was to solicit the names of
individuals involved with providing PD in the region. We used this informa-
tion to create an initial list of names that formed the seeds of the snowball.
We defined three criteria for inclusion in the sample: (1) participants had
helped plan or provide mathematics PD for teachers, (2) the PD occurred
in at least one of the four counties in the region, and (3) the PD occurred
within the past year. Our initial seed list consisted of the names of 23 pro-
viders and their home organizations. With this list, we began the main
part of the snowball sample.

We conducted two waves of interviews and one wave of surveys. For
each interview wave, we followed the same protocol (Figure D).
Interviews covered four main topics: (1) beliefs about the qualities of effec-
tive PD, (2) beliefs about the qualities of good mathematics instruction, (3)
descriptions of the mathematics practices they were promoting in their PD,
and (4) their collaboration and advice networks (see Appendix A, available
in the online version of the journal, for the interview protocol). This article
draws from the fourth section of the interviews. For this section, interviewers
provided participants with the list of names. Going through each name on
the list, they asked participants if they went to that individual for collabora-
tion or advice about PD. If the participant said yes, interviewers then asked
what they talked about and why they reached out to that person. After the
names on the list were exhausted, interviewers asked participants to name
anyone they went to for collaboration or advice related to PD who was
not included in the list. We did not restrict the number of names individuals
could offer, nor did we restrict their answers to include only other PD pro-
viders. After completing the interviews in each wave, we evaluated the addi-
tional names provided by the participants for inclusion in the study. If they
met our three criteria, we appended the names to the list for the subsequent
wave of data collection.

Wave 1 consisted of interviews with the 23 participants on our initial
seed list. Based on these interviews, we added an additional 42 providers.
We interviewed these newly added providers in Wave 2, providing them
with the appended list of 65 names. Wave 2 generated an additional 39
names that met our criteria. For Wave 3, we opted to conduct a survey rather
than interviews. We chose to do this due to time and resource constraints.

The survey was sent to all 104 participants generated in our snowball
sampling (i.e., all the participants from Wave 1, Wave 2, and Wave 3). This
gave all participants an opportunity to see the fully appended list. The sur-
vey mirrored the fourth part of the interview. Participants saw a list of names
and indicated to whom they went for collaboration or advice. As before, the
survey solicited additional names from participants, which were added for
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Table 1
Survey Response Rate by Sector

No Yes
District 25% 75%
Charter 22% 78%
Other 12% 88%

Note. Fisher’s exact = 0.2507; N = 52 (district), 9 (charter), 43 (other).

a hypothetical fourth round. At this point, we conclude the snowball pro-
cess. The overall response rate for the survey was 80.8%. Critical to this study
is the multi-organizational nature of the network. PD providers were in
school districts, CMOs, and an array of nonprofit and university-based organ-
izations. To alleviate concerns about selection bias due to differential
response rates by subgroups, we conducted an analysis of the response
rate. We found no systematic differences in response rate by organizational
sector (Table 1).

To form our final sample for the study, we included only those partici-
pants who completed a survey. We excluded participants who were inter-
viewed but did not complete a survey. We reasoned that these individuals
did not have an opportunity to see the entire list of PD providers and, thus,
did not represent complete observations. Only seven interviewees did not
complete a survey. This resulted in a final sample size of 84 providers.

In addition, we collected attribute data on each participant in the study,
including gender, organization, organizational sector, and organizational
position. We defined organizational sector as a collection of organizations
subject to similar regulations with similar organizational structures, funding
sources, and nature of work. We defined six sectors: (1) nonprofit, (2) school
district, (3) CMO, (4) state or county government, (5) university, and (6)
other organizations that did not fit into the previous categories, including
for-profits and independent consultants. For organizational position, we col-
lected each provider’s formal position name in the organization and grouped
these into categories based on shared characteristics. We defined five posi-
tions: (1) direct PD provider, (2) middle manager, (3) leader, (4) academic,
and (5) other. Table 2 provides definitions of our constructs.

Data Analysis

Analysis of the data occurred in three steps. We first analyzed interviews
to determine people that interviewees went to for advice. We used this infor-
mation to construct the advice network of PD providers. Second, using this
network data, we identified brokers in the network using a simulation-based
statistical test of brokerage position. To do this, we specified an exponential
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Table 2
Key Constructs Used in the Study
Construct Definition Examples
Broker An actor who connects two See Figure 2
otherwise disconnected actors in
a network, fulfilling one of at least
five distinct brokerage roles
Organizational A collection of organizations that Nonprofit, school district,
sector operate under the similar charter management
regulatory regimes and have organization, county
similar structures, hierarchies, and government, university,
modes of production and other
Organizational The generic role played by
position individuals within an organization
Direct PD An individual whose primary role is Instructional coaches, PD
provider to conduct PD with teachers specialists, content
specialists
Middle An individual who supervises others District director of
manager in his or her organization. The mathematics,
individual may also provide PD mathematics
(or plan it, or create materials for coordinator, directors of
teachers), but he or she also department within an
manages other people who likely organization
provide PD as their primary role
Leader A district or organizational leader Superintendent, assistant
who manages, or helps to manage, superintendent,
a school, school district, or executive director of
nonprofit a nonprofit, founder of
organization, principal
Academic A university professor, lecturer, Professors, lecturers,
graduate student, or researcher at university-based
the postsecondary level who does researchers,
research on or helps to plan PD. postdoctoral candidates,
He or she may also deliver PD, but graduate students
the role at the university is his or
her primary one.
Other Any position in an organization that Independent consultant

does not fit the above categories

Note. PD = professional development.

random graph model (ERGM) of the network, checked its goodness of fit,
and used the estimated parameters to simulate networks. We derived a distri-
bution of brokerage statistics from those simulated networks and identified
providers whose observed brokerage scores fell above the 95th percentile of
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Table 3
Basic Network Statistics

Size 84
Number of ties 505
Density 0.072
District 39
Charter management organization 7
Independent nonprofit 11
University-based 18
County office of education 5
Other 4

the distribution. Third, we analyzed the content of broker interactions by
coding interviews with the brokers we identified and the providers to
whom those brokers were connected. We used an iterative coding process,
beginning with a theory-based codebook, which we iterated through open
coding of the interviews. Below, we detail the three steps of our analysis.

Constructing the Advice Networks

We first analyzed interviews for instances of advice seeking. If a partici-
pant said that he or she went to someone for advice about mathematics PD,
we coded this as advice seeking. From that coding and the surveys, we gen-
erated a sociomatrix representing advice seeking among the PD providers in
the study. A sociomatrix is an 7 X 7 matrix with the names of participants
forming the rows and columns of the matrix. In each cell, we entered a 1
if the row individual sought advice from the column individual, and a 0 other-
wise. Rows, therefore, indicate instances of advice seeking among providers;
columns represent instances where providers were sought out for advice by
others. We only included those individuals who met our criteria and com-
pleted a survey (n = 84). To analyze the network, we imported the socioma-
trix and attributed data into R, using the “statnet” suite of packages
(Handcock, Hunter, Butts, Goodreau, & Morris, 2008). We ran ERGMs in R
using the “ergm” package (Hunter, Handcock, Butts, Goodreau, & Morris,
2008), a part of “statnet.” Basic network statistics are shown in Table 3.

The network contained 84 PD providers located in six sectors. District-
based providers comprised the plurality of the network (46%), followed by
providers in university settings (21%), nonprofit settings (13%), CMOs (8%),
and state or county offices of education (6%). Four providers in “other” sec-
tors (5%) included independent consultants and for-profit providers. The
network density is a measure of the ratio of observed ties to potential ties.
A density of 1 means that every actor in a network is connected to every
other actor, while 0 means that there are no ties among any of the actors.
Sparse networks, with densities near 0, have many potential brokerage
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opportunities, since there are many gaps between individuals in the network
(Burt, 1992). The advice network of PD providers was sparse, with a density
of 0.07, giving providers many opportunities for brokering.

Identifying Brokers in the Advice Network

To identify brokers, we employed a measure developed by Gould and
Fernandez (1989). This method exploits group membership, important for
our multi-organizational network. For this study, we define group member-
ship as belonging to the same organizational sector, as defined in Table 2.
Ideally, we would use organization as the grouping category, but in the
case of this study, approximately half of organizations had only one or
two individuals represented in the network. By grouping at the sector level,
we obtain better estimates of brokering for the models we use for our net-
works. “Within-group” brokerage in this case indicates when an individual
mediates between two others in the same sector, but not necessarily the
same organization. For example, a provider based in a school district medi-
ating between two providers in other school districts would qualify as
within-group brokering. We believe this is a reasonable grouping method,
for two reasons. First, expertise is often distributed across sectors, with sec-
tors tending to specialize in different areas of expertise (Powell et al., 1996).
Second, in the case of the present network, sector acted as a reasonable
proxy for within-organization brokering. The majority (81%) of within-sector
ties were also within-organization ties. For school districts, this is even more
pronounced, with 91% of within-sector ties comprising within-organization
ties.

In multisector, interorganizational networks such as ours, sector affilia-
tion may have important implications for brokerage. Within- and between-
group brokers can play substantially different roles in supporting collective
work (Obstfeld et al., 2014). Actors who broker between groups can act as
boundary spanners, bringing in new ideas, or as gatekeepers, managing the
flow of information. Ties to diverse groups and the ability to span structural
holes between groups are associated with the production of novel ideas and
products (Reagans & McEvily, 2003; Ruef, 2002). Within-group brokerage
may support work by connecting people across departments within organ-
izations or organizations within a sector (Obstfeld et al., 2014).

Gould and Fernandez’s (1989) approach counts the number of times an
actor is connected to two other actors who are not themselves connected. If
k connects to i and to j, but 7 and j are not otherwise connected, this is
counted as one instance of brokering for 4. In network analysis, such struc-
tures are called intransitive triads. An actor’s brokerage score is the count of
the number of intransitive triads in which she occupies the mediating posi-
tion. Using group affiliation, there are five possible brokerage roles based on
group membership falling into one of two categories—within- or between-
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Within-group brokerage roles Between-group brokerage roles
r N\ 4 D)
OO O--@
Coordinator Representative
O-0-O O-@-@
Consultant Gatekeeper
O_"
Liasion

Figure 2. Possible brokerage roles according to Gould and Fernandez’s (1989)
typology.

Note. Shading indicates membership in different organizational sectors. To give an example,
white represents school districts, gray represents nonprofit organizations, and black repre-
sents universities. In the coordinator role, all three providers belong to school districts and
so are shaded white. In the gatekeeper role, the first provider belongs to a school district,
while the broker and the third provider belong to nonprofit organizations. In the liaison
role, all three members of the triad are in different organizational sectors. The first provider
is in a district, the broker is in a nonprofit organization, and the third provider is in a university.
Within-group brokerage occurs when a broker brokers between two providers from the same
sectors, regardless of the sector membership of the broker. Between-group brokerage occurs

when a broker brokers between two providers from different sectors.

group brokerage (Figure 2). For the purposes of this study, we consider a pro-
vider a broker if he or she had a significant score in any of the brokerage roles,
but we do not further analyze any differences in the brokerage roles.

To determine if an actor’s brokerage score in any role was greater than
what is expected due to random variation, we developed a nonparametric
test using a baseline model drawn from the exponential family of random
graph models (Goodreau, 2007; Jasny & Lubell, 2015; Lubbers & Snijders,
2007; Robins, Pattison, Kalish, & Lusher, 2007). Since observations in net-
work data are inherently interdependent, the standard assumptions of infer-
ential statistics are violated. The purpose of the baseline model is to
construct a distribution of network statistics via simulation from which to
make inferences. ERGMs estimate the probability of tie formation for any
given pair of actors based on specified parameters.
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The general form of an ERGM is

P(Y=y)= (%) exp{é szle(y)}

The probability of realizing the observed network P(Y =y) is a function of &
parameters 6 of statistics z(y) of the observed network. Such statistics can
include the number of edges, reciprocated ties, shared partners, or many
others. The term « is a normalizing constant used to ensure that the equation
expresses a probability that ranges between 0 and 1.

We specified five parameters 6 based on theory and characteristics of the
observed network. We chose four endogenous parameters, representing
structural characteristics of the network, and one exogenous parameter, rep-
resenting characteristics of the providers. Since we are examining brokering
within and across sectors, we chose an exogenous variable to capture the
tendency for providers based in different sectors to form ties. In this case,
we created a dummy variable for whether the provider was based in a
district-like setting (i.e., in a school district or CMO). We reason that organi-
zational conditions and demands for brokerage are likely similar between
districts and CMOs, and among nonsystem settings.

1. Reciprocity indicates the number of ties that are mutual—that is, in which every
two providers access information from each other.

2. Intransitivity indicates the number of triads in the network where i seeks
advice from j, and j seeks advice from k, but i does not seek advice from
k—in other words, the tendency for a provider to not seek advice from the
partners of the people they seek advice from. This creates a brokerage oppor-
tunity for j, who mediates between i and k. Intransitivity therefore captures
potential brokerage opportunities in the network.

3. Triadic openness also captures brokerage tendencies in the network. It indi-
cates the number of different partners that two providers who do not seek
advice from each other have in common. The term is geometrically weighted
so that each subsequently shared partner has a decreasing impact. In other
words, the first shared partner has a greater impact than the second, the second
than the third, and so on. The term not only captures brokerage tendencies in
the network, it helps avoid the well-documented problem of degeneracy—
when the model fails to find the sample space that would contain the observed
network (Hunter, 2007).2

4. Triadic closure indicates the number of shared advice partners that two pro-
viders who seek advice from each other have in common. If 7 and j seek advice
from each other, and from k& /, m, and n, then they have four shared partners.
This captures how much closure there is in the network. With a great deal of
closure, there are often fewer chances for brokering within groups, but poten-
tially more opportunities between groups. This term is also geometrically
weighted, helping avoid degeneracy.
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5. Effect of organizational setting on advice seeking and giving is an exogenous
term that captures whether there is an association between a provider’s orga-
nizational setting and the number of advice seeking or giving ties they have.
The term is a dummy variable indicating if the provider works in a school dis-
trict or CMO. We collapsed the district and CMO sectors into a “district-based”
variable. The remaining sectors (nonprofit, university, county educational
agencies, and others) form the “nondistrict” reference group. Since the net-
work is directed, this adds two terms to the model, one for advice giving
ties and one for advice seeking ties.

After specifying and estimating our model, we conducted goodness-of-
fit tests to assess how well the model fit the data. We evaluated goodness-of-
fit by comparing statistics of our observed network to the distribution of net-
work statistics produced by simulating random networks based on the
model (Hunter, Goodreau, & Handcock, 2008). Ideally, simulations should
produce normally distributed network statistics, and the observed network
should fall near the mean. Our model fit the data nicely, with most network
statistics near the mean. Given that our identification of brokers depends on
the model specified, we also conducted sensitivity tests comparing the
model fit with results of several models. We describe this in detail in
Appendix B (available in the online version of the journal).

Our test proceeded in the following manner. Using specified model, we
estimated the parameters for the model using Markov chain Monte Carlo
maximum likelihood estimation. We used the estimated model parameters
to generate 1,000 simulated networks. For each actor in each simulated net-
work, we calculated brokerage scores. Given differences in sizes of each sec-
tor in the network, we constructed conditional distributions of brokerage
scores based on organizational sector by taking random draws of 1,000
scores per role per sector. At this point, each sector had a distribution of bro-
kerage scores for each brokerage role. We compared the observed broker-
age scores for each actor with the condition distribution of brokerage
scores for their sector. We obtained p values by taking 100 minus the percen-
tile of the observed brokerage score. A provider with a p value of .05 or less
in any brokerage role was considered a broker.

Analysis of Broker Activities

To analyze how brokers interacted with others to access and activate
social capital, we first extracted each broker’s ego network from the main
network to identify her alters. An ego network is defined as the focal actor
(the “ego”) and her network ties (her “alters”). We collected interviews with
brokers and their alters and organized these into groups in ATLAS.ti. Since
not all actors in the network were interviewed (i.e., anyone added for the
third wave of data collection), we were unable to analyze data from some
actors. This yielded a total of 51 interviews to code—14 broker interviews
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and 37 alter interviews. One provider identified as a broker was not inter-
viewed, since she was added in Wave 3. She is included in any quantitative
analysis of brokers but is not included in the qualitative analysis.

To code the broker and alter interviews, we used an iteratively devel-
oped codebook. We first deductively defined two major categories of broker
activity based on brokerage theory—accessing activities and sharing activi-
ties. We used these broad categories to code interviews and then inductively
refined subcategories to capture the content of those activities. Table 4
shows the codes and examples from the interviews to illustrate them.
Accessing activities are those in which a broker gathers information or
resources from her network (Burt, 1992; Monge & Contractor, 2003).
Accessing codes were used for interviews with brokers, since in those inter-
views, brokers described seeking advice from others. We coded for the con-
tent of the information brokers accessed, including information on a specific
topic, information on the activities of others, logistical information, the per-
spective of others, and material resources. Sharing activities are those in
which a broker transfers information or resources to others in their network
(Hansen, 2002; Kellogg, 2014; Obstfeld, 2005). Through sharing, brokers
shape the content and flow of information and activate their social capital
access. We captured sharing by coding interviews with each broker’s alters.
Sharing occurred when an alter described going to a broker for information
or resources.

We coded interviews in groups. First, we coded an interview with a bro-
ker, using the accessing codes. We analyzed the interview for instances
where a broker described interacting with an alter, applying a code to cap-
ture the activity. Next, we coded interviews with each of the broker’s alters,
using the sharing codes. For these interviews, we looked for instances where
the alter described interacting with the broker in question. We applied shar-
ing codes that captured the nature of the activity when applicable.

After coding each group of interviews, we tallied instances of each code,
recording it on a spreadsheet. We created a series of matrix data displays
(Miles, Huberman, & Saldana, 2013) showing the range of content of inter-
action by coding category. First, we created a display of counts of each code
for each broker. We then synthesized the data by finding the proportion of
each interaction type per broker. We arranged the data into a two-way table
showing the mean proportion of each interaction type by organizational set-
ting. Since some of the sectors had only a few actors, we grouped sectors by
whether it was embedded within a school district (school district and CMOs)
or not (universities, nonprofits, county education agencies, and others).
Finally, we created network maps for each broker showing their ego net-
work. For each network tie, we displayed the content of the interaction.
Together, these analyses helped us uncover patterns of interaction.
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Table 4
Description of Codes Used to Analyze Broker and Alter Interviews
Code Description
Accessing Brokerage activities that involve using network position to build

Information on
a specific topic

Perspective of
others

Logistical
information

Activities of others

Material resources

Sharing

Information on
a specific topic

Perspective of
others

Logistical
information

social capital by gaining access resources or information.
Brokers describe going to others in their network to gatber
information or material resources.

Broker describes interacting with an alter to learn about a topic in
mathematics teaching, learning, or PD. The topic is clearly
named and specific—for example, formative assessments or the
Common Core standards.

Broker describes interacting with an alter to get his or her
perspective on an issue in PD. Perspective relates to one’s
experience, role, or context. Unlike the above, perspective
seeking is general and not specific to a topic—for example, an
alter’s experience as a high school teacher.

Broker describes interacting with an alter to get advice about the
technical details involved in a current project or to get support
navigating an organization—for example, asking about who
oversees decisions or trying to coordinate dates and times of PD
sessions.

Broker describes interaction with an alter to learn about what
others are doing—for example, asking to learn about the kind of
math instruction that is occurring in another district.

Broker describes interacting with an alter to secure material
resources—for example, textbooks or funds.

Brokerage activities that involve providing others with resources or
information. Alters describe going to a broker to get information
or material resources.

An alter describes getting from a broker information on a topic in
mathematics teaching, learning, or PD. The topic is clearly
named and specific—for example, formative assessments or the
Common Core standards.

An alter describes getting from a broker his or her perspective on
an issue in PD. Perspective relates to one’s experience, role, or
context. Unlike the above, perspective seeking is general and
not specific to a topic—for example, a broker’s experience as
a high school teacher.

An alter describes getting from a broker advice about the technical
details involved in a current project or to get support navigating
an organization—for example, asking about who oversees
decisions or trying to coordinate dates and times of PD sessions.

(continued)
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Table 4 (continued)

Code Description

Activities of others An alter describes getting from a broker information to learn about
what others are doing—for example, asking to learn about the
kind of math instruction that is occurring in another district.

Material resources An alter describes getting from a broker material resources—for
example, textbooks or funds.

Note. PD = professional development. Accessing codes used to code interviews with
brokers; sharing codes used to code interviews with brokers’ alters.

Findings

To explore the role of brokers in the advice network of PD providers,
we present two sets of findings. First, we describe the brokers identified
using the simulation-based test of brokerage position. We found brokers dis-
tributed throughout the network, with no association between organiza-
tional setting and brokerage status. This suggests that each organizational
sector in the network had similar access to social capital through brokers.
Second, we draw on our analysis of interviews to show how these brokers
interacted with their network ties to access and activate social capital. We
found that organizational setting influenced both the kinds of interactions
brokers engaged in and the content of those interactions. This occurred in
two ways. First, brokers based in organizations outside of school districts
more actively shaped the flow and content of information about mathemat-
ics PD in the network than brokers based in school districts. Second, there
was a disconnect between social capital access and activation among district
brokers, suggesting that these brokers did not mobilize their social capital
resources to support organizational work.

Overall, these findings suggest that brokers’ organizational setting influ-
enced how they engaged with social capital resources. While brokers from
both district and nondistrict settings provided similar access to social capital
for their home organization, brokers from districts did not take advantage of
their position in the same way that nondistrict brokers did. This diminished
their potential to (1) shape the content and flow of information in the net-
work and (2) support organizational work through activation of social
capital.

The existing literature on brokerage has often ignored the role of con-
text in shaping brokerage activities. It is almost exclusively concerned
with structural position, independent of the context in which brokers are
embedded (Obstfeld et al., 2014). Brokerage positions are assumed to pro-
vide uniform advantages, regardless of context. Yet, in this case, the findings
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show that context had a profound impact on the type and content of inter-
actions among the brokers.

Our findings focus on two categories of information accessing and shar-
ing: (1) information on a specific topic in mathematics PD and (2) informa-
tion related to logistics of planning and delivering PD. We characterize the
first as substantive information, since it deals with important topics related
to mathematics, the Common Core, and best practices for PD. As shown
in Table 4, we identified and coded three other content categories for access-
ing and sharing. We present the results for these categories to put the per-
centages in the larger context of the study; however, we do not discuss
them in our substance of our findings.

Locating Brokers in the PD Network

Using our simulation-based test, we found 15 of 84 PD providers occupied
at least one of the Gould and Fernandez brokerage roles, as defined in Figure 2.
These providers occupied network positions where the number of times they
mediated between two unconnected providers was greater than expected,
according to the ERGM-based simulation. Table 5 shows observed brokerage
scores for each category, along with simulation-based p values. Brokerage posi-
tions are not mutually exclusive, so a single broker may have more than one
significant brokerage score. For the purposes of this article, we define as a bro-
ker any provider who had a significant score in at least one category.

The brokers reflected the range of organizational sectors and positions
in the network, suggesting that organizations had access to internal and
external social capital. Brokers were almost evenly split between district
and nondistrict settings. Eight brokers worked in school district settings
(including CMOs), serving in a variety of organizational positions. These
brokers worked in the central district offices to plan and deliver PD for
teachers in the district. Four of the brokers served in middle management
positions, serving as directors or leaders of district departments or subunits.
These providers were often responsible for planning, rather than delivering,
PD sessions and units. Esther Dreyer, for example, worked in her district’s
mathematics department, responsible for mathematics programming
throughout the district. She helped organize and plan PD units for teachers
throughout the district. Sandra Cross served as the head of human resources
and PD for a local CMO. Sandra was also the only broker from a CMO. The
remaining three district brokers were direct PD providers, meaning that they
were responsible for delivering PD sessions to teachers. These brokers were
also occasionally involved in planning PD sessions as well.

The seven brokers based outside of school districts were in three sec-
tors: (1) universities, (2) nonprofits, and (3) county educational agencies.
Two were academic researchers involved in planning or delivering PD.
Jessica Varney was a doctoral student from a local university who worked
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Table 6
Brokerage Status by Sector and Organization
Broker Nonbroker

Sector®

CMO 1 6

District 7 32

Nonprofit 3 8

University 2 16

County office of education 2 3

Other 0 4
Position”

Direct PD provider 3 26

Leadership 7 21

Middle management 2 16

Academic researcher 3 5

Other 0 1

Note. CMO = charter management organization; PD = professional development.
Fisher’s exact = 0.6007.
PFisher’s exact = 0.2271.

with local school districts to support the delivery of mathematics PD. Two
others, Stephen Martell and Darren Ellis, served as executive directors of
educational nonprofit organizations that frequently collaborated with dis-
tricts in the region. Javier Hernandez and Kate Ramirez both worked in
a county-level educational agency in middle management positions coordi-
nating mathematics PD for instruction in the county. Finally, César Morales
worked in a middle management position at a university-based nonprofit
directing the nonprofit’'s mathematics PD center.

Importantly, organizational sector did not matter for whether a provider
occupied a brokerage position. Organizations in each of the major sectors
therefore had similar access to social capital through the brokers. This access
is critical for gathering information and expertise to support the complex
work of delivering PD (Reagans & McEvily, 2003). Each of the five major sec-
tors represented had at least one provider in a brokerage position (Table 6).
There was no statistical association between organizational sector and bro-
kerage status (Fisher’s exact = 0.6007), nor between organizational position
and brokerage status (Fisher’s exact = 0.2271). Only the catch-all category
Other did not have any brokers, but this was not surprising as this category
only had four individuals in it.

Activating and Influencing Social Capital

Brokerage scholars argue that network position enables brokers to
access privileged information and influence its flow and content. While
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the presence of brokers in each of the major sectors in the network suggests
that brokers from both district and nondistrict settings occupied similar posi-
tions of social capital advantage, we found that brokers based in school dis-
tricts accessed and shared different kinds of information compared with
those based outside of school districts. Compared with brokers in organiza-
tions like universities and nonprofits, brokers based in school districts more
often sought or shared logistical information dealing with the technical
details of planning and delivering PD—details like budgets, planning for
teacher release days, and support navigating district bureaucracy. Brokers
from nondistrict settings, on the other hand, primarily interacted around sub-
stantive topics in mathematics PD—topics like the Common Core mathemat-
ics standards, the teaching of English language learners, and the planning
and pacing of PD units.

While brokers from CMOs and conventional school districts did frequently
access substantive information about mathematics, they did not often share it.
Rather, they demonstrated a disconnect between the information they accessed
and the information they shared. This had important consequences locally, for
the information available to organizations engaged in PD, and globally, for the
flow and content of information in the network. To illustrate this, we draw on
interviews and network data for four of the brokers in the network—two from
district settings and two from nondistrict settings. We chose these four brokers
to streamline and clarify our reporting of the findings. They provide clear exam-
ples of the broader patterns in the data. While our analysis included several cat-
egories detailing the content of interactions, we focus on the contrast between
the accessing and sharing of logistical and substantive information.

Brokers based in school districts routinely used their network connec-
tions to gather a variety of information, both substantive and logistical. On
average, 54% of district-based broker interactions involved accessing infor-
mation or resources from others (Figure 3, Panel A). Often, these interactions
involved specific, substantive topics, which comprised an average 38% of
a district brokers accessing interactions (Figure 3, Panel B). For example,
Patricia Walker, a district broker who served as the mathematics and science
director for middle schools in the district, described why she reached out to
another provider:

His expertise on performance assessment, his expertise on the stand-
ards and the practices and then the units of study, so how do we actu-
ally group these standards, because they just come to us as a list in no
particular order.

Patricia sought out specific, substantive information on assessments and
standards to support the planning and delivery of PD. Almost as often, district
brokers like Patricia sought out logistical information. Conversations about
logistics made up an average of 35% of district brokers accessing interactions
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Panel A. Overall interactions Panel B. Accessing interactions
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Figure 3. Average proportion of brokerage interactions and content of interac-
tions by organizational sector.

Note. Number of coded interactions involving district brokers = 95; Number of coded interac-
tions involving nondistrict brokers = 144. Number of district brokers = 7; Number of nondis-

trict brokers = 7. One broker was excluded due to missing interview data.

(Figure 3, Panel B). Logistical interactions covered a range of topics, from
planning the release of teachers to attend PD session to budgeting and sched-
uling issues. Harry Copper, a district broker and direct PD provider, described
seeking out information from a coworker to help navigate his organization:

I went to her quite a bit this year for institutional advice, not so much
about how to do a workshop or what needed to be done, but more
like, who do we have to contact? What paperwork do we have to fill
out? How do we make this clean and legitimate? I'm newer in this
position than another person, and I wouldn’t know all that. I would
ask her that.

Accessing logistical information can serve a necessary and an important role,
supporting the coordination and execution of PD opportunities. The balance
of substantive to logistical accessing interactions suggests that district
brokers could support PD planning and delivery by providing both substan-
tive and practical information.
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However, while district brokers accessed both substantive and logistical
information, they almost exclusively shared logistical information. By focus-
ing on sharing logistical information, district brokers had few opportunities
to shape information about Common Core mathematics in the network as
a whole, since sharing information gives brokers the opportunity to translate
and filter it (Kellogg, 2014). On average, 59% of sharing interactions involved
logistical information, while only 10% involved substantive information
(Figure 3, Panel C). The ratio of substantive ideas accessed to those shared
was merely 0.38.% District brokers gathered much more substantive informa-
tion than they shared.

Patricia, for example, often sought out information on specific topics
related to mathematics PD, comprising 31% of her accessing interactions.
But she almost exclusively shared information on logistics. A colleague
described going to Patricia to get support navigating the district:

She knows a lot about math, math education, PD, and I would say
that mostly what I turn to her for is knowledge of our district,
who’s who, who does what . . . it’s very practical. If we have some
idea of, “We’ll send all the teacher leaders such-and-such informa-
tion. Let’s run that by Patricia and see what she thinks.”

Here, Patricia’s colleague acknowledged that she has expertise in key areas
but described going to her instead for logistical support. In fact, 70% of
Patricia’s sharing interactions involved logistics. She did not have any inter-
actions that involved sharing substantive information.

Such a pattern was similar for all the district brokers in the study. District
brokers were often approached to share such information. Jason Watson,
a district broker who was the director of STEM education, actively sought
out substantive information, with 29% of his interactions involving topics
in mathematics or PD. But he most often shared logistical information—Ilike
Patricia. For example, a provider described why he went to Jason for advice:

A lot of what I would ask Jason about is advice about navigating the
different parts of the organization, making sure there’s alignment.
Right now, for example, there has been a technology initiative in
middle schools as well as teacher leaders in middle school and
we’re working to stitch those things together, so that it’s not a subset
of teachers who have six release days with one and six with another.
That’s a good example of where I'm getting his advice to think about
that.

Another provider echoed this, explicitly stating that he sought logistical
information from Jason:

Jason. He’s my boss [laughs]. You go to Jason when you need money
[laughs]. Or when you’ve already spent the money, and he figures out
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Panel A. Patricia's interaction map  Panel B. Jason's interaction map
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Figure 4. Interaction network maps of two district brokers.

Note. Brokers represented by yellow nodes. Circles indicate district-based providers; squares
indicate nondistrict providers. In-directed arrows represent brokers sharing information; out-
directed arrows represent brokers accessing information. Yellow edges represent interactions
around substantive information; light blue edges represent interactions around logistical infor-

mation. Gray edges indicate interactions around other types of information.

where it’s going to come from . . . Our interactions tend to be about
logistics.

Again, Jason, despite having substantive information to share, was sought
out to share logistical information. Sixty percent of the information he shared
dealt with logistics compared with only 10% that dealt with substance.
Overall, these patterns suggest that district brokers did not serve as conduits
of information from outside organizations. While they accessed critical infor-
mation, they did not activate it to support the planning and delivery of PD by
sharing it with others. They also suggest that district brokers were unable to
influence how others understood critical information regarding mathematics
and the Common Core standards.

The disconnect between access and activation becomes clear when visu-
ally examining interactions. Figure 4, Panel A shows Patricia’s ego network,
showing her accessing ties (represented by outgoing arrows) and sharing
ties (represented by incoming arrows). Patricia is represented by the node
in the middle of the network. Each tie label shows the content of the inter-
action. For clarity and ease of reading, ties with no interaction data are omit-
ted from the network. Blue colored ties represent instances where Patricia
accessed or shared information about logistics. Orange colored ties

271



Morel, Coburn

represent instances where she accessed or shared substantive information.
Circles and squares represent district and nondistrict nodes, respectively.
Following a path backward, such as from Node 12 through Patricia to
Node 9, shows an instance where Patricia accessed information on a topic
and shared logistical information. As is clear from the graph, in none of
Patricia’s boundary-spanning ties, where she connects a district and a nondis-
trict, did she access and then share substantive information. She sought out
specific information from many nondistrict providers. But her interactions
with district providers dealt with logistical issues.

Jason’s map reflects this disconnect as well (Figure 4, Panel B). Jason
less frequently accessed substantive information compared with Patricia,
but he often shared logistical information, particularly with providers from
districts. District brokers overall fulfilled a critical brokerage task by access-
ing relevant information across gaps in the network. However, by failing to
share substantive information, they did not complete this task by failing to
activate their social capital.

In contrast, nondistrict brokers demonstrated a pattern of interactions
that suggests they both influenced the content of information in the network
and activated their social capital to support the planning and delivery of
mathematics PD. In contrast to district brokers, brokers based in other sec-
tors most often shared information and resources, comprising an average
of 59% of their interactions (Figure 3, Panel A). Critically, when accessing
or sharing information, nondistrict brokers discussed substantive topics
related to mathematics and the Common Core. On average, the plurality
of accessing interactions (49%) and sharing interactions (41%) involved
information on a specific topic (Figure 3, Panels B and C). For logistical
information, those averages were 8% and 9%, respectively (Figure 3,
Panels B and C). These differences in the type of advice accessed and shared
between district and nondistrict brokers were significant.’

Stephen Martell, the executive director of a regional nonprofit PD orga-
nization, often accessed information on specific topics. Stephen described
going to a researcher at a state university for mathematical help related to
changes brought on by the Common Core:

One of the shifts in the Common Core at the secondary level is the
relationship between expressions, equations, and functions. It's
always been a big mess and a big time waste. We try to sort it out
and clean it up, but people aren’t noticing. ’Cause when you say
equation, they assume they know what it means. It’s three things.
They assume they know everything there is to know so it’s hard to
disturb the peace. I brought that problem to Peter. You need a math-
ematician’s confidence in their understanding to play with stuff like
that. We came up with something that actually works pretty well.
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Stephen also sought out specific information from another broker, César
Morales, responding to whether he seeks advice from him: “Yes. Other
than the ordinary strategic planning sort of stuff, he has a great deal of depth
and expertise in English-learner learning mathematics.”

The information nondistrict brokers shared dealt with substantive topics,
especially those related to the Common Core math standards. César, for
example, was frequently approached to share information on the
Common Core. César served as the director of a mathematics center in a
university-based nonprofit. A provider described why she went to him for
advice:

Because in Valley County we have quite a range of languages, and
one of the concerns that’s coming up often as we continue to work
with teachers around Common Core is language. César has done
some wonderful work with that and his colleagues in his network.
That’s one of the reasons why I reached out to César.

Other providers echoed this:

César has quite a bit of expertise and some very specific expertise
around language and mathematics. We use strategies that he intro-
duced to us, so he’s the one to turn to when we want to go deeper
about something or have a question about it.

Oh, yeah. César’s math content, his understanding of standards, his
understanding of working with large groups of people, thinking sys-
tematically but also as a learning community, and also his contacts.
He’s been a huge resource for us.

The plurality of César’s accessing and sharing interactions involved substan-
tive information, at 44% and 48%, respectively. Stephen also shared a great
deal of substantive information. Nearly 70% of his accessing interactions and
53% of his sharing interactions involved substantive information. Like César,
Stephen often shared with others about the Common Core. One provider
stated,

I had questions with him directly about interpreting some of the
Common Core standards, especially in the sixth grade around ratio
and proportion, what those looked like. It was perfect because our
tasks had to do with that at that convening, but I also had my own
questions and separately I approached him during the breaks to
get his understanding on where the architecture of the document
was really heading.

This pattern was common across nondistrict brokers. Overall, the non-
district brokers demonstrated a parity between the accessing and sharing
of substantive information, which we did not observe among the district
brokers. The ratio of substantive ideas accessed to those shared was 1.24.
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Panel A. Stephen's interaction map Panel B. Javier's interaction map
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Figure 5. Interaction network maps of two nondistrict brokers.

Note. Brokers are represented by yellow nodes. Circles indicate district-based providers;
squares indicate nondistrict providers. In-directed arrows represent brokers sharing informa-
tion; out-directed arrows represent brokers accessing information. Yellow edges represent
interactions around substantive information; light blue edges represent interactions around

logistical information. Gray edges indicate interactions around other types of information.

Just about for each substantive idea accessed, nondistrict brokers shared
a substantive idea.

The maps of nondistrict brokers visually show the parity between access
and activation, in contrast to disconnect observed among district brokers.
For example, Stephen’s map (Figure 5, Panel A) shows that most of his inter-
actions involved specific topics in mathematics PD. There are also many
paths where Stephen accessed and shared specific information—for exam-
ple, from Node 7 to Node 8 or from Node 9 to Node 2. Most of Stephan’s
boundary-spanning ties, where he connects a district and a nondistrict pro-
vider, involved specific information. Javier Hernandez’s map (Figure 5, Panel
B) shows a similar pattern. Javier directed the curriculum and instruction
department at a county department of education. While he was less active
in the network than Stephen, his interactions mostly involved specific topics.
Again, there are several boundary-spanning paths where Javier accessed and
shared specific information.

The consequences of these patterns are twofold. First, at the network
level, by frequently sharing information, especially substantive information
related to the Common Core standards and other topics in mathematics
PD, brokers from nondistrict settings had greater potential to shape the con-
tent and flow of information in the network (Burt, 1999; Kellogg, 2014).
Actively mediating the information in the network can be especially

274



Access, Activation, and Influence

important in times of reform, such as the case with the adoption of the
Common Core. The ideas that become prominent in a network can shape
the shared understanding people hold of a policy (Beckert, 2010). Second,
at the local level, nondistrict brokers activated their social capital by access-
ing and sharing substantive information. Through activation, individuals put
their social capital resources to use (Smith, 2005). In this case, that means
supporting the collective work of planning and delivering mathematics PD
by distributing critical information.

Despite occupying similar positions of influence in the network, district
brokers did not enact their network advantages as nondistrict brokers did.
While they often sought out substantive information, they did not share it,
diminishing their potential to shape how others understood the Common
Core math standards. Locally, district brokers did not appear to relay the sub-
stantive information they gathered to others in their organization, failing to
act as bridges across network gaps.6 The ability to bring in nonlocal exper-
tise and information is a critical brokerage role supporting organizational
work. This failure to activate social capital had the potential to diminish
the capacity of districts to provide effective PD.

Discussion

PD providers play a key role in the policy implementation process by
supporting teachers as they learn about and enact new policies. The adop-
tion of the Common Core standards in many states has placed new demands
on teachers and school leaders. By mediating between policy and the class-
room, PD providers are in a unique position to influence how teachers
understand and ultimately implement new policies. Using social network
analysis and the theory of brokerage, this study explored how PD providers
access and activate social capital to support PD planning and delivery.
Brokers have the potential to play a critical role in shaping the flow and con-
tent of information based on how they access and share information. These
actions can affect the social capital available to PD providers as they
develop, plan, and deliver PD sessions to teachers.

The findings here draw attention to the influence of organizational set-
ting on how brokers enact their privileged network position. While previous
research on networks has highlighted the influence of setting and context on
social interactions in networks (Coburn, Mata, & Choi, 2013; Small, 2010),
less attention has been paid to how social context can shape the ways
that individuals interact with their social networks. This is especially true
of research on brokers (Burt et al., 2013; Obstfeld et al., 2014), which has
tended to assume that brokerage positions uniformly confer autonomy of
action on individuals occupying those positions. Some have explored how
aspects of social setting, such as culture (Xiao & Tsui, 2007), organizational
type (Fernandez & Gould, 1994; Lind, Tirado, Butts, & Prahova, 2008), or
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organizational position (Rider, 2009), influence social capital outcomes, but
few have explored how social setting may influence brokerage processes
themselves.

We show how both the type of interaction and the content of those
interactions varied by organizational setting, with nondistrict brokers partici-
pating in conversations about important issues in mathematics PD while dis-
trict brokers interacting primarily around issues not related to mathematics
but to technical and logistical issues. This difference means that nondistrict
brokers were more likely to advance ideas about mathematics teaching
and learning and the Common Core standards that teachers would encoun-
ter in PD sessions. Nondistrict brokers achieved this through a process of
social capital access and activation. These brokers accessed substantive
information about mathematics teaching and learning from their social ties
and then activated this information by sharing it with others. The ability to
manage information is a key advantage of brokerage positions in social net-
works. Our evidence suggests that nondistrict brokers used this advantage to
gather and share information, giving them the ability to influence the nature
of social capital in the network.

Brokers are also important because they enable organizations to access
nonlocal information and expertise to support organizational work (Hansen,
2002; Obstfeld, 2005; Reagans & McEvily, 2003). Again, we found critical dif-
ferences between how brokers in the two settings access and activated social
capital. District brokers did not activate information they accessed by sharing
it with others in their organization, preventing their home organization from
capitalizing on the access the brokers enabled. Organizations often rely on
information and expertise accessed by members from across organizational
boundaries. The district brokers in this study did cross organizational bound-
aries to gather much needed information, but we found no evidence that
they distributed this information within their organization. A key resource
that districts had access to through brokers was not capitalized on. In other
words, the social capital of these brokers was not activated (Smith, 2005).

One possible explanation for the differences we observed between dis-
trict and nondistrict brokers is that different organizational types exert vary-
ing constraints that influence how individuals behave. Scholars of structure-
agency dynamics in sociology argue that agency—the ability of individuals
to shape their preferences, beliefs, and actions—varies by social context
(Emirbayer & Mische, 1998; Sewell, 1992). While network scholars have rec-
ognized the role of organizational conditions in shaping social relationships
(e.g., Coburn et al., 2013; Small, 2010), less attention has been paid to how
they shape the content of those relationships. Organization-specific norms,
beliefs, understandings, and role expectations help shape behavior by defin-
ing appropriate and inappropriate behaviors. According to this view, then,
PD providers in brokerage roles do not have unfettered access to social cap-
ital through their social ties; rather, the way they interact with others is
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shaped by the specific demands and expectations of their organizational
setting.

In fields that span multiple sectors and professions, such as education,
this can become visible through the different actions and expectations of
individuals from different organizational contexts. Heimer (1999), for exam-
ple, found that individuals from different professional backgrounds used dif-
ferent models of action when dealing with the legal requirements of
neonates in intensive care units. Our finding that district brokers focused pri-
marily on logistical details of PD may reflect the greater need to individuals
in districts to manage the complex bureaucratic needs of the district. The
demands of working in a school district, with distinct budgetary and person-
nel requirements, could constrain how providers viewed district brokers.
Delivering PD within budgets or releasing teachers to attend PD require
planning and coordination across the district. We found that district brokers
often discussed these topics. It is not surprising that they took precedence in
the conversations between district brokers and district providers. Thus, the
particular demands of working in a school district shape how brokers access
and enact social capital.

On the other hand, the substance-focused interactions of the nondistrict
brokers may reflect that organizational settings like nonprofits and universi-
ties place a greater emphasis on expertise—these organizations need to
attract districts and schools for PD opportunities. Brokers in nonprofits or
universities demonstrate their value to school districts by providing access
to expertise. Therefore, a broker in these settings is likely to reach out and
share that expertise with others.

In each case, brokers face constraints and affordances based on their
organizational setting that shapes how they interact with their social ties.
Research on brokerage has not made structure-agency dynamics salient,
save for assumption that network position can expand or constrict agency.
Further research is needed to link organizational characteristics, social net-
works, and network processes to show the influence of social setting on net-
work action.

A potential alternative explanation is that the differences we observed
between district and nondistrict brokers is the result of personality differen-
ces between the brokers rather than institutional conditions of the brokers’
home organizations. Indeed, previous research has suggested that personal-
ity differences can lead individuals to structure their personal networks dif-
ferently, with people with individualistic tendency and high levels of
neuroticism preferring networks with structural holes (Kalish & Robins,
2006). Moreover, we might expect that individuals with different personality
traits differentially select into organizations, so that the brokers in districts
have systematically different personality types than those outside of districts.
We may reasonably believe that such personality differences can lead to dif-
ferences in the content of interactions.

277



Morel, Coburn

While we do not have direct measures of personality, we do have meas-
ures that may proxy aspect of personality. During interviews, participants
were asked why they went to contacts for advice. We inductively coded
these explanations and derived several distinct reasons. Most relevant, we
derived a category we called “Good to work with.” This category included
statements like “She is nice” or “She is easy to talk to.” If personality mat-
tered for the content of interactions, we might expect to see differences in
this category between district and nondistrict brokers. However, we found
no notable difference. Among district brokers, an average of 5.4 providers
said they went to the broker because they were good to work with. This
was 6.7 among nondistrict brokers, a nonsignificant difference (t = —0.64,
p = .538). Likewise, we detected no difference in the average number of
times a broker said they went to someone because they were good to
work with. District brokers went to an average 8.3 providers because they
were good to work with, while nondistrict brokers went to an average of
5.1. Again, this difference was not significant (¢ = 1.09, p = 0.297). This evi-
dence, along with our two-level model, which found a significant difference
in the content of interactions between brokers in the two organizational sec-
tors,” suggests that this alternative explanation is less likely than the one we
offer.

Limitations

There are several important limitations to this study. First, this study
relies on reports of interactions rather than direct observations of interac-
tions. While this approach allowed us to collect qualitative data on a large
network disbursed across many organizations in a geographic region, it is
possible that participants under- or overreported the type and content of
interactions. By gathering data from both brokers and their alters, we miti-
gate this limitation to an extent. Nonetheless, observing interactions would
have provided more direct evidence.

Second, this study focuses on a single region. It is not clear how repre-
sentative the network is of other regional PD networks across the country.
Two of the districts in the study had very well-developed internal PD infra-
structures. Because of this, the network may have had an overrepresentation
of district-based actors compared with other regions. Since little is known
about social networks among PD providers, especially the composition of
actors, we are unsure whether the network in this study is reflective of other
PD networks. Thus, the study is exploratory in nature.

Third, we used a coarse measure of organizational setting, distinguishing
between district and nondistrict settings. However, a variety of different sec-
tors were represented, from districts to CMOs to universities. There may exist
nuances between these sectors that influence how brokers engage social
capital. A network with large within-sector samples may be able to detect
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such subtle differences. However, in this case, the broad district/nondistrict
distinction was the finest we could make due to our small sample size within
each organizational sector. Future research can explore the rich number of
organizational sectors represented among PD providers and sample a larger
number of each organizational type to see if there is more systematic evi-
dence of differences by organizational sector.

Fourth, while we addressed a potential alternative explanation regard-
ing the role of personality types, we relied on a proxy measure of personality
that was available to us in our data. Clearly, these are not validated measures
of personality. With more exact measures, we could more definitively reject
the alternative. Given the data we have, we present a strong case in favor of
our argument. Nonetheless, we are limited in completely ruling out the
alternative.

Finally, while we feel assured that our findings are unbiased by missing
data, it is likely that our sample was not entirely complete. While we argued
and presented evidence that any missing providers would not change our
result, we are making an inference and cannot definitively make this conclu-
sion. The evidence supports our contention that our results are unbiased by
missing data.

Implications and Conclusion

Social capital is a critical resource for organizations, and educational
researchers are increasingly using the concept to study implementation in
schools (Coburn & Russell, 2008; Spillane, Hopkins, & Sweet, 2015). The
ability to access social capital is particularly important for organizations
engaged in work that requires expertise from multiple knowledge domains.
Developing, planning, and providing PD requires expertise in education
policies and standard, teaching and learning, content areas, and adult learn-
ing. Brokers who span the boundaries of organizations and sectors can
enable access to this diverse expertise. Indeed, in this study, we found
that brokers accessed information on a variety of topics across the network.
However, the lack of participation in substantive conversations and activa-
tion of social capital among brokers based in school districts suggests that
the potential benefits brokers offer organizations were not realized for the
districts in this study.

Accessing and activating social capital also affect how ideas are shaped
in social networks (Beckert, 2010; Burt, 1999). Occupying privileged posi-
tions in networks gives brokers pronounced influence over the flow and
content of ideas. Again, the lack of participation in substantive conversation
about mathematics, particularly when sharing information, diminished the
ability of district brokers to shape ideas about the Common Core mathemat-
ics standards and mathematics PD more generally. These results have impli-
cations for the role of PD providers and the study of brokerage.
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Implications for Policy Implementation, Districts, and PD Providers

This study extends previous research that highlights the important role
of actors outside the school system in the policy implementation process.
These outside actors can shape the message teachers receive about policies,
influencing how policies are implemented (Coburn, 2005a). This study adds
another layer of complexity to this picture. Even in the case where district
actors had the same potential influence as nondistrict actors, nondistrict
actors appeared to play a more important role in shaping the available infor-
mation in the network. Moreover, our study distinguished between district
and nondistrict settings. Some of the nondistrict settings (e.g., county offices
of education) are part of the formal educational system but are removed
from the day-to-day workings of school districts. The brokers based in offi-
ces of education acted more like brokers in universities and nonprofit set-
tings than district brokers. This suggests that school districts place unique
demands on providers, potentially influencing their behavior.

District-based actors, those closest to the classroom, acted mainly as
receivers and not shapers of information about the Common Core mathe-
matics standards. Yet, with knowledge of on-the-ground conditions in
school districts, district-based providers could have valuable information
to contribute related to the implementation of the standards, information
that may not diffuse across the network of PD providers. Moreover, contrib-
uting to the conversation on the Common Core could increase educators’
sense of ownership over the reform, a factor that is important to successful
implementation (Coburn, 2003; Peurach, 2011). By not shaping the conver-
sation on the Common Core, there is potential for educators to view the
standards as top-down impositions, potentially increasing resistance to the
reform (Achinstein & Ogawa, 2006; Coburn, 2003).

Ideas matter in the implementation process (Spillane et al., 2002). Our
study suggests that nonsystem providers were more likely to shape the avail-
able information in the network. District providers, many of whom were
teachers or former teachers, were much closer to the teaching and learning
occurring in schools. While they had the structural potential as brokers to
shape the content of information in the network, our analysis suggested
that they did not. While further research is needed to track the diffusion of
ideas and policy message through networks and into PD sessions, our findings
offer suggestive evidence that those ideas are largely shaped by nonsystem
actors. It remains to be seen if such messages resonate with teachers.

Second, this study offers new evidence on an underresearched area of
policy implementation by exploring PD providers as a group. Prior research
has explored the ways that PD affects teaching and learning (Coburn, 2005a;
Garet, Porter, Desimone, Birman, & Yoon, 2001; Hill et al., 2013; Kennedy,
2016; Newmann et al., 2000; Penuel et al., 2007), but none have explored
PD providers as a group. This study looks at how PD providers interact to
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gather and share information to support providing PD opportunities for
teachers. While prior research suggests that PD providers can influence
how teachers understand policies (Coburn, 2005a), apart from the current
study, no one has explored how PD providers generate their own under-
standings of policy. This study adds another layer to the complex process
by which policies are translated into classrooms. It also suggests many direc-
tions for future research to build on this study. Our findings suggest that
nondistrict brokers exerted greater influence than district brokers over the
flow and content of information. Future studies can use longitudinal analysis
to map the actual diffusion of information to confirm this suggestion, espe-
cially to explore how and which ideas end up promoted to teachers in PD
opportunities.

We know from previous research that district offices can play a key role
in shaping the information that schools receive about policies (Daly,
Finnigan, Jordan, Moolenaar, & Che, 2014; Honig, 2004). Our findings
show that nonsystem actors served as an important source of information
for individuals in districts. Thus, a key way that ideas about the Common
Core mathematics standards are shaped occurs through interactions between
individuals in district offices and those outside of the school system.

PD organizations, particularly those within school districts, may have
untapped resources in the form of social capital. Tt is worth pointing out
that none of the brokers in this study were formally assigned to brokerage
roles or tasked with gathering information. Access to social capital often
arises through informal social relationships (Daly et al., 2014; Spillane
et al., 2015). It is likely that many PD organizations have members who
are actively seeking information from a variety of sources, both internal
and external to the organization. The district-based brokers in our study
often sought out substantive information about mathematics PD and the
Common Core mathematics standards. PD organizations and departments
may have untapped social capital resources that could support the develop-
ment and delivery of effective PD opportunities.

A critical direction for future research on PD is to link diffusion of ideas
within advice networks to the actual PD teachers’ experience. While we
show how brokers shaped social capital access within a network of PD pro-
viders, we are not able to show if these brokers influenced the actual ideas
presented to teachers in PD. The ideas teachers are exposed to can shape
how implementation plays out in schools. To what extent do the ideas
shared by influential providers in PD network make it into PD sessions?
This is a crucial dimension of PD that future research should investigate.

Implications for Brokerage Theory
This study has two key implications for brokerage research. First, it pro-

vides evidence on brokerage processes. Research on brokerage has tended
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to rely solely on structural measures, focusing on position and outcomes
rather than processes (Obstfeld et al., 2014). Structurally, the district brokers
appeared to fulfill a bridging function. Indeed, without qualitative evidence,
we might assume that they did. However, the findings show that district
brokers largely did not relay information gathered from outside to others
in their district. We provide evidence that network-level measures have
the potential to mask important variations in how brokers act. This suggests
that caution is necessary when relying on structural measures of brokerage
alone.

Second, this study supports and extends existing research that shows
how context can mitigate the advantages of brokerage positions (Ahuja,
2000; Rider, 2009; Xiao & Tsui, 2007). It extends these findings by demon-
strating that organizational context may shape both the behavior and content
of interactions among brokers. This stands in contrast to the picture of
brokers as “structurally autonomous,” thanks to their network position
(Burt, 1992). In this picture, brokerage positions uniformly confer advan-
tages across actors in those positions. Researchers acknowledge that this is
probably not the case and that context probably plays an important role
in how brokers behave (Burt et al., 2013; Obstfeld et al., 2014). However,
no studies have linked social network data on brokerage positions to qual-
itative data that explore in-depth processes, as this study has. The content of
social interactions matters, in addition to network position. Explored
together, we can uncover a more nuanced picture of brokerage processes.
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'For brevity and clarity, we described the process for collecting data on mathematics
providers. The process was identical for science PD providers, save for sections 1 and 2
the interview protocol, which focused on science-relevant questions. Data for the mathe-
matics and science networks were collected concurrently.

*Assessing the completeness of a snowball sample is a well-documented challenge
(Doreian & Woodard, 1994). Ideally, one continues waves of sampling until the sample
is “saturated”—that is, no new names are generated; however, this is difficult to achieve
in practice. Our final wave of snowball—the survey—only yielded an additional nine
names for the mathematics advice network. In addition, we assessed the completeness
of the survey in several ways to evaluate whether the sample is biased due to missing
data from these nine names. First, the median degree centrality of providers declines in
each wave, suggesting that any additional providers are likely to be on the periphery of
the network. The median degree centrality from Wave 1 to Wave 3 was 19, 11, and 7.
Second, we can predict the expected number of ties for any missing providers that would
be captured in a hypothetical fourth wave. Based on a simple negative binomial
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regression of degree centrality on wave, the predicted degree for a Wave 4 provider is just
1.7. With so few additional names yielded by our Wave 3 survey, and the declining degree
centrality by wave, and the small predicted number of ties for any missing Wave 4 pro-
viders, we feel assured that any missing providers would be on the periphery of the net-
work and would not change our results.

>The technical terms for triadic openness and triadic closure are geometrically
weighted dyadwise shared partner distribution (GWDSP) and geometrically weighted
edgewise shared partner distribution (GWESP). The geometrically weighting of these
parameters helps avoid degeneracy (Hunter, Goodreau, et al., 2008). Degeneracy occurs
when the probability distribution generated by the model does not contain the observed
network (Snijders, Pattison, Robins, & Handcock, 2006). For example, the probability dis-
tribution may consist of empty or nearly empty networks or completely connected net-
works. The geometrically weighted terms help avoid this issue. For these terms, the
researcher must specify a “decay” factor. Setting small decay factor, such as 0.1, means
that only the first shared partner contributes to the probability of a tie between two actors.
This leads to networks with low levels of closure. Increasing decay factor increases the
extent of triadic closure in the network. This happens because an increasing number of
shared partners exert an influence on the formation of a tie between two actors. The
more partners they share, the greater the probability that they form a tie. The decay factor
decreases the influence of each additional shared partner on the probability of tie forma-
tion. It is recommended to use an iterative process to set the decay factor, beginning at 0.1
and increasing by tenths until goodness-of-fit statistics show that the model produces a sat-
isfactory approximation of the observed network (Harris, 2013). In simple terms, this
means that the decay factor accurately models the amount of closure in the network.
For our model, we used a decay factor of 0.7 for the GWESP term and 1 for the
GWDSP. These decay factors produced the best fit to the observed network of the others
we tried.

"To determine the ratio of information accessed to shared, we divided the total num-
ber of times brokers in each organizational setting shared substantive information by the
total number of times they accessed substantive information. A ratio less than 1 indicates
that the broker access substantive information more often than they share it. We did the
same for logistical information.

"We tested the differences between district and nondistrict brokers for each interac-
tion type in Figure 3, Panels B and C. We found significant differences in the accessing and
sharing of both substantive and logistic information between district and nondistrict
brokers. Interactions are observed multiple times for each broker and, thus, are not statis-
tically independent. To account for the multiple observations of interactions per broker,
we used a two-level model:

Level 1: Y;=By+B,X;+e
Level 2 : Boj =Yoo +tos
51/:')’10

In the models, i indexes interactions and j indexes brokers. Y;; represents the count
of the number of interactions by type (e.g., interactions about substantive topics)
between brokers and their ties. X; is a dummy variable representing membership
in a school district (X;=1). The model allows intercepts (B, to randomly vary across
brokers (j), accounting for the nested nature of the outcome variable. We used the
same model for four outcomes: (1) the number of ties where a broker accessed sub-
stantive information, (2) the number of ties where a broker accessed logistical infor-
mation, (3) the number of ties where a broker shared substantive information, and
(4) the number of ties where a broker shared logistical information. Since our out-
come measures are discrete, nonnegative counts, and not continuous variables, we
used Poisson regression approach. For accessing interactions, we found that district
brokers were less involved in interactions around substantive topics compared with
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nondistrict brokers (8, = —0.780, SE = 0.383, z = —2.035) and more involved in inter-
actions about logistical information (8, = 1.188, SE = 0.553, z = 2.149). We found the
same pattern for sharing. District brokers shared less information on substantive
topics (B, = —1.871, SE = 0.481, z = —3.888) and more on information related to
logistical issues (B, = 1.469, SE = 0.413, z = 3.558). We thank an anonymous reviewer
for suggesting the two-level model to account for the nested nature of the
interactions.

'We reiterate that while we used organizational sector as the grouping variable for
determining brokering, most within-sector ties were also within-organization. This is
true of the network as a whole but is even more pronounced when looking only at the
brokers. Of the 118 within-sector ties among district brokers, 115 are ties within the
same organization. Therefore, we feel secure referring to within-organization brokering.
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Appendix A: Interview protocol

Tell me about your role.
a. How, if at all, do you interface with mathematics professional development?

b. How, if at all, do you interface with science professional development?

Issue #la: 1 understand that the district has been working on developing CCSS-M
implementation.

What have been the main issues the district has been grappling with related to this?

b. Who has been involved in working on these issues? In what ways have you been
involved?

Have there been different opinions about these issues?

d. What are or were some reasons people gave for the different ideas or strategies related
to ?

e. How, if at all, did research or data enter into the conversation?
1. Was that research/data useful to you? Why or why not?
i. Did you find it credible? Why or why not?
ii1. In your view, what makes data/research useful? Credible?

f.  (If there was a difference of opinion or competing interests/perspectives) how has this
been resolved? [probe: who was involved, status, authority, research, other forms of
information, political considerations, other]

Logics

What is the typical way that you work with teachers to support their professional learning in
mathematics/science? [Probe: Professional Development, use of tools, materials development,
assessment work, work to develop systemic support for learning, etc.]

Tell me more about your approach to professional development.

a. What’s the duration of the typical PD you provide? [e.g. One shot? Weeklong? Periodic
over x months? Follow up?]

b. What do you focus on in the typical PD? [e.g. Teachers’ content knowledge,
pedagogical strategies, teachers’ curricular materials, etc.]



c. What are teachers typically doing during the professional development [e.g. doing
mathematics problems or science inquiry themselves, listening to presentations,
sharing ideas, etc? Trying to get at the degree to which it’s active learning]

d. Who are the participants, typically? [e.g. Individual teachers from many districts?
Teachers from across a district? All subject matter teachers in a school? Team of
teachers? Involvement of school administrators? Trying to get at the degree to which
the experience is collective or not]

5. In your work with teachers, what kinds of teaching and learning in mathematics/science are
you trying to foster?

a. What would that look like in the classroom if teachers were using that approach?

Social network questions

In the next section of the interview, I will ask you to name people that you have turned to
for advice or collaborated with on professional development in [math/science]. These people might
be colleagues at your organization or those in other organizations. They may be local or in other
parts of the country.

6. Let’s look at the list of individuals together. Who is the first person on the list that you’ve
interacted with on matters related to professional development in [math/science] in the last
year. By interact, we mean reaching out to others for advice or collaborating to develop
materials or planning or providing professional development.

a. Once they give you a name, ask:

1. Tell me about the range of ways you’ve interacted with XXX about professional
development in [mathematics/science]? [Open-ended, but listen for advice and
collaboration. Important to get the range of ways that people interact, so ask:
are there other ways that you’ve interacted with this person in the last year]

ii. If they mention one of the two focal areas, ask: Why did you go to this person?
[Open-ended, probe: perceptions of expertise, shared philosophy, district told
me to, funding opportunity, funding requirement, opportunity to extend
capacity....]

iii. If they didn’t mention one of the two focal areas, ask the following about the
focal area(s) they didn’t mention

1. In the last year, did you happen to go to this person for advice related to
professional development?

a. If yes: Why did you go to this person? [Open-ended, probe:
perceptions of expertise, shared philosophy, district told me to,
funding opportunity, funding requirement, opportunity to extend
capacity....]
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b. Ifno, go to next focal area they didn’t mention earlier

2. In the last year, did you happen to collaborate with this person to plan
and/or provide professional development services to or develop
materials for teachers in this region?

a. If yes: Why did you go to this person? [Open-ended, probe:
perceptions of expertise, shared philosophy, district told me to,
funding opportunity, funding requirement, opportunity to extend
capacity....]

b. Ifno, continue on.

iv. Let’s look at the list again. Please tell me who the next person is on the list that
you’ve interacted with on matters related to professional development in
[math/science] in the last year.

1. Repeat above until you’ve gone through the entire list.

Is there anyone else that you’ve interacted with in the last year on matters related to
professional development in [math/science] in the Bay Area that I didn’t ask you about? As a
reminder, these people may be in your organization or in another organization. They may be
local or from far away, as long as you interacted with them about PD you’re doing in the Bay
Area.

a. Get a list of names, asking: Is there anyone else you’ve interacted with? If they give
you the name of an organization, ask if they can give you the name of a specific
individual in that organization. It’s OK if there is more than one individual, add them
both. [unlimited list]

b. For the first new name, ask:
1. What is their organization?
c. Follow protocol for Q1 above.
d. Repeat until you get through the entire list.

[NEW QUESTION, only if more than 6] Of the list you just gave me, who are the main people
you’ve gone to for advice in the last year?

[NEW QUESTION, only if more than 6] Of the list you just gave me, who are the main people
you’ve collaborated with in the last year?

[For district/CMO folks only] In the last year, which PD providers have provided professional
development related to middle school mathematics/science for schools in your district? For
each mentioned:

a. Who was your main contact there?

b. Why did you choose to work with them with them?



11. In the last year, did you sit on any regional task forces, working groups, or coordinating
committees related to professional development in mathematics/science? (region-wide, e.g.,
algebra council)

a. Ifyes, what’s the name of the group? Can you give me a contact name for the group?

12. In the last year, did you sit on any district/CMO task forces, working groups, or coordinating
committees related to professional development in mathematics or science?

a. Ifyes, what district? Can you give me a contact name for the person in charge of this?



Appendix B: Exponential random graph model selection, sensitivity tests, and diagnostics

The purpose of specifying an exponential random graph model (ERGM) is to define a
structural model that accounts for the observed network ties. As noted in the main body of the
text, we selected exogenous and endogenous covariates based on theory and characteristics of the
network. However, there were many other models that we could have specified based on our
data. As a first step, we selected endogenous network covariates that ensured model convergence
and avoided the well-documented problem of degeneracy during Markov Chain Monte Carlo
estimation (Hunter, 2007; Snijders, Pattison, Robins, & Handcock, 2006). We then selected
exogenous variables. Since we were interested brokerage across organizational settings, we
chose a dummy representing whether the provider was in a district (or charter school) setting or
not. We defined this as our preferred model. However, there are reasons to believe that
organizational position and gender could impact the likelihood that a provider occupied a
brokerage position. So, we specified models that included these variables and compared their fit
to the data (Table B1). Our goal was to determine if these other variables produced a model that
was a better fit to the data than our preferred model.

Model 1, our preferred specification, we described in the body of the manuscript. For
Model 2, we included each of the covariates from Model 1 and added an exogenous factor
variable indicating the gender of provider. This adds two terms — one comparing the advice
seeking of men and women and one comparing the advice giving of men and women. Model 3
includes each of the covariates from Model 1, but adds an exogenous covariate factor for the
organizational position of the provider. This adds two sets of terms, one comparing the advice
seeking of each position to the base factor (“academic’) and one comparing the advice giving of

each position to the base. Model 4 includes all covariates.



There are two ways to assess model fit for ERGMs. First, one can use standard measures
of fit, such as the AIC and BIC. From the table, Model 1 and 2 clearly provide a better fit to the
data than Models 3 and 4. However, network scholars caution against using these measures alone
(Hunter, Goodreau, & Handcock, 2008). They encourage the comparison of observed network
statistics to the distribution of statistics produced by simulation of networks based on the model.
Thus, we compared the how well the models fit the data by creating 1,000 simulations based on
each model. We computed relevant network statistics to see which model produced a better fit to
the data. For each simulated network, we calculated the relevant statistic and created a
distribution. We then compared the observed network statistic to that distribution. Ideally, the
observed statistic should fall near the middle of the distribution. Figure B1 shows the comparison
between the four models and the observed network for four important network statistics. We
compared the distribution produced by each model for four network statistics relevant to the
study. In Panel A, we compared the number of triangles in the networks. Triangles are instances
of three providers connected to each other. They represent instances where brokering is not
possible. In Panel B, we compared the number of brokerage triads. These are instances of
connections among three providers that do allow for brokering—that is, when two of the
members of the triad are not directly connected. In Panel C, we compared the transitivity of the
network. Transitivity is the ratio of the number transitive triads (i.e., triads meet the condition if i
chooses j and j chooses &, then i chooses k) to intransitive triads (which do not meet that
condition) in the network. Finally, in Panel D, we compared the number of intransitive triads.

Each of the models performed well, indicating that each was a good fit to the data, except
in the case of transitivity (Panel C). None of the models captured the transitivity of the observed

network. For two reasons, we do not believe this is a problem for our test of brokerage. First, the



observed transitivity score fell around the 90" percentile of the distribution for each of the
simulated models and so did not reach the standard threshold of statistical significance (95"
percentile or higher). Second, each of the other diagnostic assessments (described below) showed
the preferred model was a good fit to the data. Based on the comparisons of the models, we

preferred Model 1, since it was the most parsimonious and had the lowest BIC.

FIGURE B1 APPROXIMATELY HERE

Sensitivity tests of brokerage

Given that each model provided a reasonable fit to the data, we conducted two sensitivity
tests of our test of brokerage. Would using a differently specified model alter the brokers we
identified and the results of our analysis of the content of interactions? We first used each of the
four models to identify brokers and compared the results. In each case, the list of brokers was
substantially similar. Each model identifies between 14 and 17 brokers. Fourteen brokers are
common among all the models.

Second, since Model 2 and Model 1 had the best fits to the data, we decided to run our
analysis using Model 2. With Model 2 as our baseline, we proceeded in the manner described in
the main text and identified brokers. This set of brokers was nearly identical to those identified
with our preferred model. Of the 15 identified using Model 1 as the baseline, 14 were also
identified using Model 2 as the baseline. The one broker identified by Model 1, but not Model 2,
was a district broker in serving in a middle management position. Model 2 identified an

additional two brokers, both from outside of district settings. Given the small difference, we did



not anticipate that using the brokers identified by Model 2 would substantially change our
results. Our assumption was correct.

We found no substantive differences in the analysis based on the two models. We
analyzed the interviews with the three brokers identified by Model 2 who were not identified by
Model 1, along with the interviews with their alters, in the manner described in the main text.
The results were almost identical to the results based on Model 1. On average, 34.5% of district
brokers’ accessing activities involved logistics, compared to just 6% of non-district brokers.
38.4% of district brokers accessing activities involved substantive topics, compared to 56.5% of
non-district brokers. For sharing activities, these averages were 58.8% and 5% dealing with
logistics and 11.4% and 37.2% for substantive topics. Table B2 compares these results to those
of our preferred model. They are substantively the same.

TABLE B2 APPROXIMATELY HERE

Markov Chain Monte Carlo Diagnostics

After selecting our model, we conducted two additional diagnostic assessments of the
model. A critical diagnostic assessment is to evaluate if the sample space generated by the
Markov Chain Monte Carlo simulation contained the observed network as the most likely
network. In other words, the random networks sampled should be similar, on average, to the
observed network, but vary stochastically around that average.

Figures B2 shows diagnostic plots for the Markov Chain Monte Carlo simulation
employed for estimation of Model 1. The plots assess whether the sample space generated by the
model approximates the observed network (Robins, Pattison, Kalish, & Lusher, 2007). Each plot

shows the distribution of the difference between the simulated networks and the observed



network for a given network statistics. The statistics shown in the plots are the parameters of the
specified model (as described in the main text). The left panel shows the differences between
statistics from the simulated networks and the observed network. For example, the top left plot
shows that the simulated networks varied from 200 more to 200 fewer edges than the observed
network. The right panel shows density plots of the same statistics. The solid horizontal and
vertical lines in the plots indicate zero. The trace plots (left panel) should bounce stochastically
around zero and look “noisy”, while the density plots (right panel) should be centered around
zero and look symmetric. This means that the mean difference between the simulated networks
and the observed network is close to zero—or, most simulated networks had a similar number of
edges. Each plot in Figure B2 shows a symmetric distribution centered near zero, indicating that

the estimation process generated a sample space adequate to evaluate the model.

FIGURE B2 APPROXIMATELY HERE

An additional diagnostic assessment for ERGMs is to check goodness-of-fit plots (Hunter
et al., 2008). Goodness-of-fit plots assess how well modeled networks capture the features of the
observed network, in a process similar to what we did for Figure B1. However, these goodness-
of-fit plots present additional specific details about our preferred model. Figure B3 presents
goodness-of-fit plots for four key network statistics, providing additional evidence to Figure B1
of the fit of Model 1 to the data. Each plot compares a statistic from the observed network (the
solid black line) to the distribution of that statistic from the simulated networks using box plots.
Open circles show the 2.5 and 97.5™ percentile values, which are traced by the dashed line. The
trend line for the observed network should generally fall within the box plot, although some

deviations are not considered problematic (Hunter et al., 2008). We evaluated four key network
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statistics: in-degree (the number of advice-giving ties), out-degree (the number of advice-sharing
ties), the number of edgewise shared partners (the number of advice-giving or advice-sharing
partners that two connected providers have in common), and the minimum geodesic distance (the
minimum number of ties between any two given providers). Taking the first plot as an example,
it shows the proportion of actors with each in-degree shown on the x-axis. The observed network
statistic generally follows the simulated distribution. We can see that the model slightly
overestimates the proportion of providers with four advice-giving ties and underestimates the
proportion with six. However, the trend line mostly stays within the bounds of the boxplots. The
pattern is similar for the remaining plots.

Figures B1, B2, and B3 collectively confirm that Model 1 was well estimated and

satisfactorily approximates the observed network.

FIGURE B2 APPROXIMATELY HERE
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Table B1 - Exponential random graph models. Coefficients show log-odds of tie formation between any two given actors in the
network. Standard errors in parentheses.

Model 1 Model 2 Model 3 Model 4
Endogenous effects on advice seeking and giving

Edges —4.31%** —4.38%**F  —4.36%** —4.43***
(0.16) (0.16) (0.16) (0.16)

Reciprocity 1.04%** 1.08*** 1.05%** 1.09***
(0.17) (0.18) (0.17) (0.18)

Intransitivity —0.11%* —0.11***  —0.11*** —0.11***
(0.02) (0.02) (0.02) (0.02)

Triadic openness (decay = 1) 1.42%** 1.41%** 1.42%** 1.41%**
(0.06) (0.06) (0.06) (0.06)
Triadic closure (decay = 0.7) 0.04 0.04 0.04 0.04
(0.03) (0.03) (0.03) (0.03)

Exogenous effects on advice seeking and giving

Organizational setting (base = Non-district setting)

Seeking - District setting 0.227%** 0.21** 0.24** 0.23**
(0.07) (0.07) (0.08) (0.08)
Giving - District setting —0.21** —0.16*  —0.26*** —0.21**
(0.06) (0.07) (0.08) (0.08)
Gender (base = Female)
Seeking - Gender = male —0.05 —0.05
(0.07) (0.07)
Giving - Gender = male 0.18** 0.19**
(0.06) (0.06)
Organizational position (base = Academic)
Seeking - Direct PD provider —0.04 —0.04
(0.11) (0.11)
Seeking - Leader —0.12 —0.12
(0.15) (0.15)
Seeking - Middle manager 0.00 0.01
(0.10) (0.10)
Seeking - Other —0.09 —0.11
(0.31) (0.32)
Giving - Direct PD provider 0.10 0.12
(0.09) (0.10)
Giving - Leader 0.12 0.14
(0.14) (0.14)
Giving - Middle manager 0.10 0.11
(0.09) (0.09)
Giving - Other 0.08 0.14
(0.34) (0.34)
AIC 2517.39 2513.42 2535.22 2524.46
BIC 2565.34 2575.06  2637.97  2640.90
Log Likelihood -1251.69 -1247.71  -1252.61 -1245.23

#*p < 0.001, **p < 0.01, *p < 0.05



Table B2 - Comparison of content of broker interactions based on Model 1 and Model 2

Logistical details Substantive topics
Model 1  Model2 Model1l  Model 2

Accessing interactions

District brokers 34.5% 34.5% 38.4% 38.4%

Non-district brokers 7.8% 6% 50% 56.5%
Sharing interactions

District brokers 58.8% 58.8% 11.4% 11.4%

Non-district brokers 6.5% 5% 40.7% 37.2%



Figure B1 - Comparison of simulated distributions and observed networks statistics for four exponential random graph models.
Vertical dashed line shows the measurement for the observed network.
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N

Figure B2 - Diagnostics for Markov Chain Monte Carlo estimation. The left panel shows a trace plot of the differences between
the observed network statistic and each simulated network. The right panel displays a density plot of the same. Trace plots should
show a stochastic distribution around zero and density plots should show a symmetric distribution centered near zero.

-100 100 -2000 0 2000 -400 0 400 -20000 2000 -50 0 50 -200 0 200

-1000 100

L1l

|

I T

N L0 [ |

i I o

Edges - Edges
S |
d —';‘F/k
WW o —
o —
| T T T T | 2 T T T
0e+00 1e+07 2e+07 3e+07 4e+07 5e+07 -200  -100 0 100 200
Reciprocity Reciprocity
8 -]
o ]
o —
| T T T T | = i
0e+00 1e+07 2e+07 3e+07 4e+07 5e+07 -50 0 50
Intransitivity < Intransitivity
o
£ ‘—-/\f
m o ]
o 4
o
+ —
| | | | | | g | | |
0e+00 1e+07 2e+07 3e+07 4e+07 5e+07 -2000  -1000 0 1000 2000
Triadic openness - Triadic openness
S —
o -
O —
o —
I I T T l I = T I
0e+00 1e+07 2e+07 3e+07 4e+07 5e+07 -400  -200 0 200 400
Triadic closure - Triadic closure
o
: _ﬁm/’\%
m o
o
o
+ —
| | | | | | 8 | |
0e+00 1e+07 2e+07 3e+07 4e+07 5e+07 2000  -1000 0 1000 2000
Effect of setting on advice seeking - Effect of setting on advice seeking
o
I I I l | l S -
o 4
o —
T T T T T T = T
0e+00 1e+07 2e+07 3e+07 4e+07 5e+07 -100 0 100 200
Effect of setting on advice giving Effect of setting on advice giving
o I
o ]
o —
T T T T T T S | | T

0e+00 1e+07 2e+07 3e+07 4e+07 5e+07

-150

-100

-50

100 150



Figure B3 - Goodness-of-fit plots for key network statistics of Model 1. Solid black line show the observed network. Box plot
show distributions from simulated networks. Circle connected by dashed lines represent the 2.5% and 97.5% of the distribution.
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