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RESEARCH Open Access

Science and mathematics teacher
communities of practice: social influences
on discipline-based identity and self-
efficacy beliefs
Samuel J. Polizzi1, Yicong Zhu2, Joshua W. Reid1, Brandon Ofem3, Sara Salisbury4, Michael Beeth5, Gillian Roehrig6,
Margaret Mohr-Schroeder7, Keith Sheppard8 and Gregory T. Rushton1,9*

Abstract

Background: Teacher communities of practice, identity, and self-efficacy have been proposed to influence positive
teacher outcomes in retention, suggesting all three may be related constructs. Qualitative studies of communities
of practice can be difficult to empirically link to identity and self-efficacy in larger samples. In this study, we
operationalized teacher communities of practice as specific networks related to teaching content and/or pedagogy.
This scalable approach allowed us to quantitatively describe communities of practice and explore statistical
relationships with other teacher characteristics. We asked whether these community of practice networks were
related to identity and self-efficacy, similar to other conceptualizations of communities of practice.

Results: We analyzed survey data from 165 in-service K-12 teachers prepared in science or mathematics at 5
university sites across the USA. Descriptive statistics and exploratory factor analyses indicated that math teachers
consistently reported smaller communities of practice and lower identity and self-efficacy scores. Correlations
revealed that communities of practice are more strongly and positively related to identity than self-efficacy.

Conclusion: We demonstrate that teacher communities of practice can be described as networks. These
community of practice networks are correlated with teacher identity and self-efficacy, similar to published
qualitative descriptions of communities of practice. Community of practice networks are therefore a useful research
tool for evaluating teacher characteristics such as discipline, identity, self-efficacy, and other possible outcomes (e.g.,
retention). These findings suggest that teacher educators aiming to foster strong teacher identities could develop
pre-service experiences within an explicit, energizing community of practice.

Keywords: Social network analysis, Science teacher education, Mathematics teacher education, Identity, Self-
efficacy, Communities of practice, Visual network scales
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Introduction
The recruitment, training, and retention of K-12 teachers is
of intense interest as countries prepare for an increasingly
global economy and society (Darling-Hammond, 2017).
Retention efforts are particularly important for early career
teachers, with as high as 50% of teachers reported to leave
within the first 5 years of teaching (Ingersoll & Smith,
2003). Retention scholars have argued for shifts beyond a
short-term focus on teacher content preparation to more
holistic approaches of retention through the development
of teacher professional communities, identities, and self-
efficacy (Darling-Hammond et al., 2017). Teacher develop-
ment and induction programs can provide various commu-
nity supports for teachers, such as social interactions with
novices, mentors, and administrators (Ingersoll, 2012), and
these supports are generally accepted to have positive ef-
fects on career outcomes in retention, classroom practices,
and student achievement (i.e., effectiveness) (Ingersoll &
Strong, 2011). However, in the USA, national reform docu-
ments question how teacher support programs are evalu-
ated, stating that “there is little firm empirical evidence to
support conclusions about the effectiveness of specific ap-
proaches” (pg. 4) (National Research Council, 2010). Des-
pite a decade of public and private funding of programs
emphasizing quality teacher preparation and training
(Reckhow & Snyder, 2014; Richardson, 2018), the field con-
tinues to suffer from a lack of empirical data about teacher
variables (e.g., identity, self-efficacy, and communities of
practice) across multiple programs, particularly in regard to
how these constructs are related to science, technology, en-
gineering, and mathematics (STEM) teacher development.
Additional systematic studies are needed in these STEM
contexts to understand the relationships between con-
structs, which contribute to broader teacher outcomes (e.g.,
classroom effectiveness and retention in the profession) in
national teacher development models.
Teacher identity and self-efficacy have been linked

to teacher retention in the profession (Hong, 2010;
Sutherland, Howard, & Markauskaite, 2010; Tschannen-
Moran, Hoy, & Hoy, 1998). Teacher identity has been
referred to as a complex, dynamic self-image related to
the multiple roles a teacher assumes (Beijaard, Meijer, &
Verloop, 2004). Therefore, it is tightly connected to the
context and activities surrounding a teacher at any given
time. Studies support that teacher identity influences
teacher performance (Eick & Reed, 2002; Helms, 1998;
Luehmann, 2008) and can mediate a desire to leave poor
working conditions (Moore & Hofman, 1988).
Related to identity is self-efficacy or beliefs in one’s

own competencies to carry out a given activity (Bandura,
1977). Teachers with higher self-efficacy are more likely
to exhibit effective teaching behaviors that improve stu-
dent motivation and academic achievement (Caprara,
Barbaranelli, Steca, & Malone, 2006; Tschannen-Moran

& Hoy, 2001) and report higher levels of commitment to
the profession (Chan, Lau, Nie, Lim, & Hogan, 2008;
Rots, Aelterman, Vlerick, & Vermeulen, 2007). Lower
self-efficacy negatively impacts job satisfaction, decreases
the ability to manage stress (Klassen & Chiu, 2010), and
may lower the likelihood of persisting in the profession
(Ingersoll, 2001). Ware and Kitsantas (2007) discussed
this relationship as self-efficacy beliefs shielding teachers
from lowered commitment and increased attrition, sug-
gesting self-efficacy is a target for professional develop-
ment with the goal of improving retention.
Social interactions are key components of the identity,

self-efficacy, and retention constructs described above.
Interactions within communities of practice (CoP; i.e.,
groups of people who interact to improve a shared craft;
Wenger, 1998) have previously been examined as a means
to understand teacher identity and how it develops
(Friedrichsen, Lannin, Abell, Arbaugh, & Volkmann,
2008; Luehmann, 2007; Varelas, House, & Wenzel,
2005). Ofem et al. (2021) have studied teacher inter-
actions using social network analysis (SNA) to correl-
ate network structures and self-efficacy, reporting that
male teachers experienced higher self-efficacy when
perceiving they were part of more dense networks.
Soltis, Agneessens, Sasovova, and Labianca (2013) also
used SNA to describe interactions within a profes-
sional community, and found it was not only the
number of connections in that community, but also
the direction and obligatory nature of those interac-
tions, that predicted job turnover intentions within a
life science company. These separate studies support
empirical links between identity, self-efficacy, and so-
cial interactions. Further, they highlight the potential
for additional research to quantify and link teacher
communities to desirable individual traits and work-
force stability.

Literature review
Teaching is inherently a social endeavor, and an increas-
ing proportion of beginning teachers are reported to re-
ceive structured social interactions, or induction
support, designed to help transition them into teaching
and school culture (Ingersoll, 2012). Chief among induc-
tion supports were supportive communication with an
administrator, ongoing guidance and feedback from a
mentor, group seminars, and common collaboration
time within their subject-discipline. Ultimately, the inter-
actions provided by induction programs have been
linked with positive outcomes in teacher retention, class-
room practices, and student achievement (Ingersoll &
Strong, 2011). We situate this manuscript within socio-
cultural learning theory which posits that participation
within cultural settings can influence the development of
an individual (Vygotsky, 1980). For teachers, these
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cultural settings include social interactions through CoP,
which have previously been linked to teacher identity
and self-efficacy development (McIntyre & Hobson,
2015; Skaalvik & Skaalvik, 2011). Below, we provide a lit-
erature synthesis of teacher CoP, social networks,
teacher identity, and self-efficacy.

Communities of practice
Scholarship on what it means to learn has been
approached from two metaphorical perspectives: acquisi-
tion and participation (Sfard, 1998). An acquisition
metaphor of learning highlights the individual as a con-
sumer of knowledge whereas the participatory metaphor
suggests learning to occur through active participation
within a community of practice (Sfard, 1998). Lave and
Wenger (1991) discuss learning from a participatory
stance when they describe learning as situated within so-
cial contexts. Within these social contexts, individuals
interact with one another as well as with cultural objects
(i.e., policy initiatives; Lave & Wenger, 1991; Korthagen,
2010). Through these interactions, novices participate at
a periphery to the more expert others through appren-
ticeships and work their way to becoming a full and le-
gitimate participant of the community (i.e., legitimate
peripheral participation; Lave & Wenger, 1991). Wenger
(1998) referred to these communities as communities of
practice. A CoP refers to the myriad landscape of rela-
tionships between people and culture within an environ-
ment (Wenger, 1998). Within educational systems,
novice teachers learn the practices and tacit knowledge
of the trade (i.e., teaching) through their actions and so-
cial interactions with expert practitioners (i.e., veteran
teachers).

A community of practice is a specific type of social
network
Teacher CoP has been largely studied in respect to the
more abstract characteristics they foster (i.e., identity,
self-efficacy), but less so in regard to the interactional
nature of the CoP. Teacher CoP has been described as a
group of educational stakeholders who interact around
domains of knowledge (i.e., pedagogical, disciplinary)
and practices. This recognizes the relational status of a
CoP, in which teachers interact with others to inform
their practice, and the cultural component of a CoP, in
which teaching is the common interest that connects
them. This is consistent with Wenger’s (1998) influential
work on CoP, in which community members serve as a
broader, living curriculum for the training of appren-
tices, which may be more valuable for the evolving de-
mands of a practice than past instruction about a
practice.
Research provides some evidence that teacher CoP can

foster social spaces for identity development, self-efficacy

growth, and therefore, retention in the profession (Goos &
Bennison, 2008; Kelley, Knowles, Holland, & Han, 2020;
Simpson & Bouhafa, 2020). For instance, research suggests
that a supportive, collaborative work environment with
cohesion among education stakeholders lowers the likeli-
hood of teacher attrition (Billingsley, 2004; Buchanan,
2012; Hausman & Goldring, 2001; Mack, Johnson, Jones-
Rincon, Tsatenawa, & Howard, 2019). In a recent study,
Kelley et al. (2020) found that teachers who participated
in a STEM community of practice increased their self-
efficacy related to teaching. Regarding identity, Luehmann
(2007) discussed CoP as a “safe space” (p. 828) where
teachers discover, construct, and try new identities. For
example, a novice teacher may be leaving the pre-service/
student identity behind and forming an in-service/teacher
identity when entering a teacher community of practice.
Another example is through interactions within the safety
of a CoP, where a teacher may realize they are not a fully
didactic or Socratic instructor like other members of the
CoP, but instead they have an identity in between. Within
these social spaces, teachers assess their roles and align-
ment (or misalignment) with the broader school commu-
nity. However, these studies are limited in their capacity
to propose mechanisms for why CoP is related to these
constructs. Considering the structural characteristics of
CoP within a network theory framework (e.g., Schenkel,
Teigland, & Borgatti, 2001) could provide insight into
these mechanisms.

Teacher identity
The teacher identity literature reveals a consistent ac-
ceptance of different identities and/or sub-identities for
teachers (Alsup, 2006; Beauchamp & Thomas, 2009;
Sutherland et al., 2010). In their review of scholarship on
teacher identity, Beijaard et al. (2004) found that teacher
identity varies widely in how it is operationalized across
studies. However, common themes were found, includ-
ing that identity is treated as complex and dynamic
(Beijaard et al., 2004). Teacher identity is complex in
that teachers may hold multiple components to their
identity including, but not limited to, that of a discip-
line-based teacher (e.g., science or mathematics teacher),
curriculum developer, teacher-leader, and after-school
tutor (Beauchamp & Thomas, 2009; Beijaard et al., 2004;
Eick & Reed, 2002). In this study, we operationalize
teacher identity from a discipline-based perspective,
whereby identity is a socially constructed self-image as a
teacher of either mathematics or science.
Chi (2009) investigated a conceptual model of Science

Teacher Identity (STI) that included personal experi-
ence, knowledge and skills, community practice, science
teaching practice, degree of success, social respect, be-
liefs and values, intrinsic satisfaction, and representation
(Supplemental Table S1). A 48-item STI questionnaire
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was developed from Helms’ (1998) model of identity,
Danielewicz’s (2001) principles of pedagogy, and Starr
et al.’s (2006) survey of teacher identity in clinical phys-
ician educators. Longitudinal use of the overall STI in-
strument allowed teachers to be divided into three levels
of science teacher identity (i.e., strong, moderate, weak)
and indicated that some participants had significant
gains in their identity after a teacher preparation pro-
gram, rising from weak to moderate or moderate to
strong (Chi, 2009). Use of the “community practice”
component distinguished between experience levels,
with pre-service teachers displaying significantly lower
scores than experienced teachers. This temporal distinc-
tion can be interpreted as fewer opportunities for par-
ticipation in a teacher CoP relating to lower teacher
identity. The finding also illustrates the potential useful-
ness of the STI instrument.
Sammons et al. (2007) also described a multi-component

structure of identity that may affect teacher instructional
and retention outcomes differently if situational, profes-
sional, and personal identities are in conflict or alignment.
Hong (2010) found that early career teachers experienced
emotional burnout when their professional identities were
not supported by their environment (e.g., Socratic teaching
style conflicts with standardized testing responsibilities),
which then led to attrition. This framing is consistent with
Sutherland et al.’s (2010) proposal that developing the pro-
fessional identity of a teacher is an important target for
early career teachers, since this period can be marked by in-
tense conflict or alignment with professional demands. One
contextual factor to consider for targeted professional de-
velopment are the social interactions that shape identity de-
velopment processes. Social networks provide the social
spaces where significant interactions can occur to mitigate
identity conflicts and ultimately shape identity (Luehmann,
2007; Luehmann & Tinelli, 2008; McIntyre & Hobson,
2015; Sweitzer, 2009). In the present study, we aim to
further examine the utility of discipline-based identity for
understanding science and math teacher development, par-
ticularly as it relates to CoP networks and self-efficacy.

Teacher self-efficacy
The concept of self-efficacy has been well explored over
the past four decades. Two primary traditions are at the
root of self-efficacy conceptualizations. Self-efficacy re-
search is traditionally either based in either Rotter’s
(1966) social learning and locus of control theories or
Bandura’s (1977) social cognitive theory. While Rotter’s
social learning theory posits that an individual’s confidence
is an extension of their beliefs about what they can control
in their environment, Bandura’s social cognitive theory
posits that self-efficacy arises from a person’s beliefs about
their own competence (Tschannen-Moran et al., 1998).
Using components of Bandura’s conceptualizations of self-

efficacy, Gibson and Dembo (1984) developed the teacher
efficacy scale (TES) instrument to measure self-efficacy.
Gibson and Dembo (1984) completed a factor analysis of
the TES model and extracted two factors: personal teaching
efficacy and general teaching efficacy. Later, Friedman and
Kass (2002) presented a conceptualization of self-efficacy
that embraced two major domains of a teacher’s function:
working with students in the classroom and participating as
a member of the school organization or community. In this
study, we base our conceptualization in Bandura’s body of
work. Bandura (1977) describes self-efficacy as “beliefs in
one’s capabilities to organize and execute the courses of ac-
tion required to produce given attainments” (p.3). Based on
Bandura’s description of self-efficacy, it is argued that
teacher efficacy is a particular type of self-efficacy specific-
ally related to one’s belief in their ability within the context
of a teaching profession (Tschannen-Moran et al., 1998).
Teacher self-efficacy has been linked to teacher identity

(Luehmann, 2007) and outcomes such as teaching per-
formance and use of teaching strategies (Allinder, 1994;
Riggs et al., 1994), job satisfaction (Aldridge & Fraser,
2016), and ultimately retention or attrition in the profes-
sion (Burley, Hall, Villeme, & Brockmeir, 1991; Glickman
& Tamashiro, 1982; Yost, 2006). Social interactions, such
as administrator and collegial acceptance and support,
have also been shown to be positively related to teacher
self-efficacy, suggesting a connection between teacher so-
cial systems and teacher self-efficacy (Aldridge & Fraser,
2016). These relationships between teacher self-efficacy
and other important educational characteristics demon-
strate the importance of this construct when considering
teacher development. Skaalvik and Skaalvik (2011) studied
over 2,500 Norwegian teachers and found that social in-
teractions (i.e., supervisory support, relations with col-
leagues, and relations with parents) were significant and
independent predictors of a sense of belonging to a school
community, which ultimately influenced job satisfaction
and motivation to remain in the profession. We have pre-
viously invoked this community-based sense of belonging
as a mechanism for stimulating professional identity and
retention that can be promoted in teacher development
programs (Polizzi, Jaggernauth, Ray, Callahan, & Rushton,
2015). Outside of education, the management field has ex-
plored relationships within the professional community as
a “net or a web in which an individual can become stuck”
(p.1104) to improve job satisfaction and limit job turnover
(Mitchell, Holtom, Lee, Sablynski, & Erez, 2001).

Conceptual framework
SNA provides the methodological tools to outline the in-
teractions that occur within a CoP by providing a
visualization of the structural and quantitative character-
istics of how individuals interact in a community. In this
manuscript, we use SNA to identify key characteristics
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of teacher CoP networks and relate them to constructs
(e.g., self-efficacy and identity) typically associated with
other conceptualizations of teacher CoP in the literature.
Wenger-Trayner and Wenger-Trayner (2015) draw a
distinction between CoP and broader networks, stating,
“A [CoP] is not merely…a network of connections be-
tween people” (p.2). Included with this line of thinking is
how one CoP can differ from another based on the char-
acteristics of the CoP (i.e., Wenger, 1998). For instance,
different academic disciplines (i.e., mathematics and
science) would not necessarily have the same character-
istics (i.e., domain of knowledge) and one could
hypothesize that because of this, their networks could
also differ (Wenger, 1998). It is true that a conference
networking event or a website for collecting social net-
work contacts would not meet the complex criteria for a
CoP (e.g., sharing practices to strengthen existing know-
ledge and generate new knowledge over time, among
others). However, a case has also been made in the man-
agement field to identify existing CoP and study them as
a specific type of social network based on shared occu-
pational practice. For instance, previous work has shown
that SNA measures can be associated with improved
organizational or community performance (Cross, Las-
eter, Parker, & Velasquez, 2006). In this paper, we focus
on CoP’s in which the shared occupational practice is
teaching. We have recently adopted this approach by op-
erationalizing teacher CoP as individual teacher net-
works containing contacts for sharing teaching content
and/or pedagogy (Polizzi, Ofem, Coyle, Lundquist, &
Rushton, 2019a; Polizzi, Ofem, Coyle, Lundquist, &
Rushton, 2019b). By operationalizing teacher CoP in this
way—that is describing and quantifying CoP as specific
social networks based on shared occupational practice,
content, and pedagogy—we have previously been able to
statistically examine the effect of gender on teacher CoP
and overall teacher self-efficacy beliefs (Ofem et al.,
2021).
In this work, we are interested in taking steps to fur-

ther describe teacher CoP in network terms and empir-
ically connect teacher CoP networks, identity, and self-
efficacy. To that end, we examine the feasibility of using
teacher CoP in the context of science and mathematics
teachers spanning five states and investigate relation-
ships between the factors underlying teacher identity
and teacher self-efficacy. Our research is guided by the
following research questions:

1. Which features of teacher communities of practice
(CoP) can be described and quantified as specific
occupational networks related to teaching content
and/or pedagogy?

2. How are CoP networks and subfactors of identity
and self-efficacy correlated to one another, given

that some are individual in nature and others are
community based?

3. To what extent do mathematics and science
teachers CoP networks, identity, and self-efficacy
differ?

4. To what extent are CoP networks related to
identity and self-efficacy, and therefore similar to
other conceptualizations of CoP?

Methods
Study design and participants
This study was conducted in the context of a larger pro-
ject to investigate the relationships between teacher char-
acteristics, including identity and self-efficacy; CoP
network properties; and outcomes in retention. The
current foundational work focused on relationships be-
tween identity, self-efficacy, and CoP network properties.
Teachers were recruited to this study if they had recently
participated in a preparation program at a higher educa-
tion institution awarded a Robert Noyce Teacher Scholar-
ship Program grant by the National Science Foundation.
Noyce programs were selected from five universities span-
ning the Midwest, Northeast, and Southeast US. Qualtrics
(Provo, UT) online survey links were distributed via email
blast to approximately 430 teachers, generating 165 re-
sponses. We calculated a completion rate of 38.4%, which
represents a minimum rate, given that some email ad-
dresses were likely to be unmonitored. Participants re-
ported support from a university teacher preparation
program alone (40%), or with additional scholarship/sti-
pend financial incentives (60%), such as scholarship funds
and extracurricular professional development via Noyce
(nsfnoyce.org) or Woodrow Wilson Fellowship awards
(woodrow.org). Participants were predominantly early car-
eer teachers with five or less years of teaching completed
at the time of the survey (87%) or > 5 years (13%), were
teaching full time (85%), identified as science (78%) or
mathematics (22%) teachers, placed in middle (22%) or
high schools (78%), spanned ages 20–65, identified as
female (58%), and were White/non-Hispanic (94%)
(Supplemental Figure S1).

Analytic approach
Our general approach to answering the research ques-
tions followed three phases. First, we performed a de-
scriptive statistical analysis of each construct (i.e.,
network, identity, and self-efficacy) using aggregated
mathematics and science teacher data. Next, we per-
formed a comparative statistical analysis of science and
mathematics teacher networks, identity, and self-efficacy.
Finally, we examined correlations between networks,
identity, and self-efficacy to determine which constructs
were shared among mathematics and science teachers.
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Teacher CoP network survey and SNA
The teacher network instrument used in this study
was based on our previous efforts to describe teacher
communities of practice in network terms. We have
previously taken an individual teacher-centered (i.e.,
ego network) approach to understanding how teachers
create and interpret the networks related to their
craft. We found that teachers reported and discussed
interactions with a teaching community that were
largely local in nature, and related to their practice
(Polizzi et al., 2019a). In an extension of that work,
we refined the CoP network survey using cognitive
interviews, collected information on the types of con-
tacts (e.g., positive role models), and surveyed percep-
tions of network structures using images depicting
variations in a network structure (Ofem et al., 2021).
The diversity of STEM subjects and regions of the
country (along with their contextual priorities)
present in our sample precluded the stipulation of
specific content or specific pedagogical practices being
listed in the survey. The images of network structures
(Fig. 1), called visual network scales (VNS), are based
on the work of Mehra et al. (2014), who refined the
images and instruments in other social science con-
texts (i.e., fraternity/sorority, lab, and small business
studies). In the present study, we have used the same
CoP instrument as (Ofem et al., 2021). CoP charac-
teristics from this instrument are described below.

Network size
Participants were prompted via a name generator, “Who
do you interact with related to teaching content and/or
pedagogy in the _____ in which you work?”, and the
blank was sequentially replaced with school, district,
state, and nation/international. Network size was calcu-
lated from the total number of contacts reported, and
ranged from 0 to 40 (the maximum number of fields in
the survey name generator).

Energizing contacts
Participants were prompted to “Indicate the degree to
which each contact energizes you as a teacher,” and each
contact from the name generator was displayed, along
with a 5-point Likert-style scale from mostly de-energizes
(1) to mostly energizes (5). The energizing level for each
contact was assigned an integer value 1-5, and then con-
tact values were summed as a measure of positive influ-
ence within the network. The summative score was
divided by the network size to produce an average net-
work level variable on the 5-point scale. A larger ener-
gizing value on the 5-point scale indicates a network
that has a higher proportion of energizing contacts
whereas a smaller energizing value indicates a network
with a higher proportion of de-energizing contacts. For
example, a teacher with two contacts [one mostly de-
energizing (value = 1) and one mostly energizing (value
= 5) would have a summative score of 6, which if divided

Fig. 1 Visual network scale (VNS) images used to prompt teacher perceptions of their CoP network structures related to a density, or
interconnectedness, b bridging (a.k.a. brokerage), or connecting otherwise unconnected contacts, and c reach, or how connected their
contacts are

Polizzi et al. International Journal of STEM Education            (2021) 8:30 Page 6 of 18



by the network size (2) would yield an average network
value of 3 (neutral on the Likert scale). This teacher
would be interpreted to have a network that was not
more energizing or de-energizing in nature.

Frequency of interaction
Participants were prompted, “For each contact, indicate
the frequency of interactions related to teaching content
and/or pedagogy,” and each contact from the name gen-
erator was displayed along with five options: daily,
weekly, monthly, several times a year, once a year. The
frequency level for each contact was assigned an integer
value 5-1, with daily assigned as 5 and once a year
assigned as 1, and then contact values were summed as
a measure of interaction levels within the network. The
summative score was divided by the network size to pro-
duce an average network level variable on the 5-point
scale. A larger frequency value on the 5-point scale indi-
cates a network with more frequent interactions,
whereas a smaller frequency value indicates a network
with less frequent interactions.

Network density
Participants were prompted with “In your opinion,
which of the network diagrams best approximates the
overall degree of interconnectedness in your own net-
work of professional interactions?” and shown the dens-
ity VNS with five answer options (Fig. 1a). Density was
also reported at the separate geographic levels if the
teacher reported one or more contacts in the corre-
sponding name generator.

Network bridging
Participants were prompted with “Using the scale, please
rate the extent to which you think you occupy a bridge
position in your overall personal network of professional
contacts related to teaching content and/or pedagogy,”
and shown the bridging VNS with five answer options
(Fig. 1b).

Network reach
Participants were prompted with “In your opinion,
which of the network diagrams best approximates your
overall personal network of professional contacts related
to teaching and/or pedagogy?” and shown the reach
VNS with four answer options (Fig. 1c). Ordinal vari-
ables were generated from the VNS questions for subse-
quent analyses.

Discipline-based teacher identity instrument
The teacher identity instrument used in the study is
based on the Science Teacher Identity instrument (Chi,
2009). For the purposes of our current study, we were
interested in performing an initial exploration of the STI

instrument with our target population. Due to the small
sample size of this study, we removed all but 18 of the
survey items from the original 48 (Supplemental Table
S1). These 18 survey items were specifically selected be-
cause of their alignment with our conceptual framework
and communities of practice characteristics. Due to
using part of an instrument, we treated the survey as a
new instrument and collected new evidence of validity
and reliability. Evidence of face and construct validity
was gathered through three expert reviews of the items
aligned to our framework and through exploratory factor
analysis, respectively (e.g., Reeves & Marbach-Ad, 2016).
Additionally, we calculated new Cronbach alphas for
each factor to establish reliability (Santos, 1999). These
metrics were then compared with those reported by Chi
(2009) for the original survey instrument.
We also administered the survey to self-reported

mathematics teachers after replacing the word science
in each prompt with math. This modification for
math was possible, because the use of identity in the
survey was cast in the participant’s perception of sci-
ence or math as a discipline, but was not specific to
discipline-specific tasks, such as using the scientific
method or mathematical proofs. For each STI item,
respondents were asked to indicate agreement using a
four-point Likert-style scale ranging from strongly dis-
agree to strongly agree.

Teacher self-efficacy beliefs instrument
The teacher self-efficacy instrument used in the study
was the Teachers’ Efficacy Beliefs Systems (TEBS)-Self
instrument (Dellinger, Bobbett, Olivier, & Ellett, 2008).
Briefly, Dellinger et al. (2008) reviewed the TEBS-Self
instrument with 31 items that were not specific to a
teaching discipline, but instead represented core
teaching competencies such as classroom management
or promoting higher order thinking skills. Dellinger
(2001) collected data from 381 teachers, performed a
principal component analysis (PCA) with direct Obli-
min rotation, and obtained a four-factor solution
explaining 61% of the sample variance. The Dellinger
(2001) components were similar to those described by
Olivier (2000) (n = 1437, PCA, Varimax rotation,
five-factor solution) and Bobbett (2001) (n = 555,
PCA, Varimax rotation, four-factor solution) despite
differences across the studies in sample sizes, data
completeness, and the addition of a 31st item on the
Dellinger instrument, as was noted in a comparison
of the three studies (Dellinger et al., 2008). In the
current study, we utilized the 31 item TEBS-Self in-
strument. For each TEBS-Self item, respondents were
asked to indicate agreement using a four-point Likert-
style scale ranging from weak to very strong.
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Statistical analyses
Data were analyzed in the R software v3.6.1 (RCoreTeam,
2019) to determine appropriateness for exploratory factor
analysis (EFA) using Keiser-Meyer-Olkin measure of sam-
pling adequacy and Bartlett’s test. EFA, rather than con-
firmatory factor analysis, was used because our sample was
different enough from previously studied populations that
the structure of the instruments needed to be re-
established. Mardia’s test of skewness and kurtosis indi-
cated our identity and self-efficacy data did not follow
multivariate normal distributions. Therefore, we employed
principal-axis factoring, as a preferred extraction method
when the assumption of multivariate normality is violated
(Costello & Osborne, 2005). Due to underlying correlations
between latent constructs, we applied the Oblimin rotation
method. A significant factor loading cutoff of 0.45 was
chosen in accordance with sample sizes of 160 (Hair, Black,
Babin, & Anderson, 2009). Single items were deleted itera-
tively from EFA models when low factor loading or cross
loading occurred. EFA models were evaluated using a com-
bined approach that leveraged statistical criteria (i.e., Scree
test, parallel analysis, and Kaisers rule eigenvalue > 1) and
ultimately the factor structure was compared to that previ-
ously published. Internal reliability was measured by ana-
lyzing Cronbach' alphas, and for factors containing only
two items, Pearson correlations and Spearman-Brown

coefficients were also determined. Analyses of the whole
sample and math and science teacher sub-groups were also
performed using the R software. Survey instruments and
additional details are available in the Supplemental Mate-
rials on the journal website.

Results and discussion
Teacher communities of practice display distinct network
characteristics
Our descriptive analysis began with teacher CoP data
and network characteristics. Collectively, science and
math teachers reported overall networks averaging 9.8
contacts. Total counts of contacts at each geographic
proximity were skewed toward local school (53%) and
district (22%) interactions (Fig. 2a), consistent with time
and effort required to form relationships and the in-
creased cost to maintain interactions over longer dis-
tances. On average, overall frequencies of interaction
and levels of energizing contacts were predominantly
weekly to monthly (3.6/5) and energizing (4.0/5), re-
spectively. Together, we interpret the local proximity,
high frequency, and energizing nature of the interactions
related to teaching content and/or pedagogy to support
the consideration of CoP from a network perspective.
Turning to the aggregate network structures provided

by the VNS prompts, teachers reported that their overall

Fig. 2 Science and math teacher CoP network characteristics. Distributions of a all reported contacts disaggregated by geographic proximity to
the surveyed teacher and perceptions of overall network b reach, c density, and d bridging based on visual network scale images in Fig. 1.
Sample: n = 165
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CoP networks had an extended reach (2.8/4), meaning
that teachers contacts were perceived to have relatively
more of their own contacts (Fig. 2b). A similar pattern
emerged for overall network density (3.0/5), with
teachers perceiving that their contacts were relatively
well connected to each other (Fig. 2c). The pattern for
overall network bridging (Fig. 2d) showed a wider distri-
bution than density, but also averaged higher than the
midpoint of the scale (2.7/5). This finding highlights a
key difference between network characteristics deter-
mined by VNS and those calculated from whole
networks, in that participants can perceive mutually ex-
clusive network structures. In a whole network calcula-
tion, having higher density necessitates lower bridging;
however, in our aggregate sample, the perceived density
and perceived bridging were both elevated on average
(i.e., > 2.5/5).

Teacher identity includes individual and community
factors
EFA of the discipline-based identity data revealed sup-
port for both four- and five-factor solutions. The five-
factor solution was supported by parallel analysis, a pre-
ferred statistical metric for selecting an EFA solution,
but grouped the 18 items into fine slices, with no factor
having more than three items, and three factors having
only two items. Further examination of the items in the
groupings showed that the five-factor solution loaded
items from factors that were distinct in previous uses of
the instrument, such as Knowledge & Skills together
with Social Respect.
A four-factor solution (Table 1) was supported by a

Scree test (Supplemental Figure S2), Kaiser’s rule (eigen-
value > 1), and theoretical underpinnings. In the four-
factor solution, one factor contained six items, and while
two factors contained only two items each, those factors
showed acceptable (Cronbach’s alpha > .7) or higher
levels of internal reliability in the aggregate sample (Sup-
plemental Table S2) as compared to those reported by
Chi (2009). The four-factor solution accounted for
63.1% of the sample variance. Ultimately, we determined

the most parsimonious EFA model was the four-factor
solution, which we selected for additional analyses.
The Self-Image (SI) factor contained the greatest num-

ber of items (i.e., 6) and the highest internal reliability
(i.e., Cronbach’s α = .89) compared to the other factors
in the solution. Items within this factor mapped to Chi’s
(2009) dimensions of Intrinsic Satisfaction (i.e., Cron-
bach’s α = .81) and Belief & Value (i.e., Cronbach’s α =
.61). The SI factor included three items with discipline-
based identity information [e.g., “I truly enjoy being a
math (or science) teacher] and three items with more
general teacher identity information (e.g., “Working with
students has its costs, but it’s worth it”).
Also consistent with Chi’s (2009) report, our EFA sep-

arated the “community practice” items into two distinct
factors (Supplemental Table S1), which we labeled Com-
munity Action (CA) and Community Value (CV). The
CA factor contained three items, including actions
within the teaching community, such as “I frequently
talk to colleagues about teaching science (or math).” (i.e.,
Cronbach’s α = .76). The CV factor contained two items
that including a value statement of community practice,
such as “It is helpful to be able to discuss the progress of
students with colleagues.” (i.e., Cronbach’s α = .73). For
CA, teachers were prompted to determine if they en-
gaged in the teaching community, while for CV, teachers
reported the value of engaging. While Chi (2009) did not
make this distinction, instead referring to the factors as
Community Practice 1 and Community Practice 2 (i.e.,
Cronbach’s α = .74), it may explain why an item
intended for the Belief & Value subscale cross-loaded on
Community Practice 2 (i.e., what we labeled Community
Value) and was removed from Chi’s (2009) analysis. The
fourth factor in our EFA model, Social Respect (SR),
loaded two items related to external appreciation and
recognition (i.e., Cronbach’s α = .76). This was consid-
ered acceptable given Chi (2009) found SR to have a
Cronbach’s alpha score of .62. Given the low number of
items in the SR and CV factors, we also evaluated these
subscales using Pearson correlations and Spearman-
Brown coefficients, which supported internal agreement.

Table 1 Summary of the identity exploratory factor analysis

Factora No. of items Variance explained (%) αb Questionnaire items

Identity overall 13 63.1 0.868 All of below

1. SI: Self-image 6 29.0 0.893 13, 14, 15, 16, 17, 18

2. CA: Community action 3 13.2 0.756 3, 4, 5

3. SR: Social respectc 2 10.8 0.756 10, 11

4. CV: Community value c 2 10.1 0.727 6, 7
aItems 1, 2, 8, 9, and 12 were deleted due to low factor loadings or mixed loadings. Sample: n = 165
bCronbach’s alpha coefficient: > 0.9 excellent; > 0.8 good; > 0.7 acceptable
cFactors with only two items were further analyzed. Pearson correlation for two items in SR is 0.609, p value < .001, for two items in CV is 0.574, p value < .001.
Spearman-Brown coefficient for SR is 0.757, for CV is 0.729
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Having identified factors and items describing identity,
we generated scores for each factor by assigning values
to the Likert-style scale and summing a teacher’s re-
sponses to each associated item. We also tested an over-
all identity construct summarizing all the factor items
(Supplemental Table S3). Both identity factor scores and
overall identity scores were then used in subsequent
comparative statistical analyses.

Teacher self-efficacy beliefs include four classroom factors
The next step in our analysis was to examine science
and math teacher self-efficacy beliefs. The TEBS-Self in-
strument has previously been used with slight variations
in data completeness and item number, as reviewed by
Dellinger et al. (2008). Therefore, we performed our own
EFA on data representing the full 31 items and complete
data. Analysis of the aggregate data revealed the most
parsimonious EFA model was a four-factor solution sup-
ported by Scree test (Supplemental Figure S3), parallel
analysis, and general alignment with Dellinger et al.’s
(2008) constructs of Management/Climate; Higher
Order Thinking Skills; Planning, Accommodating for In-
dividual Differences; and Communication/Clarification
(Supplemental Table S4). The EFA model accounted for
62.7% of the sample variance and showed good (Cron-
bach’s alpha > 0.8) or excellent levels of consistency
within each factor (Table 2, Supplemental Table S5).
Having identified factors and items describing self-

efficacy, we generated scores for each factor by assigning
values to the Likert-style scale and summing a teacher’s
responses to each associated item. We also tested an
overall self-efficacy construct summarizing all the factor
items (Supplemental Table S6). Both self-efficacy factor
scores and overall self-efficacy scores were then used in
subsequent comparative statistical analyses.

Teaching discipline is a contributor to CoP network
characteristics
Among the aspects of teacher CoP that we measured
were types of perceived structural features (i.e., size,
density, bridging, and reach), interactions (i.e., fre-
quency), and contacts (i.e., energizing). Comparisons

across science and math revealed significant differences
in CoP network structures (Table 3). Math teachers were
significantly more likely to report smaller network sizes
(p < .05), averaging 8.0 contacts per network, compared
with science networks averaging 10.4 contacts. Math
teachers also reported significantly fewer bridging op-
portunities in their networks (p < .01). Beyond the CoP
structural features, only the frequency of interactions
variable (p = .09) approached the significance level cut-
off. In this instance, math teachers reported higher aver-
age interaction frequencies shifted toward weekly
interactions with their contacts, compared to relatively
less frequent monthly interactions in science networks.
We also noted that benefits could be derived from the

CoP network features that were statistically similar
across science and math. For example, reach and density
are features indicative of well-connected contacts, and
contacts who are well-connected to each other, respect-
ively. Similarity across disciplines suggested that both
groups perceive being well connected with contacts for
teaching content and/or pedagogy. Both groups also re-
ported average levels of energizing contacts on the posi-
tive end of the Likert scale, suggesting the cultivation of
CoP members with positive outlooks on honing their
shared craft.
While not correlative in nature, the initial pattern of

individual network characteristics suggests broader dif-
ferences in CoP across disciplines. On average, math
CoP appeared to favor smaller network sizes with more
frequent interactions, and fewer bridging links to unique
contacts and information. In contrast, science CoP ap-
peared to favor larger networks with less frequent inter-
actions, but more bridging links to novel resources. Still,
both groups reported to find their respective CoP ar-
rangements to be energizing in nature.

Discipline-based identity is a useful construct for both
science and math teachers
To our knowledge, use of the discipline-based teacher
identity instrument has not been reported in other
STEM teacher populations. Therefore, after evaluating
the factor pattern in our aggregate dataset, we

Table 2 Summary of the self-efficacy beliefs exploratory factor analysis

Factora No. of items Variance explained (%) αb TEBS-Self itemsc

Self-efficacy overall 23 62.7 0.955 All of below

1. CM 9 22.4 0.926 4, 6, 7, 8, 9, 24, 26, 30, 31

2. HOTS 5 16.3 0.901 14, 19, 20, 21, 25

3. PAID 4 11.7 0.846 1, 2, 27, 28

4. CC 5 12.3 0.869 5, 10, 16, 17, 18
aAbbreviations: Climate/Management (CM), Higher Order Thinking Skills (HOTS), Planning, Accommodating for Individual Differences (PAID), Communication/
Clarification (CC). Sample: n = 165
bCronbach’s alpha coefficient: > 0.9 excellent; > 0.8 good
cItems 3, 11, 12, 13, 15, 22, 23, and 29 were deleted due to low factor loadings or mixed loadings
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investigated the extent to which the identity data
differed for science and math teachers. First, we disag-
gregated the sample by discipline, and examined differ-
ences between science and math by comparing the
factor scores of the two groups directly. Since the
Shapiro–Wilk test indicated our data from the math
population did not follow a normal distribution, we used
a Wilcoxon rank sum test instead of two sample t test.
Although math teachers generally reported lower
discipline-based identity scores, our analysis indicated
no significant difference at the p < .05 level (Table 4).
However, we did observe that the overall identity score
approached this cutoff (p = .086) with a strong contribu-
tion from the Self-Image identity factor (p = .088). This
suggested significant differences at the item level, if not
the factor level. To be thorough, we further investigated
differences in Self-Image responses. We found that re-
sponses to 3 of the 6 items within the Self-Image factor
were significantly different between science and math
teachers (Table 5), with math teachers consistently
reporting lower identity scores on each item within the
factor (Supplemental Figure S4). We noted that the sig-
nificant differences (i.e., on items 15, 16, 17; p < .05) in-
cluded items from both general teacher identity (i.e.,
items 13, 14, 16) and discipline-specific identity (i.e.,
items 15, 17, 18). The difference could not be accounted
for when controlling for different teacher preparation
sites (Supplemental Figure S5, Supplemental Table S7).

Overall, this suggests greater challenges for math
teachers and math teacher identities, relative to science,
and that those challenges may extend beyond teaching
math content.

Self-efficacy beliefs vary by discipline for promoting
higher order thinking skills
Of the 23 items emerging from the self-efficacy EFA
model, none reference a specific discipline. However, the
Higher Order Thinking Skills factor does reference skills
important to cultivate in science and math students.
Items 19 and 21 prompted, respectively, for teacher con-
fidence in abilities to “Actively involve students in devel-
oping concepts,” and “Actively involve students in
critical analysis and/or problem solving.” In order to
examine differences between science and math teacher
TEBS-Self scores, we performed a comparative analysis
similar to identity above. We found that while math
teachers reported lower overall TEBS-Self scores than
science teachers (Table 6), only the Higher Order Think-
ing Skills factor scores were significantly lower (p < .05).
The lower self-efficacy scores reported by math

teachers provide additional evidence that the challenges
facing math teacher populations may differ from science
teachers. It is possible that societal norms perpetuate
that “math is hard” (Ashcraft, Krause, & Hopko, 2007)
while conversely there is popular sentiment that science
can solve global problems (Gates, 2020), and this could

Table 3 Differences in science and math teacher CoP network characteristics by the mean

CoP network characteristics Math teacher mean (SD) Science teacher mean (SD) Difference mean (math–science) p valuec

Network variablesa – – – –

Network size 8.00 (4.74) 10.35 (6.74) − 2.35 .034*

Density 3.03 (0.74) 3.04 (0.77) − 0.01 .983

Bridging 2.31 (0.89) 2.78 (1.01) − 0.48 .008**

Reach 2.69 (0.79) 2.83 (0.87) − 0.14 .348

Frequencyb 3.71 (0.73) 3.51 (0.71) 0.19 .094

Energizingb 4.07 (0.52) 3.99 (0.64) 0.08 .552
aCharacteristics at the overall network level
bFrequency of interactions and energizing nature of contacts are the average across all contacts in each network. 6 teachers reporting 0 contacts were excluded
from analysis. Sample n = 159 (math n = 34; science n = 125)
cp values for differences are from Wilcoxon rank sum test, which is identical to Mann-Whitney U test. Unless otherwise stated, sample n = 165 (math n = 36;
science n = 129). Significance: p < 0.05 (*); p < .01 (**)

Table 4 Differences in science and math teacher identity characteristics by the mean

Identity characteristics Math teacher mean (SD) Science teacher mean (SD) Difference mean (math–science) p valueb

Identity overalla 42.89 (7.50) 45.12 (5.38) − 2.23 .086

SI 19.56 (4.67) 21.11 (3.10) − 1.55 .088

CA 9.25 (2.25) 9.74 (2.17) − 0.49 .195

SR 6.67 (1.43) 6.82 (1.17) − 0.16 .732

CV 7.42 (1.16) 7.45 (0.85) − 0.04 .831
aIdentity EFA factors: Self-Image (SI); Community Action (CA); Social Respect (SR); Community Value (CV)
bp values for differences are from Wilcoxon rank sum test, which is identical to Mann-Whitney U test. Unless otherwise stated, sample n = 165 (math n = 36;
science n = 129)
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negatively impact identifying as a math teacher or feeling
effective in the math classroom. Similarly, US testing re-
quirements in language arts and math related to No Child
Left Behind legislation may disproportionately put math
teachers at odds with the teaching and assessment strat-
egies they would like to enact, since these constraints are
not as prevalent in science subjects. Furthermore, recent
US initiatives related to the Next Generation Science Stan-
dards are explicit about trying to develop higher order
thinking skills in students, which may account for higher
perceived self-efficacy in this area in science teachers, even
if this is only partly due to concept recognition rather than
actual gains in efficacy. Although the causal nature of the
differences was not apparent in data from this study, our
analysis of math/science teachers was consistent with pub-
lished uses of the TEBS-Self instrument in mixed-
discipline teacher populations.

Self-efficacy is correlated with the individual and
community factors of identity
In the final phase of our analysis, we examined correla-
tions between the teacher variables in our aggregate
sample (Table 7). We observed positive correlations
within factors from the identity instrument (ρ = .17 -
.47; p < .05) and strong positive correlations within fac-
tors from the self-efficacy instrument (ρ = .53 - .71; p <
.01). These findings support the examination of overall
identity and overall self-efficacy variables, respectively.
Overall identity was significantly correlated with overall

self-efficacy (0.48; p < .01), consistent with published re-
lationships between these two constructs.
Correlations between the self-efficacy and identity fac-

tors provided additional details of the relationship. For ex-
ample, we observed that all four self-efficacy factors were
relatively strongly correlated with the SI identity factor (ρ
= .33 - .46; p < .01). The self-efficacy factors described
teaching activities that are likely to be recognized inside
and outside of the profession, such as keeping students on
task, trying to improve achievement, and communicating
information to diverse students. The positive correlation
with SI suggests that if a teacher believes they can perform
those teaching activities, they are more likely to see them-
selves as an individual teacher, and find teaching reward-
ing. At the same time, the inability to manage student
differences, classroom climates, and achievement out-
comes is likely to move their image of themselves further
outside the identity of an ideal math or science teacher.
This supports a strong link between belief in teaching self-
efficacy and belief in individual teacher identity.
We also observed that all four self-efficacy factors were

relatively strongly correlated with the CA identity factor
(ρ = .32–.45; p < .01). The CA factor included acting as
part of the science/math community and identifying as
belonging to groups of professional math/science
teachers. The positive correlation with self-efficacy fac-
tors suggests that believing in personal abilities to per-
form in the classroom is also important for an identity
positioned within the larger profession of teaching and

Table 5 Comparison of science and math teacher scores on items within the self-image factor

Item Math
median

Math
mean

Science
median

Science
mean

p value a

13 The quality of my teaching contributes to my career advancement. 3 3.03 3 3.12 .268

14 I find it satisfying to think that I am contributing to the profession
by teaching.

3.5 3.31 4 3.48 .182

15 I truly enjoy being a [math/science] teacher. 4 3.28 4 3.66 .011*

16 Working with students has its costs, but it’s worth it. 4 3.33 4 3.68 .010*

17 [Math/science] teaching is a very rewarding job. 3 3.19 4 3.55 .017*

18 I find satisfaction in my own development as a [math/science] teacher. 4 3.42 4 3.62 .140
aOne-sided p values of Wilcoxon rank sum test (Null hypotheses: the scores of math teachers are less than science teachers). Sample: n = 165. Significance: * p
< .05

Table 6 Differences in science and math teacher self-efficacy characteristics by the mean

Self-efficacy characteristics Math teacher mean (SD) Science teacher mean (SD) Difference mean (math–science) p valueb

Self-efficacy overalla 62.67 (12.36) 65.92 (13.29) − 3.26 .201

CM 24.61 (5.94) 26.52 (5.78) − 1.90 .105

HOTS 12.86 (3.45) 14.20 (3.49) − 1.34 .041*

PAID 10.56 (2.50) 10.35 (2.61) 0.21 .508

CC 14.64 (3.03) 14.86 (3.19) − 0.22 .655
aSelf-efficacy EFA factors: Management/Climate (CM); Higher Order Thinking Skills (HOTS); Planning, Accommodating for Individual Differences (PAID);
Communication/Clarification (CC)
bp values for differences are from Wilcoxon rank sum test, which is identical to Mann-Whitney U test. Unless otherwise stated, sample n = 165 (math n = 36;
science n = 129). Significance: p < 0.05 (*)
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belonging to a teaching community. Confidence in
teaching activities is therefore importantly related to
both personal identity and community identity. What is
not clear from the current data is the directionality of
the interaction and to what extent being part of the
teaching community (and having access to community
resources) informs confidence in one’s abilities to per-
form locally as a teacher.
The relationship between the self-efficacy factors and

the SR factor is relatively weaker than those described
above. While SI and CA involve identity based within a
teacher or within a teacher group, respectively, the SR
factor involves identity based on an external evaluation
of the teacher. Specifically, the SR factor includes the
importance of being acknowledged by others and recog-
nized by others. A lower correlation between confidence
in teaching activities and teacher identity can be ratio-
nalized in that context. Teaching can be a thankless job,
and confidence in one’s teaching abilities, or execution
of those abilities, may not be recognized or lauded by
external stakeholders. Ultimately, the data suggest that
external validation by non-teachers may not be most im-
pactful on teachers’ beliefs in their own abilities to per-
form in the classroom. Instead, self-awareness of
teaching and acknowledgement from a teaching commu-
nity may be more important for teaching confidence.
Previous studies have examined identity and self-efficacy

as separate but related constructs (Saka, Southerland,
Kittleson, & Hutner, 2013; Schepens, Aelterman, &
Vlerick, 2009; Settlage, Southerland, Smith, & Ceglie,

2009) or as hierarchical constructs with self-efficacy
as a component of a broader identity (Berger & Lê
Van, 2018; Canrinus, Helms-Lorenz, Beijaard, Buitink,
& Hofman, 2011, 2012). Our correlation data is con-
sistent with a positive, significant relationship between
teacher self-efficacy and identity. Exemplifying this re-
lationship, when differences existed in the data, math
teachers reported both lower self-efficacy and identity
scores, when compared to science teachers. However,
our data further support that self-efficacy should not
be used as a complete proxy or replacement for iden-
tity in research studies, since the portion of teacher
identity founded in social respect was not strongly
correlated with components of self-efficacy. Instead,
our quantitative findings are more consistent with
previous hierarchical models that treat self-efficacy as
a component of identity. Specifically, teacher self-
efficacy appears well aligned with personal and
community-based portions of a teacher’s identity,
such as Gee’s (2000) perspective on N-, I-, and A-
identities, but does not account for broader views of
teacher identity that include how other external par-
ties view the teacher, such as Gee’s (2000) perspective
on discourse identity, which relies on recognition by
others.

CoP networks correlate with both individual and
community aspects of teacher identity
Similar to the correlations between identity and self-
efficacy factors, multiple significant correlations existed

Table 7 Spearman correlations among science and math identity, self-efficacy, and CoP network characteristics

Variablesa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1. Identity overall – 0.83** 0.81** 0.44** 0.54** 0.48** 0.44** 0.38** 0.39** 0.43** 0.20* 0.11 0.26** 0.20* − 0.09 0.32**

2. SI – 0.47** 0.20* 0.28** 0.45** 0.46** 0.37** 0.36** 0.33** 0.09 0.09 0.17* 0.18* − 0.04 0.30**

3. CA – 0.23** 0.46** 0.42** 0.36** 0.34** 0.32** 0.45** 0.31** 0.14 0.30** 0.20* − 0.15 0.24**

4. SR – 0.17* 0.11 0.05 0.09 0.14 0.16* − 0.02 − 0.01 0.08 − 0.05 − 0.07 0.08

5. CV – 0.24** 0.21** 0.15 0.17* 0.27** 0.12 0.07 0.12 0.17* 0.07 0.25**

6. Self-efficacy overall – 0.92** 0.86** 0.73** 0.84** 0.10 0.06 0.16* 0.10 − 0.05 0.18*

7. CM – 0.71** 0.60** 0.69** 0.09 0.08 0.15 0.07 − 0.03 0.17*

8. HOTS – 0.55** 0.66** 0.09 0.07 0.15 0.11 0.00 0.13

9. PAID – 0.53** 0.07 0.05 0.22** 0.14 − 0.01 0.14

10. CC – 0.11 0.02 0.08 0.09 − 0.15 0.15

11. Network size – 0.03 0.30** 0.23** − 0.35** 0.13

12. Density – 0.03 0.28** 0.04 0.18*

13. Bridging – 0.10 − 0.14 0.09

14. Reach – − 0.18* 0.18*

15. Frequency – 0.10

16. Energizing – –
aAbbreviations: Self-Image (SI), Community Action (CA), Social Respect (SR), Community Value (CV), Management/Climate (CM), Higher Order Thinking Skills (HOTS),
Planning Accommodating for Individual Differences (PAID), Communication/Clarification (CC). Sample: n = 159. Significance: *p < 0.05; **p < 0.01
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between identity and CoP variables (Table 7). The CA
identity factor was correlated with the largest number of
CoP network features: network size (0.31; p < .01), ener-
gizing nature of networks (0.24; p < .01), and perceived
bridging (0.30; p < .01) and reach (0.02; p < .05). Since
CA identity is grounded in action within the teaching
community, it may seem intuitive that teacher identity
increases as the CoP network increases in size and posi-
tive influence. Interestingly, increases in CoP density and
the frequency of interactions within the CoP did not
reinforce CA. Instead, there was a stronger correlation
with broader, more open network features, suggesting
that access to more novel teaching contacts is more im-
portant for identity within the community than in-
creased interactions with fewer redundant contacts. The
CV identity factor was also correlated with energizing
contacts (0.25; p < .01) and perceived reach (0.17; p <
.05), further suggesting the value of disciplinary
community-based identity is derived from positive influ-
encers and access to broader networks.
The two remaining identity factors, SI and SR, are re-

lated to individual identity and identity conferred by out-
side parties, respectively, and do not intuitively have to
be linked to CoP structures. Still, SI was correlated with
energizing networks (0.30; p < .01) and, to a lesser ex-
tent, perceived bridging (0.17; p < .05) and reach (0.18; p
< .05). This may suggest that personal teacher identity
(e.g., I am a science/math teacher) can be influenced
separately from community-based teacher identity (e.g., I
am a member of a certain math/science teacher
organization) by positive CoP interactions, with implica-
tions that personal identity may persist even as
organizational affiliations or contentment change. Turn-
ing to SR, we observed no significant correlations with
CoP network features, indicating this component of
identity may reside outside of the CoP networks we sam-
pled, similar to our self-efficacy result.

CoP networks are correlated with fewer aspects of
teacher self-efficacy in the classroom
Despite multiple correlations between self-efficacy and
identity, and identity and CoP, we did not observe many
direct correlations between self-efficacy and CoP charac-
teristics (Table 7). The strongest correlation existed be-
tween self-efficacy in Planning and Accommodating for
Individual Differences and perceived bridging in CoP
networks (0.22; p < .01). Network bridging and broker-
age have been discussed as facilitating access to novel in-
formation and creation of new ideas (Burt, 2000, 2004),
when compared to more dense networks where there
may be conformity in ideas (Marsden, 1987). In this
light, teachers perceiving they occupy more bridging
roles may have higher self-efficacy in meeting the chal-
lenges of diverse student needs and personalized

learning plans, because they have access to more diverse
sources of information and social resources. Alterna-
tively, the correlation might be explained in the action of
occupying a bridging position. Individuals and groups
that are bridged by the teacher are likely to be diverse or
varied, and the ability of the bridging teacher to navigate
the differences may translate to navigating the diverse
needs of students. Given the correlations between CoP
bridging and components of self-efficacy and identity,
future studies may be needed to understand the nature
of brokerage in teacher CoP and who or what is being
bridged.

Limitations
This study may have limitations in generalization, given
the sample sizes for science and math teachers, and
other professional development activities the teachers
engaged in at their local levels. It was not our design to
control for these additional variables, although when
considering alternative interpretations, we did exclude
that teacher preparation/placement sites unduly influ-
enced the lower math teacher scores. In addition, our
study was part of a larger project, and only considered
data from a subset of available survey items and associ-
ated variables, leaving room for future studies to explore
other dimensions of discipline-based teacher identity,
self-efficacy and CoP networks. Furthermore, the subset
of survey items used in this study do not include each
factor in the originally published instrument (Chi, 2009);
therefore, findings are limited to the factors identified
through this study and not teacher identity more
broadly. Our sample size did not allow for CFA to fur-
ther refine construct validity; therefore, we presented
both latent EFA factors and overall identity and self-
efficacy constructs for comparison. This allowed the
examination of relationships between CoP network fea-
tures, identity, and self-efficacy beliefs, even though
there are many other teacher characteristics that might
be important to teacher development and education
stakeholders (e.g., coursework, strong network ties). We
note that we employed several of many available
methods for determining network characteristics. We
opted for an ego-network approach rather than a whole-
network approach, in order to focus on what different
teachers across the USA were like instead of what a lim-
ited number of school or district networks could tell us
about every teacher. Ego network data were self-
reported, which is a standard practice in SNA, and
therefore represent a snapshot of a network in time, ra-
ther than collecting electronic email or phone data over
a period of time and recreating networks. Network
structures were assessed using VNS images of networks,
which indicate a personal perception of a network struc-
ture, and may deviate from a network structure
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calculated from other secondary tie or whole network
methods. Correlations invoking network structures
would therefore be between a perception of a network
and another variable, so interventions aimed at affecting
the network structure would also need to consider that
changing a mental model of a network (e.g., professional
development to leverage existing resources and net-
works) may be different than creating actual connections
(e.g., assigning mentors or groups). The nature of our
correlation analysis precluded the assignment of a direc-
tion in the interaction, such that data do not inform
whether CoP predominantly drives identity, or vice
versa, or if there is a reflexive relationship. Our correl-
ation data also limit the determination of causal relation-
ships. However, our intent with this study is to
demonstrate the utility of CoP networks in this STEM
context. It is our hope that these constructs could then
be used by others in large-scale comparisons relevant to
teacher development and desired professional outcomes
(e.g., retention and effectiveness). Furthermore, the study
is also limited by the nature of the analytical approach
used for understanding a CoP. We recognize that while
a CoP is relational in nature (Wenger, 1998), there are
more characteristics which define a CoP (i.e., knowledge
and practices). In this study, we sought to capture the
relational nature of teachers’ CoP to better understand
the structural characteristics rather than both structural
and functional.

Conclusions and implications
Overall, our analysis indicates conceptualizing CoP as
networks is a useful tool for evaluating science and math
teachers and investigating other teacher characteristics.
A correlation analysis with identity and self-efficacy
reveals multiple significant relationships between the
constructs and their components. This is consistent with
literature linking qualitative conceptualizations of com-
munities of practice to identity and self-efficacy. Still,
CoP network characteristics were more aligned with
identity than self-efficacy, despite high correlations be-
tween identity and self-efficacy. This may be explained,
in part, by the local classroom nature of self-efficacy,
while our CoP and identity constructs spanned the class-
room and broader communities. The broader nature of
CoP and identity may also help explain earlier reports in
the literature that identity and sense of commitment to
the teaching community may persist, even when con-
flicts with a local institution arise. Local conflicts may
impact situational self-efficacy, but aspects of commu-
nity and identity positioned outside the institution can
anchor a more firm commitment.
The relationships between the activities of a teacher,

the interactions of a teacher, and the identity of a
teacher may provide a means to probe the discipline-

specific identity via more concrete aspects of practice
and teaching community. Specifically, teacher educators
aiming to foster strong teacher identities could develop
pre-service activities within an explicit, energizing com-
munity of practice to promote confidence in diverse
teaching activities within the self-efficacy domains we
surveyed: classroom management, higher order thinking
skills, accommodating individual differences, and clarify-
ing information for students. An overall teacher identity
could be enhanced by assessing and addressing weak-
nesses within those domains and comparison with the
community. Alternatively, education researchers seeking
to track teacher identity, or relate the abstract identity
construct to positive outcomes (e.g., effectiveness or per-
sistence), could probe or observe teacher confidence in
these domains and the communities of practice they
cultivate.
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