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Abstract 

Background Retaining highly qualified science, technology, engineering, and mathematics (STEM) teachers is 
imperative for meeting demands of the twenty‑first century STEM workforce. While multiple studies have revealed 
several factors that influence teacher retention, little work has examined how these factors interact with one another. 
This study explored the relationship between two critical factors that relate to teachers’ decisions to remain in the 
profession: teacher identity and communities of practice (CoP) networks.

Results Drawing upon scholarship on science teacher identity, CoP, and social network theory, we demonstrate a 
quantitative relationship between perceived network bridging roles and career commitment, which is mediated 
through teacher identity.

Conclusions The findings from this study have both implications for scholarship in teacher retention and science 
teacher identity development. Potential solutions for improving novice teachers’ self‑image through providing oppor‑
tunities to grow their professional networks both locally and regionally/nationally are suggested.

Introduction
The retention of highly qualified teachers in K-12 schools 
has received much attention over the last three decades 
(Cowan et  al., 2016; Darling-Hammond, 2017; Ingersoll 
& Smith, 2003; Kelly & Northrop, 2015) with an esti-
mated need to exceed 3.6 million teachers to maintain 
steady progress in science, technology, engineering, and 
mathematics (STEM) education initiatives (US Depart-
ment of Education, National Center for Education Sta-
tistics, 2020). Retention of early career teachers is even 
more imperative to the teaching profession with reports 
suggesting that as many as 50% of teachers leave the 
classroom within their first 5  years of teaching (Cland-
inin et al., 2015; Ingersoll & Smith, 2003). Therefore, with 
regard to preparing students for a STEM literate twenty-
first century, it is crucial that stakeholders in educational 
systems understand the factors related to teacher reten-
tion to sustain substantive change in STEM education.

*Correspondence:
Gregory T. Rushton
gregory.rushton@mtsu.edu
1 Department of Biological Sciences, Texas Tech University, Lubbock, TX 
79409, USA
2 Tennessee STEM Education Center, Middle Tennessee State University, 
Murfreesboro, TN 37132, USA
3 Department of Applied Mathematics and Statistics, Stony Brook 
University, Stony Brook, NY 11790, USA
4 Department of Global Leadership and Management, University 
of Missouri‑St. Louis, St. Louis, MO 63121, USA
5 Mathematics and Science Education Program, Middle Tennessee State 
University, Murfreesboro, TN 37132, USA
6 Department of Teaching and Learning, University of Wisconsin Oshkosh, 
Oshkosh, WI 54901, USA
7 Department of STEM Education, University of Kentucky, Lexington, KY 
40506, USA
8 Department of Biochemistry and Cell Biology and Institute for STEM 
Education, Stony Brook University, Stony Brook, NY 11790, USA
9 Department of Curriculum and Instruction and STEM Education Center, 
University of Minnesota, St. Paul, MN 55108, USA

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40594-023-00408-9&domain=pdf
http://orcid.org/0000-0002-8687-132X


Page 2 of 13Reid et al. International Journal of STEM Education           (2023) 10:17 

There are several factors that influence teacher reten-
tion such as working conditions, school characteristics, 
and teacher characteristics (e.g., Inman & Marlow, 2004; 
Newberry & Allsop, 2017; Paptraianou & Le Cornu, 
2014). Teacher identity, for instance, has been shown to 
mediate teachers’ decisions to leave poor working envi-
ronments (Canrinus et  al., 2012; Day, 2002; Moore & 
Hofman, 1988). Sutherland et  al. (2010) suggested that 
teacher identity is an important target related to reten-
tion for early career teachers. Within the first few years 
of teaching, they can experience significant tensions 
between their role as a teacher and the demands of the 
school system in which they work. This can prompt 
them to leave the classroom or profession. Personal and 
professional relationships are important for shaping 
identity and have been shown to be related to teachers’ 
decisions to remain in the profession (Inman & Marlow, 
2004; Kelchtermans, 2017). Early career teachers become 
embedded in communities of practice (CoP)  which can 
provide both emotional and social support (Papatrain-
ous & Le Cornu, 2014), increase their job satisfaction 
(Day & Gu, 2007), and could ultimately influence their 
decisions to remain in the profession. However, there is 
little evidence for how these factors might interact with 
one another to influence teachers’ decisions to remain in 
or leave the teaching profession. The relationship among 
factors related to teacher retention is important, because 
some factors are more operational and, therefore, more 
easily targeted with interventions. For instance, teacher 
identity is a multifaceted, dynamic, and internalized 
perception of oneself; however, teacher CoP  and their 
associated professional networks are more operational 
and more easily targeted with professional development, 
including training  for collaborations and relationship 
building (e.g., Newberry & Allsop, 2017).

In our previous work, we have sought to understand the 
relationship between these variables and how they might 
predict teacher dispositions to remain in the profession 
(Zhu et al., under review; Polizzi et al., 2021). In the pre-
vious study, we found significant correlations between 
teachers’ network variables (i.e., the presence of bridging) 
and identity variables. The present study extends that 
work by demonstrating the path among the variables: 
teacher identity, social networks, and commitment to the 
profession. While previous work indicated correlations, 
this study tested two hypotheses for how these variables 
might be related: whether networks or identity directly 
influence teachers’ commitment to the profession. The 
primary contribution of this study is a quantitative model 
for how teacher networks influence dispositions towards 
career commitment for early stage STEM teachers.

In the present study, we sought to empirically extend 
this work and test the empirical relationships between 

two key factors related to teacher retention: teacher 
identity and characteristics of their CoP  networks. Our 
research was guided by the following research questions:

1. How are teacher identity and CoP  networks related 
for the participants in this study?

2. How do identity and CoP networks interact or medi-
ate teacher decisions to remain in the teaching pro-
fession for the participants in this study?

3. To what extent do CoP network characteristics or 
identity factors influence disposition to teach long 
term for the participants in this study?

Background
Teaching is inherently a social profession with teachers 
interacting with students, other teachers, administrators, 
and parents. These relationships form the framework of 
teachers’ CoP. For early career teachers, transitioning into 
a new  CoP (i.e., school) from being a student–teacher 
involves navigating tensions with their identity (Nich-
ols et al., 2017) and power dynamics (Rice & Schneider, 
1994) that could influence their dispositions of remaining 
in the profession.

We framed this study within situated learning theo-
ries (Lave & Wenger, 1991). Situated learning refers to 
the contextual nature of learning that occurs through the 
apprenticeship of novices by more expert others within 
a CoP. That is, becoming a teacher begins with preservice 
education and includes induction and training by more 
veteran teachers. As a novice teacher becomes more 
knowledgeable and begins learning the norms and val-
ues of the profession, they become more centrally located 
within the teaching CoP and become seen by others as a 
“teacher.” Through the acts of becoming and moving from 
a legitimate, peripheral participant to a central active 
participant, teachers are socialized into the norms and 
values of teaching and begin to assume the role and iden-
tities associated with teaching. On the other hand, not 
being seen as a “teacher”, misalignment between teach-
ers’ identities and their workplace can lead to feelings of 
isolation from the teaching CoP and, therefore, mediate 
desires to leave the profession.

Dispositions to leave or remain in the profession
Schools consistently struggle to maintain a steady teacher 
workforce (Cowan et  al., 2016). Recent work suggests 
this issue is due to high levels of teacher attrition rather 
than low levels of teacher candidates entering the profes-
sion (Ingersoll et  al., 2018). Decisions to remain in the 
teaching profession are influenced by external, employ-
ment, and personal factors (Inman & Marlow, 2004). 
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Teachers’ dissatisfaction with the teaching profession has 
been indicated as a critical precursor of teachers’ deci-
sions to remain in the classroom (Adio & Popoola, 2010; 
Inman & Marlow, 2004). Job satisfaction (employment 
factor) refers to the subjective perceptions one has with 
work-related experiences and working conditions (Kelly 
& Northrop, 2015). Low job satisfaction for teachers is 
often related to poor school characteristics, salary, and 
feelings of lack of support (e.g., Inman & Marlow, 2004; 
Newberry & Allsop, 2017). Kelly and Northrop (2015) 
suggested that early career teachers’ plans for remaining 
in the profession can serve as a measure for their satis-
faction with their careers. That is, teachers planning to 
remain in the classroom longer have higher job satisfac-
tion than teachers planning to leave the classroom. How-
ever, in a more recent study by Polizzi et  al. (2021) job 
satisfaction and career commitment were not found to be 
correlated for early career teachers (less than 5 year expe-
rience), but that teachers’ CoP networks were associated 
with their commitment to the profession. This suggests 
that teachers’ dispositions to remain in the profession 
are socially influenced. Similarly, teacher identity has 
been identified as both a social and personal factor that is 
related to teachers’ decisions to remain in the profession 
(Hong, 2010; Moore & Hofman, 1988; Sutherland et al., 
2010).

Considering teacher identity from a social perspective, 
teachers are more likely to consider leaving the profession 
if they are not seen by others to be an important and con-
tributing member to their school (Kelchtermans, 2017; 
Kremer & Hofman, 1985; Moore & Hofman, 1988). This 
lack of social acceptance can lead to feelings of isolation 
and burnout which then lead to dispositions of leaving 
the classroom. We have previously shown that teachers’ 
dispositions to remain in the profession are significantly 
predicted by their identity and CoP network character-
istics (Polizzi et al., 2021; Zhu et al., under review). This 
line of scholarship suggests interactions between teacher 
identity and CoP  networks might influence teachers’ 
decisions to remain in the profession; as such, this study 
intends to understand these relationships.

Teacher identity
The role of “teacher” is a broad label given that includes 
multiple roles (i.e., disciplinary teacher, teacher leader, 
tutor, mentor, department chair; Beauchamp & Thomas, 
2009; Beijaard et  al., 2004). Teacher decision-making, 
related to both instructional practices and dispositions to 
remain in the classroom, is strongly linked to their iden-
tities (Bullough, 1997; Eick & Reed, 2002; Helms, 1998; 
Leuhmann, 2008; Moore & Hofman, 1988; Sutherland 
et  al., 2010). However, teacher identity is not merely a 
reflection of the roles a teacher fulfills but also includes 

how a teacher defines themselves (Sammons et al., 2007). 
These definitions of self, or self-image, involve intersec-
tions among personal (e.g., mother) and professional 
identities (e.g., teacher). Conflicts or tensions between 
a teacher’s personal and professional identity influence 
their decisions to leave or remain in the profession (Sam-
mons et al., 2007; Towers & Maguire, 2017). Due to the 
scope of the current study, we chose to operationalize 
teacher identity from a disciplinary perspective (i.e., sci-
ence or mathematics teacher).

Science teacher identity has previously been sug-
gested to be a combination of personal views and beliefs 
about teaching, as well as perceptions of how others 
view you (Beauchamp & Thomas, 2009; Chi, 2009). Chi 
(2009) developed a model of science teacher identity that 
included personal experience, community practice, sci-
ence teaching practice, knowledge and skills, degree of 
success, social respect, beliefs and values, intrinsic sat-
isfaction, and representation. This model was developed 
using a sample of preservice teachers in a graduate pro-
gram. We have recently extended this model and applied 
it to a sample of in-service, early career teachers in sci-
ence or mathematics (Polizzi et al., 2021). Using explora-
tory factor analysis, Polizzi et  al. (2021) identified four 
factors of teacher identity for science and mathematics 
early career teachers: self-image, social respect, com-
munity value, and community action. The self-image 
factor refers to a teacher’s perception of themselves rela-
tive to an idealized teacher and is aligned to Chi’s (2009) 
dimensions of beliefs and values, and intrinsic satisfac-
tion. Community value and community action refer to 
attitudes towards the teaching community and actions 
engaged in within the community, respectively.

From a situated perspective (Lave & Wenger, 1991), 
teacher identity is socially constructed through partici-
pation within a  CoP. This participation, referred to as 
legitimate peripheral participation by Lave and Wenger 
(1991), involves the acquisition or development of knowl-
edge, skills, values, and beliefs about teaching from more 
expert others within a CoP. In this sense, teacher iden-
tity is multifaceted, dynamic (Beijaard et  al., 2004), and 
discursively constructed (Gee, 2000). In their seminal 
work on CoP, Wenger (1998) emphasized the relational 
aspect of a CoP in which learning, and identity develop-
ment, is mediated by the interactional nature between 
people and culture. That is, development and enactment 
of an identity occurs through social interactions within a 
CoP (Wenger, 1998).

Communities of practice and networks
Communities of practice provide a social support system 
for teachers that can help mitigate effects of emotional 
stress and burnout (Penuel et al., 2009), thereby positively 
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influencing job satisfaction and commitment to their 
career. While teachers engage in multiple  CoP (e.g., 
work/teaching, home, personal/social), Wenger (1998) 
proposed four common aspects of all CoP: community, 
practice, meaning, and identity. While the more abstract 
characteristics (i.e., practice, meaning, and identity) of 
CoP have been readily studied in teacher education (e.g., 
Billingsley, 2004; Hausman & Goldring, 2001; Mack et al., 
2019), less research has been conducted on the relational 
characteristics or community aspect (i.e., social interac-
tions) of CoP as discussed by Wenger (1998).

More recently, scholars have begun to explore the 
interactional nature of teacher CoP using social network 
analysis (SNA), which is suited to capture the relational 
nature of CoP in education (Polizzi et  al., 2021) and 
organizational management (Cross et  al., 2006; Soltis 
et  al., 2013). SNA lends itself to studying the relational 
nature of CoP by providing a framework for understand-
ing and visualizing social interactions within a given CoP. 
Network structures can provide individuals with dif-
ferent types of social capital, defined as the resources, 
capabilities and/or goodwill cultivated through the indi-
vidual’s social ties (Burt, 2000; Coleman, 1988). Using 
SNA, researchers can study the structural characteristics 
of networks, including network size, network density, 
bridging, and reach. Network size and density describe 
the number of people in a network and how connected 
they are, respectively (Burt, 2004; Penuel et  al., 2009). 
The connectedness of a network can influence the diffu-
sion of ideas (Burt, 2004). For instance, networks that are 
dense and well-connected might lead to greater diffusion 
of information but dense networks also reinforce ideas 
and behaviors, including non-favorable behaviors such 
as adopting instructional practices that are not effec-
tive. The bridging network structure exists in networks, 
where all individuals do not have access to each other, 
and the person in the bridge position can control the flow 
of information (Fig. 1). Bridging can be a power position 

and is associated with access to novel information (Burt, 
2000) and the synthesis of new ideas (Burt, 2004). Reach 
refers to the extent to which one individual can connect 
(either directly or indirectly) with others in the network. 
We have previously shown that the network characteris-
tics of a teachers’ CoP are correlated with their identity, 
self-efficacy (Polizzi et  al., 2021), and job satisfaction 
(Zhu et  al., under review). This work provided eviden-
tiary support for using network analytic methods to 
study the interactional nature of CoP.

Hypotheses
In this study, we build upon both our own and others 
previous work to capture the relational characteristics 
of teachers’ CoP. We demonstrate the empirical relation-
ship between the relational components of teachers’ CoP, 
their developing identities, and their dispositions to 
remaining in the profession. To guide our inquiry, we 
established working hypotheses related to the constructs 
discussed above (CoP networks, identity, and disposi-
tions to remain).

Based on a review of prior literature, two hypotheses 
were generated (Fig.  2). The first hypothesized rela-
tionship between these three constructs is shown in 
Fig.  2A and predicts that identity has a direct effect on 
years remaining in the profession, but this relationship 
is mediated by CoP network characteristics. In Fig.  2B, 
the hypothesized relationships suggest that CoP network 
characteristics are a direct influencer of years remaining, 
but this relationship is mediated by identity. Currently, 
literature supports the notion that teacher identity and 
their  CoP are influential to their decisions to remain in 
the classroom. However, the nature of these relationships 
is not well-understood or researched. In this study, we 
test whether (1) teacher identity mediates the effect of 
CoPs on teacher commitment, (2) teacher CoPs mediate 
the effect of identity on teacher commitment, or (3) there 
is no mediation effect.

Fig. 1 Individuals within a bridging role serve to connect individuals who would otherwise not be connected. Person A serves as a bridge in their 
network, while person B does not



Page 5 of 13Reid et al. International Journal of STEM Education           (2023) 10:17  

Methods
Study design and participants
This study was conducted as part of a broader project 
to investigate the relationships between teacher charac-
teristics (including identity and self-efficacy), CoP net-
works, and retention outcomes. Specific to this study, 
we surveyed teacher identity, CoP networks, and reten-
tion disposition using the Qualtrics (Provo, UT) online 
survey platform. Analyses for this study were conducted 
using the lavvan package (Rosseel, 2012) in R (R Core 
Team, 2019). Inclusion in the study was based on recent 
involvement in a teacher preparation program at a higher 
education institution awarded a National Science Foun-
dation (NSF) Robert Noyce Teacher Scholarship Program 
grant. Noyce programs were selected at five universities 
across the Northeast, Southeast, and Midwest US. Survey 
links were distributed via email blast to approximately 
430 teachers. However, we could not confirm which 
university email accounts were being monitored. For 
example, some student email addresses were used, even 
though individuals had graduated, suggesting that com-
pletion rates might actually be higher than our observed 
minimum completion rate of 55% (n = 237). From that 
larger population, we have extracted the early career 
teachers (n = 201) with 5 or less years of teaching experi-
ence as participants in this current study (Fig.  3). Sam-
ple sizes are reported in each figure or table if analyses 
reflect a lower number of participants due to conditional 
or missing data. Participants were previously enrolled in 
a university teacher preparation program alone (34.8%), 
or with additional scholarship/stipend financial sup-
ports (62.7%), such as scholarship funds and extracur-
ricular professional development via Noyce (nsfnoyce.
org) or Woodrow Wilson Fellowship awards (woodrow.
org). Participants were currently teaching one or more 
classes in Pre-K-12 (Full Time: 85.6%); identified as sci-
ence (75.1%) or mathematics (24.9%) teachers; spanned 
ages 23–63; identified as female (55.7%); and were White/

non-Hispanic (90%). Participants were compensated for 
their time in accordance with IRB guidelines.

Analytic approach
Components of our analytical approach are summa-
rized here as an overview, and then detailed below after a 
description of relevant variables. First, we examined cor-
relations between aspects of teacher identity and charac-
teristics of CoP networks. Then, using structural equation 
modeling  (SEM), we tested our hypothesized models 
(Fig. 2) to determine the pathways between teacher iden-
tity, CoP network characteristics, and dispositions to 
remaining in the profession. The SEM process took place 
in two phases: analysis of the measurement model and 
analysis of the structural model. For the measurement 
model, we proposed a four factor solution using confirma-
tory factor analysis (CFA).  Measurement models dem-
onstrate the relationships between constructs and their 
indicators. We first assessed the measurement model by 
examining the reliability (Cronbach’s Alpha and compos-
ite reliability [CR]) and convergent validity (factor loadings 
and Average Variance Extracted [AVE]). For reliability of 
the model, we checked for Cronbach’s Alpha and CR val-
ues above the recommended threshold of 0.7 (Field, 2013). 
Evidence of convergent validity was assessed using factor 
loading metrics and AVE. For the structural model, we 
used fit indices from the CFA and used a Chi-square test 
for determining goodness-of-fit of the structural model.

Instrument
The instrument used in this study consisted of three 
parts. First, teachers were asked to respond to ques-
tions related to their teacher identity. The second section 
included questions related to the teachers’ CoP networks. 
Finally, the last section was focused on the teachers’ com-
mitment to the profession. Each part of the instrument is 
described in more detail below with a description of each 
variable in Table 1.

Fig. 2 Hypothesized relationships between teacher identity, CoP networks, and commitment to the profession. Model A predicts that identity 
influences commitment to remaining in the profession but this relationship is mediated by the characteristics of the CoP network. Model B predicts 
that the characteristics of teachers’ CoP networks influence their dispositions on remaining in the profession but this relationship is mediated by 
their identity
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Teacher Identity Instrument For the purposes of this 
study, we used a modified version of the Science Teacher 
Identity instrument developed by Chi (2009). In our pre-
vious work, we validated a subset of questions (18) from 
the original (48) with early career science and mathemat-
ics teachers (Zhu et al., under review). Zhu et al. (under 
review) collected evidence of face and construct validity 
through expert reviews and exploratory factor analysis 
and showed the valid and reliable properties of the subset 
of questions. This analysis resulted in a four-factor solu-
tion for teacher identity: self-image, community value, 
community action, and social respect. The self-image 
factor aligned with both the Intrinsic Satisfaction and 
Belief & Value dimensions of Chi’s (2009) original science 
teacher identity model. The community value and com-
munity action factors aligned with Chi’s (2009) commu-
nity practice dimension. This validation process included 
modifying the language from science specific to math 
specific language for mathematics teachers. Participants 
responded to four-point Likert-scale items (strongly 
disagree [1] to strongly agree [4]) for each item in the 
instrument.

CoP Network Survey Polizzi et  al. (2019) have previ-
ously operationalized teacher CoP  as specific types of 
social networks centered on teachers and shaped by 
interactions around teaching content and/or pedagogy. 
These teacher CoP were largely local in proximity, ener-
gizing in nature, and frequent in interactions (Polizzi 
et  al., 2019). For the current study, we used the CoP 

network instrument to capture participants’ percep-
tions of their teaching CoP. This survey has been previ-
ously used to describe teachers’ CoP in terms of network 
characteristics (i.e., density, size, reach, bridging) (Polizzi 
et al., 2019, 2021). We have previously used this survey to 
collect teacher-centered (i.e., ego-centric) network data 
about teachers’ CoP  (Polizzi et  al., 2019, 2021). In this 
survey, participants list up to ten individuals with whom 
they interact with related to teaching as well as survey 
items from visual network scales (VNS) based on the 
work of Mehra et  al. (2014). VNS provides participants 
with groups of images that represent different measures 
of density (Fig. 4a), bridging (Fig. 4b), and reach (Fig. 4c). 
Participants then selected the image that they perceived 
to best represent their teaching network. Validity evi-
dence has previously been collected using cognitive 
interviews of teachers and their networks. Data collected 
from these questions are categorical in nature.

Commitment to the Profession We collected teach-
ers’ dispositions to remaining in the profession using 
a question modeled after the Teacher Follow-up Sur-
vey (National Center for Educational Statistics, 2019b) 
and Beginning Teacher Longitudinal Study instruments 
(National Center for Educational Statistics, 2019a): “How 
long do you plan to remain in the position of a pre-K-12 
teacher?”. Responses to this question were continuous 
and ranged from 0 to 99 years. For responses with a range 
of years (i.e., 5–10 years), the average was calculated and 
used for analysis.

Fig. 3 Summary of early career teacher participant demographics (n = 201). *White and non‑Hispanic, Scholarship or Stipend, and Gender variables 
do not add to 100%, because five participants did not respond to these questions
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Results
Descriptive statistics of the variables
Descriptive analysis of the study variables (i.e., network 
characteristics and teacher identity) revealed similari-
ties between the science and mathematics subgroups of 
our sample. On average, teachers’ networks consisted of 
9 individuals and teachers indicated that their networks 
were approximately 50% dense (“about half”). Further-
more, both science and mathematics teachers indicated 
moderate levels of both bridging and reach (Table  2). 
Analysis of the teacher identity factors revealed more 
similarities between the mathematics and science teach-
ers in our sample. In particular, both groups held strong 

perceptions of their self-image and community value, fol-
lowed by community action and social respect.

Correlations between early career teacher identity 
and communities of practice
Prior research has shown that perceived CoP structures 
were more significantly correlated with teacher identity 
than self-efficacy beliefs (Polizzi et  al., 2019). There-
fore, we were interested in the extent to which CoP–
identity correlations existed in the early career teacher 
sample. Using correlation analysis (n = 201), we found 
positive relationships between CoP network charac-
teristics and the community action, community value, 

Fig. 4 Visual Network Scales survey items. Participants selected the corresponding image for each of (a) density, (b) bridging, and (c) reach based 
on their perceptions of their teaching/pedagogically related CoP network

Table 2 Descriptive Statistics of teacher identity factors and CoP network variables by Subject

Science Math

Mean SD Minimum Maximum Mean SD Minimum Maximum

Network size 9.03 4.87 0 26 8.94 5.15 0 25

Density_overall 3.01 0.77 2 4 2.96 0.9 1 5

Bridging_overall 2.69 0.98 1 5 2.62 1.09 1 5

Reach_overall 2.84 0.87 1 4 2.64 0.83 1 4

Self‑image 20.38 2.79 11 24 20.12 3.51 6 24

Community action 9.40 2.00 4 12 9.42 2.06 3 12

Community value 7.12 1.03 4 8 7.12 1.27 2 8

Social respect 6.52 1.20 2 8 6.20 1.32 2 8
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social respect, and self-image identity factors (Table 3). 
The most significant correlations existed between CoP 
characteristics and the Community Action (CA)  iden-
tity factor. The CA factor was significantly correlated 
with overall network size (r = 0.264, p < 0.001), overall 
density (r = 0.207, p < 0.01), bridging position (r = 0.269, 
p < 0.001), and reach (r = 0.192, p < 0.01), such that 
identifying more strongly with the science or math 
teaching community was associated with, respectively, 
larger CoP networks, more perceived opportunities to 
connect stakeholders who would not otherwise be con-
nected, and more perceived access to contacts who are 
well-connected.

Turning to the Community Value (CV)  identity fac-
tor, we observed a significant relationship with reach 
(r = 0.265, p < 0.001) and size (r = 0.199, p < 0.01) in 
the overall network. Unlike CA, CV was not corre-
lated with perceived overall network density (r = 0.132, 
p > 0.05) and bridging (r = 0.099, p > 0.05), despite the 
significant correlation between CA and network size 
noted above.

Teacher self-image was significantly correlated with 
overall network characteristics of bridging (r = 0.169, 
p < 0.05), and reach (r = 0.143, p < 0.05), similar to the 
CA factor. Furthermore, social respect was found to be 
significantly correlated with overall density (r = 0.149, 
p < 0.05) and overall bridging (r = 0.0214, p < 0.01). 
This finding suggests that early career teacher identi-
ties might not only be influenced by relationships at the 
school culture level, but also by broader CoP interac-
tions connecting stakeholders in their state.

Finally, we observed general trends in the CoP network 
characteristics presented to teachers via VNS images of 
teachers’ overall networks. Increases in both perceived 
bridging and reach at the overall network level were gen-
erally accompanied by stronger teacher identities in three 
or more of the four identity factors (Table 3). Conversely, 

perceived density at the overall level was not as routinely 
significant, since only significantly correlated with com-
munity action and social respect (Table  3). Collectively, 
these network trends may suggest that using VNS-based 
methods with teachers to describe overall CoP networks 
may be less meaningful for density compared to bridg-
ing or reach. It may be more useful to explore perceived 
network density in VNS corresponding to specific CoP 
spheres of influence.

Influence of CoP network characteristics and teacher 
identity factors on dispositions to remain in the profession
The measurement model (Table  4) was confirmed for 
reliability as values for both Cronbach’s Alpha and com-
posite reliability were above the recommended thresh-
old of 0.7 (Field, 2013). Evidence of convergent validity 
was assessed using factor loading metrics and Average 
Variance Extracted. Convergent validity was examined 
in order  to test whether the factors loaded similar to 
the previous EFA conducted (Zhu et  al., under review). 
Table  4 shows that in the model, each factor loading 
was above the recommended 0.7 threshold and each of 
the AVE values were above the recommended threshold 
value of 0.5. Based on these results, the measurement 
model was confirmed using the four constructs in Table 4 
for identity, which allowed us to proceed with the struc-
tural model assessment.

First, we examined whether the correlation between 
bridging and years remaining was mediated by self-image 
(Fig.  5). We used both hypothesis testing (Chi-square) 
and coefficient of determination (R2) to determine the 
fit of the structural model. Table  5 and Fig.  5  present 
an overview of the hypotheses testing and structural 
model. Network bridging significantly influenced self-
image (β = 0.32; p < 0.001) and that self-image influenced 

Table 3 Spearman’s correlations between teacher identity 
factors and CoP network variables

Significance Codes: *p < 0.05; **p < 0.01; ***p < 0.001
a SI: Self-Image, CA: Community Action, CV: Community Value, SR: Social Respect
b Count of contacts in overall network for each teacher (n = 201)
c All teachers were asked about perceived density, bridge positions, and reach in 
their overall networks (n = 201)

Identity factors a

SI CA CV SR

Network size b 0.102 0.264*** 0.199** 0.102

Density_overall c 0.006 0.207** 0.132 0.149*

Bridging_overall c 0.169* 0.269*** 0.099 0.214**

Reach_overall c 0.143* 0.192** 0.265*** 0.119

Table 4 Model summary for Model 2

Constructs Items Beta (Standard 
Factor 
Loading)

Cronbach’s 
Alpha

CR AVE

Community 
action

Item 4 0.858 0.759 0.762 0.518

Item 5 0.610

Item 6 0.733

Community 
value

Item 7 0.698 0.735 0.731 0.576

Item 8 0.823

Social respect Item 13 0.892 0.778 0.785 0.648

Item 14 0.715

Self‑image Item 18 0.911 0.916 0.917 0.786

Item 19 0.850

Item 20 0.898
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commitment to the career (β = 0.30; p < 0.01). When 
controlling for gender, age and network size, the analy-
sis indicated that although there was a significant total 
effect of bridging on years remaining (p < 0.05), the direct 
effect of bridging was not significant (p > 0.5). Instead, the 
indirect effect facilitated by the mediator self-image was 
significant (p < 0.05). These findings suggest a complete 
mediation effect rather than a partially mediated relation-
ship. Inclusion of self-image as a mediator limits the sig-
nificance of bridging, highlights the greater significance 
of self-image, and improves the model R2 by over twofold 
indicating our second hypothesis (Fig.  2B) explains the 
most variance in our sample.

To be thorough, we also investigated a mediating role 
for bridging in the correlation between self-image and 
years remaining (data not shown). In a model controlling 
for gender, age and network size, the mediation analysis 
indicated that although there was a significant total effect 
of self-image on years remaining (p < 0.05), the indirect 
effect facilitated by the mediator bridging was not signifi-
cant (p > 0.5). Instead, the direct effect of self-image was 
most significant (p < 0.05), preventing a significant pro-
portion mediated (p < 0.5). The significance of bridging as 
a mediator was also not apparent after comparing regres-
sion models with and without the mediator (data not 
shown). Inclusion of bridging as a mediator did not limit 
the significance of self-image, and there was little impact 
on the  R2 for the model.

The structural model in Fig.  5 shows both path coef-
ficients (Network Bridging → Identity; Identity → Com-
mitment) to be statistically significant at the p < 0.01 level. 
The SEM was considered a good fit based on metrics 
of Chi-square of Minimum Discrepancy Test (64.587), 

p = 0.066; CFI = 0.980; TLI = 0.973; SRMR = 0.050; 
RMSEA = 0.039. This structural model suggests that 
while network bridging is important for dispositions to 
remain in the profession, this relationship is mediated by 
the teachers’ identity.

Identity was most strongly associated with Commu-
nity Action (0.90), followed by Community Value (0.72), 
Self-Image (0.71), and then least associated with Social 
Respect (0.28). Together, we interpret these results to 
mean that while a perception of increased bridging posi-
tions in a teacher’s network does correspond with a dis-
position to remain in teaching for a longer period of time, 
the mode of action is through self-image. That is, having 
a perception of increased bridging positions promotes a 
stronger self-image as a science or math teacher, which 
in turn promotes a disposition to remain in teaching for a 
longer period of time.

Limitations
This study may have limitations in generalization, given 
the sample sizes of early career teachers, and other pro-
fessional development activities the teachers engaged 
in at their local levels. It was not our design to control 
for all of these additional variables. Instead, we selected 
participants across five distinct university teacher prepa-
ration programs to increase diversity in experiences and 
contexts. It is not clear to us how similar or different our 
sample of new STEM teachers are to the general popula-
tion across the country. As such, we do not presume that 
it is representative, and we are cautious about extending 
our conclusions regarding the path model more broadly. 
In addition, there are multiple lenses to guide social net-
work analysis, and our analysis focused on the overall 
structures of ego networks, rather than interaction (i.e., 
tie) or content (i.e., attribute) level information. Our 
comparison of school level density vs overall density sug-
gests more work can be conducted in specific aspects 
of a teacher’s CoP. The nature of our statistical analyses 
allowed the testing of directional interactions between 
variables, but not the assignment of causal relationships. 
Additional qualitative data and triangulation would 
strengthen the relationships described in our quantitative 
study.

Discussion and implications
In this study, we explored the relationships between 
early career teachers’ CoP, their identities, and disposi-
tions to remain in the profession. Retaining highly quali-
fied teachers is an imperative operation for ensuring we 
meet the increasing demands of the twenty-first cen-
tury STEM workforce (US Department of Education, 
National Center for Education Statistics, 2020). Several 

Fig. 5 Structural equation model showing the paths between 
network bridging, identity, and commitment

Table 5 Structural model effects

Effect Estimate Std. Error p value

Indirect 1.457 0.587 0.013

Total 1.974 0.939 0.035
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characteristics have been theoretically, and some empiri-
cally, linked with teacher retention (Inman & Mar-
low, 2004; Newberry & Allsop, 2017). We focused on 
two interrelated factors: a teacher’s CoP  network and 
their identity. While the extant literature demonstrates 
that both identity and CoP  networks are influential to 
teachers’ decisions to remain in the profession, we have 
expanded upon the current literature by demonstrating 
a pathway of influence between identity, networks, and 
retention dispositions.

Our previous work in teacher professional develop-
ment utilized CoP network discussions and systems 
thinking, which leveraged the implicit nature of net-
works and the potential to capitalize on networks made 
explicit (Polizzi et  al., 2019). This framing suggested an 
implicit or hidden role for networks in our understand-
ing of teacher retention. Indeed, we found significant 
correlations between several network characteristics 
and teacher identity factors. In particular, we found that 
community value and community action were the most 
correlated variables with network characteristics. Action 
within the community appears to necessitate the exist-
ence of a larger CoP network size, which may be densely 
centered on the local school setting. In contrast, teachers 
may recognize the value of the community without per-
ceiving that they maintain a large network, or a school 
network that is densely connected.

We initially hypothesized two possible models of the 
relationship between teacher identity, CoP network char-
acteristics, and retention dispositions. These hypotheses 
were constructed based on relationships documented 
in the literature and that the relationship between CoP 
networks and teacher identity with their dispositions 
towards retention would be partially mediated by implicit 
networks or teacher identity. Instead, our findings sug-
gest that network characteristics may precede teacher 
identity on a path to improving retention as evidenced by 
complete mediation. More specifically, teacher identity 
mediates how perceived network bridging impacts reten-
tion decisions.

This finding may prove more advantageous than our 
initial hypothesis. If networks can serve as a starting 
point for influencing identity and retention, then teacher 
education stakeholders have a target in networks that 
is more tangible than teacher identity. That is, teach-
ers may be provided opportunities to develop their net-
works through courses, professional development, and 
financial support to travel to conferences which could in 
turn influence their decisions to remain in the classroom 
and profession. We find support for this position in how 
education researchers have applied concepts of CoP. In 
multiple studies, CoP has been used to frame an investi-
gation of teacher identity development (e.g., Beauchamp 

& Thomas, 2009; Goodnough, 2010). Furthermore, when 
assessing teacher identity, studies have looked to interac-
tions with, and position relative to, teacher CoP (Polizzi 
et  al., 2021). Therefore, a contribution of our current 
work is to quantify aspects of teachers’ CoP, and empiri-
cally link them to teacher identity characteristics and 
related retention dispositions.

Conclusions
At the overall CoP network level spanning school, dis-
trict, and national contacts related to teaching content 
and/or pedagogy, our analysis indicated that perceived 
bridging was more important for retention dispositions 
than high density networks. Our previous analysis of 
teacher CoP networks in a smaller sample of experienced 
teachers showed that bridging often occurred between 
different geographic spheres of influence (Polizzi et  al., 
2019). For example, experienced teachers served as a 
bridge between state level contacts and members of 
their local school. Such a bridge position could be fur-
ther exemplified as experienced teachers interacting with 
state colleagues at a conference and bringing those ideas 
and best practices back to their school colleagues, since 
direct access between the colleagues did not exist.

It is tempting to consider the implications of this exam-
ple of bridging for early career teachers and their reten-
tion dispositions. In an education system with distributed 
leadership and few formal titles for teachers, being in a 
bridging position may support a stronger personal iden-
tity as a successful teacher, and/or recognition by the 
system as an influential or “go-to” teacher. Considering 
the nature of what is bridged across different geographic 
spheres of influence, teachers in this position might be 
aware of a larger sense of the education system or oppor-
tunities for growth as a teacher. In turn, the teacher in a 
bridging position may feel more positive about remaining 
in the profession longer. It is also possible that the (new) 
teachers in our study feel a stronger connection to their 
CoP, thus influencing their self-image as an emerging 
STEM teacher. This reinforcement and strengthening of 
the teacher identity may serve to further establish a com-
mitment to the profession, and improve retention.

The findings from this study highlight several consid-
erations for administrators and teachers:

• Provide opportunities for teachers to expand their 
networks through coursework, professional devel-
opment programs, and financial support to travel to 
conferences.

• Provide opportunities to take on roles that place 
the teacher in a bridging role.
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• Provide access to diverse educational resources 
and experts, particularly at the regional, state, and 
national level.

Exposing a teacher to a unique professional develop-
ment activity, district committee, or community part-
nership may allow that teacher to serve as a bridge to 
school colleagues. As a bridge, the teacher may then 
speak with some expertise or novel information that 
promotes their own identity as an important part of the 
school, and raises their profile with peers as a member 
of the CoP that should be retained in the teaching pro-
fession. Identity formation can then occur in two ways 
that positively impact retention dispositions. First, the 
teacher identity can be strengthened through interac-
tions with network participants outside of their local 
school, which connects the teacher to an extended com-
munity and increases a sense of belonging. Second, 
when the teacher brings novel (and hopefully, useful) 
information and resources to the local community, their 
intrinsic sense of worth, need, and value to the local 
community is improved. Both mechanisms serve to 
reify the teacher as relevant and important to the suc-
cess of their students and colleagues, and thus improves 
a disposition towards remaining in the profession.

We are currently gathering qualitative data on teacher 
bridging to explore these implications in future studies 
and seek to develop more causal relationships between 
teacher networks, identity, and persistence.
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