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academic records and serve whiter, wealthier
students (p. 3).

Various researchers have emphasized the urgent need
for teacher leaders in urban schools. Wenner and Camp-
bell's (2016) research suggests that “teacher leadership
appears to be a potential solution to the issue of teacher
attrition, as teachers can continue to teach while taking
on additional leadership responsibilities” (p. 137). Offer-
ing experienced teachers the opportunity to develop new
skills, embrace leadership roles, and support novice
teachers could help slow down teacher attrition in high-
needs schools, for both new and experienced teachers
(Hutchinson et al., 2022). The teacher-leader role allows
experienced teachers to lead without leaving the class-
room and simultaneously serves as a strategy to reduce
teacher attrition rates. However, how teacher leaders
develop and how a leader's identity emerges must be bet-
ter understood. Teacher leaders’ emerging identities are
still being researched in earnest ways. The process and
mechanisms that foster teacher-leader identity develop-
ment are now a primary focus in teacher leadership
research (Barth et al., 2023; Yow et al., 2021). Further-
more, there is a palpable gap in research regarding the
specific need for teacher leaders in urban-like learning
environments. According to Milner (2012), urban envi-
ronments present various challenges external to the
school staff, such as high truancy rates, poverty, a lack
of parental involvement, academic struggles, student
motivation issues, and behavior problems. However,
there is a lack of knowledge about developing teacher
leaders who are prepared to work in urban-like learning
environments.

For the present study, we defined urban-like learning
environments by demographics and the social contexts in
which teaching and learning occur. The schools with the
greatest needs are often found in urban-like learning
environments and frequently face severe issues that nega-
tively impact the quality of science, technology, engineer-
ing, and mathematics (STEM) teaching and learning.
These schools typically have a high enrollment of minor-
ity students and/or a significant concentration of students
living in poverty, as well as the characteristics defined by
Milner (2012) above. Moreover, high-needs schools tend
to have a disproportionately higher number of novice
teachers compared to non-high-needs schools. Carver-
Thomas and Darling-Hammond (2017) state that teacher
turnover rates in Title 1 schools are 50% higher (16%
compared to 11% in non-Title 1 schools), while turnover
rates are 70% higher in schools serving students of color
(over 55%) compared to schools with the fewest students
of color (less than 10%). As teacher attrition rates
increase, they harm student achievement and school

improvement efforts, especially in high-needs schools
(Lyons, 2022). The role of a STEM teacher leader emerges
as a potential solution to address teacher attrition in the
STEM field. Teacher leaders have become one way to
tackle public schools’ attrition challenges. Teacher lead-
ership has emerged as a potential strategy for principals
to engage teachers in career development, address
school improvement needs, and support teacher reten-
tion. However, the extant literature does not compre-
hensively explore how a STEM teacher's self-efficacy,
values, and agency contribute to their development as a
STEM teacher leader in urban-like STEM learning
environments.

1 | CONCEPTUAL FRAMEWORK

1.1 | STEM teacher self-efficacy

Bandura (1994) defined perceived self-efficacy as individ-
uals' beliefs in their ability to achieve desired perfor-
mance levels and exert control over events that impact
their lives. Self-efficacy influences emotions, thoughts,
processes, and behaviors. Self-efficacy refers to teachers'
confidence in their ability to positively influence student
learning through their individual and collective capabili-
ties (Klassen et al., 2010). Therefore, teachers' self-
efficacy influences their teaching efforts, instructional
goals, and professional and personal aspirations
(Tschannen-Moran & Hoy, 2001).

Importantly, self-efficacy is not a fixed trait but situa-
tional (Bandura, 1977). A teacher's self-efficacy may vary
in different school or classroom settings. Urban-like
learning environments often serve students facing signifi-
cant poverty, diversity, and equity challenges. In these
STEM learning environments, teachers encounter obsta-
cles unique to urban-like settings. Additionally, STEM
instruction can vary across contexts due to integration
practices, attitudes, materials, resources, and safety con-
cerns (Wenner, 2017). Therefore, when -considering
STEM teacher leadership and self-efficacy, it is crucial to
recognize the distinctiveness resulting from these specific
challenges.

1.2 | STEM teacher agency

Bandura (2001) stated that being an agent involves inten-
tionally taking action to make things happen. Agency
encompasses critical aspects such as intentionality, fore-
thought, self-reactiveness, and self-reflectiveness,
enabling individuals to participate in self-development
actively, adapt to changing circumstances, and promote

ASUIT suowwo)) aAnear) a[qesrjdde o) Aq pau1aa0d ale sa[onIER YO SN JO SA[NI 10] AIRIQIT dUIUQ AJ[IA\ UO (SUONIPUOI-PUE-SULID)/WO00 KA1 ATRIqI[aul[uo,/:sdjy) suonipuo) pue swla ], ) 23S ‘[5707/90/Sz] uo Areiqry aurjuQ A3ipy ‘A1eIqr oo)) AJISIaATUN UosmMo], £q /€81 WSS/ [ [°(1/10p/wod AafimAreiqijautjuo,/:sdpy woiy papeo[umo( ‘0 ‘v6S86+61



LEONARD ET AL.

self-renewal (p. 2). In the context of STEM teachers,
achieving agency within a school setting involves utiliz-
ing their self-awareness and understanding of the school
culture to address instructional and academic challenges,
drive change, and navigate hierarchical systems, complex
relationships, and established processes and structures
(Balgopal, 2020; Priestley et al., 2016). By exercising
agency, STEM teachers can actively shape their identity
and professional growth and contribute to improving
their teaching practice and the school as a whole.

1.3 | STEM teacher identity

Identity theory identifies and explains role-related behav-
iors, their relationship to a social structure, and an indi-
vidual's self-perception within those roles (Hogg
et al., 1995). According to Stets and Burke (2000), identity
theory posits that the self can be responsive to its envi-
ronment's social structure and categorize or classify itself
in a particular role based on that social construct, which
defines the identity. Teachers within school structures
have a well-defined role, purpose, and identity rooted in
a specific identification category based on their organiza-
tional hierarchy. Also, as individuals engage within a
social structure, they align themselves to help shape their
identity.

Social identity theory is centered around membership
in a group. One's social identity is determined by a group
affiliation in which a social identification drives the
members. Stets and Burke (2000) state that “people
derive their identity or sense of self largely from the
social categories to which they belong” (p. 225). Social
identity depends on roles and categories that contextual
situations or expectations can shape. Exposing teachers
to new skills, practices, and the potential of new categori-
zation can shift that role identity from teacher to leader
within the school construct (Knapp, 2017).

Opportunities for lived experiences in which teachers
can learn and practice new skills associated with their
new roles are essential to developing identity. A STEM
teacher leader identity is created within a school's social
construct in which the teacher enacts a dual identity, that
of a teacher and a leader. Leader identity development is
essential to teachers' ability to enact STEM teacher
leadership.

1.4 | STEM teacher values

Values are what we, as people, think of as essential in life.
The Schwartz Theory of Basic Values (Schwartz, 2012) has
six main characteristics: (a) values are beliefs, (b) values
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refer to desirable goals, (c) values transcend specific
actions and situations, (d) values serve as standards or cri-
teria, (e) values are ordered by importance, and (f) the rel-
ative importance of multiple values guides action.

The theory identifies 10 universally observed values
across cultures, with little or no variation: Achieve-
ment, Benevolence, Conformity, Hedonism, Power,
Security, Self-Direction, Stimulation, Tradition, and
Universalism. These 10 values then fit “a total pattern
of relations of conflict and congruity among values”
(Schwartz, 2012, p. 8). Table 1 provides definitions for
all 10 values.

The conflict between values arises from the opposing
relation category themes they represent. A relation cate-
gory theme groups similar values together. Opposing
relation categories present conflicts with values. For
example, the conflict between the Openness to Change
and Conservation relation categories involves values
associated with independence of thought and action ver-
sus order, preservation of the past, and resistance to
change (Schwartz, 2012). Similarly, the conflict between
Self-Transcendence and Self-Enhancement relation cate-
gories reflects the tension between the concern for others'
welfare and the pursuit of one's interests and dominance
over others (Schwartz, 2012).

Bardi and Schwartz (2003) found that individuals
express their values through their behaviors, and most
people can identify and describe their values. Values nat-
urally motivate and guide actions, as people tend to
behave in ways that express or promote their important
values (Bardi & Schwartz, 2003). Understanding how
values promote teacher agency can contribute to creating
a more engaged school climate (Hadar & Benish-
Weisman, 2018).

In the context of teacher leadership, specific values
align with the criteria for innovation and creativity,
reflecting the Openness to Change dimension (including
values of stimulation and self-direction). Conflicts can
arise between values such as achievement and benevo-
lence, where achievement focuses on subject-matter
expertise, while benevolence emphasizes considering the
whole. Values of conformity, tradition, and security
within the Conservation dimension are often excluded
due to conflicts with Openness and their tendency to
maintain the status quo rather than drive transformation.
Power and universalism are also excluded due to conflicts
and negative associations with teacher leadership
(Schwartz, 2012).

In 2012, Schwartz et al. refined the Theory of Basic
Values, subdividing the original 10 values into 19 values.
However, incorporating these additional values into the
research instrument would increase response time and
potentially decrease data reliability.
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1.5 | STEM teacher leadership

Restraint of actions, inclinations, and impulses likely to upset or harm
others and violate social expectations or norms

Safety, harmony, and stability of society, relationships, and self

Respect, commitment, and acceptance of the customs and ideas that one's
culture or religion provides

Independent thought and action-choosing, creating, and exploring.
Excitement, novelty, and challenge in life.

Pleasure or sensuous gratification for oneself
Personal success through demonstrating competence according to social
Social status and prestige, control, or dominance over people and resources

Preserving and enhancing the welfare of those with whom one is in frequent
personal contact (the “in-group™)

TABLE 1 Definitions of the 10 values identified by Schwartz et al. (2012).
Relation category Inclusion in
themes Value survey Conceptual definition
Conservation Conformity No
Conservation Security No
Conservation Tradition No
Openness to change Self-direction  Yes
Openness to change Stimulation  Yes
Openness to change Hedonism No
self-enhancement
Self-enhancement Achievement Yes
standards
Self-enhancement Power No
Self-transcendence Benevolence  Yes
Self-transcendence Universalism No

Understanding, appreciation, tolerance, and protection for the welfare of all
people and for nature

influence among their peers through their expertise, col-

In the extant literature, various definitions of teacher
leadership can be applied to studying a STEM teacher's
development as a leader. For example, the definition
by York-Barr and Duke (2004), which states that
teacher leadership is “the process by which teachers,
individually or collectively, influence their colleagues,
principals, and other members of the school commu-
nity to improve teaching and learning practices with
the aim of increased student learning and achieve-
ment” (pp. 287-288), is very comprehensive. This defi-
nition suggests that STEM teacher leadership is crucial
in promoting student achievement in STEM subjects,
improving STEM curricula, and driving overall change
and improvement in the field (Velasco et al., 2021).
However, the research team felt that the definition of
teacher leadership is best described using Criswell
et al. (2018). Their three-part definition defines how an
individual gains a deep understanding of their educa-
tional practice concerning the system, develops a
vision for innovation that impacts the system, and,
with this vision, can empower others to promote
change within the system.

For the present study, a formal teacher leader holds
an assigned role or position within the school's manage-
ment team. Examples of such positions include coach,
mentor, specialist, grade-level chair, content/department
chair, or member of task forces. On the other hand, an
informal teacher leader is someone whose primary role
lies within the classroom. However, they exert leadership

laboration, and innovative instructional practices.

1.6 | Analysis of the challenges STEM
teacher leaders face by the Ecological
Systems Theory

Bronfenbrenner (1977) developed the Ecological Systems
Theory (EST), which proposes that multiple hierarchical
layers or structures influence a child's development. The
innermost layer is the Microsystem, which includes
the immediate environment that directly interacts with
the child. The second layer is the Mesosystem, which
encompasses the interactions between different microsys-
tems. The middle layer is the Exosystem, incorporating
social structures that indirectly influence the child. The
fourth layer is the Macrosystem, focusing on cultural ele-
ments that impact the child's development. The final
layer is the Chronosystem, which considers the environ-
mental changes occurring throughout the child's lifetime
and their impact on development.

EST has been applied to various educational contexts.
For example, Zavelevsky and Lishchinsky (2020) applied
EST to innovative approaches to retaining novice
teachers. In our work with teacher leaders, we have also
applied EST: The teacher leader is positioned at the cen-
ter of the model, surrounded by the first layer, the Micro-
system, which includes their classroom or designated
space and direct interactions with colleagues at school.
For example, Kasapoglu and Karaca (2021) found that
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FIGURE 1 Application of Ecological Systems Theory to our
research.

teacher leaders identified crowded class size as an obsta-
cle, and this challenge would reside in the first layer. The
second layer is the Mesosystem, which encompasses
the relationships between the teacher leader and their
students and interactions with colleagues in various
group settings, excluding administrative interactions. If
teacher leaders feel that their colleagues are not suffi-
ciently idealistic, as Kasapoglu and Karaca (2021) found,
then this would be classified under the Mesosystem. The
middle layer, the Exosystem, involves interactions with
school administration and the school as an entity. A sam-
ple challenge could be that teacher leaders perceive that
their school administrators are hindering critical think-
ing (Kasapoglu & Karaca, 2021). The second outermost
layer, the Macrosystem, includes the impact of district-
level administrative decisions, policies, procedures, com-
munications, and the school community. Lastly, the
Chronosystem relates to contextual factors beyond the
district's control that influence the teacher leader, such as
state or federal policies that can either support or hinder
their efforts. Figure 1 illustrates the application of the
Ecological Systems Theory to our work.

1.7 | The present study

We developed two distinct but connected research questions:

« Research question one: What are the relations between
urban-like learning environments, self-efficacy, and
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agency, the role of a teacher leader within the school, and
values in predicting STEM teacher leadership identity?

« Research question two: What are STEM teacher
leaders’ challenges directly related to their role?

To test the relations identified in the research ques-
tion, we developed a hypothetical model where identity
relates directly to self-efficacy, agency, role, value, and
leadership. We analyzed respondents’ responses to the
open-ended question and categorized the challenges
identified through the lens of the EST. The two research
questions are related because people's beliefs about their
self-efficacy can influence their situations and perceived
challenges (Bandura, 1977).

This study adds to the extant literature on STEM
teacher leadership. Understanding possible factors
related to and the challenges faced while developing a
STEM teacher leader identity can inform the design of
support systems for improving STEM instruction.

2 | METHODS

2.1 | Participants

The following criteria were established to identify this
study’s sample frame of STEM teachers in one state of
the United States. First, the teachers had to be employed
by one of the state's Local Education Agencies (LEAs),
work as classroom-based teachers in public or charter
schools, and teach at least one STEM content/subject
area. STEM content/subject areas are defined as courses
that are aligned with any of the following standards:
Computer Science Teachers Association (CSTA) K-12
Computer Science Standards, International Society for
Technology in Education (ISTE) Standards, Common
Core State Standards for Mathematics, Next Generation
Science Standards (NGSS), and Standards for Technologi-
cal and Engineering Literacy (STEL).

Additional inclusionary criteria were explored, includ-
ing factors like being a teacher leader, the teacher of record,
instructional time, areas of licensure, and work location.
The teacher of record criterion was excluded because it
would overlook teachers of students with disabilities and
those teaching Multilingual Learners (MLs) who may pos-
sess STEM backgrounds and serve as teacher leaders in
their schools. Areas of licensure were excluded as the state's
Department of Education issues conditional teaching
licenses nonspecific to content areas. Some STEM teacher
leaders may hold conditional licenses, which would not be
included in the study. Work location was an exclusionary
criterion to focus solely on school-based STEM teacher
leaders.
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TABLE 2 Background information of survey respondents.

Teacher leadership roles

Formal (n = 48) Informal (n = 52)
Background information n % M SD n % M SD
Race/ethnicity
Asian 5 10.42 2 3.85
Black/African-American 14 29.17 16 30.77
Hispanic 2 4.17 0 0.00
White 27 56.25 34 65.38
Grade level taught
Elementary (PreK-5) 24 50.00 25 48.08
Middle (6-8) 13 27.08 12 23.08
High (9-12) 10 20.83 12 23.08
Elementary and middle (PreK-8) 0 0.00 2 3.85
Secondary (6-12) 0 0.00 1 1.92
All levels (PreK-12) 1 2.08 0 0.00
STEM subjects taught
Engineering 1 2.08 1 1.92
Engineering and technology 3 6.25 2 3.85
Maths 16 33.33 21 40.38
Maths and science 12 25.00 20 38.46
Maths, science, and technology 2 4.17 1 1.92
Science 9 18.75 7 13.46
Technology 2 4.17 0 0.00
None 3 6.25 0 0.00
Urban-like learning environments
School only 4 8.33 3 5.77
District only 3 6.25 9 17.31
Both 39 81.25 33 63.46
Neither 2 4.17 7 13.46
Total years teaching
<3 4 8.33 15.78 8.14 9 17.31 9.13 8.75
4-9 10 20.83 24 46.15
10-14 6 12.50 7 13.46
15 or more 27 56.25 12 23.08
Total years teaching STEM
<3 11 22292 13.74 7.88 11 21.15 9.09 8.37
4-9 11 22.92 23 44.23
10-14 6 12.50 7 13.46
15 or more 25 52.08 11 21.15

The survey respondents (N = 100) were in-service subjects. The grade levels of the respondents varied, with
PreK-12 public school STEM teacher leaders in the Mid- 49 teaching in elementary settings (grades PreK-5), 25 in
dle Atlantic United States. All respondents taught mathe- middle school settings (grades 6-8), 22 in high school set-
matics, science, technology, or a combination of these tings (grades 9-12), 1 in a combined elementary/middle
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school setting (PreK-8), and 1 in a combined middle/high
school setting (grades 6-12). On average, the respondents
had 12.73 years of teaching experience (SD = 8.92), while
their average teaching experience in STEM subjects was
11.32 years (SD = 8.43). Table 2 summarizes the respon-
dents’ teaching backgrounds based on their teacher lead-
ership roles.

2.2 | Instrument

The researchers wanted all respondents to self-identify
whether their school and/or district were urban-like by
indicating if their school and district met the criteria in
the question “We define an ‘urban-like learning environ-
ment’ as an environment that has one or more of the fol-
lowing that are external to the school staff: (a) high
minority enrollments or, (b) high concentrations of stu-
dents living in poverty, (c) truancy concerns, (d) lack of
parental involvement, (e) academic challenges, (f) lack
of motivation among students, (g) behavior problems. Do
you consider the (school or district) that you work in to
fit this description?” Additionally, respondents also had
to self-identify if they were teacher leaders by answering
the following question: “We define a teacher leader as
someone who actively engages in improving teaching
and learning and may individually or collectively influ-
ence their colleagues, principal, and other school com-
munity members to enhance teaching and learning
practices that impact overall school improvement. Do
you consider yourself to be a STEM teacher leader?” If
respondents answered “yes,” they were asked to self-
identify if they were formal or informal teacher leaders.
All self-identifying questions provided definitions to base
their responses. This allowed us to determine inclusion-
ary criteria (urban-like learning environment and being a
teacher leader) and validate the extent of the influence of
the urban-like learning environment on STEM teacher
leadership.

We adapted and modified items from various sources
to develop the survey instrument. Specifically, for self-
efficacy, items were derived from Riggs and Knochs' Sci-
ence Teaching Self-Efficacy Beliefs Instrument (STEBI)
(Riggs & Knochs, 1990). For example, “I am continually
finding better ways to teach STEM.” For STEM teacher
agency, items were adapted from the learning and teach-
ing effectiveness instrument developed by Liu et al.
(2016). For example, “If one of my students can't do a
class assignment, I am able to accurately assess whether
the assignment was at the correct level of difficulty.”
Based on consultation with experts in STEM education,
teacher leadership, and educational psychology, the
research team felt that 4 of the 10 values that Schwartz
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et al. (2012) identified aligned with teacher leadership
qualities. Those four values are achievement, benevo-
lence, self-direction, and stimulation, and items related
to these values were taken from the Portrait Values Ques-
tionnaire (Schwartz et al., 2001). For example, “It is
important to the STEM teacher to make their own deci-
sions about what they do. The STEM teacher likes to be
free to plan and to choose their activities for themself.”
Additionally, items focusing on STEM teacher leadership
through the lens of instructional leadership were derived
from Xie et al. (2020). For example, “T assist colleagues in
designing appropriate teaching strategies for varied
students.”

All of the Likert-style statements in the survey were
presented to participants using a slider, requiring them to
move it along a continuum to indicate their responses.
The response scale for the Teacher Self-Efficacy, Teacher
Agency, and Teacher Leadership constructs ranged from
“Strongly Disagree” to “Strongly Agree.” For the Teacher
Values construct, the scale ranged from “Does not look a
lot like me” to “Looks very much like me.” The scale ran-
ged from 0 to 5, and responses were recorded to the near-
est 0.01 increment.

We conducted a readability test of the instrument
using Microsoft Word's built-in Flesch-Kincaid grade-
level analytics. The estimated grade reading level of the
entire survey was 9.2, indicating that it was written in a
way that students in the ninth grade would likely under-
stand. Therefore, with all participants being in-service
teachers and having completed their bachelor's degrees,
we evaluated the readability as satisfactory.

2.3 | Instrument validity, reliability, and
pilot study

Throughout the process, content-specific terms were
replaced with “STEM” or more general phrases to ensure
relevance to the study's context. We evaluated the face
validity of the newly constructed items based on their simi-
larity to existing items in well-validated measures. We also
evaluated the face validity of the surveys based on consulta-
tion with experts in STEM education, teacher leadership,
and educational psychology. These experts provided feed-
back which helped us to evaluate the surveys' content valid-
ity. Based on the experts' feedback and subsequent
revisions to the items, we evaluated the overall construct
validity (via face and construct validity) as satisfactory. Fur-
thermore, we evaluated the inter-item reliability based on
consistency between items in the survey, with McDonald's
o equal to 0.827, indicating satisfactory reliability.

We conducted a pilot test using in-service teachers
currently enrolled as graduate students at one university.
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Leonard et al. (2023) reported the results of this sample
frame and included it in the dataset used for analysis. We
revised two demographic questions due to input from
participants during the pilot study. One question initially
only listed grades 1-12, but participants also taught in
pre-kindergarten and kindergarten. The revised question
includes all grades from pre-kindergarten through 12th
grade. During the pilot study, some participants with pri-
mary roles within the classroom did not self-identify as
teacher leaders because they did not have an assigned
role within their school's management team. The revised
teacher leadership questions provide a more robust defi-
nition of teacher leadership and the formal and informal
teacher roles.

24 | Procedures

While recruiting teacher participants, we made a series of
ethical considerations to receive permission for surveying
within the identified sample frame. Before the survey
was disseminated, we obtained Institutional Review
Board (IRB) approval from our affiliated institutions. Pur-
posive sampling was used to gather responses from the
sample frame. We emailed teachers participating in
STEM or mathematics education graduate programs at
our affiliated institutions. The email included an intro-
duction to the research and a link to the Qualtrics survey.
Additionally, we obtained approval from the relevant dis-
tricts before administering the survey to adhere to each
school district's policies and procedures regarding exter-
nal research requests. As members of several professional
teaching organizations with state chapters, we facilitated
survey dissemination through these organizations,
thereby reaching a wider audience of teachers.

3 | ANALYSES AND RESULTS

3.1 | Data preparation and cleaning

We downloaded data from Qualtrics twice a week,
imported these data into a Microsoft Excel workbook for
cleaning and analysis, and used the following procedure
to clean the data:

1. Unique code generation: Respondents were assigned a
unique code based on their responses to six specific
questions.

2. Grade level and subject categorization: Respondents'
grade levels were categorized into five buckets and
respondents’ courses were placed into buckets based
on subject areas.

3. Teacher leadership categorization: Respondents iden-
tified as not being teacher leaders were excluded from
the analysis.

4. Teacher role categorization: Based on respondents’
answers to two questions, the role of teacher leader
was classified as either “formal” or “informal.”

5. Reverse scoring: Questions relating to values were
scored according to Schwartz et al. (2001).

6. Variable score calculation: Responses for self-efficacy,
agency, and teacher leadership were averaged to
obtain variable scores for these constructs.

7. Values sub-score calculation: Sub-scores were calcu-
lated by averaging responses for achievement, benevo-
lence, self-determination, and stimulation.

8. Average values calculation: An overall average was
calculated for the values construct.

Using these cleaning procedures, we organized and
analyzed the data effectively to maintain an accurate
alignment between variables and sub-scores with the
studied constructs (i.e., to ensure construct validity).

3.2 | Quantitative analysis and results

To analyze the relationships in the hypothetical model,
we used Partial Least Squares Structural Equation Model-
ing (PLS-SEM), which allowed us to model the relation-
ships between variables and test outcome predictions
that reflect the complexity of real life. SEM can account
for observed respondent characteristics and help reduce
bias from non-random sampling by modeling relation-
ships and controlling for key variables. In our analysis,
we constructed latent variables based on the observed
survey sub-scores of respondents’ schools and districts’
urban identity, self-efficacy/agency, role (formal, infor-
mal, and not), and values (achievement, benevolence,
self-direction, and stimulation). These latent variables are
represented in Figure 2 of the model. We used WarpPLS
8.0 software (Kock, 2022), which employs a “warping”
partial least squares (PLS) path analysis approach and
potentially increases accuracy and statistical power by
applying non-parametric methods in studies with rela-
tively small sample sizes (Reinartz et al., 2009), such as
the present study. Using WarpPLS 8.0, we aimed to inves-
tigate the hypothesized relations between the identified
latent variables and gain insights into the model's dynam-
ics and interactions.

The Tenenhaus Goodness of Fit (GoF) value was
0.321, indicating a medium effect size. However, the aver-
age relational path R* value was 0.117, p = 0.06, indicat-
ing a relatively low effect size when looking at all the
paths overall. In examining these somewhat
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FIGURE 2

Urban-Like Learning
Environments

Teacher Leadership

STEM Teacher STEM Teacher
Leadership Role Values

Path model showing relations between study variables. Solid line arrows show significant relations between variables, with

standardized path and p-values as labels. Dotted line arrows show nonsignificant relations.

contradictory model robustness indices, we evaluated the
model quality to be satisfactory because most of the beta
weights (standardized path values) revealed positive and
significant direct relationships between urban-like learn-
ing environments and self-efficacy/agency, as well as
between self-efficacy/agency, STEM teacher leadership
role, values, and STEM teacher leadership, with medium
effect sizes, supporting our overall hypothesis.

In our model, value scores were calculated as the aver-
age score for each respondent. However, since values are
ordered by importance relative to each other
(Schwartz, 2012), teacher leaders may have had some pat-
terns in their prioritization of values. To explore this fur-
ther, we determined the value for which each respondent
had the highest score. The results showed that 8% of
respondents had achievement as their highest value, 40%
had benevolence, 30% had self-direction, and 8% had stim-
ulation. Some respondents had ties between their top two
values: Achievement/Benevolence (2%), Achievement/
Self-Direction (1%), Benevolence/Self-Direction (7%), and
Self-Direction/Stimulation (1%). Additionally, 2% of
respondents indicated all four values. Notably, there is a
conflict between achievement and benevolence values, as
pursuing personal success may hinder actions to enhance
the welfare of others in need (Schwartz, 2003).

Our quantitative analysis revealed that teachers' per-
ceptions of their learning environment account for

approximately 2% of the variation in self-efficacy. Addi-
tionally, their perceptions of the learning environment
and self-efficacy explain ~23% of the variation in STEM
teacher agency. This underscores the critical role of how
STEM teachers perceive their learning environment in
shaping their self-efficacy and agency.

Furthermore, as follow-up analyses and to provide
additional explanations of the structural equation model-
ing results, we conducted #-tests to gauge whether differ-
ences existed in the responses between STEM teachers
with a formal leadership role and those with an informal
leadership role. The results in Table 3 indicated that
STEM teachers with a formal leadership role had higher
scores on the teacher leadership construct (M = 3.60,
SD = 1.11) than STEM teachers with an informal leader-
ship role (M=280, SD=1.17, «df)=97.87,
p = <0.001, Cohen's d = 0.7), indicating a moderate to
large effect size. However, there were no significant dif-
ferences in the scores for self-efficacy, agency, and values
constructs between the two groups.

3.3 | Qualitative analysis and results

We used an open-ended question to investigate our sec-
ond research question, focusing on STEM teacher leaders’
challenges. The question, “Please describe any challenges
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Teacher leadership

Formal role Informal role

Latent variables M SD M SD t (df)
Self-efficacy 3.89 0.78 3.84 0.73 96.13
Agency 3.98 0.66 3.88 0.56 92.14
Achievement 2.53 1.34 2.62 1.31 97.03
Benevolence 3.75 0.87 3.61 0.89 97.73
Self-direction 3.69 0.76 345 0.81 97.98
Stimulation 2.92 1.14 3.08 1.00 93.88
Values 3.24 0.80 3.20 0.81 97.63

Teacher leadership  3.60 1.11 2.80 1.17 97.87

TABLE 4
EST
layer  Challenges of teacher leaders (TLs)"
0 *Teachers lack interest in developing/sustaining skills
0 Teacher leader feels they need better understanding of

STEM concepts

0 Individual capacity: Teacher leader feels leadership aspect
of workload too high

1 *Teacher leaders' initiatives may be blocked by their
colleagues

1 Students' attitudes towards STEM

2&3  *Insufficient time to carry out or plan lessons

2&3  *Insufficient materials/supplies or funding for supplies

2&3  *Administrators prevent Teacher leaders’ initiatives from

taking place

2&3  *The current system and policies prevent teacher leaders
from using their creativity and imagination

2 &3 Insufficient time for or quality of professional learning

experiences
3&4  *Legislation and curriculum: district-mandated
curriculum does not meet the needs of students
4 *Crowded classes
*The teacher is viewed critically by parents, students, etc.
4 Supply chain and shipping issues

1&4  *Colleagues: TLs' colleagues inadequately educated

* indicates that the code was also observed by Kasapoglu and Karaca (2021).

you faced that are directly related to your role as a STEM
teacher leader,” asked survey respondents to describe any
challenges they encountered directly related to their role
as STEM teacher leaders.

TABLE 3 Comparison of formal
versus informal teacher leadership
results.
pvalue Cohen'sd
0.780 0.056
0.459 0.150
0.728 —0.070
0.409 0.166
0.130 —0.091
0.468 —0.147
0.774 0.058
<0.001 0.705

Challenges of STEM teacher leaders categorized by Ecological Systems Theory (EST) layer.

Example response f
“When asked to try something new..., there is pushback.” 8
“not being able to describe the why behind a ... method for 9

solving a problem...”

“It would be better to be out of the classroom...to better 2
assist colleagues.”

“Other departments wanting to utilize our space for their 9
‘more important’ projects.”

“Students not wanting to engage in productive struggle.” 7

“Having adequate planning time to plan creative and 29
engaging activities ...”

“Most teachers rely on their personal money in purchasing 22
their instructional needs.”

“Lack of administrative support, lack of trust by 5
administrators...”

“There is very, very little time ...for teachers ...to collaborate 9

or even communicate.”

“The expectation that teachers ... engage in professional 5
development on their own time.”

“Our math curriculum [does not] to support various levels of 23
student understanding.”

“Class size is too large. I teach 30 students.” 1
“Parents unsure of newer teaching practices.” 1
“Supply chain and shipping issues that made it challenging 1
to teach...”

“Some teachers don't understand the math concepts behind 1
the lesson.”

All of the respondents’ responses were examined.
Some responses indicated more than one issue or sub-
issue; in this case, each issue/sub-issue was coded sepa-
rately. If the response was blank or contained a variation
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of “N/A,” the response was not coded. The team used
protocol coding in the first coding cycle (Saldafia, 2021),
which is appropriate for studies with pre-established and
field-tested coding systems. The team began with the
codes that Kasapoglu and Karaca (2021) found as obsta-
cles to becoming a teacher leader. Then, the team added
six additional codes, as revealed by the respondents.

For alignment of the codes, coding was done manu-
ally with all five co-authors for 20% of the responses to
ensure reliability. The remaining 80% of the responses
were coded by two co-authors manually and separately at
first; then, the two co-authors compared their codes and
agreed when there were discrepancies.

In the second coding cycle, we employed pattern cod-
ing (Saldafia, 2021), where category labels are assigned to
similarly coded data. To examine the themes of the iden-
tified codes, we applied Bronfenbrenner's (1977) Ecologi-
cal Systems Theory (EST) to categorize and classify the
codes into different layers of influence. Table 4 summa-
rizes the challenges, their corresponding layers, sample
responses, and the frequency of responses for each code.
Layer 0 refers to the individual teacher leader's capacity
and beliefs. Layer 1, the Microsystem, refers to challenges
related to colleagues or students in the teacher leader's
classroom. Layer 2, the Exosystem, refers to challenges
associated with school administration decisions, such as
the amount of planning time allocated within the school
day or administrators preventing teacher leaders’ initia-
tives from being implemented. Layer 3, the Macrosystem,
refers to the school district administration challenges,
such as curriculum selection or time allocated for profes-
sional learning experiences. Layer 4, the Chronosystem,
refers to the local community's challenges. Most identi-
fied challenges were within Layers 2 and 3, indicating a
perception of a lack of administrative support for initia-
tives, insufficient planning time and materials, and dis-
satisfaction with the scripted curriculum decisions in one
of the LEAs.

4 | DISCUSSION AND
IMPLICATIONS

Our study supports the hypothesis that self-efficacy,
agency, and values are strong indicators to predict a
STEM teacher's emerging teacher leader identity and
development as a teacher leader in urban-like learning
environments. Furthermore, our study revealed that
teachers' perceptions of their learning environment shape
their self-efficacy and agency, which limit their role and
ability as a STEM teacher leader. The findings from this
study can inform educational leaders at the LEA and
teacher-leader development programs at the college
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and university levels. Teacher leadership plays a signifi-
cant role in promoting student learning, as teacher
leaders are well-positioned to drive positive change
within their schools (Wenner & Campbell, 2016).

This study's findings can contribute to improvements
in various areas of STEM education, particularly within
the PreK-12 environment, STEM education programs,
STEM teacher training, and STEM teacher leadership
development. Designing and implementing cutting-edge
methods for STEM teacher leaders’ professional learning
experiences can inform these improvements. As a result,
a framework for standards focusing on teacher leadership
in STEM education needs to be developed, as no such
framework currently exists. By considering these findings
and implementing the necessary frameworks and stan-
dards, stakeholders in STEM education can enhance the
professional development and support provided to STEM
teacher leaders, ultimately improving the quality of
STEM education for students.

To increase the generalizability of this work, it would
be beneficial to broaden the geographic representation of
the respondents and increase the survey response rate.
Additionally, it is recommended that all 19 values within
the Schwartz Value Theory be incorporated and that the
Portrait Values Questionnaire-Revised (PVQ-RR) devel-
oped by Schwartz (2017) be utilized to provide a more
comprehensive and detailed assessment of the 19 new
values. This would allow for a deeper understanding of
STEM teacher values and STEM teacher leader identity
development.

Another area of investigation could be exploring how
a STEM teacher leader's race and ethnicity contribute to
their self-efficacy, agency, values, and overall teacher
leadership in an wurban-like learning environment.
Research by Fuller and Pendola (2019) suggests that per-
sonal characteristics, including race and ethnicity, can
impact teacher retention and turnover. Understanding
the influence of these factors on STEM teacher leaders'
experiences and perspectives would provide valuable
insights into promoting diversity, equity, and inclusion
within STEM teacher leadership.

Furthermore, designing and implementing an inter-
vention to enhance self-efficacy, agency, and values
would be beneficial, thereby strengthening teacher lead-
ership capacity. The instrument developed in this study
could serve as a baseline assessment to capture pre-
intervention data. STEM teacher leaders would then par-
ticipate in targeted professional development activities as
part of the intervention. Finally, the instrument could be
administered again as a post-survey to measure any par-
ticipant score changes after the intervention. Assessing
the effectiveness of such interventions in enhancing
teacher leaders' capacities would contribute to the
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literature on STEM teacher leadership development and
inform best practices in professional development
programs.

Pursuing these avenues of future research can further
deepen our understanding of STEM teacher leadership,
values, and the factors contributing to their development
and effectiveness. This knowledge can inform evidence-
based strategies and interventions to support and
empower STEM teacher leaders, ultimately benefiting
teachers and students.

This research has important implications for policy
development at the state and federal levels. At the federal
level, these findings can contribute to developing
national STEM teacher leadership standards, which can
be modeled after the National Education Association's
Teacher Leader Standards. These standards provide a
framework for guiding the professional development and
recognition of STEM teacher leaders nationwide.

One significant insight from the research is the need
to address teacher capacity at the pre-service level.
Teachers' lack of foundational content skills suggests a
potential gap in their initial training and preparation. To
explore this issue further, it would be valuable to investi-
gate the backgrounds and pathways to initial licensure of
the respondents in the study, considering both traditional
and non-traditional routes. This information can inform
policy discussions on teacher education programs and
highlight the importance of equipping teachers with the
necessary content knowledge in STEM subjects.

Additionally, this research highlights the challenges
STEM teacher leaders face regarding content knowledge.
These challenges affect professional development efforts,
as STEM teacher leaders may need support in enhancing
their basic content knowledge. Consequently, there is a
need for policy changes, such as revising state credential-
ing requirements to address STEM coursework require-
ments for initial licensure in elementary and early
childhood education. By ensuring a balanced distribution
of credits or content knowledge in STEM subjects, these
changes can better prepare teachers in these fields and
alleviate the challenges STEM teacher leaders face.

Advocating for national STEM teacher leadership
standards and addressing content knowledge require-
ments in teacher preparation programs through policy
changes can improve the quality of STEM education and
support the development of influential STEM teacher
leaders. These policy implications have the potential to
positively impact the education system by strengthening
teacher capacity and promoting the integration of STEM
practices and principles in classrooms. This study also
supports the need for advocates to include STEM teacher
leaders in policy actions (Hite et al., 2020), as STEM

teacher leaders are well informed of current issues they
and their colleagues face.

Due to the various professional partnerships created
through this project, our team members have received
funding for a research project focusing on STEM teacher
leadership. This project is a collaborative effort between
two Mid-Atlantic urban research universities. It aims to
improve STEM teachers' instructional practices and build
capacity for STEM teacher leadership through a
professional learning community that uses makerspace
technology and justice-centered STEM pedagogy
(Morales-Doyle, 2017). The participating LEA is one
whose teacher leaders participated in our survey.

The results of this study can also assist with creating
a STEM teacher leader “garden,” which can improve
STEM teacher leaders' professional practice. The research
results can also tailor professional learning experiences/
opportunities to meet this garden's needs.

5 | RECOMMENDATIONS

At one Mid-Atlantic M-1 University, teachers participate
in a graduate course entitled “Mathematics Education
Leadership for Equity,” which takes one approach to
increasing STEM teachers' leadership skills. A significant
project in this course is to have teachers utilize local data
to identify an issue of inequity that they feel is
influencing their students’ academic performance in
STEM-related courses. First, the course textbook sug-
gested common inequities for the teachers to explore.
Next, the teachers researched the identified inequity and
how other settings addressed it. Then, the teachers had to
articulate an action plan to address this inequity. This
helped teachers use a data-driven approach to consider
how they might be able to take action to provide a more
inclusive environment in which to teach STEM
responsibly.

Bartell (2013) provides another possible approach to
increasing teachers' self-efficacy and agency to teach
STEM: empowering them to teach lessons that apply to
the students’ lived experiences. Gutstein (2003) found
using STEM lessons relating to social justice aspects in
urban settings beneficial. An idea behind teaching STEM
content through the lens of social justice is to show stu-
dents how various analyses are tools that can explain and
confront biases or injustices that they might experience
and help them become informed about actions that they
can take to reduce the biases or injustices in those situa-
tions (Gutstein & Peterson, 2013). Within the graduate
course sequence for the respondents, several courses
taught by other faculty members utilize this social justice
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instructional approach so that the teachers feel prepared
to teach STEM lessons through a social justice lens.
Kelley et al. (2020) propose a community of practice
model to enhance STEM teachers' self-efficacy. By collab-
orating with various stakeholders and engaging in the
development of integrated STEM activities, teachers can
improve their skills and abilities while benefiting from
the collective expertise and support of the community.
The Every Student Succeeds Act (ESSA) Title 11, Part
A (Every Student Succeeds Act, 2015), focuses on support-
ing effective instruction. LEAs can use these funds to
implement professional growth and improvement systems
for educators, including opportunities for meaningful
teacher leadership. Federal funding can be utilized to pro-
vide professional learning opportunities to educators who
work with students who have various disabilities, who are
multilingual learners, and in various settings
(Marten, 2022). The areas of funding examples are directly
related to some of the major challenges identified by the
survey respondents. The effectiveness and outcomes of
future research and professional learning initiatives may
provide the basis for accessing these funds and supporting
the implementation of professional learning opportunities.
By considering and implementing these approaches,
universities, LEAs, and policymakers can contribute to
developing STEM teacher leaders equipped to address
equity, incorporate social justice, engage in communities
of practice, and provide practical instruction; they ulti-
mately benefit students' STEM education experiences.

6 | CONCLUSIONS

The data from this study offer valuable evidence support-
ing the significant relationships between teachers' self-
efficacy, agency, the formality of their leadership roles,
values, and their views on leadership. These findings pro-
vide important insights for designing future professional
learning experiences targeted at STEM teacher leaders.

Based on these relationships, professional learning
experiences must focus on enhancing teachers’ self-
efficacy and agency. By providing opportunities for skill
development, support, and resources, these experiences
empower teachers to believe in their abilities to positively
impact student learning and take proactive action in their
leadership roles. Mentoring, collaboration, and reflective
practices can be incorporated to strengthen teachers’ self-
efficacy and agency.

In addition, professional learning experiences should
address the formation and solidification of teachers'
values. By promoting discussions and activities exploring
the alignment between teachers' values and their leader-
ship practices, these experiences can help teachers
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understand the importance of their values in guiding their
leadership decisions and actions. Creating a supportive
and inclusive environment that respects diverse perspec-
tives and values further enhances a teacher's sense of pur-
pose and commitment to their leadership roles.

Future professional learning experiences for STEM
teacher leaders should aim to improve self-efficacy and
agency while fostering a deeper understanding and inte-
gration of their values. By addressing these factors,
teachers can become more effective and confident
leaders, positively impacting student learning and overall
school improvement.
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