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Abstract

As K-12 STEM education moves toward the integrated application of mathematics and science concepts in collabora-
tive and complex real-world problem solving, there is a commensurate need to redefine what it means to be a STEM
teacher in the early grades. Elementary teachers need more than professional development with innovative content
and curriculum to be ready to integrate STEM; they need the agency that comes with a strong sense of who they

are and who they want to become as STEM teachers. In this commentary, we propose a model for integrated STEM
teacher identity with the goal of building a robust definition that is applicable to multiple educational contexts. The
model captures the tensions between elementary teachers' multiple identities as STEM learners, professional teach-
ers, and STEM education innovators. Our proposed model structures the complexity of these roles as an intertwining
of components from extant professional teacher identity and STEM learner identity models. The careful cultivation

of integrated STEM identities has the power to increase teachers'readiness to not only try but to sustain innovative
curriculum. Teacher educators and professional development facilitators can use this model to provide more person-
alized support to teachers. Recommendations for future refinement of this model are offered along with implications

for more equitable access to integrated STEM experiences for all students.

Keywords: Integrated STEM teacher identity, STEM integration, Teacher identity, Professional development,
Elementary education, STEM identity, STEM learner identity, STEM teacher, STEM education

Introduction

National reports on STEM education in the United States
(Honey et al., 2014; Tanenbaum, 2016) advocate for inte-
grated experiences that promote equitable access to dis-
covery and innovation. As the emphasis in K-12 STEM
education shifts from a set of overlapping disciplines to
the integrated application of mathematics and science
concepts (Committee on STEM Education, 2018), there
is a commensurate need to explore and redefine what it
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means to be a STEM teacher in the early grades. Elemen-
tary school is a critical time to influence students’ inter-
est in STEM (McClure et al., 2017), yet there remains a
persistent problem of ineffective STEM instruction at the
elementary level (Epstein & Miller, 2011).

An elementary teacher’s readiness to integrate STEM
goes beyond disciplinary content and pedagogical
knowledge. Significant resources have been commit-
ted to building this specialized knowledge in STEM
professional development, yet many elementary teach-
ers do not feel prepared to integrate STEM (Corp et al.,
2020; Shernoff et al., 2017) and do not see themselves as
STEM teachers (Karaolis & Philippou, 2019). Accord-
ing to Wilson (2011), STEM professional development is

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0003-2948-7898
http://orcid.org/0000-0001-6999-4072
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40594-022-00358-8&domain=pdf

Galanti and Holincheck International Journal of STEM Education

often “short, fragmented, ineffective and not designed to
meet the specific needs of individual teachers” (as cited
in National Research Council, 2011, p. 21). This state-
ment has been interpreted as a need to address contex-
tual barriers to STEM integration, which may include
pedagogical challenges, structural challenges, curriculum
constraints, student readiness, and administrator support
(Ejiwale, 2013; Garcia-Carrillo et al., 2021; Margot & Kel-
ler, 2019; So et al., 2021). Although important, addressing
contextual barriers alone will not change the landscape
of STEM integration at the elementary level. It is not
enough to focus on what teachers know and are able to
do in designing impactful STEM education and profes-
sional development. The field must also acknowledge and
attend to elementary teacher identity as it relates to inte-
grated STEM and STEM teaching.

Changes in STEM teaching practice can only be sus-
tained when teachers see themselves and are seen by oth-
ers as integrated STEM teachers (El Nagdi et al., 2018).
Advancing the field’s understanding of elementary teach-
ers’ readiness to integrate STEM depends on the ability
to explore and model the complexity of their identity
construction as both teachers and STEM learners. Pre-
vious research has conceptualized and operationalized
STEM identities within siloed disciplines (mathematics,
science, and engineering) and focused on undergradu-
ate students’ perception of themselves as STEM people
(e.g., Carlone & Johnson, 2007; Cribbs et al., 2015; Haz-
ari et al., 2010). Existing S-T-E-M identity measures are
insufficient for research on elementary STEM teacher
identity because they are often focused on emerging
STEM professionals. At the same time, recent research
on professional teacher identity (e.g., Hanna et al., 2019;
Hong et al., 2017) focuses on pre-service or early career
teacher development with no attention to STEM interest,
competence, or recognition. Understanding the inter-
twining of STEM and professional teacher identities is
necessary to design educational experiences that build
elementary teachers’ readiness to integrate STEM.

In this commentary, we propose a model of integrated
STEM teacher identity to begin to explain differences in
how teachers learn and enact STEM in their classrooms.
Integrated STEM teacher identity can be conceptualized
by combining Hazari et al’s (2010) four-factor STEM
learner identity model and Hanna et al’s (2020) profes-
sional teacher identity framework. Our proposed model
structures the complexity of the intersection of STEM
learner and teacher identities at the elementary level.
We begin by articulating a research-informed vision of
integrated STEM and building a theoretical foundation
for the intertwining of professional teacher identity and
STEM learner identity. After presenting our conceptual
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model, we offer implications for identity research and
teacher professional development.

A vision of integrated STEM in elementary classrooms
There is a persistent lack of consensus on the conceptu-
alization of integrated elementary STEM education in
research (English, 2016; Honey et al., 2014; Moore et al.,
2020) and in practice (Holmlund et al., 2018). These var-
ied definitions are often driven by differing goals and con-
texts (Delahunty et al,, 2021; Ortiz-Revilla et al., 2020).
We seek to communicate a vision of integrated STEM as
it can be experienced and enacted by elementary teachers
across a variety of settings.

Traditional siloed approaches to teaching science
and mathematics do not “reflect the natural inter-
connectedness of the four STEM components in the
real world of research and technology development”
(National Research Council, 2009, p. 150). Integrated
STEM instruction in the elementary classroom provides
opportunities for all students to engage with mathemat-
ics and science problem solving in real-world contexts
(Kelley & Knowles, 2016). Nadelson and Seifert (2017)
described integrated STEM as involving “conditions
that require the application of knowledge and practices
from multiple STEM disciplines to learn about or solve
transdisciplinary problems” (p. 221). We elaborate on
these conditions as student-centered, collaborative class
structures that promote design and innovation and lever-
age technology (Kelley & Knowles, 2016). Our vision of
integrated STEM in elementary classrooms retains the
uniqueness of each STEM discipline but extends inte-
grated STEM learning opportunities through modeling,
simulation, and computational thinking (Hjalmarson
et al., 2020; Waterman et al., 2020).

An integrated approach to STEM elicits multiple mod-
els of productive thinking (Li et al., 2019a) as students
apply the engineering design process, mathematical rea-
soning, scientific inquiry, and computational thinking
in collaborative problem solving. This conceptualization
calls on teachers to be more than deliverers of science
and mathematics content. Effective integrated STEM
teachers engage students in collaborative and complex
real-world problem solving (e.g., Li et al., 2019b; Moore
et al.,, 2020) across all STEM content areas. Teachers
who take a transdisciplinary approach to STEM learn-
ing (Vasquez et al., 2013) build bridges between STEM
disciplines and real-world challenges as they shape how
students make sense of the world. With this vision of a
dynamic student-centered elementary classroom, STEM
becomes more than its component content disciplines or
even the intersections of content disciplines. STEM can
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be the way that teachers and students understand the
changing world and its complexity.

The integrated elementary STEM classroom is thus
more than the sum of its component disciplines. It builds
knowledge of science and mathematics through inquiry
and rigorous and relevant problem solving. Grounding
integrated STEM learning in scientific inquiry and the
engineering design process (Margot & Kettler, 2019) cre-
ates a productive environment for problem solving by
iteratively testing and refining possible solutions (English,
2016). Integrated STEM in elementary classrooms is not
manifested in worksheets and memorization of facts and
procedures without context. Procedural fluency in math-
ematics (National Research Council, 2001) and process-
driven inquiry in science are visible in STEM activities.
Integrating STEM does not lessen the difficulty of mathe-
matics and science; it creates opportunities to learn more
deeply by normalizing struggle and uncertainty. Most
importantly, the quality of the classroom experience
transcends utilitarian conceptions of STEM education
(Holincheck & Galanti, 2022); children are truly learning
how to think and invent because these STEM skills and
experiences are valued for their own sake.

This integrated STEM classroom vision is especially
difficult to attain because elementary teachers are too
often positioned from a deficit perspective in traditional
social discourses about their STEM knowledge (Simpson
& Bouhafa, 2018). These perspectives create a very nar-
row picture about who is and who can be an effective
STEM educator. Elementary teachers may have minimal
postsecondary depth in science and mathematics knowl-
edge (Epstein & Miller, 2011), but content knowledge
may not be the most significant barrier to effective inte-
grated STEM instruction.

Research on barriers to effective STEM integration has
often focused on teacher content knowledge and exter-
nal contextual factors (Ejiwale, 2013; Margot & Kettler,
2019). Many STEM teacher education initiatives address
these challenges by offering content experiences and
curriculum resources, and yet there is a need to better
understand how these initiatives transfer to the elemen-
tary classroom (Luft et al., 2020). Students’ early experi-
ences in mathematics, science, and engineering begin
to frame their beliefs about who they are and who they
could be (Archer et al., 2010; Maltese & Tai, 2010; Paul
et al., 2020). Elementary teachers play a significant role in
building their own students’ STEM identities; they must
see themselves as integrated STEM teachers if elemen-
tary students are to have opportunities to engage mean-
ingfully with innovative K-6 STEM curriculum. The role
of teacher identity in the realization of this vision for
effectively integrating STEM in the elementary classroom
requires further exploration.
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Theoretical background

To conceptualize how elementary teachers see them-
selves as integrated STEM teachers, we turn to Gee’s
(2000) definition of identity as recognizing oneself and
being recognized by others as a certain kind of person.
Gee (1999) argues that there is an aspirational perspec-
tive to identity as “the kind of person one is seeking to
be and enact in the here and now” (p. 13). Furthermore,
identity is a learning trajectory which is “not an object,
but a constant becoming....our identities incorporate the
past and the future in the very process of negotiating the
present” (Wenger, 2010, p. 133—4).

These widely cited identity framings are especially rel-
evant in the longitudinal identity formation of elemen-
tary STEM teachers. Darragh (2015) elaborates on the
notion of being recognized as a certain kind of person
by describing STEM identities as performative; thus ele-
mentary teachers’ STEM identities are derived from their
accumulation of roles as STEM learners and as STEM
teachers in a variety of contexts. Elementary educators
bring multiple role identities as STEM learners to the
education profession (Carrier et al., 2017) and may be
asked to assume unfamiliar roles as they integrate STEM
across disciplines. The ways in which elementary edu-
cators position themselves or are positioned by others
(Cobb & Hodge, 2011) in professional development set-
tings and classroom contexts shape their STEM teacher
identities.

The emergent field of identity research in STEM
education often focuses on STEM learner identity or
professional teacher identity, but we argue that these
identities are not separate and distinct. A model of inte-
grated STEM teacher identity is needed to understand
how these two identities interact and sometimes con-
flict in the elementary classroom. In the following sec-
tions, we synthesize the literature on professional teacher
identity and STEM learner identity to support our con-
ceptualization of integrated STEM teacher identity as an
interweaving of these two identities.

Professional teacher identity

Much of the research on teacher identity has been nar-
rated in longitudinal stories of cultural and educa-
tional contexts of teachers as individuals (Beauchamp &
Thomas, 2009; Clandinin & Connelly, 1999; Lutovac &
Kaasila, 2019). While narrative research can reveal the
situational complexity of teacher identity, it falls short of
providing results that can be used to make generalizable
claims about the development of teacher identity over
time (Avraamidou, 2014). A second category of research
on teacher identity has focused on influences on teacher
identity formation (e.g., Hong et al., 2017; Izadinia, 2013;
Pennington & Richards, 2016; Volkmann & Anderson,
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1998). Izadinia (2013) reviewed empirical studies about
pre-service teacher identity and identified four influ-
ences on the development of teacher identity (reflective
activities, participation in learning communities, con-
text, and prior experiences). Pennington and Richards
(2016) described identity broadly to include contextual,
physical, and social characteristics of effective teachers,
thus framing identity as a construction of foundational
competencies.

Beijaard et al. (2004) described a third category of
teacher identity research as studies focused on the char-
acteristics of professional identity and how these char-
acteristics explain teacher learning or decision-making.
Consistent with this categorization, Hong (2010) exam-
ined the factors of teacher identity related to teachers’
decisions to leave the profession (value, efficacy, com-
mitment, emotions, knowledge and beliefs, and mic-
ropolitics). Studies that fall within Beijaard et al’s (2004)
third category can be helpful for understanding teacher
decision-making within distinct contexts. However, these
studies may contain factors that cannot be assigned to
the domains of a generalizable model of how individuals
see themselves as teachers (Hanna et al., 2019).

Teacher identity conceptualizations that conflate per-
sonal characteristics, internal factors, and external influ-
ences make it impossible to build a common and shared
understanding of professional teacher identity. To work
toward our broader objective of capturing the interplay
of roles in describing integrated STEM teacher identity,
we distinguish between what influences professional
teacher identity and what constitutes this identity. This
delineation is an essential step in explaining what makes
an individual within the teaching profession identify as
an integrated STEM teacher. It is the foundation upon
which researchers can examine the external influences on
the formation of integrated STEM teacher identity and
track how teacher education programs support teacher
identity development over time.

Recent efforts by Hanna et al. (2020) move the field of
education toward a generalizable understanding of what
constitutes professional teacher identity across contexts.
They describe teacher identity as “a socially shared and
coherent set of meanings” (p. 2) that define the particu-
lar professional role of teachers independent of external
influences. Building upon their 2019 literature review of
teacher identity instruments, Hanna et al. (2020) refined
subscales from an array of previous studies to develop a
Teacher Identity Measurement Scale with four domains
of teacher identity. These domains are defined below and
illustrated in Fig. 1:

+ Motivation: Why am I teaching?
+ Self-image: How do I see myself as a teacher?
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Teacher Identity

Task perception Hanna et al. (2020)

What is
my task as a
teacher?

Motivation
Why am |
teaching?

Self-efficacy
How capable do |
believe | am to
organize and perform
my daily teaching
activities?

Self-image
How do | see
myself as a
teacher?

Fig. 1 Components of professional teacher identity (Hanna et al,,
2020)

« Self-efficacy: How capable do I believe I am to organ-
ize and perform my daily teaching activities?
+ Task perception: What is my task as a teacher?

These four components are deeply embedded in how
teachers see themselves and distinct from personal char-
acteristics and external influences. This professional
teacher identity framework is a starting point for concep-
tualizing the complexity of teacher identity, but it does
not capture the unique tensions that teachers may experi-
ence as they enact an integrated STEM vision in elemen-
tary classrooms.

Accounting for tensions in constructing an integrated STEM
teacher identity
Elementary teachers’ identities are defined by the many
roles they take up in the classroom; the tensions between
these roles can lead to challenges as they called to disrupt
more siloed structures of STEM learning (Cross Francis
et al,, 2018). Their own experiences as learners in siloed
STEM classrooms and teacher education courses create
additional challenges as they negotiate learning experi-
ences and teaching expectations (Avraamidou, 2018).
Teachers’ ability to meet these challenges is dependent
upon both the malleability of their identity roles and their
agency to construct these roles in innovative ways.
Teacher identity is not fixed; it is developed over time
as a result of teachers’ context and experiences (Bei-
jaard et al., 2004). It has been characterized in the litera-
ture as evolving (Jiang et al., 2021; Skott, 2019; Wenger,
2010) and as an ongoing process (Avraamidou, 2018;
Beijaard et al., 2004). The malleability of teacher identity
underlies the potential for teacher education and pro-
fessional development to influence STEM integration in
elementary classrooms. The ongoing process of a STEM
teacher’s identity construction is driven by experiencing
professional learning and by creating integrated STEM
experiences for their own students (EI Nagdi et al., 2018).
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Teacher agency also drives the process of teacher identity
development (Avraamidou, 2018; Beijaard et al., 2004).
As Brickhouse (2001) noted, “Learning is not merely a
matter of acquiring knowledge, it is a matter of deciding
what kind of person you are and want to be and engag-
ing in those activities that make one part of the relevant
communities” (p. 286). Agency is deeply connected to a
teacher’s abilities to not only seek professional develop-
ment opportunities (Beauchamp & Thomas, 2009), but
also to shape their own teacher identities.

The multiplicity of the roles that teachers are expected
to play (Vermunt et al., 2017) can lead to tensions and
dilemmas (Hong et al., 2017), and this is particularly true
for teachers who are seeking to integrate STEM. Tra-
ditional approaches to education position the teacher
as a single-subject expert with an obligation to transfer
knowledge to students (Vermunt et al.,, 2017). In more
contemporary approaches to teaching, the teacher is
positioned as a learning process expert. The teacher is
expected to facilitate active, self-regulated, and collabo-
rative learning opportunities in the classroom (Vermunt
et al, 2017). This positioning creates identity tensions
for elementary teachers who are expected to fill general-
ist roles while teaching multiple subject areas with deep
STEM content knowledge expectations (Chen & Mensabh,
2018; Willis et al., 2021). Competing teaching identities
result from differences between teachers’ understand-
ing of their roles and others’ expectations of them (Pillen
etal, 2013).

Integrating STEM can lead to an “internal negotiation
to incorporate the new role into an existing sense of self”
(Ni et al., 2021, p. 282). The identity tensions that teach-
ers experience can be either an opportunity for growth or
a justification for maintaining the status quo, especially in
the contexts where STEM learning outcomes are used as
accountability measures (Cross Francis et al., 2018). For
elementary teachers who are asked to innovate STEM in
their classroom, their role identities (Brenner et al., 2018;
Shanahan & Nieswandt, 2011) are related to their posi-
tions and actions (Keiler, 2018). Their classrooms become
environmental and professional contexts to which they
also bring their own identities as STEM learners. These
STEM learner identities are constructed over a lifetime
of formal and informal educational experiences, and they
interact with their expected roles as elementary teachers.

STEM learner identity

Research on STEM learner identity has predominantly
focused on science students, building upon the founda-
tional work of Carlone and Johnson (2007). They exam-
ined student identity in science disciplines, drawing upon
Gee’s (2000) definition of identity as a certain kind of per-
son. Their model of science identity has three interrelated
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STEM Learner Identity

Adapted from Hazari et al. (2010)

Interest
& Carlone & Johnson (2007)

Curiosity to
think and learn
about STEM

Competence
Belief in ability
to understand
STEM content

Performance
Belief in
ability to
perform

STEM tasks

Recognition
Recognition by
others and self as
being a STEM
person

Fig. 2 Components of STEM learner identity (Carlone & Johnson,
2007; Hazari et al,, 2010)

dimensions: performance of scientific practices, compe-
tence as knowledge and understanding of content, and
recognition of oneself and by others as a science person.
Carlone and Johnson (2007) have profoundly influenced
how the field conceptualizes STEM learner identity.
Researchers on STEM learner identity have operational-
ized these three dimensions in the pursuit of a generaliz-
able model of STEM learner identity (Cribbs et al., 2015;
Dou & Cian, 2022; Espinosa, 2011; Godwin, 2016; Hazari
et al., 2010; McDonald et al., 2019; Paul et al., 2020).

Hazari et al. (2010), using data from the Persistence
Research in Science and Engineering project, extended
the Carlone and Johnson (2007) framework. They justi-
fied an additional dimension of interest by contrasting
their participants (college English students) with the
successful scientists in the Carlone and Johnson (2007)
study. Interest influences students’ decisions of who and
what they want to be (Hazari et al., 2010). The research
team reported significant correlations between perfor-
mance, competence, recognition, and interest and a “see-
ing oneself as a physics person” identity variable with the
strongest correlation being recognition. The components
of Hazari et al’s (2010, p. 990) model are defined below
and illustrated in Fig. 2:

» Competence: Belief in ability to understand STEM
content

+ Recognition: Recognition by others and self as being
a STEM person

+ Performance: Belief in ability to perform STEM tasks

« Interest: Curiosity to think and learn about STEM

Originally used to describe physics learner identity, the
Hazari et al. (2010) framework has been broadly applied
in STEM learner identity research, including quantitative
studies of undergraduate mathematics students (Cribbs
et al.,, 2015), undergraduate engineering students (God-
win, 2016), and elementary STEM students (Paul et al.,
2020). Hazari et al. (2013) later merged the dimensions
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of performance and competence because these factors
were indistinguishable in factor analysis (Cass et al,
2011). Cribbs et al. (2015) used this three-component
framework and found that mathematics identity is most
strongly related to competence/performance in under-
graduate mathematics. This relationship is mediated by
interest and external recognition in mathematics, with
recognition having a stronger direct effect. Dou and Cian
(2022) recently confirmed the robustness of the Haz-
ari et al. (2010) framework in their structural equation
model of the construct of STEM identity.

The Carlone and Johnson (2007) and Hazari et al.
(2010) models were developed to predict student reten-
tion and persistence in STEM coursework (Carlone et al.,
2014), but the components of these models are especially
relevant as we describe the STEM learner identities that
teachers bring to their professional work (Avraamidou,
2018). Carlone and Johnson’s (2007) conceptualization
of performance and competence as distinct components
provides a more flexible framework for teachers’ STEM
learner identities than the models that combine these
components (e.g., Cribbs et al., 2015). Competence is
related to the demonstration of meaningful knowledge
and understanding of STEM content, while performance
relates to making competence visible to others. Although
quantitative research has failed to distinguish between
competence and performance, qualitative research-
ers have found that performance as evidence of STEM
competence is not necessarily indicative of beliefs about
STEM competence (Hudson et al., 2018). As integrated
STEM challenges teachers to think about STEM compe-
tence and performance in novel ways, there is value in
retaining these as separate dimensions in our initial con-
ceptualization of STEM learner identity.

Elementary educators bring their identities as K-16
STEM learners to their teaching practice. STEM pro-
fessional development often focuses on innovative cur-
riculum and positions teachers as learners (e.g., Baker &
Galanti, 2017; Baker et al., 2022; Nadelson et al., 2013).
These new educational experiences add another layer to
the construction of their evolving STEM learner identi-
ties. STEM teacher education has the potential to either
exacerbate or alleviate the tensions that teachers may feel
in designing and facilitating their own integrated STEM
experiences (Chen & Mensah, 2018).

As teachers continue to develop their identities as both
STEM learners and teachers, they are negotiating their
integrated STEM teacher identities. A juxtaposition of
separate identities is insufficient; teachers rely on their
STEM learner identities as they build and express their
professional teaching identities (Cross Francis et al., 2018;
Owens, 2008). There is a need to capture the negotiation
of multiple identities in relation to STEM by reframing
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professional teacher identity in terms of integrated STEM
knowledge. The contextualization of STEM teaching and
learning identities within a single model disrupts societal
discourses about who has STEM knowledge and who can
be an effective integrated STEM teacher.

A model of integrated STEM teacher identity

Although the existing models of professional teacher
identity and STEM learner identity are useful for under-
standing aspects of integrated STEM teacher identity,
independent models are insufficient for conceptualizing
how elementary teachers see themselves as integrated
STEM teachers. The field needs to capture the com-
plexities of a multi-faceted identity that draws upon their
experiences as STEM learners and their teacher identi-
ties. The generalized treatment of pedagogy in teacher
identity models does not attend to the unique curricu-
lar expectations of integrated STEM classrooms. Seeing
oneself as an elementary teacher and seeing oneself as a
STEM person are not mutually exclusive. We seek to con-
ceptualize the complex intersection of the role identities
of non-STEM undergraduate, elementary teacher, and
STEM education innovator. The components of each of
the independent models are necessary but not sufficient
to describe the unique expectations and tensions within
innovative STEM teaching at the elementary level. An
integrated STEM teacher identity model helps us to both
understand and to impact elementary classroom practice.

Our model of integrated STEM teacher identity (see
Fig. 3) combines elementary professional teacher identity
(Hanna et al.,, 2020) together with STEM learner iden-
tity (Hazari et al., 2010). The components of professional
teacher identity intersect with past and present STEM
learning experiences, while the components of STEM
learner identity intersect with expectations for teaching
elementary content.

In constructing this model, we modified the language
within select components of the prior models (see Figs. 1,
2) for consistency and to reflect the complexity of inte-
grated STEM teacher identity. Integrated STEM was
incorporated into the components of Hanna et al’s (2020)
model for professional teacher identity. A second compo-
nent of interest was added to distinguish between curi-
osity about STEM content as a learner within the Hazari
et al. (2010) framework and the desire to understand
STEM pedagogy. An elementary teacher’s sense of self
encapsulates interest in both learning STEM and teach-
ing STEM. The components of our model of integrated
STEM teacher identity are defined below and illustrated
in Fig. 3.
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Teacher Identity STEM Learner
Teaching Interest Identit
How much do | think
about and understand it
i —— Recognition
Self-efficacy integrated STEM Motivation Content. Interest How am | recognized
teaching? How curious am |
How ledol Why am | by others and self
believe | am to teach teaching abouttS'I't.E,M as being a
integrated STEM? integrated Integrated eI STEM person?
STEM?
STEM
K Teacher }&
- _ Identity Competence Performance
Self-image Task perception How capable do | How capable do |
How do | see myself What is my task believe | am to believe | am to
as an integrated as an integrated understand STEM perform STEM
STEM teacher? STEM teacher? content? tasks?
Adapted from Hazari et al. (2010)
Adapted from Hanna et al. (2020,
P ( ) & Carlone & Johnson (2007)

Fig. 3 Theoretical model of integrated STEM teacher identity

STEM learner identity dimensions

+ Performance: How capable do I believe I am to per-
form STEM tasks?

+ Competence: How capable do I believe I am to
understand STEM content?

+ Recognition: How am I recognized by others and self

these intersections within and across these original
models.

Conclusion and implications

The STEM education research community continues to
innovate content and curriculum for informal and formal
STEM experiences in elementary schools. Our model of

i ? . - .
as being a STEM person? . integrated STEM teacher identity extends these innova-
‘ Content? interest: How curious am I about STEM by focusing on the teachers who need to bring and
content?

Teacher identity dimensions

+ Motivation: Why am I teaching integrated STEM?
+ Self-image: How do I see myself as a STEM teacher?
+ Self-efficacy: How capable do I believe I am to teach

sustain these practices in elementary classrooms. Teach-
ers’ identities are continually evolving and can influence
how they position themselves or are positioned by others
in classroom contexts and professional development set-
tings. By understanding the intertwining of teacher and
STEM learner identities as conceptualized within our
model, teacher educators and professional development
facilitators will be better equipped to cultivate integrated

integrated ST‘EM? ‘ ' STEM teacher identities.
+ Task perception: What is my task as an integrated Identities are malleable in that they are constructed in
STEM teacher?

+ Teaching interest: How much do I think about and
understand STEM teaching?

While these adaptations of the original models begin to
capture the intersections of professional teacher identity
and STEM learner identity, we recognize that our con-
ceptualizations are not yet supported by empirical data.
The combined model conceptualizes the likely overlap
between components within professional teacher iden-
tity and STEM learner identity. We further theorize that
there is an overlap across the original models. We call on
teacher educators and educational researchers to explore

the ways that the teachers see themselves and are seen by
others over time. Future research should build upon this
initial conceptualization to work toward a robust gener-
alizable model of integrated STEM teacher identity. The
further intersections of gender, race, and class should
inform the refinement of the model. Additionally, inte-
grated STEM identities are not independent of context.
Potential barriers to STEM integration (e.g., structural
challenges, curriculum constraints, student readiness,
and administrator support) might be mitigated by devel-
oping strong integrated STEM teacher identities.

To support the continued refinement of this combined
model, the STEM education community should build
evidence of what each of these dimensions looks like
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for practicing elementary teachers. Empirical studies
grounded in data from classroom observations, teacher
interviews, professional development artifacts, and new
survey instruments can provide this evidence. The field
should study integrated STEM teacher identity longitudi-
nally to describe how integrated STEM teacher identities
evolve over time. Understanding the malleability of iden-
tity and the tensions between role identities is necessary
to tackle the challenges of designing effective integrated
STEM teacher education for elementary contexts.

STEM educators can use the knowledge from a gen-
eralizable model of integrated STEM teacher identity
to guide the design and facilitation of both pre-service
education and professional development. Teacher adop-
tion of innovative STEM resources has been linked to
the identities teachers bring to professional develop-
ment (Ntow & Adler, 2019). Hanna et al. (2020) argued
that a shared understanding of what constitutes teacher
identity can pave the way for more personalized support
in both elementary teacher preparation and continu-
ing professional development. Attention to integrated
STEM teacher identities increases the likelihood that
teachers who experience integrated STEM content and
curriculum as learners feel empowered to enact these
innovations in their elementary classrooms. Success-
ful STEM professional development must reconcile the
identity tensions which may otherwise interfere with the
very ambitious, student-centered practices that teacher
educators are seeking to model and facilitate (Darragh &
Radovic, 2019). As they prepare elementary teachers to
innovate STEM in their classrooms, teacher educators
who understand their participants’ identities can be more
adept at developing and strengthening these identities.

Strong integrated STEM teacher identities are also
essential to developing strong student STEM identi-
ties. The careful cultivation of integrated STEM teacher
identities has the power to increase educators’ readiness
to not only try, but also to sustain innovative curricu-
lum. When today’s elementary teachers see themselves
as competent doers and facilitators of innovative STEM
experiences for their students, they will advance efforts
toward broader STEM access and participation. We
encourage the readers of this journal to join us in building
upon this initial conceptualization of integrated STEM
elementary teacher identity as we strive to improve
access to high-quality STEM education for all students.

Acknowledgements
Not applicable.

Author contributions

The following provides a review of the co-author contributions. TG wrote the
introduction, the vision for integrated STEM, and the theoretical background
on STEM learner identity. NH wrote the theoretical background on profes-
sional teacher identity and developed representations of the integrated

(2022) 9:43

Page 8 of 10

STEM teacher identity model. Both authors collaborated on the writing of this
commentary to the extent that it represents a synthesis of each author’s ideas.
Both authors read and approved the final manuscript.

Funding
The authors received no funding to support the writing of this manuscript.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or
analyzed for this commentary.

Declarations

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Teaching, Learning, and Curriculum, University of North
Florida, 1 UNF Drive, Jacksonville, FL 32224, USA. >Advanced Studies in Teach-
ing and Learning, College of Education and Human Development, George
Mason University, Fairfax, VA, USA.

Received: 12 January 2022 Accepted: 4 June 2022
Published online: 23 June 2022

References

Archer, L, DeWitt, J,, Osborne, J,, Dillon, J., Willis, B, & Wong, B. (2010). “Doing”
science versus "being”a scientist: Examining 10/11-year-old school-
children’s constructions of science through the lens of identity. Science
Education, 94,617-639. https://doi.org/10.1002/sce.20399

Avraamidovu, L. (2014). Studying science teacher identity: Current insights and
future research directions. Studies in Science Education, 50(2), 145-179.
https://doi.org/10.1080/03057267.2014.937171

Avraamidou, L. (2018). Elementary science teacher identity as a lived experi-
ence: Small stories in narrative analysis. In P. Schutz, J. Hong, & D. Cross
Francis (Eds.), Research on teacher identity (pp. 145-155). Springer. https://
doi.org/10.1007/978-3-319-93836-3_13

Baker, C. K, & Galanti, T. M. (2017). Integrating STEM in elementary classrooms
using model-eliciting activities: Responsive professional development for
mathematics coaches and teachers. International Journal of STEM Educa-
tion, 4, Article 10. https://doi.org/10.1186/540594-017-0066-3

Baker, C. K, Galanti, T. M,, Kraft, T,, Holincheck, N., Hjalmarson, M., & Nelson, J.
K. (2022). Researchers as coaches: Developing mathematics teaching
capacity using MEAs for STEM integration. Investigations in Mathematics
Learning, 14(1), 28-48. https://doi.org/10.1080/19477503.2021.2023966

Beauchamp, C, & Thomas, L. (2009). Understanding teacher identity: An over-
view of issues in the literature and implications for teacher education.
Cambridge Journal of Education, 39(2), 175-189. https://doi.org/10.1080/
03057640902902252

Beijaard, D., Meijer, P, & Verloop, N. (2004). Reconsidering research on teachers’
professional identity. Teaching and Teacher Education, 20(2), 107-128.
https://doi.org/10.1016/j.tate.2003.07.001

Brenner, P.S,, Serpe, R. T, & Stryker, S. (2018). Role-specific self-efficacy as prec-
edent and product of the identity model. Sociological Perspectives, 61(1),
57-80. https://doi.org/10.1177/0731121417697306

Brickhouse, N. W. (2001). Embodying science: A feminist perspective on learn-
ing. Journal of Research in Science Teaching, 38(3), 282-295. https://doi.
0rg/10.1002/1098-2736(200103)38:3%3c282:AID-TEA1006%3e3.0.CO;2-0

Carlone, H. B, & Johnson, A. (2007). Understanding the science experiences of
successful women of color: Science identity as an analytic lens. Journal of
Research in Science Teaching, 44(8), 1187-1218. https://doi.org/10.1002/
tea.20237

Carlone, H. B, Scott, C. M., & Lowder, C. (2014). Becoming (less) scientific: A
longitudinal study of students'identity work from elementary to middle
school science. Journal of Research in Science Teaching, 51(7), 836-869.
https://doi.org/10.1002/tea.21150

Carrier, S. J, Whitehead, A. N., Walkowiak, T. A, Luginbuhl, S. C,, & Thomson, M.
M. (2017). The development of elementary teacher identities as teachers


https://doi.org/10.1002/sce.20399
https://doi.org/10.1080/03057267.2014.937171
https://doi.org/10.1007/978-3-319-93836-3_13
https://doi.org/10.1007/978-3-319-93836-3_13
https://doi.org/10.1186/s40594-017-0066-3
https://doi.org/10.1080/19477503.2021.2023966
https://doi.org/10.1080/03057640902902252
https://doi.org/10.1080/03057640902902252
https://doi.org/10.1016/j.tate.2003.07.001
https://doi.org/10.1177/0731121417697306
https://doi.org/10.1002/1098-2736(200103)38:3%3c282::AID-TEA1006%3e3.0.CO;2-0
https://doi.org/10.1002/1098-2736(200103)38:3%3c282::AID-TEA1006%3e3.0.CO;2-0
https://doi.org/10.1002/tea.20237
https://doi.org/10.1002/tea.20237
https://doi.org/10.1002/tea.21150

Galanti and Holincheck International Journal of STEM Education

of science. International Journal of Science Education, 39(13), 1733-1754.
https://doi.org/10.1080/09500693.2017.1351648

Cass, C. A, Hazari, Z,, Cribbs, J,, Sadler, P. M., & Sonnert, G. (2011). Examining the
impact of mathematics identity on the choice of engineering careers for
male and female students. In 2071 Frontiers in Education Conference (FIE)
(pp. F2H-1). IEEE. https://doi.org/10.1109/FIE.2011.6142881

Chen, J. L, & Mensah, F. M. (2018). Teaching contexts that influence elementary
preservice teachers'teacher and science teacher identity development.
Journal of Science Teacher Education, 29(5), 420-439. https://doi.org/10.
1080/1046560X.2018.1469187

Clandinin, D. J,, & Connelly, F. M. (1999). Shaping a professional identity: Stories
of education practice. McGill Journal of Education, 34(2), 189-191.

Cobb, P, & Hodge, L. L. (2011). Culture, identity, and equity in the mathemat-
ics classroom. In A. J. Bishop, E. Yackel, K. Gravemeijer, & A. Sfard (Eds.),
Mathematics education library: Vol. 48. A journey in mathematics education
research: Insights from the work of Paul Cobb (pp. 179-195). Springer.

Committee on STEM Education. (2018). Charting a course for success: America’s
strategy for STEM education. National Science and Technology Council.
https://www.whitehouse.gov/wp-content/uploads/2018/12/STEM-
Education-Strategic-Plan-2018.pdf

Corp, A, Fields, M., & Naizer, G. (2020). Elementary STEM teacher education:
Recent practices to prepare general elementary teachers for STEM. In
C. C.Johnson, M. J. Mohr-Schroeder, T. J. Moore, & L. D. English (Eds.),

The handbook of research on STEM education (pp. 337-348). Routledge.
https://doi.org/10.4324/9780429021381-32

Cribbs, J. D, Hazari, Z, Sonnert, G,, & Sadler, P. M. (2015). Establishing an
explanatory model for mathematics identity. Child Development, 86(4),
1048-1062. https://doi.org/10.1111/cdev.12363

Cross Francis, D, Hong J,, Liu J,, & Eker, A. (2018).“I'm not just a math teacher”:
Understanding the development of elementary teachers' mathematics
teacher identity. In P. Schutz, J. Hong, & D. Cross Francis (Eds.), Research
on teacher identity: Mapping challenges and innovations (pp. 133-144).
Springer. https://doi.org/10.1007/978-3-319-93836-3_12

Darragh, L. (2015). Recognising ‘good at mathematics”: Using a performative
lens for identity. Mathematics Education Research Journal, 27(1), 83-102.
https://doi.org/10.1007/513394-014-0120-0

Darragh, L, &Radovic, D. (2019).“To Tia with love": Chilean mathematics
teacher identities after professional development. ZDM, 51(3), 517-527.
https://doi.org/10.1007/511858-018-01023-7

Delahunty, T, Prendergast, M., & Ni Riordain, M. (2021). Teachers' perspectives
on achieving an integrated curricular model of Primary STEM education
in Ireland: Authentic or utopian ideology? Frontiers in Education, 6, Article
666608. https://doi.org/10.3389/feduc.2021.666608

Dou, R, & Cian, H. (2022). Constructing STEM identity: An expanded structural
model for STEM identity research. Journal of Research in Science Teaching,
59(3), 458-490. https://doi.org/10.1002/tea.21734

El Nagdi, M., Leammukda, F, & Roehrig, G. (2018). Developing identities of
STEM teachers at emerging STEM schools. International Journal of STEM
Education, 5, Article 36. https://doi.org/10.1186/540594-018-0136-1

Ejiwale, J. A. (2013). Barriers to successful implementation of STEM education.
Journal of Education and Learning, 7(2), 63-74. https://doi.org/10.11591/
edulearn.v7i2.220

English, L. D. (2016). STEM education K-12: Perspectives on integration. Inter-
national Journal of STEM Education, 3, Article 3. https://doi.org/10.1186/
s40594-016-0036-1

Epstein, D., & Miller, R.T. (2011). Slow off the mark: Elementary school teachers
and the crisis in science, technology, engineering, and math education.
Center for American Progress. https://www.americanprogress.org/wp-
content/uploads/issues/2011/04/pdf/stem_paper.pdf

Espinosa, L. (2011). Pipelines and pathways: Women of color in undergraduate
STEM majors and the college experiences that contribute to persistence.
Harvard Educational Review, 81(2), 209-241. https://doi.org/10.17763/haer.
81.2.92315ww157656k3u

Garcia-Carrillo, C, Greca, I. M., & Fernandez-Hawrylak, M. (2021). Teacher
perspectives on teaching the STEM approach to educational coding and
robotics in primary education. Education Sciences, 11, Article 64. https://
doi.org/10.3390/educsci11020064

Gee, J. P.(1999). An introduction to discourse analysis: Theory and method.
Routledge. https://doi.org/10.4324/9781410609786-9

(2022) 9:43

Page 9 of 10

Gee, J. P.(2000). Identity as an analytic lens for research in education. Review of
Research in Education, 25(1), 99-125. https://doi.org/10.3102/0091732X02
5001099

Godwin, A. (2016). The development of a measure of engineering identity [Paper
presentation]. ASEE Annual Conference & Exposition, New Orleans, LA,
United States. https://doi.org/10.18260/p.26122

Hanna, F, Oostdam, R., Severiens, S. E., & ZijIstra, B. J. (2019). Domains of
teacher identity: A review of quantitative measurement instruments.
Educational Research Review, 27, 15-27. https://doi.org/10.1016/].
edurev.2019.01.003

Hanna, F, Oostdam, R., Severiens, S. E., & Zijlstra, B. J. (2020). Assessing the
professional identity of primary student teachers: Design and valida-
tion of the Teacher Identity Measurement Scale. Studies in Educational
Evaluation, 64, Article 100822. https://doi.org/10.1016/j.stueduc.2019.
100822

Hazari, Z., Sonnert, G., Sadler, P. M., & Shanahan, M. C. (2010). Connecting
high school physics experiences, outcome expectations, physics iden-
tity, and physics career choice: A gender study. Journal of Research in
Science Teaching, 47(8), 978-1003. https://doi.org/10.1002/tea.20363

Hazari, Z., Sadler, P. M., & Sonnert, G. (2013). The science identity of college
students: Exploring the intersection of gender, race, and ethnicity.
Journal of College Science Teaching, 42(5), 82-91.

Hjalmarson, M. A., Holincheck, N., Baker, C. K., & Galanti, T. M. (2020). Learn-
ing models and modeling across the STEM disciplines. In C. C. John-
son., M. J. Mohr-Schroeder, T. J. Moore, & L. D. English (Eds.), Handbook
of research on STEM education (pp. 223-233). Routledge. https://doi.
org/10.4324/9780429021381-21

Holincheck, N., & Galanti, T. (2022). Are you a STEM teacher?: Exploring PK-12
teachers' conceptions of STEM education. Journal of STEM Education:
Innovations and Research, 23(2), 35-40. https://jstem.org/jstem/index.
php/JSTEM/article/view/2551/2271

Holmlund, T. D, Lesseig, K., & Slavit, D. (2018). Making sense of “STEM educa-
tion"in K-12 contexts. International Journal of STEM Education, 5, Article
18. https://doi.org/10.1186/540594-018-0127-2

Honey, M., Pearson, G., & Schweingruber, A. (2014). STEM integration in K-12
education: Status, prospects, and an agenda for research. National Acad-
emies Press. https://doi.org/10.17226/18612

Hong, J.Y. (2010). Pre-service and beginning teachers’ professional identity
and its relation to dropping out of the profession. Teaching and Teacher
Education, 26(8), 1530-1543. https://doi.org/10.1016/j.tate.2010.06.003

Hong, J., Greene, B, & Lowery, J. (2017). Multiple dimensions of teacher
identity development from pre-service to early years of teaching:

A longitudinal study. Journal of Education for Teaching, 43(1), 84-98.
https://doi.org/10.1080/02607476.2017.1251111

Hudson, T. D., Haley, K. J, Jaeger, A. J,, Mitchall, A,, Dinin, A,, & Dunstan, S. B.
(2018). Becoming a legitimate scientist: Science identity of postdocs in
STEM fields. The Review of Higher Education, 41(4), 607-639. https.//doi.
0rg/10.1353/rhe.2018.0027

Izadinia, M. (2013). A review of research on student teachers’ professional
identity. British Educational Research Journal, 39(4), 694-713. https://doi.
org/10.1080/01411926.2012.679614

Jiang, H., Wang, K., Wang, X, Lei, X,, & Huang, Z. (2021). Understanding a
STEM teacher’s emotions and professional identities: A three-year lon-
gitudinal case study. International Journal of STEM Education, 8, Article
51. https://doi.org/10.1186/540594-021-00309-9

Karaolis, A., & Philippou, G. N. (2019). Teachers’ professional identity. In M.
Hannula, G. Leder, F. Morselli, M. Vollstedt, & Q. Zhang (Eds.), Affect and
mathematics education: Fresh perspectives on motivation, engagement,
and identity (pp. 397-416). Springer. https://doi.org/10.1007/978-3-
030-13761-8_18

Keiler, L. S. (2018). Teachers'roles and identities in student-centered class-
rooms. International Journal of STEM Education, 5, Article 34. https://doi.
0rg/10.1186/540594-018-0131-6

Kelley, T. R, & Knowles, J. G. (2016). A conceptual framework for integrated
STEM education. International Journal of STEM Education, 3, Article 11.
https://doi.org/10.1186/540594-016-0046-z

Li, Y., Schoenfeld, A. H., diSessa, A. A, Graesser, A. C., Benson, L. C, English, L.
D., & Duschl, R. A. (2019). On thinking and STEM education. Jour-
nal for STEM Education Research, 2, 1-13. https://doi.org/10.1007/
$41979-019-00014-x


https://doi.org/10.1080/09500693.2017.1351648
https://doi.org/10.1109/FIE.2011.6142881
https://doi.org/10.1080/1046560X.2018.1469187
https://doi.org/10.1080/1046560X.2018.1469187
https://www.whitehouse.gov/wp-content/uploads/2018/12/STEM-Education-Strategic-Plan-2018.pdf
https://www.whitehouse.gov/wp-content/uploads/2018/12/STEM-Education-Strategic-Plan-2018.pdf
https://doi.org/10.4324/9780429021381-32
https://doi.org/10.1111/cdev.12363
https://doi.org/10.1007/978-3-319-93836-3_12
https://doi.org/10.1007/s13394-014-0120-0
https://doi.org/10.1007/s11858-018-01023-7
https://doi.org/10.3389/feduc.2021.666608
https://doi.org/10.1002/tea.21734
https://doi.org/10.1186/s40594-018-0136-1
https://doi.org/10.11591/edulearn.v7i2.220
https://doi.org/10.11591/edulearn.v7i2.220
https://doi.org/10.1186/s40594-016-0036-1
https://doi.org/10.1186/s40594-016-0036-1
https://www.americanprogress.org/wp-content/uploads/issues/2011/04/pdf/stem_paper.pdf
https://www.americanprogress.org/wp-content/uploads/issues/2011/04/pdf/stem_paper.pdf
https://doi.org/10.17763/haer.81.2.92315ww157656k3u
https://doi.org/10.17763/haer.81.2.92315ww157656k3u
https://doi.org/10.3390/educsci11020064
https://doi.org/10.3390/educsci11020064
https://doi.org/10.4324/9781410609786-9
https://doi.org/10.3102/0091732X025001099
https://doi.org/10.3102/0091732X025001099
https://doi.org/10.18260/p.26122
https://doi.org/10.1016/j.edurev.2019.01.003
https://doi.org/10.1016/j.edurev.2019.01.003
https://doi.org/10.1016/j.stueduc.2019.100822
https://doi.org/10.1016/j.stueduc.2019.100822
https://doi.org/10.1002/tea.20363
https://doi.org/10.4324/9780429021381-21
https://doi.org/10.4324/9780429021381-21
https://jstem.org/jstem/index.php/JSTEM/article/view/2551/2271
https://jstem.org/jstem/index.php/JSTEM/article/view/2551/2271
https://doi.org/10.1186/s40594-018-0127-2
https://doi.org/10.17226/18612
https://doi.org/10.1016/j.tate.2010.06.003
https://doi.org/10.1080/02607476.2017.1251111
https://doi.org/10.1353/rhe.2018.0027
https://doi.org/10.1353/rhe.2018.0027
https://doi.org/10.1080/01411926.2012.679614
https://doi.org/10.1080/01411926.2012.679614
https://doi.org/10.1186/s40594-021-00309-9
https://doi.org/10.1007/978-3-030-13761-8_18
https://doi.org/10.1007/978-3-030-13761-8_18
https://doi.org/10.1186/s40594-018-0131-6
https://doi.org/10.1186/s40594-018-0131-6
https://doi.org/10.1186/s40594-016-0046-z
https://doi.org/10.1007/s41979-019-00014-x
https://doi.org/10.1007/s41979-019-00014-x

Galanti and Holincheck International Journal of STEM Education

Li, Y., Schoenfeld, A. H., diSessa, A. A,, Graesser, A. C, Benson, L. C,, English, L.
D., & Duschl, R. A. (2019b). Design and design thinking in STEM educa-
tion. Journal for STEM Education Research, 2, 93-104. https://doi.org/10.
1007/541979-019-00020-7

Luft, J. A, Diamond, J. M., Zhang, C,, & White, D. Y. (2020). Research on K-12
STEM professional development programs: An examination of program
design and teacher knowledge and practice. In C. C. Johnson, M. J.
Mohr-Schroeder, T. J. Moore, & L. D. English (Eds.), The handbook of
research on STEM education (pp. 361-374). Routledge. https://doi.org/
10.4324/9780429021381-34

Lutovag, S., & Kaasila, R. (2019). Methodological landscape in research on
teacher identity in mathematics education: A review. ZDM, 51(3),
505-515. https://doi.org/10.1007/511858-018-1009-2

Maltese, A. V., &Tai, R. H. (2010). Eyeballs in the fridge: Sources of early interest
in science. International Journal of Science Education, 32(5), 669-685.
https://doi.org/10.1080/09500690902792385

Margot, K. C,, & Kettler, T. (2019). Teachers' perception of STEM integration and
education: A systematic literature review. International Journal of STEM
Education, 6, Article 2. https://doi.org/10.1186/540594-018-0151-2

McClure, E. R, Guernsey, L. Clements, D. H., Bales, S. N., Nichols, J., Kendall-
Taylor, N, & Levine, M.H. (2017). STEM starts early: Grounding science,
technology, engineering, and math education in early childhood. The Joan
Ganz Cooney Center at Sesame Workshop. https://stemecosystems.org/
wp-content/uploads/2019/09/stemstartsearly.pdf

McDonald, M. M., Zeigler-Hill, V., Vrabel, J. K, & Escobar, M. (2019). A single-item
measure for assessing STEM identity. Frontiers in Education, 4, 78. https://
doi.org/10.3389/feduc.2019.00078

Moore, T. J,, Johnston, A. C,, & Glancy, A. W. (2020). STEM integration: A
synthesis of conceptual frameworks and definitions. In C. C. Johnson,

M. J. Mohr-Schroeder, T. J. Moore, & L. D. English (Eds.), The handbook of
research on STEM education (pp. 3-16). Routledge. https://doi.org/10.
4324/9780429021381-2

Nadelson, L. S., Callahan, J, Pyke, P, Hay, A, Dance, M., & Pfiester, J. (2013).
Teacher STEM perception and preparation: Inquiry-based STEM profes-
sional development for elementary teachers. The Journal of Educational
Research, 106(2), 157-168.

Nadelson, L. S., & Seifert, A. L. (2017). Integrated STEM defined: Contexts, chal-
lenges, and the future. The Journal of Educational Research, 10(3), 221-223.
https://doi.org/10.1080/00220671.2017.1289775

National Research Council. (2001). Adding it up: Helping children learn math-
ematics. National Academies Press. https://doi.org/10.17226/9822

National Research Council. (2009). Engineering in K-12 education: Understanding
the status and improving the prospects. National Academies Press. https://
www.nap.edu/catalog/12635/engineering-in-k-12-education-understand
ing-the-status-and-improving

National Research Council. (2011). Successful K-12 STEM education: identifying
science, technology, engineering, and mathematics. National Academies
Press. https://www.nap.edu/catalog/13158/successful-k-12-stem-educa
tion-identifying-effectiveapproaches-in-science

Ni, L, McKlin, T, Hao, H., Baskin, J,, Bohrer, J,, &Tian, Y. (2021). Understand-
ing professional identity of computer science teachers: Design of the
computer science teacher identity survey. Proceedings of the 17th ACM
Conference on International Computing Education Research (pp. 281-293).
https://doi.org/10.1145/3446871.3469766

Ntow, F. D, & Adler, J. (2019). Identity resources and mathematics teaching
identity: An exploratory study. ZDM, 51(3), 419-432. https://doi.org/10.
1007/511858-019-01025-z

Ortiz-Revilla, J,, Aduriz-Bravo, A, & Greca, I. M. (2020). A framework for episte-
mological discussion on integrated STEM education. Science & Education,
29, 857-880. https://doi.org/10.1007/511191-020-00131-9

Owens, K. (2008). Identity as a mathematical thinker. Mathematics Teacher
Education and Development, 9, 36-50.

Paul, K. M., Maltese, A. V., & Svetina Valdivia, D. (2020). Development and valida-
tion of the role identity surveys in engineering (RIS-E) and STEM (RIS-
STEM) for elementary students. International Journal of STEM Education, 7,
Article 45. https://doi.org/10.1186/540594-020-00243-2

Pennington, M. C, &Richards, J. C. (2016). Teacher identity in language teach-
ing: Integrating personal, contextual, and professional factors. RELC
Journal, 47(1), 5-23. https://doi.org/10.1177/0033688216631219

Pillen, M., Beijaard, D., & Brok, P. D. (2013). Tensions in beginning teachers’
professional identity development, accompanying feelings and coping

(2022) 9:43

Page 10 of 10

strategies. European Journal of Teacher Education, 36(3), 240-260. https://
doi.org/10.1080/02619768.2012.696192

Shanahan, M., & Nieswandt, M. (2011). Science student role: Evidence of social
structural norms specific to school science. Journal of Research in Science
Teaching, 48,367-395. https://doi.org/10.1002/tea.20406

Shernoff, D. J, Sinha, S., Bressler, D. M., & Ginsburg, L. (2017). Assessing teacher
education and professional development needs for the implementation
of integrated approaches to STEM education. International Journal of
STEM Education, 4, Article 13. https://doi.org/10.1186/540594-017-0068-1

Simpson, A, & Bouhafa, Y. (2020). Youths'and adults'identity in STEM: A sys-
tematic literature review. Journal for STEM Education Research, 3, 167-194.
https://doi.org/10.1007/541979-020-00034-y

Skott, J. (2019). Changing experiences of being, becoming, and belonging:
Teachers' professional identity revisited. ZDM, 51(3), 469-480. https://doi.
0rg/10.1007/511858-018-1008-3

So, W. M. W, He, Q, Chen, Y., & Chow, C. F. (2021). School-STEM professionals’
collaboration: A case study on teachers’ conceptions. Asia-Pacific Journal
of Teacher Education, 49(3), 300-318. https://doi.org/10.1080/1359866X.
2020.1774743

Tanenbaum, C. (2016). STEM 2026: A vision for innovation in STEM education. U.S.
Department of Education. https://www.air.org/system/files/downloads/
report/STEM-2026-Vision-for-Innovation-September-2016.pdf

Vasquez, J. A, Sneider, C. I, & Comer, M. W. (2013). STEM lesson essentials,
grades 3-8: Integrating science, technology, engineering, and mathematics.
Heinemann.

Vermunt, J. D, Vrikki, M., Warwick, P, & Mercer, N. (2017). Connecting teacher
identity formation to patterns in teacher learning. In D. J. Clandinin, &
J.Husu (Eds.), The SAGE handbook of research on teacher education (pp.
143-159). SAGE. https://doi.org/10.4135/9781526402042.n8

Volkmann, M. J,, & Anderson, M. A. (1998). Creating professional identity:
Dilemmas and metaphors of a first-year chemistry teacher. Science Educa-
tion, 82(3), 293-310. https://doi.org/10.1002/(SICI)1098-237X(199806)
82:3%3C293:AID-SCE1%3E3.0.CO;2-7

Waterman, K. P, Goldsmith, L, & Pasquale, M. (2020). Integrating computa-
tional thinking into elementary science curriculum: An examination of
activities that support students' computational thinking in the service of
disciplinary learning. Journal of Science Education and Technology, 29(1),
53-64. https://doi.org/10.1007/510956-019-09801-y

Wenger, E. (2010). Conceptual tools for CoP's as social learning systems:
Boundaries, identity, trajectories and participation. In C. Blackmore (Ed.),
Social systems and communities of practice (pp. 125-143). Springer. https://
doi.org/10.1007/978-1-84996-133-2_8

Willis, R, Lynch, D., Peddell, L., Yeigh, T, Woolcott, G., Bui, V., Boyd, W, Ellis, D.,
Markopoulos, C, & James, S. (2021). Development of a teacher of math-
ematics identity (ToMI) scale. Mathematics Education Research Journal.
https://doi.org/10.1007/513394-021-00391-w

Wilson, S. M. (2011). Effective STEM teacher, preparation, and professional
development [Paper presentation]. Workshop of the National Research
Council's Committee on Highly Successful Schools or Programs for K-12
STEM Education, Washington, DC. http://sites.nationalacademies.org/cs/
groups/dbassesite/documents/webpage/dbasse_072640.pdf

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1007/s41979-019-00020-z
https://doi.org/10.1007/s41979-019-00020-z
https://doi.org/10.4324/9780429021381-34
https://doi.org/10.4324/9780429021381-34
https://doi.org/10.1007/s11858-018-1009-2
https://doi.org/10.1080/09500690902792385
https://doi.org/10.1186/s40594-018-0151-2
https://stemecosystems.org/wp-content/uploads/2019/09/stemstartsearly.pdf
https://stemecosystems.org/wp-content/uploads/2019/09/stemstartsearly.pdf
https://doi.org/10.3389/feduc.2019.00078
https://doi.org/10.3389/feduc.2019.00078
https://doi.org/10.4324/9780429021381-2
https://doi.org/10.4324/9780429021381-2
https://doi.org/10.1080/00220671.2017.1289775
https://doi.org/10.17226/9822
https://www.nap.edu/catalog/12635/engineering-in-k-12-education-understanding-the-status-and-improving
https://www.nap.edu/catalog/12635/engineering-in-k-12-education-understanding-the-status-and-improving
https://www.nap.edu/catalog/12635/engineering-in-k-12-education-understanding-the-status-and-improving
https://www.nap.edu/catalog/13158/successful-k-12-stem-education-identifying-effectiveapproaches-in-science
https://www.nap.edu/catalog/13158/successful-k-12-stem-education-identifying-effectiveapproaches-in-science
https://doi.org/10.1145/3446871.3469766
https://doi.org/10.1007/s11858-019-01025-z
https://doi.org/10.1007/s11858-019-01025-z
https://doi.org/10.1007/s11191-020-00131-9
https://doi.org/10.1186/s40594-020-00243-2
https://doi.org/10.1177/0033688216631219
https://doi.org/10.1080/02619768.2012.696192
https://doi.org/10.1080/02619768.2012.696192
https://doi.org/10.1002/tea.20406
https://doi.org/10.1186/s40594-017-0068-1
https://doi.org/10.1007/s41979-020-00034-y
https://doi.org/10.1007/s11858-018-1008-3
https://doi.org/10.1007/s11858-018-1008-3
https://doi.org/10.1080/1359866X.2020.1774743
https://doi.org/10.1080/1359866X.2020.1774743
https://www.air.org/system/files/downloads/report/STEM-2026-Vision-for-Innovation-September-2016.pdf
https://www.air.org/system/files/downloads/report/STEM-2026-Vision-for-Innovation-September-2016.pdf
https://doi.org/10.4135/9781526402042.n8
https://doi.org/10.1002/(SICI)1098-237X(199806)82:3%3C293::AID-SCE1%3E3.0.CO;2-7
https://doi.org/10.1002/(SICI)1098-237X(199806)82:3%3C293::AID-SCE1%3E3.0.CO;2-7
https://doi.org/10.1007/s10956-019-09801-y
https://doi.org/10.1007/978-1-84996-133-2_8
https://doi.org/10.1007/978-1-84996-133-2_8
https://doi.org/10.1007/s13394-021-00391-w
http://sites.nationalacademies.org/cs/groups/dbassesite/documents/webpage/dbasse_072640.pdf
http://sites.nationalacademies.org/cs/groups/dbassesite/documents/webpage/dbasse_072640.pdf

	Beyond content and curriculum in elementary classrooms: conceptualizing the cultivation of integrated STEM teacher identity
	Abstract 
	Introduction
	A vision of integrated STEM in elementary classrooms
	Theoretical background
	Professional teacher identity
	Accounting for tensions in constructing an integrated STEM teacher identity
	STEM learner identity

	A model of integrated STEM teacher identity
	STEM learner identity dimensions
	Teacher identity dimensions


	Conclusion and implications
	Acknowledgements
	References


