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Abstract

Integrated STEM teacher identity is important for preparing pre-service teachers to implement integrated
STEM instruction. This study aimed to develop and provide initial validation evidence for the Integrated
STEM Teacher Identity Scale for Pre-service Teachers using an exploratory sequential mixed-methods
design that combined qualitative interviews, literature review, expert judgment, Rasch analysis, and
Confirmatory Factor Analysis. Three experienced teachers who had implemented integrated STEM
instruction were interviewed to identify relevant identity dimensions, and based on these findings and the
literature, an initial pool of 44 items was developed and reviewed by experts. The first pilot test involved 59
pre-service teachers and was analyzed using Rasch modeling to examine dimensionality, item fit, and
reliability, while the second pilot test, conducted after revision, involved 119 pre-service teachers and was
analyzed using Rasch modeling and Confirmatory Factor Analysis. The final scale consisted of 28 items
across six dimensions: personal experience, self-definition, recognition, competence-performance beliefs,
interest, and commitment. The CFA results supported the six-factor model, with acceptable fit indices
(RMSEA = 0,067; TLI = 0,905, CFI = 0,917, IFI = 0,919), composite reliability ranging from 0,79 to 0,94,
and Cronbach’s alpha ranging from 0,68 to 0,90. Convergent validity was supported for most dimensions,
although personal experience and self-definition showed AVE values below the recommended threshold, and
the commitment dimension showed relatively low person reliability. Overall, the scale provides promising
initial evidence, although further refinement is needed.
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INTRODUCTION

Teacher identity has emerged over the past
two decades as a central focus of research in
education and teacher education. The concept
refers to how teachers understand themselves as
professionals, how they negotiate their sense of self
within educational contexts, and how they are
recognized by others in the profession. Teacher
identity influences how teachers interpret
professional roles, make pedagogical decisions,
and respond to the expectations of schools and
society (Le et al., 2022; Mathis et al., 2025). Prior
studies have shown that teacher identity is
associated with beliefs, agency, commitment, and
participation in  professional = communities
(Avraamidou, 2016; Berger & L& Van, 2019;
Smetana & Leong, 2026).

The concept of teacher identity is
notoriously difficult to define. Researchers have
approached  identity = from  sociocultural,
psychosocial, and disciplinary perspectives, and
they have emphasized its dynamic, relational, and
multidimensional nature (Avraamidou, 2019).
Beijaard et al. (2004) emphasized that teacher
identity develops through continuous interpretation
of experience, interaction between person and
context, multiple sub-identities, and teacher
agency. Building on this, Beauchamp & Thomas
(2009) further showed that identity involves self,
agency, emotion, narrative, discourse, reflection,
and context. They emphasized that teacher identity
is not simply a matter of "who a teacher is" but
rather a complex, multifaceted construct that
requires careful unpacking.

Recent studies have examined teacher
identity in disciplinary contexts, including science
teacher identity (Avraamidou, 2016; Rushton &
Reiss, 2021), language teacher identity (Lawrence
& Nagashima, 2020; Norton, 2021), and
mathematics teacher identity (Bjuland et al., 2012;
Lutovac & Kaasila, 2018). Science teacher identity
has received substantial attention in teacher
identity studies. Avraamidou (2014) shows several
ways researchers have used an identity lens, such
as to examine teacher learning, to understand why
teachers leave the profession, and to explore how
reform-oriented teaching practices are or are not
adopted. Teacher identity is also beginning to be
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explored in reformative and interdisciplinary
learning domains such as integrated STEM (El
Nagdi et al., 2018; El Nagdi & Roehrig, 2020).

Integrated STEM education has received
attention in teacher education and educational
reform. Integrated STEM education is a teaching
approach that combines the disciplines of science,
technology, engineering, and mathematics into
authentic learning experiences to solve real-world
problems and contexts (Bybee, 2013; Kelley &
Knowles, 2016). Rather than teaching each STEM
subject separately, integrated STEM education
emphasizes the natural connections between
disciplines and engages students in applying
knowledge from across fields through problem-
based, project-based, and design-based approaches
(Purwaningsih et al., 2020; Suryadi et al., 2024).

In integrated STEM education, research on
teachers’ identities is still in its early stages.
Previous studies on integrated STEM teacher
identity have highlighted dimensions such as
motivation,  self-image, self-efficacy, task
perception, and teaching interest (Galanti &
Holincheck, 2022; Holincheck & Galanti, 2023).
Recently, studies have shown that robotics
experiences support STEM teacher identity (Eren
& Dokme, 2026). However, research has focused
more on describing identity development than on
providing rigorously validated measurement tools
for pre-service teacher education. This creates an
important gap. Without a context-sensitive and
psychometrically examined instrument, it is
difficult to assess how pre-service teachers develop
an identity related to integrated STEM teaching, to
evaluate teacher education programs, or to examine
how identity relates to other variables such as self-
efficacy, instructional readiness, and professional
commitment.

In this study, integrated STEM teacher
identity is defined as pre-service teachers’
professional self-understanding as future teachers
who are capable of, interested in, recognized for,
and committed to implementing integrated STEM
instruction. This identity reflects the interaction
between prior experiences, self-definition as a
teacher, recognition from others, competence-
performance beliefs, interest, and commitment to
future integrated STEM teaching.
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Six proposed dimensions in this scale were
not determined solely from previous literature.
They were derived from a prior qualitative phase
conducted as part of a broader research project on
integrated STEM teacher identity. In that phase,
interviews  with  teachers experienced in
implementing integrated STEM instruction were
analyzed to identify recurring components of
identity formation. The detailed qualitative
findings are reported in a separate manuscript. In
the present article, these qualitative findings are
used as the basis for domain identification and item
development. The six dimensions identified from
that phase, namely personal experience, self-
definition, recognition, competence-performance
beliefs, interest, and commitment, were then
compared with previous studies on teacher identity,
science identity, physics identity, and STEM
identity to ensure theoretical relevance. Other
possible dimensions, such as agency, emotion, task
perception,  self-efficacy, and professional
community  participation, were considered
conceptually relevant, but they were not treated as
separate dimensions because they overlapped with
the six empirically identified domains. Thus, the
proposed structure reflects both qualitative
evidence from the integrated STEM teaching
context and theoretical support from prior identity
research.

Previous studies have developed instruments
to measure identity in STEM-related contexts, but
these instruments do not fully address integrated
STEM teacher identity among pre-service teachers.
Many existing scales focus on students’ science,
physics, or STEM identity, such as physics identity
through competence, performance, recognition,
and interest (Hazari et al., 2010), science identity
among school students (Chen & Wei, 2022;
Vincent-Ruz & Schunn, 2018), and the Science
Identity Scale for high school students through
exploration and commitment (Lockhart et al,
2022). Although science teacher identity research
has emphasized the need for precise
conceptualization and valid instruments (Zhai et
al., 2024), science teacher identity is not identical
to integrated STEM teacher identity because
integrated STEM teaching requires teachers to
connect science, technology, engineering, and
mathematics in authentic pedagogical contexts.
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Recent work has developed a STEM teacher
identity scale for in-service STEM teachers (Yang
etal., 2026), but it was not designed specifically for
pre-service teachers. Therefore, a specific
instrument is needed to measure how pre-service
teachers develop identity as future teachers who are
capable of, interested in, recognized for, and
committed to implementing integrated STEM
instruction.

This study aims to develop and provide
initial validation evidence for the Integrated STEM
Teacher Identity Scale for pre-service teachers.
Specifically, the study seeks to identify relevant
identity dimensions, generate and refine instrument
items, and examine initial psychometric evidence
through pilot testing, Rasch-based item screening,
and Confirmatory Factor Analysis. By doing so,
the study contributes to teacher education research
by offering an instrument that may support the
assessment of professional identity development in
integrated STEM contexts.

METHODS

This study used an exploratory sequential
mixed-methods instrument development design.
This design was selected because the qualitative
phase was used first to identify the domains of
integrated STEM teacher identity and to inform
item development. The quantitative phase was then
conducted to examine the psychometric properties
of the developed scale. In this study, the qualitative
findings from interviews and literature review were
used to generate the initial item pool. The items
were then reviewed by experts and tested through
two pilot studies. Rasch analysis was used to
examine item functioning and reliability, while
Confirmatory Factor Analysis was used to test the
hypothesized six-factor structure of the scale.

The development stages in this study
followed the development steps presented in Liu
and Keating (2022), namely (1) identifying
domains; (2) creating an item pool; (3) examining
the content validity; and (4) pilot testing.

Phase 1: identifying domains

This phase aims to identify the essential
components of STEM teacher identity in student
Therefore, a

teachers. descriptive
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phenomenological study was conducted on
teachers who have interacted with integrated
STEM learning. Participants were selected
purposively based on the following criteria: (a)
they were physics or science teachers, (b) they had
participated in integrated STEM professional
learning activities, (c) they had designed or
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implemented integrated STEM instruction, and (d)
they were able to provide rich information about
the enactment of integrated STEM teaching. Three
teachers met these criteria and agreed to participate
in the study. The characteristics of the participants
involved in this phase are presented in Table 1.

Table 1. Participant Characteristics

Name
Role Interacting with STEM
(Pseudonym)
Nurul (She/her) Teacher A female physics teacher with 15 years of teaching experience. She has joined training programs,

designed and implemented integrated STEM learning, served as a mentor in STEM training, and
received national and international recognition for her STEM teaching practice. She is committed
to continuing integrated STEM implementation.

Abdi (He/Him) Teacher A male physics teacher with four years of teaching experience. He has participated in STEM
training, designed and implemented integrated STEM learning, and conducted research on

integrated STEM. He is committed to continuing STEM-based teaching.

Maryam Teacher A female teacher with 10 years of teaching experience. She has joined STEM training, designed

(She/Her)

and implemented integrated STEM learning, and conducted related research. Other informants

recognized her competence in developing integrated STEM learning, and she expressed
commitment to its continued implementation.

*Note: Gender data were collected for descriptive purposes. This study did not analyze gender differences between groups because the

sample size was not designed for subgroup analysis.

Experienced teachers were involved because
they had direct experience in enacting integrated
STEM instruction and could provide concrete
information about the identity components needed
in integrated STEM teaching. However, we
acknowledge that in-service teachers and pre-
service teachers may experience identity
development differently. Therefore, the qualitative
findings were used only to generate initial domains
and item content. These domains and items were
then reviewed by experts and empirically tested
with pre-service teachers in the pilot studies.

The interview questions were developed
according to Avraamidou (2014) structure, which
includes personal history, views, and beliefs about
STEM teaching (e.g., can you tell us about your
experiences interacting with STEM learning? self-
confidence and view of self as a STEM teacher
(e.g., do you have confidence in your knowledge
related to STEM? Are you confident that you can
teach the material with STEM? sense of
collegiality with colleagues (e.g., Do you belong to
a community of STEM teachers? recognition by
others (e.g., Has anyone ever recognized that you
are talented/able in STEM learning? subject matter

knowledge (e.g., what do you understand about
STEM? e.g., emotions and social markers such as
race, gender, and ethnicity (e.g., like other semi-
structured interviews, probing questions were also
used to clarify each participant's response.
Participants' responses were transcribed verbatim
and then thematically coded with Nvivo software.
Furthermore, the findings of the dimensions of
STEM teacher identity from the qualitative data
were compared with the results of the literature
review.

Phase 2: creating item pool

Phase two involved developing items based
on the dimensions of STEM teacher identity found
in phase 1. We began with semi-structured
interviews conducted with three experienced
teachers who had been actively involved in
integrated STEM education. These interviews were
crucial for capturing teachers' personal reflections,
beliefs, and professional experiences within the
integrated STEM context. While previous
instruments on teacher identity offered a
foundation for developing items, the interviews
allowed us to contextualize and refine these items
in relation to the specific needs of integrated STEM
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teaching. The qualitative data generated from these
interviews, alongside insights from the literature
review, formed the basis for developing a pool of
44 preliminary items.

The initial items were adapted from previous
identity instruments and newly written based on the
qualitative findings. Items for personal experience
were adapted from Chi (2009) science teacher
identity instrument. Self-definition items were
adapted from (Hanna et al., 2020) teacher identity
instrument and (Liu & Keating, 2022) pre-service
physical education teachers’ teacher identity scale.
Recognition items were adapted from (Wang &
Hazari, 2018) science identity and science teacher
identity work, which was also informed by Hazari
et al. (2010) physics identity framework. Several
competence-performance items were adapted from
Chi (2009), while other items in this dimension
were newly written by the authors to capture pre-
service teachers’ perceived ability to understand,
design, implement, and evaluate integrated STEM
instruction. Interest items were adapted from Wang
and Hazari (2018), and Hanna et al. (2020) and
were reworded to fit the integrated STEM teaching
context. Items related to sense of belonging and
teaching practices were also included in the initial
pool, drawing from Chi (2009) and author-
developed items, but they were not retained in the
final six-dimensional structure after expert review
and empirical refinement.

All adapted items were modified by
changing the original context, such as science,
physics, physical education, or elementary
education, into integrated STEM teaching. The
wording was also adjusted to match the target
population of pre-service teachers. Newly written
items were developed to represent aspects that
were not fully covered in previous instruments,
particularly the integration of science, technology,
engineering, and mathematics in instructional
design, implementation, and evaluation.

Phase 3: examining content validity.

One of the efforts that can be made to
determine the content validity of the instrument is
to ask for expert views. Three experts were
involved in this study. Three experts were involved
in this phase: two professors in physics education
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and one expert in non-cognitive instrument
development. The first professor had expertise in
teacher professional development, the second
professor had expertise in physics learning, and the
third expert had expertise in the development and
validation of non-test instruments.

The experts evaluated the items based on
four criteria: relevance to the proposed dimension,
clarity of wording, suitability for pre-service
teachers, and appropriateness for the integrated
STEM teaching context. They were also asked to
identify items that were ambiguous, redundant, or
not aligned with the operational definition of the
construct. Content validity was determined through
a qualitative expert review and consensus-based
revision. [tems that received substantive comments
from the experts were revised, merged, or removed.
After the individual review, an FGD was conducted
to discuss the experts’ suggestions and finalize the
items for the first pilot test.

Phase 4: pilot testing

Pilot testing was conducted in two stages
using purposive sampling. Participants were
selected because they were pre-service physics
teachers who had prior exposure to integrated
STEM learning. The Phase I pilot test involved 59
fourth-semester undergraduate students from a
physics education study program at one public
university in Indonesia. At the time of data
collection, the students were enrolled in a Lesson
Planning course. In this course, they had
participated in learning activities related to the
introduction of integrated STEM education and the
design of integrated STEM instruction. Therefore,
their experience with integrated STEM referred
specifically to coursework-based exposure and
instructional design activities, not full classroom
teaching practice. The results of the first phase
were analyzed with Rasch modeling. Rasch
modeling was chosen for its utility in assessing the
unidimensionality of the scale and for identifying
misfitting items. While Rasch models are typically
used for unidimensional constructs, we
acknowledge that teacher identity is inherently
multidimensional. In this study, Rasch modeling
helped to identify problematic items and provided
valuable insights into the reliability of the
instrument.
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The Phase 11 pilot test involved 119 fourth-
semester undergraduate students from physics
education study programs at three universities in
Indonesia. These participants were different from
those involved in Phase I. Students from one
university had previously completed a STEM
education course, while students from the other two
universities had participated in integrated STEM
instructional design activities similar to those
experienced by the Phase I participants. Thus, all
Phase II participants had prior academic exposure
to integrated STEM education, either through a
STEM education course or through structured
instructional design activities. There was no
overlap between the Phase I and Phase II
participant groups.

Several psychometric measures were
reviewed, such as dimensionality, validity, and
reliability. Item dimensionality was analyzed by
Principal Component Analysis of Residual
(PCAR). An eigenvalue exceeding 2.0 for the first
contrast indicates that variance or "noise". This
result is an important indicator of instrument
dimensionality. Item validity was reviewed using
MNSQ outfit values (0.5-1.5) and ZSTD Outfit (+-
2).

Item fit was evaluated primarily using outfit
MNSQ, with the acceptable range set at 0.5-1.5.
ZSTD values within +2 were wused as
supplementary diagnostic information rather than
as the main criterion for item removal or revision.
This decision was made because ZSTD is sensitive
to sample size and may flag items even when their
MNSQ values remain within an acceptable range.
In this study, items with outfit MNSQ values above
1.5 were prioritized for revision because they
indicated underfit or unexpected response patterns.
Items with outfit MNSQ values below 0.5 were
reviewed as possible overfitting items, but they
were not automatically removed when they
remained conceptually important and did not
threaten the interpretation of the construct. Final
item decisions were therefore based on both
statistical fit and substantive alignment with the
intended dimension.

The second stage was conducted after
making revisions based on the evaluation results of
the first stage trial. The data in the second phase

The integrated STEM teacher identity scale for pre-service teachers ...

trial were analyzed using Confirmatory Factor
Analysis (CFA). Initial validity evidence was
examined through content validity, Rasch-based
item functioning, CFA model fit, convergent
validity, and construct reliability. Convergent
validity was evaluated based on the following
criteria: (a) the factor loading of each item is higher
than 0.50 and significant; (b) the composite
reliability (CR) of all items is higher than 0.70; and
(c) the average variance extracted (AVE) is greater
than 0.50 (Fornell & Larcker, 1981; Hair Jr. et al.,
2019).

RESULTS AND DISCUSSION
Dimensions of STEM teacher identity

Interviews with three physics teachers who
had implemented STEM learning indicated that
integrated STEM teacher identity is constructed
through six interrelated dimensions: personal
experience, self-definition, recognition,
competence, interest, and commitment. The
qualitative coding supported the initial structure of
the Integrated STEM Teacher Identity Scale (I-
STIS), as summarized in Table 2. This finding is
consistent with the view that teacher identity is
multidimensional and shaped by personal history,
professional practice, social validation, and future-
oriented commitment (Avraamidou, 2019; Berger
& Lé Van, 2019; Brown & Heck, 2018; Tsukawaki
et al., 2023).

The qualitative analysis was used to identify
the initial domains for item development. The full
qualitative findings, including detailed coding
procedures and representative interview excerpts,
are reported in a separate manuscript currently
under review elsewhere. Because this article
focuses on scale development and initial
psychometric validation, Table 2 presents a
condensed summary of the qualitative results. The
movement from interview responses to final
dimensions involved three steps: coding
meaningful statements from the interviews,
grouping similar codes into broader categories, and
comparing these categories with previous identity
literature. Categories that appeared across
participants and were theoretically aligned with
teacher identity, science identity, physics identity,
and STEM identity research were retained as initial
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domains. This process resulted in six dimensions: competence-performance beliefs, interest, and

personal experience, self-definition, recognition, commitment.

Table 2. I-STIS Dimensions Based on The Results of The Qualitative Study Analysis

I-STIS Dimension

Nurul

Abdi

Maryam

Personal experience

Self-definition

Recognition

Competence-performance

STEM-Arduino project; SEAMEO-
Australian Link Award; STEM research
assistant.

Physics teacher as facilitator of cognitive,
skill, and attitude development.

STEM research grant; STEM webinar
speaker.

Confidence from repeated STEM
implementation and recognition by
experienced STEM professors.

STEM training; regular reading Involvement in a university

of STEM theories and journal-
based developments.

Physics teacher as a facilitator
for developing competent
global citizens.

STEM learning tools used by
fellow teachers.

Confidence from STEM
training, literature review,

STEM examples, and repeated

classroom/extracurricular
implementation.

STEM addresses laboratory
limitations and develops
collaboration, management,

STEM Center.

Physics teacher as
developer of automated
physics learning/practical
activities.

Publication of STEM
research in journals.

Confidence from training,
lecturer collaboration, and
repeated engineering design
process implementation.

STEM programs, current
developments, and
increasing students’ interest

Interest STEM supports psychomotor assessment
and academic collaboration nationally and
internationally.

Commitment Commitment to implementing STEM

learning.

problem-solving, creativity, and in physics.
global-citizen skills.

Commitment to
implementing STEM
learning.

Commitment to implementing
STEM learning.

As shown in Table 2, the three teachers
demonstrated different but convergent identity
trajectories. Nurul’s identity was strongly linked to
prior STEM development experience, external
funding, and recognition through grants and
webinars. Abdi’s identity was supported by
training, reading scientific literature, and the belief
that physics teachers should prepare students to
become competent global citizens. Maryam’s
identity was associated with involvement in a
university STEM Center and the development of
automated physics learning activities. These
patterns indicate that personal experience does not
operate separately from recognition, competence,
and interest; instead, these dimensions mutually
reinforce teachers’ confidence and willingness to
implement integrated STEM learning.
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Personal experiences are important because
they shape how teachers select instructional
strategies and respond to classroom constraints. In
integrated STEM education, this dimension is
particularly relevant because many teachers are
still unfamiliar with integrated STEM approaches
(Silva-Hormazabal & Alsina, 2023). When these
experiences are combined with professional
learning and classroom implementation, they
contribute to the dynamic development of STEM

teacher identity (El Nagdi et al., 2018).
Phase I trial of the I-STIS

The I-STIS was tested in two stages. In the
phase I trial, 59 pre-service teachers from one
university in Indonesia completed the instrument,
and the psychometric properties were examined
using Rasch modeling. The first analysis focused
on dimensionality because unidimensionality is
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essential for determining whether a set of items the Rasch analysis was continued separately for the

measures a coherent latent construct. six theoretically defined dimensions. Boone and
Staver (2020) ote that PCAR can help identify
unexpected residual patterns. The PCAR plot was

then examined to identify the distribution of item

The overall PCAR result showed a first-
contrast eigenvalue of 6.4, indicating that the full
set of items was not strictly unidimensional. This o
result was expected because the I-STIS was clusters, as shown in Figure 1.

developed as a multidimensional scale. Therefore,

STANDARDIZED RESIDUAL CONTRAST 1 PLOT
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Figure 1. PCAR Analysis Results of I-STIS

As shown in Figure 1, the item distribution
formed several clusters rather than a single
homogeneous pattern. This visual pattern supports
the decision to examine the instrument separately
according to its theoretically defined dimensions.
Therefore, dimension-level PCAR analysis was
conducted for the six dimensions: personal
experience, self-definition, recognition,
competence-performance, interest, and
commitment. The eigenvalues and percentages of
explained and unexplained variance are presented

in Table 3.

The dimension-level PCAR results in Table
3 show that four dimensions had first-contrast

eigenvalues below 2.5: personal experience, self-

definition,  recognition, and commitment.
However, competence-performance and interest
showed higher first-contrast eigenvalues, 3.0 and
2.9, respectively. These results suggest that these
two dimensions may still contain residual
substructures and require further refinement. Thus,
the Phase I Rasch results were used as preliminary
evidence to guide item refinement, not as
conclusive evidence that all dimensions were fully

unidimensional.
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Table 3. Dimension-Level PCAR Results of the I-STIS

Dimension Eigenvalue and Raw Variance Unexplained variance in
percentage explained by items 1st contrast

Personal experience Eigen 43 1.6

% 36.0% 13.5%
Self-Definition Eigen 2.1 2.4

% 15% 17.2%
Recognition Eigen 1.8 1.8

% 16.5% 16.3%
Competence-performance Eigen 8.0 3.0

% 33.2% 12.7%
Interest Eigen 5.1 2.9

% 25.8% 14.4%
Commitment Eigen 2.7 2.3

% 31.2% 26.8%

Validity and reliability in phase 1

Item wvalidity in the phase [ trial was
evaluated using outfit mean-square (MNSQ)
values. Most items met the acceptable MNSQ
range of 0.5-1.5 (Boone et al., 2014), indicating

that the items generally fit the Rasch model.
However, several items required revision because
their fit statistics suggested inconsistent responses:
PE3, SD1, CP1, 12, and C2. The item-level results
are presented in Table 4.

Table 4. Item Validity based on The Phase I Pilot Test

Dimension Item Measure  Model S. E. Outfit
MNSQ ZSTD

Personal experience (PE) PE1 -1.51 0.23 0.84 -0.6
PE2 0.02 0.20 0.89 -0.6

PE3* 2.32 0.21 1.95 32

PE4 -0.83 0.21 1.33 1.5

Self-Definition (SD) SD1* 0.45 0.22 1.67 3.0
SD2 -1.09 0.23 0.93 -0.3

SD3 -0.22 0.22 0.83 -0.9

SD4 0.07 0.22 0.62 2.3

SD5 0.78 0.21 1.02 0.2

Recognition (R) R1 0.32 0.22 1.07 0.4
R2 0.53 0.23 0.75 -1.3

R3 0.37 0.22 0.66 -1.9

R4 -1.22 0.22 1.42 2.0

Competence-performance CP1* -3.64 23 2.61 2.9
(CP) CP2 0.13 0.20 1.47 2.1
CP3 1.08 0.20 0.58 2.3

CP4 -1.03 0.21 1.44 1.9
CP5 1.28 0.20 0.48 -03.1

CP6 1.32 0.20 0.47 -3.1

CP7 0.84 0.20 0.60 2.3

Interest (I) 1 -0.13 0.20 1.15 0.8
12 1.22 0.19 1.45 2.1

I3 0.07 0.19 0.80 -1.2

14 -0.97 0.22 1.01 0.1

IS 1.60 0.22 0.99 0.0

16 0.44 0.19 0.86 -0.7

17 0.97 0.19 1.02 0.1

Commitment (C) Cl -1.24 0.18 0.96 -0.1
c2* 0.96 0.13 2.19 4.8

C3 0.08 0.14 0.54 -3.2

C4 0.21 0.13 0.62 -2.5
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Based on the rule mentioned the method
section, PE3, SD1, CP1, and C2 were prioritized
for revision because their outfit MNSQ values
exceeded the upper acceptable limit. Item 12 was
also reviewed because its ZSTD value slightly
exceeded the recommended range and the item
overlapped conceptually with other interest items.
CP5 and CP6 showed outfit MNSQ values slightly
below 0.5, indicating possible overfit. However,
these items were not removed at this stage because
they represented important aspects of competence-
performance beliefs and did not show underfit.
Instead, they were retained for further testing in
Phase II.

The misfitting items provided important
evidence for instrument refinement. PE3 was
revised from a broad statement of STEM ability to
a more specific statement about the ability to
integrate science, technology, engineering, and

The integrated STEM teacher identity scale for pre-service teachers ...

mathematics during high school. SD1 was divided
into two items to distinguish general enjoyment of
teaching from self-definition as a teacher capable
of implementing integrated STEM. CP1 was
revised to capture both the ability to analyze
problems using STEM concepts and the ability to
integrate STEM in learning. Item 12 was removed
because it overlapped conceptually with other
interest items, and C2 was rewritten as a negative
to the measurement of

statement improve

commitment.

Reliability analysis further showed that most
dimensions had acceptable to very high item
reliability, but the commitment dimension required
additional attention because its person reliability
was relatively low. These findings are summarized
in Table 5 and were used as the basis for the phase
II revision

Table 5. Instrument Reliability based on Phase I trials

Item Person
Dimension Item reliability Item. Person reliability Persofl
separation separation
Personal experience (PE) 0.98 6.58 0.66 1.39
Self-Definition (SD) 0.87 2.56 0.82 2.10
Recognition (R) 0.78 1.91 0.73 1.65
Competence-performance (CP) 0.98 6.96 0.83 2.23
Interest (I) 0.95 4.60 0.87 2.57
Commitment (C) 0.96 4.75 0.34 0.72

Phase Il trial of the I-STIS

After the phase I revisions, the second trial
involved 119 pre-service teachers who had prior
knowledge of integrated STEM learning. The
revised instrument was analyzed using Rasch
modeling and Confirmatory Factor Analysis
(CFA). This stage was intended to determine
whether the revised items improved item fit and
whether the six-dimensional structure could be
empirically supported.

The phase II Rasch analysis showed that
most items had acceptable outfit MNSQ values.
Nevertheless, PE4, CP3, and C2 were still flagged
for further revision. PE4 slightly exceeded the
upper MNSQ criterion, CP3 showed a larger misfit,
and C2 had a relatively high standardized fit
statistic. These results indicate that although the
revised instrument improved, a small number of
items still required careful interpretation and
possible refinement. The complete phase II validity
results are shown in Table 6.
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Table 6. Item Validity Based on The Results of The Phase II Trial

I-STIS Dimension Item Measure  Model S. E. Outfit
MNSQ ZSTD
Personal experience (PE) PE1 -1.03 0.18 0.80 -1.4
PE2 -0.70 0.18 0.93 -0.5
PE3 1.02 0.17 0.66 -2.7
PE4* 0.71 0.17 1.54 33
Self-Definition (SD) SD1 0.17 0.19 0.92 -0.5
SD2 -0.46 0.19 0.81 -1.4
SD3 0.09 0.19 0.98 -0.1
SD4 0.13 0.19 1.00 0.1
SD5 -0.73 0.19 1.18 1.2
SD6 0.80 0.19 1.04 0.3
Recognition (R) R1 -0.73 0.24 0.94 -0.3
R2 0.13 0.24 0.82 -0.8
R3 0.89 0.24 1.13 0.7
R4 -0.28 0.24 0.74 -1.3
Competence-performance CP1 1.54 0.22 1.06 0.4
(CP) Cp2 1.03 0.23 0.72 -1.6
CP3* -2.69 0.23 1.97 32
Cp4 -1.79 0.22 1.10 0.6
CP5 -0.5 0.23 1.00 0.1
CP6 0.92 0.23 0.77 -1.2
CP7 0.92 0.23 0.73 -1.5
CP8 0.55 0.23 0.64 2.1
Interest (I) 1 0.09 0.27 0.41 -3.2
2 -0.47 0.26 1.06 0.3
I3 2.01 0.25 1.43 2.0
14 0.02 0.27 0.91 -0.3
I5 -0.75 0.26 0.69 -1.5
16 -0.89 0.26 1.13 0.7
Commitment (C) Cl1 0.46 0.16 1.23 1.6
Cc2* 0.80 0.16 1.39 24
C3 -0.70 0.16 0.56 -3.7
c4 -0.55 0.16 0.78 -1.7
The reliability results in Table 7 show high commitment, which remained relatively low

item reliability across all dimensions, indicating a

stable item hierarchy. Person reliability was

acceptable for most dimensions,

except for

despite improvement from Phase I, suggesting the

need for additional indicators to better distinguish
respondents’ levels of commitment.

Table 7. I-STIS Reliability Based on The Results of The Phase II Trial

Item Person
Dimension Item reliability Ttem Person reliability L O™
separation separation
Personal experience (PE) 0.96 4.67 0.60 1.23
Self-Definition (SD) 0.84 227 0.81 2.06
Recognition (R) 0.83 2.23 0.77 1.83
Competence-performance (CP) 0.97 5.81 0.85 2.41
Interest (I) 0.92 3.41 0.87 2.64
Commitment (C) 0.93 3.65 0.47 0.94

The results of the phase II trial showed that
the reliability of the commitment dimension (C)
remained low, although it was higher than in the

previous phase I trial. In addition, item CP3 is also
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Based on the Phase II Rasch results and
substantive review, the item set was refined before
CFA. Items PE4, CP3, and C2 were not included in
the final CFA model because they were flagged for
misfit or inconsistent response patterns. PE4 and
CP3 showed outfit MNSQ values outside the
acceptable range, while C2 showed a high ZSTD
value and was a negatively worded item. In
addition, C1 was removed because it reflected
general commitment to teaching rather than
commitment to integrated STEM teaching. The
final CFA model therefore consisted of 28 items
representing six dimensions: personal experience,
self-definition, recognition, competence-
performance, interest, and commitment.

CFA Analysis

Confirmatory  Factor  Analysis  was
conducted to test the hypothesized six-factor
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structure of the [-STIS. Before conducting CFA
analysis, KMO and Bartlett's test were first

conducted. The results of this test are presented in
Table 8.

Table 8. KMO and Bartlett's Test Results

KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of

Sampling Adequacy. 894
Bartlett's Approx. Chi-Square 1954.502

Test of df 465

Sphericity Sig. .000

The KMO test measures the suitability of the
data for factor analysis. KMO values range
between 0 and 1, with higher values indicating a
better fit. In this case, the KMO value was 0.894.
This indicates a "very good" fit for factor analysis.
This means that the correlation pattern between
variables is good enough for factor analysis or
principal component analysis. In other words, the
CFA analysis can proceed. The results of the CFA
Analysis are presented in Figure 2.

TT

Chi-Square = 471.701
p = .000

RMSEA =067

CFl =917

TLI =905

IFI =919

Figure 2. CFA analysis results of I-STIS

In addition, Table 9 presents a summary of
the CFA model fit indices for the I-STIS.
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Table 9. Summary of CFA Model Fit Indices for

the I-STIS
Fit Confirmatory Good Fit Category
Index Factor Criteria
Analysis
RMSEA 0.067 RMSEA <  Moderate
0,08 Fit
TLI/ 0.905 0,900 < Fit
NNFI TLI <
1,00
CFI 0.917 0,900 < Fit
CFI <
1,00
IFI 0.919 0,900 < Fit
IFI < 1,00

Figure 2 and Table 9 summarize the model
fit. CFI, TLI, and IFI above 0.90 can be said to fit
the model (Collier, 2020). In addition, based on the
RMSEA value, the model is declared fit because
the RMSEA value of 0.067 is smaller than 0.08
(Awang et al., 2017; Browne & Cudeck, 1992).

instrument reliability can be viewed from the
composite reliability (C.R.) value. The validity and
reliability of the teacher identity instrument are
presented in Table 10.

Table 10 generally promising
reliability evidence across the six dimensions, as

shows

indicated by composite reliability values above
0.70. However, the reliability evidence should be
interpreted cautiously for several dimensions. The
Personal Experience dimension had a Cronbach’s
alpha of 0.68, which is close to but slightly below
the commonly preferred 0.70 threshold. Therefore,
this value should be considered marginal rather
than fully acceptable. In addition, the Commitment
dimension showed acceptable Cronbach’s alpha
and composite reliability in the CFA results, but its
person reliability in the Rasch analysis remained
relatively low. These findings indicate that the I-
STIS provides reliability

promising initial

By using CFA analysis, the validity and evidence, but the Personal Experience and
reliability of the instrument can also be determined. Commitment ~ dimensions  require  further
Convergent validity can be viewed from the refinement in future studies.

Average Variance Extracted (AVE) value, and
Table 10. Validity and reliability of the I-STIS
Factor Cronbach’s
Dimension Item ) AVE C.R.
Loading Alpha
PEl:.I am interested in integrated STEM 071 0.44 0.79 0.68
learning.
PE2: I enj hysics 1 ing that i
Personal Experience oy P }.,SICS .eammgt at mtegr.ates 0.71
(PE) technology, engineering, and mathematics.
PE3: In high school, I had good ability in
integrating science, technology,  0.56
engineering, and mathematics.
SD1: I see myself as a teacher. 0.52 0.40 0.85 0.83
SD2: I genuinely enjoy teaching. 0.56
SD3: I actively seek opportunities to work in 0.56
education. ’
Self-Definition SD4: I would miss teaching if I stopped or 0.54
(SD) left the physics education program. ’
SD5: 1 often imagine myself as a teacher 0.61
who can integrate STEM in learning. ’
SD6: I see myself as a teacher who is able to 0.83
implement integrated STEM. ’
R1: My family sees me as a competent
. . . .82
teacher in integrated STEM education. 0.79 0.53 0.8 08
R2: My friends or classmates see me as a
h in i TEM .74
Recognition (R) compe'tent teacher in integrated S 0.7
education.
R3: My mentor teacher or lecturer sees me
as a competent teacher in integrated STEM  0.61

education.
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Competence-
Performance (CP)

Interest (1)

Commitment (C)

R4: T believe others consider me a teacher
who can teach using integrated STEM
learning.

CP1: I can analyze problems by integrating
science, technology, and
mathematics concepts.

CP2: I can integrate science, technology,

engineering,

engineering, and mathematics in learning.
CP4: 1 use the internet, journals, and articles
to obtain information related to integrated
STEM learning.

CP5: I am confident that I can develop
students’ engineering design process skills
when teaching.

CP6: 1 wunderstand integrated STEM
education concepts well enough to design
instruction.

CP7: 1 understand STEM concepts when
conducting instruction.

CP8: 1 understand STEM
concepts when evaluating instruction.

I1: I am interested in learning that uses an
integrated STEM approach.

12: 1T am interested in STEM learning
because it can increase students’ interest and

education

creativity.

13: I enjoy sharing ideas about integrated
STEM teaching with others.

14: It is interesting to observe or listen to
others develop their thinking in designing or
implementing integrated STEM learning.
I5: T am interested in learning more about
integrating technology,
engineering, and mathematics concepts.

16: Integrated STEM topics increase my
curiosity.

C3: Choosing to become a teacher who
integrates STEM is a good decision.

C4: I plan to continue as a teacher who can
implement integrated STEM learning for at
least the next five years.

science,

0.77

0.69 0.57 0.94 0.90

0.82

0.59

0.81

0.78

0.78
0.79
0.91 0.66

0.94 0.87

0.84

0.69

0.81

0.68

0.76

0.78 0.58 0.82 0.72

0.73

Interpretation of the six identity dimensions

The integrated results confirm that STEM

teacher identity is not formed by a single attribute.
Rather, it develops through the interaction between

social
interest,

personal
recognition,

experience, self-definition,
competence-performance,
and commitment. Personal experience provides the
practical basis for interpreting STEM learning,
while self-definition determines whether teachers
see integrated STEM as part of their professional
role. Because the development of teacher identity
involves both personal and professional aspects (El
Nagdi et al., 2018), self-definition becomes

especially integrated STEM
education, where teachers are expected to work
collaboratively and across disciplinary boundaries.

important  in

To sustain high-quality learning, teachers and pre-
service teachers need to activate teacher identity
and incorporate it into the self (Liu & Keating,
2022).

Recognition also emerged as an essential
dimension. Teachers do not construct professional
identity only through individual reflection; they
also negotiate identity through interaction and
discourse with others. Cohen (2010) notes that

teachers wuse discourse strategies to gain
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recognition, and this recognition can strengthen
confidence in professional roles. In STEM
education, recognition may also support the
development of teachers as STEM teacher leaders,
as reported by Holincheck and Galanti (2023).

Competence-performance reflects teachers’
ability to understand STEM concepts, integrate
them into instruction, and enact them in classroom
practice. This dimension is consistent with the
distinction proposed by Hazari et al. (2010), in
which competence relates to content knowledge
and performance relates to the enactment of that
knowledge. In integrated STEM education, both
aspects are necessary because teachers must not
only understand science, technology, engineering,
and mathematics but also design learning
experiences that connect these domains
meaningfully.

Interest shapes how teachers engage with
integrated STEM and how motivated they are to
improve their practice. Teachers who are interested
in STEM are more likely to seek information, share
ideas, and explore instructional designs. Previous
studies have shown that collaboration, flexibility,
and a progressive mindset contribute to the
development of STEM teacher identity (El Nagdi
et al.,, 2018; Jiang et al., 2021). Professional
development and the personal relevance of science
can also improve teachers’ attitudes toward
integrated STEM teaching (Thibaut et al., 2018). In
addition, physical science units may be more
engaging when they include meaningful contexts
or engineering activities (Guzey et al., 2016).

Finally, commitment represents the
willingness to continue implementing and
recommending integrated STEM learning.
Commitment is central to the formation and
maintenance of teacher identity (Ma, 2022) and is
influenced by personal, institutional, and policy
contexts, as well as by core values and beliefs (Day
et al., 2005). The comparatively low person
reliability in the commitment dimension indicates
that this dimension is important but may require
more nuanced items in future instrument
development.

Taken together, the qualitative and
quantitative evidence support the I-STIS as a

EDUSAINS, Volume 18 Nomor 01 Tahun 2026, 51-55

multidimensional instrument for measuring
integrated STEM teacher identity. The six
dimensions provide a framework for understanding
how teachers develop, perform, and sustain their
professional identity in integrated STEM
education. In practice, this framework can help
teacher educators design professional learning that
strengthens not only STEM knowledge and
pedagogical performance, but also recognition,
interest, self-definition, and long-term
commitment.

CONCLUSION

This study developed and wvalidated an
Integrated STEM Teacher Identity Scale for pre-
service teachers. The scale is grounded in the
teacher identity and STEM identity literature and
in empirical data from teachers and pre-service
teachers engaged in integrated STEM activities.
The final instrument represents integrated STEM
teacher identity as six interrelated dimensions.
These dimensions are personal experience, self-
definition, recognition, competence-performance
beliefs, interest, and commitment.

Rasch analysis supported the functioning of
most items within each dimension and indicated
acceptable unidimensionality. Confirmatory Factor
Analysis showed that the six-factor model
achieved satisfactory fit indices. The reliability
indices for the dimensions were generally within
acceptable ranges. Evidence of convergent and
discriminant validity was also found, although
some dimensions showed values that were close to
the recommended cut-off. The findings suggest
that the scale can be used as a psychometrically
sound tool to measure integrated STEM teacher
identity among pre-service teachers.

The instrument offers several practical
contributions. Teacher education programs can use
the scale to monitor the development of pre-service
teachers’ identity as integrated STEM teachers
across courses, field experiences, and professional
development activities. The scale can also help
identify specific dimensions that need targeted
support, for example, strengthening recognition or
commitment. For researchers, the instrument
provides an analytic tool to examine how identity
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relates to beliefs, self-efficacy, instructional
practices, and engagement in STEM reforms.

There are limitations that need to be
acknowledged. The validation process involved
pre-service teachers from a specific context and
field of study. The findings, therefore, should be
interpreted with caution when applied to other
disciplines or cultural contexts. The relatively
lower reliability and validity indicators for some
dimensions, especially commitment, indicate that
further refinement of items is needed. Future
studies should test the scale with larger and more
diverse samples, conduct cross-cultural and cross-
disciplinary validation, and use longitudinal
designs to explore how integrated STEM teacher
identity develops over time and how it relates to
participation in STEM teaching and professional
development.
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