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The STEAM-TSES was developed to measure teachers’ self-efficacy (TSE) in teaching
STEAM disciplines due to the lack of instruments measuring specific TSE dimensions,
especially in STEAM education. This paper presents the validation results based
on a sample of 805 Portuguese and Serbian primary school teachers. The scale
comprises 36 items measuring TSE related to mathematics, biology, chemistry,
science, and arts, the ability to motivate students, and confidence in integrating
STEAM disciplines. The measurement model tested through Exploratory Structural
Equation Modeling and Confirmatory Factor Analysis showed an acceptable fit to
the data, supporting the existence of nine factors: five related to TSE in teaching
specific subjects, three focused on motivating students in mathematics, science, and
arts, and one related to integrated teaching. The analyses show good psychometric
characteristics of the STEAM-TSES, and the correlations with the TSE scale indicate
the validity of distinguishing constructs associated with STEAM education.

KEYWORDS

teachers’ self-efficacy, STEAM, primary school, scale development, scale validation

1 Introduction

The concept of TSE is rooted in Rotter’s considerations of locus of control and Bandura’s
social cognitive theory (Perera et al., 2019; Skaalvik and Skaalvik, 2007). Bandura (1986, 1997)
triadic reciprocity model emphasizes the interplay of behavior, cognitive, emotional, and
environmental factors, viewing humans as self-aware agents capable of self-regulation. Self-
efficacy, central to this theory, reflects beliefs in one’s ability to accomplish tasks, shaping
perceptions of opportunities, challenges, effort, and persistence (Fernandez et al., 2016;
Skaalvik and Skaalvik, 2010). TSE specifically refers to teachers’ beliefs in their capacity to plan,
manage, and implement activities necessary to achieve educational goals (Skaalvik and
Skaalvik, 2010). Research shows that higher TSE positively impacts teachers and students
(Lazarides and Warner, 2020; Perera et al., 2019; Zee and Koomen, 2016). Tschannen-Moran
and Woolfolk Hoy (2001) found that higher TSE is associated with more effective planning,
innovative teaching, and coping with challenges, leading to greater job satisfaction. Recent
reviews further highlight TSE’s significant influence on teacher well-being and engagement,
which constructively facilitates students’ achievements and self-efficacy (Fernandez et al., 2016;
Klassen and Tze, 2014; Zee and Koomen, 2016).
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Scholars (Lazarides and Warner, 2020; Perera et al., 2019)
emphasize the contextual nature of self-efficacy in Bandura (1997)
theory, emphasizing the various domains where TSE can manifest and
be measured. The most influential model of general TSE is three-
dimensional, encompassing teachers’ perceptions of their instructional
strategies, influence on student engagement, and classroom
management abilities (Tschannen-Moran and Woolfolk Hoy, 2001).
However, Klassen et al. (2011) warn that measures of TSE should meet
the “right balance between specificity and generality” and that
teacher’s SE across different subject domains is often overlooked.

In our opinion such domains are related to the Science,
Technology, Engineering, Arts and Math (STEAM) education which
has garnered significant attention in recent decades, demonstrating
improvements in students’ critical thinking, creativity, collaboration,
and problem-solving skills (Perignat and Katz-Buonincontro, 2019).
These skills are essential for individuals in a knowledge-driven world
and preparing for future work tasks (OECD, 2024; Oliveri et al., 2017).
However, successful implementation of STEAM requires skilled
teachers, especially in early schooling, given students’ ongoing
development in experimentation and reflection capacities (Bassachs
et al., 2020; Silva-Hormazabal and Alsina, 2023).

In STEAM education studies, TSE is often considered a dependent
variable within the pre-test/post-test design when evaluating teacher
development programs aimed at implementing STEAM concepts
(Romero-Ariza et al., 2021; Jiang et al., 2024). For that purpose, some
researchers have employed general TSE scales focused on the
previously mentioned three domains, which are not specifically
aligned with STEAM (e.g., Boice et al., 2021). Alternatively, ad hoc
relatively short scales have been constructed, including other aspects
associated with teaching STEAM, such as beliefs or perceptions about
it and enjoyment in applying the STEAM approach (DeJarnette, 2018;
Jamil et al., 2018). In some cases, scales focused on pedagogical
practices related to STEAM, such as inquiry-based learning, have been
used (e.g., Romero-Ariza et al., 2021). The scale developed by the
Friday Institute for Educational Innovation (2012) has frequently been
adapted and used to investigate teachers’ perceptions of STEM or to
evaluate professional development programs (e.g., Ciftci et al., 20205
Estévez-Mauriz and Baelo, 2021). That scale assesses teachers’ learning
and leadership attitudes; TSE and teaching outcomes expectancy
related to mathematics; STEM career awareness; and teachers’
perception of students’ behavior related to STEM education.
Researchers (e.g., Jamil et al., 2018) suggest that general TSE scales
may miss essential confidence factors specific to subjects, particularly
in the integration of arts and sciences crucial to STEAM. They argue
that teachers need specialized scales that capture nuances in
motivation and confidence across disciplines, as each component of
STEAM demands unique pedagogical approaches.

Perignat and Katz-Buonincontro (2019) highlight that teachers
need robust self-efficacy to effectively foster students’ interdisciplinary
skills, underscoring the importance of developing more specialized
TSE scales. Moreover, research indicates that educators across various
countries and educational systems (e.g., Ciftci et al., 2020) encounter
differing levels of STEAM training. This diversity suggests that self-
efficacy scales should be flexible and responsive to distinct educational
contexts and the unique challenges teachers encounter.

Considering the aspects outlined above, our objective was to
develop an instrument specifically designed to measure TSE within
the context of STEAM education and its associated disciplines. While
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some studies have explored TSE in STEM (e.g., Yang et al., 2023), few
have addressed STEAM, particularly at the primary school level (e.g.,
Jamil et al., 2018). Given the unique challenges of teaching STEAM
and the lack of instruments, measuring TSE in this area among
primary educators is critical. Thus, research aims of this study are to
present the development of a scale assessing teachers’ self-efficacy
(TSE) in teaching STEAM disciplines and to validate its psychometric
characteristics, on a sample of primary school educators from Serbia
and Portugal. These countries were selected as examples of different
education policies related to the STEAM approach. STEAM education
is essential for equipping students with transversal skills across various
fields, preparing them to address the complex and unpredictable
challenges of the future (European Schoolnet, 2018). In Portugal, in
line with this orientation of EU educational policy, curriculum
guidelines emphasize an integrated, multi- and interdisciplinary
approach. In contrast, Serbia does not explicitly recognize the STEM/
STEAM methodology. While similar initiatives exist, they are
underdeveloped and not systematically implemented. Although the
law and education strategy stress the importance of cross-curricular
competencies in primary education (Law on the Foundations of the
Education System, 2018), the curricullum does not mandate
interdisciplinary classes.

2 Method
2.1 Participants and procedures

Participants were 805 primary school teachers (75.5% from Serbia:
90% female, and 24.5% from Portugal: 93% female) instructing
7-10 years old students, who responded an anonymous online survey
voluntarily. Ethical approval was obtained from both university
institutions. Mean age (Serbia: M - 47.5, SD - 8.7; Portugal: M - 48.6,
SD - 7.9) and teaching experience (Serbia: M - 21, SD - 10.2; Portugal:
M - 23.8, SD - 10.2) were similar in both countries. Portuguese
teachers had more training related to STEAM (36.7% of the national
sample size) or integrated approaches to teaching (69.9%) than Serbian
teachers (STEAM - 10%, integrated teaching - 24.3%). The majority of
teachers have a bachelor’s or master’s educational level (Serbia: 29.7%
bachelor, 59.3% master; Portugal: 82.7% bachelor, 14.7% master).

2.2 Development of a scale measuring TSE
in STEAM context

The scale was designed based on the widely used Science Teaching
Efficacy Belief Scale (Enochs and Riggs, 1990) and the scale assessing
TSE in mathematics developed by Friday Institute for Educational
Innovation (2012). The objective was to gauge teachers’ confidence in
teaching school subjects related to STEAM disciplines (mathematics,
arts, and science domains), as well as their ability to involve students’
learning in these areas and integrate STEAM disciplines effectively.

The scale was structured into three items’ groups: the first assesses
TSE in specific STEAM subjects, the second focuses on motivating
students in STEAM disciplines, and the third evaluates confidence in
integrating them into teaching. This led to nine subscales: (1) TSE in
teaching mathematics; (2) TSE in teaching biology; (3) TSE in
teaching chemistry; (4) TSE in teaching physics; (5) TSE in teaching
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arts; (6) TSE in motivating students to learn mathematics; (7) TSE in
motivating students in science; (8) TSE in motivating students in arts;
and (9) TSE in integrating STEAM disciplines.

Next, the items were translated into Serbian and Portuguese by
bilingual experts familiar with both educational and psychological
terminology, followed by back-translation to check on the translation’s
fidelity to the original meaning. Any differences between the original
and back-translated items were carefully reviewed and minimal
discrepancies were found. Local teachers reviewed the translated items
to confirm clarity and relevance within each cultural context. Three
teachers from each country provided feedback into how items might
be interpreted in real classroom settings, and their suggestions were
used to refine the items’ accuracy.

2.3 Measures

2.3.1 STEAM-teacher self-efficacy scale
(STEAM-TSES)

The STEAM-TSE scale comprised 36 items aggregated in nine
dimensions. Five dimensions with 20 items measure TSE within a
specific subject domain related to STEAM: mathematics (e.g., I
am confident that I can explore mathematics with students in a way that
they understand the meaning behind mathematics notation and facts),
biology (e.g., I am confident that I can teach biology concepts effectively),
chemistry (e.g., I am confident that I can answer students’ questions
about chemistry), physics (e.g., I am confident that I can run physics
experiments) and arts (e.g., I am confident that I can teach arts/artistic
expression effectively). Three dimensions with 12 items (four per one
dimension) assess TSE in motivating students to learn three STEAM
disciplines for these topics: mathematics (e.g., I am confident that I'm
able to increase students’ interest in mathematics), science (e.g., I
am confident that I can motivate students who show low interest in
science) and arts (e.g., I am confident that I can help students to value
learning about the arts/artistic expression concepts). The last dimensions
with four items measure TSE in integrating STEAM disciplines (e.g.,
I feel confident in combining different disciplines to teach about
particular phenomena, e.g., when explaining the cycle of water in nature
to combine concepts as evaporating, living beings, condensation,
temperature, etc.). The 7-point Likert scale was administered, offering
two options: teachers indicated their confidence about a particular
item (1 - Not confident at all | 7 - Absolutely confident) or agreement
with an item (1 - Completely Disagree | 7 - Completely Agree).

2.3.2 Global teachers' self-efficacy scale

To assess global TSE, we used a scale adapted by Peixoto et al.
(2018), based on Morgan’s (2011) general TSE scale. This scale
comprises nine items tapping teaching strategies (e.g., I am confident
that I can teach all the subjects on the school curriculum effectively) and
classroom management (e.g., I am confident that I can manage
inappropriate behavior in the class). As for the STEAM-TSES, teachers
answered on a 7-point Likert scale.

2.4 Data analysis

The psychometric properties of the STEAM-TSES were analyzed
by assessing its structure, reliability, discriminant, and convergent
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validity. To examine the scal€’s structure, we conducted Exploratory
Structural Equation Modeling (ESEM) and Confirmatory Factor
Analyses (CFA) in MPlus (v. 8.0, Muthén and Muthén, 1998-2016)
using the Maximum Likelihood Robust (MLR) estimator. These are
standard statistical techniques recommended for identifying latent
factors behind observable variables measuring phenomena such as
beliefs (Schreiber et al., 2006). The sample was randomly split in two,
with ESEM applied to one half and CFA to the other. Model fit was
evaluated using the following indices: Comparative Fit Index (CFI),
Tucker Lewis Index (TLI), Root Mean Square Error of Approximation
(RMSEA), and Standardized Root Mean Square Residual (SRMR).
CFI and TLI values above 0.90 indicate a good fit, and values above
0.95 are considered very good. The RMSEA and SRMR, values below
0.08 suggest a good fit, along with a narrow confidence interval (Hu
and Bentler, 1999; Schumacker and Lomax, 2004).

Reliability was assessed using Cronbach’s alpha, McDonald’s
omega, and composite reliability. Convergent and discriminant
validity were tested following Cheung and Chang’s (2017) and Fornell
and Larcker’s (1981) guidelines. Cross-country measurement
invariance was tested using the differences in CFI and RMSEA due to
the sensitivity of the chi-square test to sample size. Differences in CFI
less than 0.01 and in RMSEA less than 0.015 were considered
indicative of measurement invariance (Chen, 2007).

3 Results

The Exploratory Structural Equation Modeling (ESEM) conducted
on the 36 items of the scale shows an acceptable fit to the data, y*
(342) =778.13, p < 0.001, CFI = 0.955, TLI = 0.918, RMSEA = 0.056,
[0.051, 0.061], SRMR = 0.013. The results reveal that the majority of
items are grouped around the same factor. However, item 35, which
was expected to load on the dimension related to TSE in motivating
students for mathematics, showed a higher factor loading in the factor
associated with items related to mathematics teaching. Additionally,
items from the Arts Teaching dimension loaded higher on a combined
factor that included both Arts Teaching and Arts Motivation items,
rather than on the factor specifically associated with Arts Teaching.
All other items had factor loadings higher than 0.45 on a single factor,
and all items grouped congruently with those of the same content (see
Supplementary material). Following this, we carried out a
Confirmatory Factor Analysis (CFA) on the other half of the sample,
testing two models: one with nine factors corresponding to the
originally conceptualized dimensions, and another with eight factors,
merging the Arts Teaching and Arts Motivation items into a single
factor based on the ESEM results. The results showed that the 9-factor
solution better fit the data than the 8-factor solution (Table 1).
Considering the whole sample, the 9-factor solution fits adequately the
data (Table 1).

Due to the high correlations between Math Teaching and Math
Motivation, Arts Teaching and Arts Motivation, and Chemistry
Teaching and Physics Teaching (Table 2), we tested different models
merging these dimensions, including all participants in the study.

Firstly, we tested a model combining Arts Teaching with Arts
Motivation (Table 1, 8-factor model A), followed by the second model
combining Math Teaching with Math Motivation, the third combining
Chemistry Teaching with Physics Teaching, and finally, the model
integrating all these combinations (a 6-factor model, aggregating Arts
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TABLE 1 Goodness-of-fit indices for the tested models.

10.3389/feduc.2024.1519327

c? df Jo) CFl TLI RMSEA SRMR AIC BIC
9-factor model 0.058,
1324.96 558 <0.001 0.918 0.908 0.045 30554.63 31130.13
(half sample) [0.054, 0.063]
8-factor model A 0.063,
1481.91 566 <0.001 0.902 0.891 0.047 30763.7 31307.22
(half sample) [0.060, 0.067]
9-factor model 0.048,
1599.73 558 <0.001 0.939 0.931 0.036
(all sample) [0.045, 0.051] 59766.75 60442.24
8-factor model A 0.054,
<0.001
(all sample) 1912.87 566 0.921 0.912 [0.052, 0.057] 0.04 60246.29 60884.25
8-factor model B 0.052,
1797.75 566 <0.001 0.928 0.92 0.037 60071.54 60709.49
(all sample) [0.049, 0.055]
8-factor model C 0.061,
<0.001
(all sample) 2237.86 566 0.902 0.891 [0.058, 0.063] 0.035 60741.83 61379.78
6-factor model 0.068,
<0.001
(all sample) 27274 579 0.874 0.863 [0.065, 0.063] 0.04 61524.96 62101.94

The 8-factor model A combines the arts teaching and arts motivation dimensions into a single factor. The 8-factor model B combines the math teaching and math motivation items, and the
8-factor model C combines the physics and chemistry teaching items. The 6-factor model includes all these aggregations from each 8-factor model in a single model.

TABLE 2 Correlation matrix between the dimensions of the STEAM-TSES, correlation with TSE and AVE for each dimension.

F1 F2 F3 F4 F5 F6 F7 F8 F9 TSE AVE
F1 0.46 0.46 0.85 0.54 041 043 0.60 0.57 0.63 0.77
F2 021 0.89 0.46 0.56 0.48 0.45 0.56 0.55 0.44 0.82
F3 0.22 0.80 0.49 0.52 041 0.40 0.59 0.55 0.44 0.79
F4 0.73 021 0.24 0.55 0.40 043 0.66 0.55 0.64 0.73
F5 029 031 027 031 0.65 0.67 0.72 0.59 0.41 0.78
F6 0.16 023 0.16 0.16 043 0.82 0.62 0.53 0.32 0.81
F7 0.18 020 0.16 0.18 045 0.68 0.66 0.54 033 0.79
8 035 032 035 0.43 0.52 039 0.43 0.71 0.48 0.77
F9 0.32 0.30 0.30 0.30 0.34 028 0.30 051 043 0.75

Values above the diagonal are correlations among constructs, and values below the diagonal are squared correlations. All correlation values are statistically significant at p < 0.001. In bold:
correlations higher than 0.70. F1- math teaching, F2 - arts teaching, F3 - arts motivation, F4 - math motivation, F5 - biology teaching, F6 — chemistry teaching, F7 - physics teaching, F8 -
science motivation, F9 - integrated teaching. TSE - teacher self-efficacy (Global), AVE - average variance extracted.

Teaching with Arts Motivation, Math Teaching Math Motivation, and
Chemistry Teaching with Physics Teaching). The results (Table 1)
indicate that none of these models improved the goodness-of-fit. The
AIC and BIC values of the 9-factor model were the lowest compared
to the 8-factor and 6-factor models and the other fit indices were also
noticeably better (see Table 1).

All dimensions showed very good reliability, presenting scores
above 0.90 in all dimensions for the different indicators of reliability
used (Table 3). Convergent validity for each dimension was assessed
considering that a measure has good convergent validity when the
average variance extracted (AVE) is higher than 0.50 (Fornell and
Larcker, 1981), the factor loadings are not significantly lower than 0.50
and the composite reliability (CR) is higher than 0.70 (Cheung and
Chang, 2017). Analyses of the AVE (Table 2), the factor loadings, and
the CR of the scale dimensions (Table 3) showed good convergent
validity for all dimensions.

To test discriminant validity, Fornell and Larcker (1981)
proposed comparing the AVE with the squared correlation between
constructs. If the AVE for both factors is higher than the squared
correlation between them, discriminant validity is established.
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Cheung and Chang (2017) also suggested that correlations between
constructs should not exceed 0.70. Following Fornell and Larcker’s
(1981) guidelines, all dimensions, except for the pair Arts Teaching
and Arts Motivation, demonstrate good discriminant validity as the
AVE is higher than the squared correlation between the factors.
However, applying Cheung and Chang's (2017) criterion, five pairs
of factors present discriminant validity issues. These pairs are Math
Teaching/Math Motivation, Arts Teaching/Arts Motivation,
Chemistry Teaching/Physics Teaching, Biology Teaching/Science
Motivation, and Science Motivation/Integrated Teaching, as the
correlations between the factors within each pair exceed 0.70
(Table 2).

The correlations between the STEAM-TSES dimensions and the
global TSE (Table 2) showed moderate and positive relationships. The
highest correlations are with the Math Teaching and Math Motivation
dimensions, while the weakest are with Physics and Chemistry Teaching.

To test measurement invariance, we sequentially tested models of
configural, metric and scalar invariance. The results (Table 4) indicate
that we have scalar measurement invariance, implying that we can
compare the means obtained with this scale across the two countries.
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TABLE 3 Descriptive statistics, reliability, and lowest factor loading for each dimension of the STEAM-TSES.

M e? CR Cronbach’sa = McDonald's@w Lowest factor
loading
F1. Math teaching 5.95 0.85 0.77 0.98 0.90 0.90 0.79
F2. Arts teaching 592 0.78 0.84 0.97 0.93 0.93 0.86
F3. Arts motivation 6.02 0.82 0.90 0.96 0.96 0.96 0.92
F4. Math motivation 5.62 1.00 0.80 0.92 091 0.91 0.83
F5. Biology teaching 5.90 0.84 0.84 0.93 0.93 0.93 0.84
F6. Chemistry teaching 5.79 1.05 0.86 0.97 0.94 0.94 0.80
F7. Physics teaching 483 1.51 0.86 0.97 0.94 0.94 0.82
F8. Science motivation 5.00 1.40 0.83 0.93 0.93 0.93 0.86
F9. Integrated teaching 5.61 1.01 0.82 0.92 0.92 0.92 0.83

CR, composite reliability. M of part-whole corrected item-total correlations.

4 Discussion

Previous research has accentuated the importance of measuring
TSE, indicating its positive impact on teachers and their pedagogical
strategies (Perera et al., 2019; Tschannen-Moran and Woolfolk Hoy,
2001; Zee and Koomen, 2016), as well as on students’ outcomes
(Fernandez et al., 2016; Klassen and Tze, 2014; Zee and Koomen,
2016). However, there is a lack of instruments measuring TSE in the
context of the increasingly prevalent STEAM education, particularly
at the primary school level. Thus, this study aims to develop a STEAM
self-efficacy scale for primary school teachers: the STEAM-TSES.

The STEAM approach requires integrating different subject areas,
making it essential to find an optimal level of specificity for TSE measures.
TSE may vary across domains (Klassen et al., 2011; Perera et al., 2019),
especially considering differences in pre-service training and school
curricula. Teaching science demands theoretical and methodological
knowledge from various domains (chemistry, physics, biology), and TSE
can differ in these areas, particularly for primary school pupils, whose
understanding of scientific concepts is limited by cognitive developmental
characteristics (e.g., Bassachs et al., 2020). Thus, our aim was to assess
TSE not only in mathematics but also in science and the arts, and to
create a subscale dedicated to the integration of all domains.

The analyses conducted suggest that the scale exhibits very
satisfactory psychometric properties. It comprises 36 items aggregated
into 9 distinct factors, despite some discriminant validity issues. As
previously noted, the dimensions of Math Teaching/Math Motivation,
Arts Teaching/Arts Motivation and Chemistry Teaching/Physics
Teaching showed very high correlations. Nevertheless, we tested three
alternative eight-factor models and a six-factor model, all showing a
worse fit than the nine-factor solution. Consequently, to avoid
multicollinearity problems, we recommend caution when using Math
Teaching/Math Motivation, Arts Teaching/Arts Motivation and
Chemistry Teaching/Physics Teaching dimensions simultaneously in
structural equation modeling or other regression-based analyses. Our
results justify the measurement of TSE across different science domains.
They indicate that even though TSE is similar across nine dimensions,
these dimensions are not identical. This instrument may be particularly
useful considering the differences in educational systems and teachers’
previous experience, which can affect TSE in various subjects.

The need for a specialized STEAM-TSES is supported by
moderate and positive correlations between the nine STEAM-TSES
dimensions and the global measure of TSE. The highest correlations
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are found among closely related dimensions, such as Math teaching
and Math motivation, Arts teaching and Arts motivation, and
Physics and Chemistry teaching. These correlations are expected, as
they reflect specific aspects of TSE that collectively contribute to a
broader sense of competence, often referred to as global
TSE. Furthermore, the moderate to strong correlations between the
STEAM-TSES dimensions and the measure of global TSE reinforce
the idea that these dimensions play a key role in shaping an overall
sense of teaching competence. However, the AVE greater than 0.5
indicates that while the STEAM-TSES dimensions and the global
TSE measure are related, they are not identical constructs. As
expected, the highest correlations were found between the global
TSE and dimensions related to mathematics teaching. This finding
further suggests that the global TSE does not sufficiently capture
other aspects of STEAM teaching practices that are more distant
from mathematics, such as the arts, science disciplines, and the
integration of different subjects.

The STEAM-TSES demonstrated very good reliability and
convergent validity. High-reliability scores suggest the potential for
reducing the number of items per dimension without compromising
reliability. The results of the measurement invariance analyses revealed
the scale’s utility across both countries. Moreover, with scalar invariance,
the means obtained in each country can be reliably compared.

We believe the STEAM-TSES scale is relevant for both countries,
though its cultural significance varies due to the differing levels of
integration and support for STEAM education in each. In Portugal,
the scale could be used as a measuring tool of TSE in teaching and
motivating students within STEAM disciplines, as well as their
confidence in applying the integrated, interdisciplinary approach
central to the curriculum. In Serbia, it offers valuable insights into TSE
in STEAM, particularly in adapting traditional teaching methods to
incorporate interdisciplinary elements, and highlights areas where the
educational system needs to strengthen STEAM implementation.

Given the differing European regions and similar yet distinct
curricula of these two countries, the STEAM-TSE scale may have
wider applicability across different countries. As previously
mentioned, various educational contexts can benefit from using this
scale, but the interpretation of results should be sensitive to the
varying degrees of policy support for STEAM in particular country.

Initially aimed at measuring TSE in early primary education,
we believe it could also serve teachers instructing older grades.
General item formulation supports its potential use at middle and
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TABLE 4 Test of measurement invariance.

10.3389/feduc.2024.1519327

c? df P CFI TLI RMSEA D CFI D RMSEA
Configural 2557.4 1,116 <0.001 0.927 0918 0.057, [0.054,0.060] - -
Metric 2566.5 1,143 <0.001 0.928 0.921 0.056, [0.053,0.058] —0.001 0.001
Scalar 2644.9 1,170 <0.001 0.926 0.92 0.056, [0.053,0.059] 0.002 0

secondary levels. Nonetheless, these assumptions necessitate further
research, involving administering the scale in various countries and at
different educational levels.

STEAM-TSES can be a useful tool for teacher training
programs, curriculum designers, and policymakers. The STEAM-
TSES allows teacher training programs to assess teachers’
confidence in specific STEAM disciplines. Data gathered using the
scale can guide trainers in providing individualized support to
pre-service and experienced teachers. Curriculum designers can
use insights from the scale to create STEAM resources that align
with teachers’ existing strengths while supporting teacher perceived
low self-efficacy. Additionally, school administrators can use the
STEAM-TSES scale to track the effectiveness of initiatives aimed at
improving teacher efficacy in STEAM disciplines.
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