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Abstract

The present study conducts a systematic review of teachers’ STEM/STEAM competencies.
Following PRISMA guidelines, 28 peer-reviewed studies were retrieved from Web of Science, ERIC,
Google Scholar, and Scopus. The review synthesizes major competency domains and sub-
dimensions, examines existing competency frameworks, and analyzes the geographic distribution
of related research. The findings reveal a strong emphasis on competency classification but show
limited empirical validation of existing models and frameworks. Furthermore, this review also
identifies insufficient elaboration of arts-related competencies and significant regional
imbalances, with most studies concentrated in East and Southeast Asia. Three major gaps
emerged: the underrepresentation of arts-related competencies, the limited availability of
validated competency models, and uneven regional representation. Existing frameworks
frequently combine aesthetic literacy, creative instructional design, and arts-integrated
pedagogical practice into a single category. Consequently, professional development programs
often emphasize generalized creativity training while neglecting disciplinary arts knowledge and
pedagogical practices essential for authentic STEAM integration.

Keywords: competency frameworks, interdisciplinary teaching, STEAM education, systematic
review, teacher competencies

approaches constrained by rigid disciplinary boundaries
which leave educators insufficiently prepared for

INTRODUCTION

STEAM education has gained increasing attention as
an approach to prepare students for the complex
demands of the 21t century (Boice et al., 2021; Mohd
Saad et al., 2023; Xenakis, 2025). By integrating the arts
into STEM, STEAM promotes synergy between scientific
and creative disciplines and supports the development
of the “whole child.” Unlike traditional, subject-isolated
instruction, STEAM emphasizes interdisciplinary, real-
world learning experiences that foster creativity,
innovation, and holistic understanding (Herro et al.,
2019). Consequently, STEAM education has become
increasingly vital across educational levels, from
primary to higher education, as a means of cultivating
diverse competencies required in contemporary society.

Although STEAM education is widely recognized for
fostering creativity, critical thinking, and problem-
solving skills (Hendriyanto et al., 2024; Ortiz-Revilla et
al, 2023), its implementation remains uneven and
fragmented. This is largely due to teacher education

interdisciplinary practice (So et al., 2019; Spyropoulou et
al, 2025a, 20205b). While recent scholarship has
advanced the development of competency frameworks,
including interdisciplinary integration models (Song,
2017), context-based frameworks (Alcaraz-Dominguez
& Molas-Castells, 2024; Spyropoulou & Kameas, 2023),
and evaluation index systems (Kim & Kim, 2016) , these
efforts remain limited in scope. They typically address
isolated competency dimensions without
comprehensively capturing multidisciplinary
integration or creative outcomes. Compounding this
challenge, the construct of “competency” itself lacks
definitional consistency, frequently oscillating between
subject knowledge, interdisciplinary teaching skills, and
dispositional attitudes toward integration (Spyropoulou
& Kameas, 2023). Moreover, divergent interpretations of
STEAM further constrain cross-contextual comparability
and framework transferability (Jiayuan & Hidayat, 2025;
Leavy et al., 2023).
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Contribution to the literature

e This study contributes to the existing body of literature and empirical research on teachers” STEM and
STEAM competencies by addressing identified gaps, with a particular emphasis on core competency
domains, their constituent sub dimensions, and the associated theoretical models and frameworks that

underpin them.

e It identifies key conceptual limitations in current studies, including inconsistent competency
classifications, limited empirically validated frameworks, and insufficient integration of arts-related

competencies within STEAM.

e The review highlights uneven geographic distribution of research, emphasizing the need for contextually
responsive and globally inclusive studies to enhance teachers’ STEM/STEAM competency development.

Previous systematic reviews on STEAM education
have primarily emphasized student outcomes and

curriculum implementation. This leaves teacher
competencies comparatively underexplored and
insufficiently validated empirically (Alcaraz-

Dominguez & Molas-Castells, 2024 ; Deak & Kumar,
2024; Heung et al.,, 2024). Arts-related competencies
remain inadequately integrated within existing STEAM
frameworks, creating a structural imbalance that
challenges the interdisciplinary foundations of STEAM
education (Alcaraz-Dominguez & Molas-Castells, 2024).
Furthermore, fragmented competency frameworks and
inconsistent conceptual definitions hinder the
identification of coherent competency requirements for
effective teaching. To address these gaps, this study
conducts a systematic literature review to synthesize key

competency  dimensions,  sub-dimensions, and
frameworks for STEAM teacher development.
Research Questions

1. What are the key areas involved in the

development of teachers” STEAM competencies?

2. What are the main sub-dimensions that constitute
teachers’ STEAM competencies?

3. What are the major models developed to describe
or assess STEAM competencies in teachers?

4. What are the primary frameworks proposed for
guiding the development of teachers’ STEAM
competencies?

5. What is the geographical distribution of educators
or researchers involved in studies on teachers’
STEAM competencies?

THEORETICAL FOUNDATION

Constructivism Learning Theory and STEM/STEAM

Constructivist learning theory conceptualizes
learning as an active process in which learners construct
knowledge through prior experience and interaction
with their environment (Nurhuda et al., 2023). This
perspective underpins student-centered approaches
such as project-based, inquiry-based, and collaborative
learning, which are widely adopted in contemporary
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education (Hidayat et al., 2024; Mir et al., 2025). In
STEAM education, effective implementation depends
not only on disciplinary content mastery but also on
constructivist pedagogical practices that support
authentic and experiential learning. Prior studies
identify project-based learning as one of the most
coherent approaches for STEAM development (Diego-
Mantecon et al., 2021), while inquiry-based teaching
further emphasizes student autonomy, exploration, and
teacher facilitation through real-world learning
experiences (Basaran & Vural, 2025; Mei et al., 2025).

Constructivist-oriented STEAM teaching positions
teachers as facilitators responsible for designing
authentic learning environments. However, teachers
frequently encounter barriers to STEAM
implementation, including limited content knowledge,
insufficient time, inadequate professional training, and
high implementation costs. All these factors constrain
effective student engagement. Existing research suggests
that the success of constructivist STEAM learning largely
depends on teachers’ conceptual understanding and
practical competencies in managing interdisciplinary
and complex learning contexts. STEAM tasks require
students to draw on prior knowledge from multiple
disciplines. As such, teachers must demonstrate
integrated knowledge across science, technology,
engineering, arts, and mathematics to respond flexibly to
diverse learning needs (Caner & Ogan-Bekiroglu, 2025).
Although integrated training programs may enhance
teacher competency, current studies provide limited
empirical evidence on how teachers develop and enact
constructivist STEAM competencies in authentic
classroom settings. This highlights the need for more
systematic research on the development and application
of teacher competency within constructivist STEAM
education.

STEM/STEAM Competencies for Teachers

McClelland  (1973) defined competency as
knowledge, skills, abilities, traits, and motivations
associated with effective job performance. Competency
therefore represents a combination of knowledge, skills,
attitudes, and experience that enables individuals to
perform successfully. In teaching, competency involves
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Table 1. Keyword search strategy

Keyword

The strings and combinations of keywords

Teacher STEM/STEAM competency
AND
Teacher STEM/STEAM competency model

(“Teacher STEM Competency” OR “Teacher STEAM Competency”)

(“Teacher STEM Competency Model” OR “Teacher STEAM

Competency Model”) AND
Teacher STEM/STEAM competency framework (“Teacher STEM Competency Framework” OR “Teacher STEAM
Competency Framework”)

not only possessing knowledge and skills but also
applying them flexibly and purposefully in complex
classroom situations. Spyropoulou and Kameas (2023)
categorized teacher competence into knowledge, skills,
and dispositions. Based on these perspectives, this
review defines STEAM teacher competencies as an
integrated system of interdisciplinary knowledge,
pedagogical and technological skills, professional
qualities, and identity-based orientations that support
interdisciplinary learning design and evaluation.

The TPACK framework (Mishra & Koehler, 2006),
which explains how teachers integrate technological,
pedagogical, and content knowledge, has been widely
applied to assess teacher competency in STEM
education, with publications linking TPACK to teacher
training, science education, and digital tools increasing
rapidly (B. Huang et al., 2022; Karampelas, 2023, 2026;
Zhuofan et al., 2024). Complementing this knowledge-
oriented perspective, Galanti and Holincheck (2022)
proposed an integrated STEM teacher identity model
that connects motivation, self-efficacy, recognition and
competency. This model positions teachers’ self-
perception as interdisciplinary educators as a critical
driver of long-term competency development and
sustained commitment to STEM teaching (El Nagdi et
al., 2018; Holincheck & Galanti, 2023). While TPACK
illuminates the knowledge dimension of teacher
competency and the integrated STEM teacher identity
model addresses its dispositional and identity
dimension, both frameworks remain largely confined to
STEM contexts. Although recent efforts have begun to
develop instruments measuring primary school
teachers’ self-efficacy in STEAM teaching (Ili¢ et al.,
2025), the distinctive role of arts integration in shaping
teacher identity remains underexplored, and research on
STEAM-specific teacher identity is correspondingly
limited. This review addresses that gap by
systematically identifying competency dimensions that
should inform future STEAM teacher identity research
and framework development.

Recent  studies  have  proposed  diverse
STEM/STEAM teacher competency frameworks from
multiple theoretical perspectives. Early frameworks
emphasized observable teaching competencies,
including subject understanding, pedagogy, learner
support, assessment and personal teacher qualities (Kim
& Kim, 2016). In contrast, TPACK-oriented research
highlights the integration of technology, pedagogy and

content knowledge, although balancing these
components remains a persistent challenge. Other
frameworks adopt skills and literacy-based perspectives
that emphasize digital competence, research skills and
soft skills, yet these often lack coherent theoretical
integration (Li et al., 2020; Machado et al., 2022; Morze &
Strutynska, 2021; Ortiz-Laso et al., 2023). More recent
studies increasingly = emphasize teacher roles,
professional identity, self-efficacy, motivation and
interdisciplinary teaching engagement as central
dimensions of STEAM competency development
(Holincheck & Galanti, 2022; Spyropoulou & Kameas,
2023).

METHODOLOGY

This study employs a systematic review to ensure a
transparent, structured and methodologically rigorous
synthesis of existing research (Hendriyanto et al., 2023;
Hidayat & Wardat, 2023). The review synthesizes key
competency dimensions, models and frameworks
identified through systematic searches of Web of Science
(WoS), ERIC, Scopus and Google Scholar. WoS and ERIC
were selected for their authoritative education-focused
coverage, while Scopus provided broad
interdisciplinary indexing and Google Scholar expanded
access to diverse, grey and multilingual academic
sources. To capture recent developments in global
STEAM education policy and curriculum reform, studies
published between 2016 and 2025 were targeted. The
search strategy applied Boolean operators and
truncation techniques across titles, abstracts and
keywords to maximize literature coverage (Table 1).

We utilized the PRISMA framework which consists
of four sequential stages: identification, screening,
eligibility assessment, and inclusion.

Identification
The search targeted keywords related to
STEM/STEAM teacher competencies, competency

models, and competency frameworks across titles,
abstracts and keywords, covering both journal articles
and conference-related publications. To improve
comprehensiveness, forward and backward citation
tracking were applied. Backward snowballing was used
to identify additional relevant studies through
references and citing articles (Hidayat et al., 2022;
Tahiru, 2021). The initial search yielded 7,875 records,
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Identification of studies via databases and registers

—

Records identified from”
WOS (n = 728)
ERIC (n = 640)
Scopus (n=17)

Google Scholar (n = 6490)

I

Records removed before
creening:
Duplicate records removed
(n = 3092)

Identification

) (

i !
-
g Records screened Excluded aricles
@ (n=4783) Reasons:
*  Research area (n= 2000)
s Document type (n= 1803)
. Publication year (n=475)
L «  Language (n=84)
) Title, abstracts and keywords
(n=421) Excluded articles:
F Reasons:
3 1—. «  Non-compliant with criterion 1 (n= 96)
=) . Non-compliant with criterion 2 (n= 173)
B »  Non-compliant with criterion 3 (n=65)
Reports assessed for eligibility Non-compliant with crilerion 4 (n=48)
(n=28)
) Reports included
Reason 1 (n = 14)
§ Reason 2 (n=8)
E Studies included in review Reason3 (n=2)
= (n=28) Reason 4 (n= 4)

Figure 1. PRISMA protocol chart (the authors’ own
elaboration)

including 728 from WoS, 640 from ERIC, 17 from Scopus,
and 6,490 from Google Scholar, which were
subsequently screened for relevance and quality.

Screening

Of the 7,875 records initially identified, 3,092
duplicates were removed following the PRISMA
protocol (Figure 1). The remaining studies were
screened according to predefined inclusion criteria,

including relevance to STEM/STEAM teacher
competencies, publication year, document type,
language and full-text availability. To ensure

contemporary relevance, only English-language studies
published between 2016 and 2025 were included, while
inaccessible or non-English publications were excluded.
After screening, a further 4,362 records were removed,
resulting in the final dataset for eligibility assessment.
All studies included at this stage were retrieved in full
text from the targeted databases.

Eligibility
During the eligibility phase, the remaining 421
records were manually reviewed to ensure alignment

with the predefined inclusion criteria. The following
formal inclusion criteria were applied:

1. The article has a relevant title and is related to the
selected topic while the key search terms appear
in the article’s title, abstract, and keywords.

2. The article focuses predominantly on teacher
competencies than on student competencies.

3. For studies that include competency frameworks,
the main focus is on integrated STEM/STEAM.

4. For studies that include competency models, the
main focus is on integrated STEM/STEAM.
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Through this manual evaluation process, a total of 96
articles were excluded for failing to meet criterion 1,173
for failing to meet criterion 2, 65 for failing to meet
criterion 3, and 49 for failing to meet Criterion 4.
Following this detailed evaluation, 28 full-text articles
were retained for a detailed review. The main search
terms guiding this phase included “teachers’
STEM/STEAM competencies,” “teachers’
STEM/STEAM competency models,” and “teachers’
STEM/STEAM competency frameworks.”

Inclusion

A final total of 28 articles were selected for inclusion
in this study. All included data were drawn from peer-
reviewed journal articles, given their established
advantages in terms of accessibility, timeliness and
reliability.

Data Analysis

To further ensure the rigor and validity of the review,
the included studies were evaluated and ranked prior to
inclusion, resulting in a final dataset drawn from 28
publications. Each article was carefully analyzed with
respect to its introduction, objectives, research questions,
methodology, key findings and discussion sections.
Concurrently, to ensure the methodological rigor of the
included studies, this study employed the mixed
methods assessment tool (MMAT) for quality
assessment. This tool is suitable for evaluating a variety
of research designs, including qualitative, quantitative,
and mixed-methods studies (Hong et al., 2018; Utami et
la., 2024). Each included study was assessed against the
criteria relevant to its specific design type, including
clarity ~of research objectives, methodological
appropriateness, validity of data collection and
consistency of findings (Hong et al., 2019).

To ensure systematic and consistent data extraction
from the 28 included studies, the researchers utilized a
data extraction form to collect bibliographic details
(authors, year, country, and journal), research design
and methods, participant characteristics and sample
size, theoretical frameworks, identified competency
domains and sub-dimensions and key findings relevant
to the review questions. A thematic synthesis method
was applied following Thomas and Harden (2008),
which involved line-by-line coding, development of
descriptive themes, and generation of analytical themes.
Two researchers independently conducted screening
and coding, while a third reviewer checked 20% of
records to ensure consistency. Disagreements were
resolved through consensus and inter-coder reliability
was measured using Cohen’s kappa (x = 0.80). Themes
were iteratively refined until thematic saturation was
reached and verified against original studies.
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Table 2. Systematic literature review summary

Types of teacher STEM/STEAM competencies (main

No Author Subject competencies/sub-dimensions/major model /framework)
1 Morze and Strutynska (2021) STEAM Teacher STEAM main competencies - sub-dimensions - model
2 Soetal. (2019) STEAM Teacher STEAM main competencies - sub-dimensions

3 Spyropoulou and Kameas (2023) STEAM Teacher STEAM competencies framework

4 Kim and Kim (2016) STEAM Teacher STEAM main competencies - sub-dimensions

5 Ortiz-Laso et al. (2023) M Mathematics competencies

6 Morales et al. (2020) STEAM Philippine professional standards for teachers (PPST)

7 Song (2017) STEM Teacher STEM main competencies - sub-dimensions

8 Bushey (2024) STEAM Global competence in STEAM Fields

9 Oanh (2024) STEM Teacher STEM competence framework

10 ElSayary et al. (2022) STEAM Teacher STEAM main competencies

11 Song (2019) STEM Teacher STEM main competencies - sub-dimensions

12 Spyropoulou and Kameas (2021) STEAM Teacher STEAM main competencies - sub-dimensions

13 Machado et al. (2022) ™ Competencies for STEAM areas

14 Wiegand and Rita (2023) M

15 Morales et al. (2020) STEAM
16 Hu and Guo (2021) STEM
17 Holincheck and Galanti (2023) STEM
18 Bedewy and Lavicza (2023) STEAM+X
19 Vaz-Rebelo et al. (2025) STEAM
20 Ergiil (2021) STEM

21 Rutitmann (2023) E

22 Chamrat and Suyamoon (2024) STEM
23 Caner and Ogan-Bekiroglu (2025) STEM
24 Marlina et al. (2025) Biology-STEM
25 B. Huang et al. (2022) STEM
26 Leetal. (2025) STEM

27 Valentova and Brecka, (2025) T
28 Radyvila et al. (2025) STEAM

Mathematical modelling

Teacher STEAM main competencies - sub-dimensions
Teacher STEM main competencies

STEM teacher identity

Teacher STEAM main competencies - sub-dimensions
Teacher STEAM main competencies

Teacher STEM main competencies - sub-dimensions
Teacher STEAM engineering competencies

Teacher STEM main competencies

Teacher STEM main competencies - sub-dimensions
Biology teacher STEM competencies

Teacher STEM main competencies - sub-dimensions
Teacher STEM main competencies - competencies framework
Technical competencies

Teacher STEAM conceptual framework

Biology teacher STEM competencies

STEM teacher identity

PPST competency

STEM competencies framework

STEM main competencies

STEAM main competencies. sub-dimensions. model

STEAM main competencies

o
-
N
o

Figure 2. Distribution of article topics (the authors” own elaboration)

FINDINGS OF SYSTEMATIC
LITERATURE REVIEW

This section presents the findings from the data
synthesis and analysis. Following the screening process,
a total of 26 articles were included in the systematic
review. The analysis was guided by five research
questions, which informed the examination of all
selected studies. Table 2 provides a comprehensive
summary of all records retained.

Descriptive Results

Figure 2 and Figure 3 show that research on
STEM/STEAM teacher competencies is predominantly
centered on core competency domains and their sub-
dimensions, specifically teachers” STEM and STEAM
competencies (n = 5 each). Other frequently discussed
themes included STEAM competencies (n = 3), STEM
competencies and competency frameworks (n = 2 each),
and mathematics-related competencies (n = 2). Overall,
STEAM (n = 11) and STEM (n = 10) dominate the
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STEAM M STEAM+X biclagy-STEM
Figure 3. Distribution of article subjects (the authors” own
elaboration)

literature, while discipline-specific areas such as
mathematics, TM, STEAM+X, engineering, biology-
STEM, and technology received comparatively limited
attention.

While the literature increasingly underscores the
importance of integrated and interdisciplinary
competencies, the continued presence of discipline-
specific studies suggests that disciplinary depth remains
essential in teacher competency research. This also
indicates a limitation of unified competency
frameworks, which may inadequately capture the
subject-specific knowledge structures and pedagogical
practices required in individual disciplines. For
example, mathematical modelling competency is
grounded in the internal logic of mathematics and
involves highly specialized sub-competencies which are
difficult to fully represent within generalized
STEM/STEAM frameworks (Ortiz-Laso et al.,, 2023;
Wiegand & Rita, 2023).

Teacher STEM/STEAM Main Competencies

The distribution of studies addressing teachers’
STEM and STEAM main competencies is presented in
Appendix A. Analysis of the reviewed studies reveals
several common patterns in STEM/STEAM teacher
competency across national contexts. Content
knowledge, whether framed as scientific understanding,
content expertise or skill mastery, is consistently
identified as foundational due to the interdisciplinary
nature of STEAM education (ElSayary et al., 2022; Hu &
Guo, 2021; Le et al., 2025). Student-centered, inquiry-
based and project-oriented pedagogies, alongside
technology integration and TPACK-related
competencies, also emerge as recurring requirements
across STEM and STEAM contexts (Chamrat &
Suyamoon, 2024). However, STEAM frameworks extend
beyond conventional STEM models by emphasizing
affective and dispositional competencies such as
creativity, innovation, self-direction and connectedness
(ElSayary et al., 2022). This broader orientation is further
reflected in studies integrating humanities and arts-

6/23

related dimensions into STEAM
frameworks (Vaz-Rebelo et al., 2025).

The distribution of studies on additional STEM and
STEAM teacher competencies is shown in Appendix B.
Critically, Holincheck and Galanti (2023) reframe
professional identity - including motivation, self-
efficacy, self-image and task perception - as a
constitutive rather than peripheral dimension of STEM
teacher competency. This reconceptualizes competency
as a dynamic, identity-embedded construct developed
through continuous professional experience and
reflective practice. This identity-oriented perspective is
reinforced across disciplinary studies emphasizing
collaboration, reflective practice, and a positive
professional self-concept (Marlina et al., 2025; Ortiz-Laso
etal., 2023). The inclusion of global competency (Bushey,
2024), engineering-specific pedagogical competency
(Rititmann, 2023), and technology-related competencies
(Valentova & Brecka, 2025) signals that the scope of
STEAM teacher competency is continuously expanding.
There is growing recognition that discipline-specific
competency articulation represents an equally
important, if currently undertheorized, strand of the
field.

competency

Teacher STEM/STEAM Main Competencies - Sub-
Dimensions Competencies

The distribution of studies on the main and sub-
dimensions of STEM and STEAM teacher competencies
is presented in Appendix C. Although frameworks
differ in terminology and scope, STEM competency
research consistently reveals a tripartite structure:
cognitive  dimensions (content knowledge and
interdisciplinary understanding), pedagogical
dimensions (teaching skills, curriculum design, and
assessment) and affective-motivational dimensions
(professional attitudes, collaboration, and self-
reflection). This convergence appears across studies
from Korea (Song, 2017, 2019), Turkey (Caner & Ogan-
Bekiroglu, 2025; Ergiil, 2021), and China (X. Huang et al.,
2022), suggesting a stable core structure regardless of
context. More recently, Caner and Ogan-Bekiroglu
(2025) introduced “collaboration and engagement” as a
distinct domain, emphasizing active interdisciplinary
cooperation. This shift highlights the growing
recognition that effective STEM teaching depends not
only on individual competence but also on sustained
collaboration across departments in daily instructional
practice.

For STEAM-specific competency frameworks, the
range of sub-dimensions is generally broader and more
diverse (Kim & Kim, 2016; Spyropoulou & Kameas,
2021). Competencies such as artistic appreciation and
creative integration (So et al., 2019), concrete links
between art and architecture (Bedewy & Lavicza, 2023)
and soft skills (Morze & Strutynska, 2021) reflect
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Content Knowledge in STEM
1. Knowledge of STEM
2. Interdisciplinary knowledge in STEM

Pedagogical skills in STEM teaching
STEM Teaching Skills for developing STEM teaching plans
Competence of Skills for designing STEM lesson

general education Skills for organizing STEM teaching

B W N -

teachers Assessment skills in STEM teaching

N
J

Technology use skills
1. Using technology in STEM teaching

2. Developing technology skills for students

Figure 4. STEM teaching competence model of general
education teachers model (Le et al., 2025)

expanded professional demands arising from the
inclusion of arts in STEM education. However, these
arts-related dimensions are frequently listed without
clear explanation of how they connect structurally to
technological and pedagogical domains.

Additionally, Kim and Kim (2016) highlight
understanding learners and contextual conditions, and
Spyropoulou and Kameas (2021) frame competencies
around design, coordination, and environmental
interaction, Morze and Strutynska (2021) treat
environmental literacy merely as a sub-element,
indicating a lack of consensus on its conceptual status.

A direct comparison between STEM and STEAM
teacher competencies reveals both shared characteristics
and key differences. Common across both frameworks
are disciplinary and interdisciplinary knowledge,
pedagogical skills and assessment competencies,
suggesting that these form the foundational components
of integrated science education teaching (B. Huang et al.,
2022; Le et al., 2025; Morze & Strutynska, 2021; Oanh,
2024; Song, 2017). Digital and technological
competencies also appear consistently across contexts,
reflecting the growing importance of technology
integration in STEM/STEAM education (Spyropoulou &
Kameas, 2021). In contrast, STEAM frameworks place a
vastly stronger emphasis on creative and artistic
dimensions. So et al. (2019) specifically identify artistic
appreciation and creative integration as core
requirements. Meanwhile, STEM frameworks (Ergiil,
2021; Song, 2019) focus more narrowly on scientific
inquiry and problem-solving, with limited attention to
creativity or identity, confirming that the arts remain an
underdeveloped competency domain in STEAM
research.

Teacher STEM/STEAM Competency Model

Regarding studies on models of teachers’
STEM/STEAM competencies, only two primary studies
were identified, as illustrated in Figure 4 and Figure 5.
Le etal. (2025) proposed a framework for STEM teaching

Methodical

Digital

competence

STEAM

knowledge

STEAM
competence for teachers

\

Key
Soft skills

competencies

Figure 5. A generalized model of STEAM competence for
teachers (Morze & Strutynska, 2021)

competencies and their constituent elements, which was
refined based on expert recommendations. This
framework enables general education teachers to self-
assess and enhance their instructional skills, thereby
improving professional qualifications and addressing
students” learning needs. Similarly, Morze and
Strutynska (2021) developed a generalized model of
STEAM competencies for teachers based on an analysis
of its constituent components, providing a structured
reference for the development and application of
STEAM teaching skills.

Teacher STEM/STEAM Competency Framework

Appendix D and Appendix E present frameworks of
teachers’” STEM/STEAM competencies. Oanh (2024)
proposed an integrated STEM competency framework
including both tangible and intangible components. The
framework highlights collaboration and community-
oriented competencies, reflecting the growing consensus
that effective STEM teaching is socially constructed
through professional learning communities rather than
individual practice alone (Caner & Ogan-Bekiroglu,
2025). Although primarily designed as a STEM
framework, it encourages teachers to integrate other
fields such as the arts, health and Al, and to adopt
innovative pedagogies. This indicates both recognition
of interdisciplinary expansion and an emerging
response to the changing demands of contemporary
education, including the gradual inclusion of arts within
STEM-oriented teaching practice.

Spyropoulou and Kameas (2023) organized a STEAM
competency framework into five perspectives and 16
domains, with a distinctive role-based logic which
defines competency through professional roles rather
than a checklist of skills. The framework includes
multiple teacher identities such as facilitator, learning
designer, coordinator, community member, and
reflective  practitioner, emphasizing collaboration
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Figure 6. Geographical distribution of STEAM educators or researchers (the authors” own elaboration)

grounded in educators’ lived classroom experiences. It
highlights continuous professional development and
transferable skills, positioning competency as dynamic
and evolving rather than fixed. Nonetheless, practical
challenges remain, particularly regarding how teachers
integrate theoretical knowledge into reflective practice,
suggesting a need for research on conditions which
support this integration (Vogelsang et al, 2025).
Although presented as a STEAM framework, the
treatment of the “A” (arts) component is limited, with
arts knowledge only briefly acknowledged. This reflects
a broader and persistent gap in STEAM competency
research.

The analysis of arts-related competencies in STEAM
frameworks reveals considerable  conceptual
inconsistency, with most studies broadly categorizing
them as “arts literacy.” Existing research generally
reflects three dimensions: discipline-specific artistic
knowledge, creativity and divergent thinking, and arts-
integrated pedagogy. Artistic knowledge commonly
includes areas such as literature, drama, music, dance
and visual arts, while creativity-related competencies
are addressed through concepts such as creative
convergence and soft skills (ElSayary et al., 2022; Morze
& Strutynska, 2021; So et al., 2019). Though design
thinking and arts-integrated pedagogy are frequently
recognized in STEAM education (Bedewy & Lavicza,
2023), they are rarely conceptualized as independent,
systematically operationalized competency domains.
This confirms that arts-related competencies remain
insufficiently  theorized within current STEAM
competency frameworks.

Geographical Distribution of STEAM Educators or
Researchers

Figure 6 presents the geographic distribution of
studies included in this review, revealing a pronounced
concentration in East and Southeast Asia, particularly
South Korea (n = 4), Vietnam (n = 2), China (n = 2), and
the Philippines (N = 2). This pattern is attributable to
structural, policy-driven factors rather than research
coincidence. South Korea’s disproportionate
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contribution reflects sustained government investment
since 2011, encompassing national curriculum reform,
targeted funding and institutionalized K-12 teacher
development programs (Kang, 2019; Park & Cho, 2022).

In China, interdisciplinary STEM education has been
formally promoted through the 2016 Ministry of
Education 13% five-year plan for educational
informatization. This is supported by a bottom-up
ecosystem of universities, research centers and industry
partners. In Vietnam, research growth has been driven
by the institutional imperative to build teacher capacity
under the 2018 competency-based general education
curriculum, prompting systematic investment in pre-
service and in-service STEAM development (Thuy et al.,
2021). In contrast, Africa, Latin America, the Middle East
and Central Asia remain largely absent from the
reviewed literature. This reflects not merely limited
STEAM activity, but deeper structural constraints
including competing national priorities (food security,
healthcare, basic infrastructure) and chronically low
research and development investment. For example,
sub-Saharan Africa allocates only 0.51% of GDP versus a
global average of 1.79% (Sarpong & Adelekan, 2023). As
such, this adds to the compounding effect of Global
North dominance in research production and English-
language publication restrictions (Mudaly & Chirikure,
2023).

DISCUSSION

This study systematically reviewed the literature on
STEM/STEAM teacher competencies by examining five
key dimensions: main competencies, sub-dimensions,
competency models, competency frameworks and the
geographic  distribution of research. Teacher
competencies directly shape instructional practices,
pedagogical  decision-making, and professional
development (Selvi, 2010). The findings are interpreted
through constructivist learning theory, which views
knowledge as actively constructed through experience,
social interaction and reflection (Vygotsky, 1978). From
this perspective, STEAM teacher competency is
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understood not as a fixed set of skills, but as a dynamic
and  context-dependent  professional capability
continuously reconstructed through teaching practice
and collaborative reflection.

This review identified a recurring three-dimensional
structure in STEM teacher competency research,
comprising cognitive, pedagogical and affective-
motivational dimensions. Across diverse national
contexts, these dimensions consistently include content
and interdisciplinary knowledge, teaching and
assessment skills and professional attitudes such as
reflection and collaboration. This structure extends
Shulman’s  (1987) distinction between content
knowledge and pedagogical content knowledge by
incorporating affective dimensions associated with
constructivist perspectives on teacher identity. Recent
studies  further = emphasize collaboration and
professional engagement as core competencies rather
than supplementary elements (Caner & Ogan-Bekiroglu,
2025; Margot & Kettler, 2019; Ogodo, 2024). In contrast,,
STEAM competency frameworks appear more complex
and multidimensional, reflecting the additional
demands of arts integration, creative pedagogy and
constructivist learning environments (Henriksen et al.,
2019; Kim & Kim, 2016; Spyropoulou & Kameas, 2023).

According to the reviewed studies, project-based and
inquiry-based learning consistently emerged as central
approaches to STEAM competency development (Caner
& Ogan-Bekiroglu, 2025; Chamrat & Suyamoon, 2024;
Oanh, 2024). Their prominence suggests that authentic,
interdisciplinary problem-solving simultaneously as an
effective student pedagogy and a form of experiential
professional learning for educators. Evidence indicates
that STEAM professional development programs
involving active project participation are more effective
than lecture-based or discipline-isolated training in
fostering integrated competencies (Margot & Kettler,
2019). Moreover, the emphasis on collaboration and
professional engagement in recent competency
frameworks highlights communities of practice as an
important model for sustainable teacher development
(Hidayat et al., 2018; Qudratuddarsi et al., 2022;
Spyropoulou & Kameas, 2023). For example, South
Korea’s STEAM research and teaching groups,
supported by KOFAC funding, demonstrate how
institutionalized teacher networks can effectively sustain
long-term collaborative professional learning (Kang,
2019).

This review shows that arts-related competencies in
STEAM frameworks are often broadly labelled as “arts
literacy,” without consistent differentiation of their
internal dimensions. In this study, they are separated
into three categories: discipline-specific artistic
knowledge, creativity and divergent thinking skills, and
arts-integrated pedagogical practice. Although related to
the “A” in STEAM, these constructs differ sharply in
theoretical origins and instructional functions. Recent

work warns that combining them can create conceptual
ambiguity in competency frameworks (Henriksen et al.,
2019). Creativity competency refers to domain-general
abilities such as fluency, flexibility and originality (Shi et
al., 2020). This is supported through arts-based activities
that enhance divergent thinking and visualization
(Sheridan et al., 2022). Aesthetic and design thinking
provides a structured problem-solving process
involving empathy, ideation and iteration (Bedewy &
Lavicza, 2023; Henriksen et al., 2019). Arts pedagogical
practice focuses specifically on using artistic media and
processes to teach STEM concepts. Clear differentiation
of these constructs is essential for developing effective
STEAM teacher education programs.

Therefore, this study intentionally builds on the
framework proposed by Spyropoulou and Kameas
(2023) to construct an optimized, revised STEAM teacher
competency framework (Appendix F). Although the
STEAMComp Edu framework is comprehensive, its
arts-related components remain underdeveloped, with
creativity embedded as “transferable skills” rather than
as a distinct domain, and with arts pedagogy, aesthetic
literacy, and design thinking not clearly operationalized.
First, within educator role 1, under 1.2 STEAM
foundations, this study proposes adding foundational
aesthetic literacy across visual arts, music, drama, design
and architecture. This will directly address the current
superficial use of visual arts due to limited teacher
preparation. Creative thinking should also be explicitly
recognized as a teachable core competency, requiring
cognitive flexibility and instructional improvisation
(Sawyer, 2019), and included in educator role 5, while
“identifying and assessing students’ creative products”
is added to 1.4 feedback and assessment. Second, design
thinking is integrated into 2.1 educational design and 1.4
assessment, emphasizing its five-stage cycle for
problem-solving, collaboration and iterative refinement.
Finally, as arts integration can be challenging for non-
arts educators (Perignat & Katz-Buonincontro, 2019),
formal collaboration between arts and STEAM teachers
is added to educator role 3 (3.2 stakeholder
coordination),  including the  assessment  of
interdisciplinary learning outcomes.

In terms of geographic distribution, research on
STEM/STEAM teacher competencies is highly
concentrated in Asia. This pattern differs sharply from a
review on STEAM sustainability in teacher education,
where Spain and the United States were more prominent
(Ariza & Olatunde-Aiyedun, 2024). Another review on
scientific design thinking and integrated STEM/STEAM
found that the United States, China and Australia
dominate publication output and citations (Saseendran
& Thomas, 2025). These differences suggest that while
Western countries lead in overall STEAM research,
studies specifically focused on teacher competencies and
frameworks remain limited. Regional variations are
shaped by social, cultural and economic factors.
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Developed countries emphasize interdisciplinary
integration and equity, while developing countries tend
to focus more on implementation (Zhan et al., 2022). This
imbalance highlights an urgent need for context-
sensitive competency research and locally adapted
frameworks, specifically in underrepresented regions
such as MENA (Ogodo, 2024; Putra et al., 2024;
Spyropoulou & Kameas, 2023).

CONCLUSIONS AND IMPLICATIONS

This systematic review analyzed 28 studies on STEM
and STEAM teacher competencies published between
2016 and 2025 across WoS, Scopus, Google Scholar, and
ERIC. The findings indicate that most existing studies
focus on defining competency components and adapting
frameworks to national educational contexts. Three
major gaps emerged: the underrepresentation of arts-
related competencies, the limited availability of
validated competency models, and the geographical
concentration of research in East and Southeast Asia. The
review identified a stable three-dimensional competency
structure consisting of cognitive, pedagogical and
affective-motivational dimensions. It extended previous
research by distinguishing arts competency into arts
knowledge, creative thinking skills and arts-integrated
teaching practice. Methodologically, the review applied
the PRISMA 2020 framework, MMAT quality appraisal,
inter-rater reliability testing and thematic synthesis. By
addressing publication, selection and language bias, the
study provides a transparent, rigorous and reproducible
foundation for future STEAM competency research
across diverse educational systems.

The findings of this review have vital implications for
STEAM teacher education and global policy
development. STEM and STEAM frameworks
consistently emphasize subject knowledge, student-
centered pedagogy and technology integration as core
competencies that should guide teacher preparation
curricula. However, current programs insufficiently
address  affective-motivational —and  arts-related
competencies. Evidence suggests that teacher self-
efficacy and professional identity develop through
sustained, community-based professional learning
rather than short-term workshops. Programs should
therefore include reflective practice, collaborative
inquiry and formal professional learning communities.
Arts-related competencies require dedicated curriculum
modules and co-teaching between arts and STEM
educators. Finally, policymakers should support locally
grounded competency research and internationally
collaborative, context-sensitive framework development
initiatives.

This review highlights an urgent need to develop
STEAM teacher competency frameworks which are
empirically validated, theoretically integrated and
context sensitive. A common tendency in the existing
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literature is to construct competency frameworks
through expert consultation and curriculum analysis,
without further empirical validation using teacher
surveys, classroom observations or longitudinal tracking
of professional development outcomes. Therefore,
future framework development must adopt a mixed-
methods validation design. This should combine
quantitative  confirmatory factor analysis with
qualitative perspectives from teachers and educators.
Such an approach would ensure that competency
models are both statistically robust and grounded in the
real practices of STEAM educators. The review also finds
that competency frameworks were mainly developed in
resource-rich and policy-driven STEAM ecosystems.

Limitation and Recommendations

This study has several limitations which may have
influenced data collection and interpretation. First, it
included only English-language publications, which
may have excluded relevant studies published in other
languages, particularly those from China, South Korea
and Vietnam, where national competency frameworks
are often reported in local languages. This limits both
geographical coverage and conceptual completeness.
Second, the review relied on four databases. Though
Google Scholar was included to capture grey literature,
its inconsistent indexing may affect reproducibility. The
exclusion of books, book chapters, and monographs may
also omit important theoretical contributions. Third,
there is notable conceptual heterogeneity across the 28
included studies, with varying definitions of
“competency,” “framework,” and “model,” alongside
diverse methodological approaches, which limits direct
comparability. Finally, restricting the review to studies
published between 2016 and 2025 captures only a
specific development phase of STEAM competency
research and may overlook earlier or emerging
contributions.

Drawing on this systematic review, future research
and policy should focus on developing and empirically
validating holistic, context-sensitive STEM/STEAM
teacher competency models which seamlessly integrate
subject knowledge, pedagogical expertise, technological
proficiency and artistic dimensions. Teacher education
and professional development programs should move
beyond fragmented competency lists toward unified
frameworks that support integrated instructional
design, interdisciplinary assessment and sustained
collaboration with community stakeholders. Greater
attention is needed for arts integration, cross-
disciplinary knowledge application and technology-
enhanced pedagogy, as these areas remain
underexplored and less empirically validated in the
literature. In  addition, targeted professional
development initiatives should strengthen teachers’
capacity to design, implement and evaluate integrated
STEM/STEAM learning experiences, specifically in pre-
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service education. Finally, future research should
expand empirical studies in underrepresented regions
such as Africa and the Middle East, to improve
geographic balance and support the development of
culturally responsive, globally relevant competency
frameworks for STEM/STEAM education.
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APPENDIX A

Table Al. Teacher STEM/STEAM main competencies

No Author

Teacher STEAM main competencies

10 ElSayary et al. (2022)

13 Machado et al. (2022)

16 Hu and Guo (2021)

19 Vaz-Rebelo et al. (2025)

22 Chamrat and Suyamoon (2024)

26 Leetal. (2025)

Critical thinking, collaboration, communication, creativity & innovation, self-
direction, connection, interactive technology

Using basic computer resources, using mobile devices, using basic Internet
resources, using productivity tools, research with digital technologies, using the
digital whiteboard, developing and applying a plan, developing and applying
blended learning, develop and apply distance education, developing and
applying the maker culture, using games

Scientific concepts, scientific thinking, inquiry practice, information literacy
competencies, attitudes and accountability

Sciences and mathematics, classification, sciences and mathematics,
crystallography, mathematics and sciences, symmetries, mathematics and history,
Sierpinski triangle, history and philosophy, working with logic and rules,
humanities, storytelling, mathematics and sports, maze

Well-designed lesson, cognitive demand variation (learning progression),
student-centered approach, reflective opportunities for students, project-based
learning assignments, TPACK reflection in lessons

Content knowledge, pedagogical skills, technology use skills
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APPENDIX B

Table B1. Teacher STEM/STEAM other competencies

No Author Focus Competencies

5 Ortiz-Laso et al. (2023) M (STEAM) Modelling, computational thinking, intra-mathematical

connections, mathematical representations, collaborative
work and positive identity

6 Morales et al. (2019) PPST (STEAM) Content knowledge and pedagogy, learning environment,
diversity of learners, curriculum and planning, assessment
and reporting, community linkages and professional
engagement, personal growth and professional development

8 Bushey (2024) GC (STEAM) GC initiatives built into course objectives, GC initiatives
present in resources and lesson topics, GC strategies
incorporated into class activities and teaching interactions

14 Wiegand and Rita (2023) M (STEAM) Competencies for modelling: theoretical, task, instructional,
diagnostic,

17 Holincheck and Galanti (2023) STEM teacher identity Motivation, self-image, self-efficacy, task perception, teaching
interest

21 Rutitmann (2023) E (STEAM) STEAM professional competencies, pedagogical, social,

psychological and ethical competencies, STEAM didactical
skills and subject expertise, evaluative competencies,
organizational / management competencies, communicative
and teamwork competencies, reflective and developmental
competencies

24 Marlina et al. (2025) biology-STEM Reflection, collaboration, integration of interdependent STEM
disciplines, skills related to STEM disciplines, integrative
STEM teaching and learning

27 Valentova and Brecka (2025) T (STEM) Inquiry and material exploration competencies, technological
representation and interpretation competencies, engineering
design and problem-solving competencies, technical and
practical skills competencies, engineering principles and
career awareness competencies
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APPENDIX C
Table C1. Teacher STEM/STEAM main competencies - Sub-dimension

STEM STEAM
Competency g’ong (2017, Ergiil (2021), B. Sub- Kim and Kim (2016), >0 ¢t al- (2018), o
dimension 019), Caner Huang et al dimensions Spyropoulou and Morze and Sub-dimensions
Ogan-Bekiroglu & ' pyrop Strutynska (STEAM)
(2025) (2022) (STEM) Kameas (2021) (2021)
1. Disciplinary & Cognitive Knowledge: Ability to Understanding of STEAM Interdisciplinary
interdisciplinary characteristics: =~ STEM link/reorganize subjects: knowledge: content mastery.
knowledge STEM content ~ Knowledge. curriculum Understand & Mathematics, = Cross-subject
knowledge. Integration across STEM  reorganize STEAM- technology, curriculum
Interdisciplinary knowledge. subjects. related curriculum. engineering. reorganization.
connection Production &  Scientific Connect and Natural Integration of
knowledge. processing. understanding integrate subject sciences. STEAM subject
STEM Computers &  of real-world  content. Design concepts
curriculum electronics issues. Select key concepts ~ planning &
knowledge. Recognition of across STEAM modeling.
Creativity based correct concept subjects Foreign
on inter- of integrated language &
disciplinary STEM basics of design
knowledge
2. Pedagogical & Instructional Skills: Applying PBL  Teaching-learning ~ Methodical Inquiry-based &
instructional skills: Critical thinking. & team- methods: Suggest competence: PBL strategies.
skills PBL/project- Active learning. teaching. instructional STEAM Student-centered
based Complex Emphasizing  objectives. curriculum instructional
curriculum. problem-solving. student Arouse motivation  development. design.
Student-centered Technology autonomy. via real-life Methods Formative &
activity. design. Alternative situations. supporting summative
Teacher as Operations assessment. Inquiry & feedback- higher-order  assessment.
learning analysis Guiding based instruction. thinking. Differentiated
assistant. students to Cooperative learning Creative instruction
Alternative apply learned activities problem-
assessment. knowledge solving
Instruction using methods.
IT/ICT Understanding
students’
learning needs
3. Assessment  Alternative Quality control  Using Evaluation of Feedback & Multi-method
competency assessment; analysis. alternative learners: assessment. assessment.
STEM teaching Operations assessments.  Quantitative & Assessing Process-based
& learning monitoring Assessing qualitative learning assessment.
assessment. higher-order  evaluation. outcomes. Feedback-driven
Consideration of thinking. Diversity-responsive Motivating improvement
student Feedback from assessment. through
differences evaluation Higher-order evaluation
results thinking evaluation. rewards
Convergent
evaluation methods
4. Technology & Technology Engineering &  ICT-based Use content and Digital Technology
digital literacy. technology instruction. tools. competence: integration in
competency Instruction using knowledge. Technology Digital skills & Computer teaching.
ICT & Equipment application in  digital literacy science Digital tool
multimedia. selection & STEM. knowledge. proficiency.
TPACK maintenance. Technology Algorithmic ICT-enhanced
integration System analysis design skills thinking. learning design
Digital
technologies in
STEAM.
Data analysis &
interpretation
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Table C1 (Continued).

STEM STEAM
. . . So et al. (2018),
gﬁ:;flziﬁcy 2019), Can.er I]%Irf:ig(i(?;l).’ B. Sub-dimensions g;;zggu§;?§i316)' Morze and Sub-dimensions
Ogan-Bekiroglu (2022) (STEM) Kameas (2021) (Sztglzl';})/nska (STEAM)
5. Affective- Abilities: Communication Individual Soft skills Professional self-
motivational & characteristics:  Inductive & & cooperation  qualification Kim  Morze and reflection.
professional Willingness &  deductive with teachers; and Kim (2016): Strutynska Collaborative
identity enthusiasm for reasoning. Surmounting Belief in and (2021): Critical  attitude.
Problem anxiety on dedication to & creative Commitment to
sensitivity; unfamiliar STEAM education  thinking. interdisciplinary
Openmindto  Perceptual knowledge. Positive attitude Communication practice.
cross-subject speed Continuous towards teacher & teamwork.  Growth mindset
efforts for cooperation. Decision
Self-examination teaching quality ~Self-diagnosis and making.
& continuous improvement reflection. Openness to
improvement. Open acceptance of new ideas
Belief & patience others’ opinions
with students
6. Collaboration Collaboration = Team Cooperating with Interacting with the Cooperation Cross-
& community ~ with colleagues coordination.  other subject environment: among teachers. disciplinary co-
engagement & stakeholders. Operationand teachers. Team- Community Devising classes teaching.
Engagementin control teaching building. cooperatively =~ Professional
STEM learning arrangements Application of community
communities policies participation.
Policy
engagement
STEM-specific dimensions
7.STEM STEM attitude: STEM ability (B. Recognizing
disciplinary Huang et al., problems
ability 2022): comprehensively.
Problem-solving Flexible thinking
between STEM  ability. beyond subject
Scientific boundaries.
STEM career inquiry ability. Applying
Mathematical ~ discipline-
Effect of STEM  modelling specific inquiry
ability. processes
Engineering
design ability.
Technical
application
ability
8. Mathematical Mathematical  Skills: Mathematical
& logical Mathematics. ~ problem-solving.
reasoning Number facility. Mathematical  Quantitative
Deductive & modelling. reasoning in
Mathematical =~ STEM contexts
knowledge
STEAM-specific dimensions
9. Arts Art appreciation So  Artistic Subject-specific
knowledge & et al. (2018): connection arts knowledge.
aesthetic Standalone primary Bedewy and Aesthetic
literacy competency domain Lavicza (2023): perception &
(Sub-dimensions GeoGebra- appreciation.
unelaborated) based arts Arts-STEM
integration. conceptual
Historical & connections
cultural arts (Conceptually
connections. underdeveloped
Architectural ~ across
connections frameworks)
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Table C1 (Continued).

Competency
dimension

STEAM

Ergul (2021), B.

2019), Caner Huang et al.

Ogan-Bekiroglu

Sub-dimensions

Kim and Kim

So et al. (2018),

(2016), Spyropoulou Morze and
and Kameas (2021) Strutynska (2021)

Sub-dimensions
(STEAM)

10. Creative
competency &
design thinking

11. Learning
environment

design

12. Professional
development &
transferable
skills

Creative

Convergence So et

al. (2018):
Information
processing &
utilization.
Convergent
thinking

Learning

environments Kim

and Kim (2016):
Select effective
teaching media.
Develop &

reorganize STEAM

materials.
Manage time &
space for STEAM
activities.

Handle unexpected

class situations
Developing &
applying
competences
Spyropoulou and
Kameas (2021):

Transferable skills.

Digital skills.
Continuous
professional
development

Soft Skills Morze
& Strutynska
(2021):

Creative thinking.
Innovation &
problem-solving
STEAM attitude
Kim & Kim (2016)

Designing
outputs
Spyropoulou and
Kameas (2021):
Course &
curriculum
design.
Coordinating
procedures &
outputs.
Resource
management

Some other key
competencies
Morze and
Strutynska (2021):
Ability to learn.
Civic & social
competence.

Entrepreneurship.

Environmental
literacy

Divergent &
convergent
thinking.
Creativity &
innovation.
Design thinking
as pedagogy
(No framework
operationalizes
design thinking
as standalone
domain)
Physical &
virtual learning
space.

Material
development &
adaptation.
Classroom
management for
STEAM projects
(more elaborated
in STEAM than
STEM)

Lifelong learning
orientation.
Transferable &
21st century
skills.

Civic & global
engagmMore
systematically
elaborated in
STEAM
frameworks)
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APPENDIX D

Table D1. Proposed integrated STEM education competence framework for university lecturers (Oanh, 2024)
Component competence Original item code Examples of item description

Having STEM literacy (SL) SL1 Master fundamental knowledge and skills in the four

Developing integrated STEM education DS1
curricula (DS)

Implementing the student-centered Is1
approach in integrated STEM education (IS)

Assessing integrated STEM learning AS1
outcomes (AS)

Demonstrate positive attitudes towards DA1
integrated STEM education (DA)

disciplines: science, technology, engineering, and
mathematics

Differentiate between STEM education programs
that focus on a single discipline and those that
integrate two or more disciplines

Foster a collaborative, active learning environment
when organizing integrated STEM learning activities
for students

Assess students” performance in integrated STEM
lessons and topics using valid, reliable tools and
methods.

Exhibit enthusiasm and creativity when designing
and delivering integrated STEM lessons and topics.
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APPENDIX E

Table El. Initial STEAM educators’ competence framework perspectives, areas, and examples of competences
(Spyropoulou & Kameas, 2023)

Perspectives Areas N Examples of competences
1. Educator as teacher- 1.1 Pedagogy 3 1.1.2 Apply collaborative learning methods in STEAM-
trainer tutor/implementing related activities
the educational procedure 1.2 Content knowledge 2 1.2.1 Understand what STEAM education approach
represents and means
1.3 Instruction 3 1.3.1 Provide guidance in STEAM-related activities
1.4 Use content and tools 2 1.4.1 Select and use appropriate content and tools for
STEAM education
1.5 Feedback and assessment 2 1.5.1 Use assessment strategies for STEAM education
1.6 Learner empowerment 3 1.6.1 Ensure accessibility and inclusion in STEAM-
related educational procedures
2. Educator as learning 2.1 Course/ curriculum/ 3 2.1.1 Understand and develop
designer and activity design
creator/designing and 2.2 Content and tools design 2 2.2.1 Create and modify appropriate content for
producing outputs and development STEAM education
2.3 Learner development 2 2.3.1 Facilitate learners’ STEAM competences
3. Educator as orchestrator 3.1 Educational procedure 2 3.1.1 Apply teaching organization methods for STEAM
and manager/coordinating management education
procedures and outputs 3.2 Resource management 3 3.2.1 Apply educational resources management
methods for STEAM education
4. Educator as community 4.1 Community building 3 4.1.1 Engage in STEAM communities of educators
member/interacting with 4.2 Application of policies 2 4.2 Apply policies that promote STEAM education
the environment approach
5. Educator as 5.1 Transferable skills 7 5.1.1 Develop leadership skills
professional/developing 5.2 Digital skills 2 5.2.1 Develop digital literacy skills
and applying competences 5.3 Professional development 3  5.3.1 Adapt self-reflective practices for STEAM

education

Note. N: Number of statements (competences)
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APPENDIX F

Table F1. Initial STEAM Educators’ competence framework perspectives, areas, and examples of competences, add teacher
A competency, based on Spyropoulou and Kameas (2023)
Perspectives, competence areas, and

Item description Changes
competences
1. Educator as teacher-trainer- 1.2 STEAM education ~ 1.2.2 Interdisciplinary knowledge of the arts C
tutor/implementing the educational foundations (visual arts, music, design, and architecture
procedure fundamentals)
1.2.3 The ability to make interdisciplinary N
connections between the arts and STEAM
1.2.4 Artistic literacy from the perspective of N
cultural diversity
1.2.5 Creative thinking and the ability to N
analyze problems from multiple perspectives
1.2.2 Interdisciplinary knowledge of the arts C
(visual arts, music, design, and architecture
fundamentals)
1.4 Feedback and 1.4.4 Ability to identify and assess students’ N
assessment creative products
1.4.5 Student assessment based on the design N
process
1.4.6 Interdisciplinary art and integrated N
learning outcomes with other disciplines
2. Educator as learning designer 2.1 Educational design  2.1.4 Designing STEAM learning units using the N
and creator/designing and creating five-stage design thinking framework
learning opportunities
3. Educator as orchestrator and 3.2 Stakeholders’ 3.3.3 Facilitating interdisciplinary collaboration N
manager/coordinating procedures coordination and between art teachers and STEAM teachers
and outputs leadership skills
5. Educator as 5.1 Transferable skills ~ 5.1.5 Demonstrating and fostering creative N
professional/developing and thinking in the classroom

applying competences
Note. C: Change area & N: New additional

https://www.ejmste.com
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