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ABSTRACT

Determination of integrated STEM teacher competencies for the effective use of STEM education is
important in terms of managing the learning process and performing STEM integration effectively. More
studies are needed to identify and describe STEM teacher competencies as a result of comprehensive
research. The purpose of this research was to constitute integrated STEM teacher competencies for
secondary education by taking the opinions of the STEM experts. The research was carried out via three-
round modified Delphi method and validation stage. The following four competency areas were defined
within the scope of integrated STEM teacher conceptual framework: Cognitive Characteristics in STEM
Teaching, STEM Teaching Skills, Affective-Motivational Characteristics in STEM Teaching, and
Collaboration and Engagement Skills. Under these competency areas, 14 competencies and 58 competence
indicators were determined. This study would be a guiding framework for the development of STEM
teacher education programs at the undergraduate or graduate levels.

Keywords: STEM teacher, integrated STEM teacher competencies, modified Delphi method

INTRODUCTION

In the 215t century, students must be able to apply the knowledge they acquire in the classroom to real-world
situations and challenges they encounter in daily life (Wagner, 2010). The concept of “2lst-century skills”
encompasses critical thinking, problem-solving, information literacy, systems thinking, interpersonal collaboration,
leadership, entreprencurship, adaptability, effective communication, and creativity—competencies essential for
success in both life and career (OECD, 2017).

STEM (Science, Technology, Engineering, and Mathematics) education has been introduced as a means to
bridge the gaps between these disciplines, integrating them into a cohesive framework that fosters the development
of 21st-century skills (National Research Council, 2014). Research suggests that STEM education plays a crucial
role in equipping students with these competencies and achieving the desired educational outcomes (Kelley and
Knowles, 2016) as learning by doing is characteristic in STEM acquisition (Cedere et al., 2022). Specifically, an
integrated STEM curriculum that incorporates engineering design and practices has been shown to enhance
students’ scientific understanding and learning outcomes (Anwar et al., 2022). Moore et al. (2014) has defined
integrated STEM education as “an effort by educators to have students participate in engineering design as a means
to develop technologies that requite meaningful learning and application of mathematics and/or science” (p. 38).
This definition underscores the role of engineering as a bridge between science and mathematics, facilitating deeper
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learning through technology development (Ring, 2017). The inclusion of engineering and an awareness of the
intimate relationship among STEM disciplines signifies a shift towards more application-oriented settings of
science that provide relevant contexts inspired by real-world problems and an emphasis on developing 21st century
skills (Dare et al., 2021). The categories of instructional designs for STEM education include design-based learning,
inquiry-based learning, project-based learning, and problem-based learning (Halawa et al., 2024). Integrating this
experiential and hands-on learning in education has the potential to increase students’ interest and motivation in
learning STEM concepts as well as practices and has a role in enhancing students’ abilities to integrate and apply
STEM knowledge to solve authentic real-world problems (Azizan and Abu Shamsi, 2022; Dare et al., 2021; Lavado-
Anguera et al., 2024; Lestari, 2021; Lin et al., 2021; Yuksel, 2025).

Effective implementation of integrated STEM requires teachers to have a strong foundation in STEM content
as well as specialized pedagogical knowledge to effectively deliver instruction (Thibaut et al., 2018). However, due
to the variety of STEM education models, teachers are often left to interpret and define key aspects of STEM
instruction, including

(a) the overall approach to STEM education,

(b) the nature and extent of disciplinaty integration, and

(c) the role of engineering, technology, and potentially other non-STEM disciplines in the K-12 system (El

Nagdi et al, 2018).

STEM educators, who typically specialize in individual disciplines, must collaborate to develop and implement
interdisciplinary STEM curricula (Herschbach, 2011; Sanders, 2009). Given the critical role of teachers in STEM
education, it is essential to assess their knowledge, skills, attitudes, values, and experiences (Jang, 2016). Therefore,
the purpose of this study was to identify and define the teacher competencies required for effective integrated
STEM teaching,.

STEM Teacher Education

Although STEM teacher preparation is widely recognized as a crucial factor in the successful implementation
of integrated STEM education, uncertainty remains regarding how teachers integrate STEM disciplines into their
teaching practices (Hsu and Fang, 2019). To address this challenge, professional development programs are
essential to equip science teachers with the necessary skills to effectively integrate science, technology, engineering,
and mathematics into their instruction (National Research Council, 2012). Research on STEM teacher
competencies highlights the specific skills required for implementing integrated STEM programs. For instance,
Sandall et al. (2018) identified ten core competencies essential for effective STEM instruction based on STEM
educators’ perspectives. These competencies include integration, project-based learning, design-based training,
STEM content creation, and teacher collaboration through professional development programs.

Despite growing recognition of teachers’ central role in STEM education and the necessity of fostering STEM-
specific pedagogical thinking (Reeve, 2015; Radloff and Guzey, 2016), professional development programs for
STEM teachers remain inadequately defined and underexplored. Rinke et al. (2016) examined the impact of a
STEM teacher education model built on the principles of integrated STEM education, which combined science
and mathematics courses. Their findings indicate that pre-service teachers who participated in the STEM-specific
training benefited significantly more than those in traditional teacher education programs. The study particularly
emphasized that this model enhanced pre-service teachers’ ability to develop lesson plans, integrate engineering,
design, and art into STEM curricula, and improve STEM literacy.

Furthermore, Shernoff et al. (2017) identified critical professional development needs among STEM teachers,
revealing that they require additional time for planning and collaboration, access to STEM-specific training
opportunities, adequate STEM resources, reinforcement of a STEM-oriented school culture, inter-group
cooperation, and more instructional time. Teachers also reported challenges in classroom management during
STEM integration, aligning STEM content with educational standards, and accessing sufficient technological tools
and resources. Similarly, Dare et al. (2018) have argued that despite the increasing emphasis on integrated STEM
education in K-12 settings, opportunities for teachers to engage in professional development specific to STEM
integration remain limited. Existing curricula are not structured to support interdisciplinary teaching, further
complicating teachers’ efforts to incorporate STEM principles effectively. Moreover, many teacher educators
themselves lack training in interdisciplinary instruction, as traditional teacher preparation programs often do not
emphasize cross-disciplinary integration (Brown and Bogiages, 2019). As a result, teachers may enter the profession
without firsthand experience in integrated STEM education, making it difficult for them to model and implement
interdisciplinary learning strategies effectively.

A review of the literature underscores the urgent need to establish a clear and well-defined set of STEM teacher
competencies to guide the development and implementation of professional development programs. By identifying
these competencies, educators and policymakers can create more structured and effective training opportunities,
ensuring that STEM teachers are adequately prepared to integrate multiple disciplines, foster innovative thinking,
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and improve student learning outcomes. Thus, this study aims to develop an Integrated STEM Teacher
Competency Framework that can serve as a foundational guide for STEM teacher preparation and ongoing
professional development.

STEM Teacher Competencies

Teaching STEM disciplines, such as science and engineering, requires an integrated approach, making it
essential for science teachers to possess not only subject-specific content knowledge but also the pedagogical skills
necessary to implement STEM integration effectively (Wang, 2012). To successfully teach in an integrated STEM
environment, teachers must demonstrate both competence and confidence (Thomas, 2014). Competence, in this
context, refers to the knowledge, skills, attitudes, and motivational factors that enable individuals to master specific
professional tasks (Epstein and Hundert, 2002). In teacher education, competence encompasses the essential
knowledge, skills, and values required to effectively complete a teacher preparation program (Houston, 1987).
Teachers’ competencies influence their pedagogical approaches, communication styles, professional values, and
instructional decision-making, all of which contribute to their professional development and curriculum
implementation (Selvi, 2010). Consequently, identifying the key competencies that facilitate effective integrated
STEM teaching is crucial (Song, 2020).

Despite the growing recognition of STEM education’s importance, research on STEM teacher education and
professional competencies remains limited (Milner-Bolotin, 2018a). One of the eatliest attempts to define a STEM
education framework, developed by Honey et al. (2014), provided guidance on STEM integration in K-12
education but failed to include specific competencies for STEM teachers. Similarly, Thibaut et al.’s (2018)
Integrated STEM Education Framework did not address STEM teacher competencies, leaving a significant gap in
the literature. Moreover, existing STEM education models offer little guidance for teachers on defining STEM as
an instructional approach, integrating it into the learning environment, and effectively linking engineering and
technology with STEM disciplines (El Nagdi et al., 2018).

Another critical limitation in the existing research is the emphasis on STEM teacher identity rather than
competencies (Dou and Cian, 2021; El Nagdi et al., 2018; El Nagdi and Roehrig, 2020; Weinberg et al., 2021).
While understanding STEM teacher identity is valuable, it does not provide a clear framework for the knowledge,
skills, and attitudes required for effective STEM teaching. Moreover, studies that have attempted to define STEM
teacher competencies are either incomplete or lack a comprehensive theoretical basis. For instance, Milner-Bolotin
(2018b) proposed a set of three broad competencies:

1. Cognitive abilities, including professional knowledge and Technological Pedagogical Content Knowledge

(TPACK).

2. Zone of proximal development, referring to opportunities for professional growth in TPACK through

collaboration.

3. Affective characteristics, such as beliefs, attitudes, and predispositions toward STEM teaching.

However, while these competencies were identified, their content and specific applications were not detailed.
Similarly, Song (2020) proposed three primary STEM teacher competency domains—cognitive characteristics,
instructional skills, and affective characteristics—and, through an exploratory sequential mixed-methods approach,
developed a 19-item framework. These items were categorized into five overarching competencies: Intellectual
competency, creative competency, instructional competency, integrative competency, and professional
development competency.

Although Song (2020) provided a structured competency framework, the study was limited to teachers’ self-
petceptions, neglecting perspectives from STEM education experts or literature-based validation. More recently,
the research by Hutley et al. (2023) outlined four essential competencies for STEM teachers: core competencies
like collaboration, problem-solving, and critical thinking; ability to foster these competencies in students;
knowledge of STEM careers and workplace diversity; and understanding of industrial processes and real-world
applications. Their framework emphasizes the importance of teachers having broad STEM knowledge rather than
narrow specialization, aiming to improve the implementation of STEM education in secondary schools. However,
their study also had limitations, as it did not establish a comprehensive competency model applicable to various
educational contexts.

Purpose of the Study

The existing literature lacks a comprehensive and well-defined framework for integrated STEM teacher
competencies (Milner-Bolotin, 2018a). Identifying these competencies is essential for effective STEM instruction,
as they guide teachers in managing the learning process, implementing STEM integration strategies, and developing
interdisciplinary connections. A competency-based STEM education framework would contribute to the
improvement of teacher education programs and professional development initiatives (Arikan et al., 2022). By
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Figure 1. Integrated STEM teacher competency framework

defining STEM teacher competencies, this study aims to support the planning, implementation, and evaluation of
STEM teacher education programs, ensuring that teachers are adequately prepared to engage students in integrated
STEM learning. Additionally, a competency-based framework would provide clear guidelines for teacher
professional development, instructional planning, and curriculum design.

This study aimed to establish a consensus on integrated STEM teacher competencies for secondary education
by incorporating insights from both STEM education experts and practicing teachers. By addressing this research
gap, it would contribute to the development of a standardized competency framework used for STEM teacher
preparation and ongoing professional growth. To achieve this goal, the study addressed the following research
question: What are the integrated STEM teacher competencies for secondary education?

Conceptual Framework for Integrated STEM Teacher Competencies

Teacher competencies encompass personal characteristics, knowledge, skills, and attitudes required for effective
teaching in various educational contexts (Blémeke et al., 2015; Tigelaar et al., 2004). Blémeke et al. (2015) expanded
upon Koeppen et al.’s (2008) definition of competencies as “domain-specific cognitive dispositions” proposing
that competencies should be viewed as multidimensional constructs that include both cognitive and affective-
motivational characteristics. According to this perspective, competencies exist along a continuum, beginning with
underlying traits that shape perception, interpretation, and decision-making, which then translate into observable
behaviors in real-world teaching scenarios.

The integration of STEM disciplines has been recognized as a promising approach to addressing real-world
challenges, particularly in the engineering design process through the application of technological knowledge,
scientific inquiry, and mathematical reasoning (Moore et al., 2015). Given this context, Blémeke et al’s (2015)
competence model and Moore et al.’s (2014) vision for integrated STEM education provide the foundation for the
current study’s conceptual framework. Defining STEM Teacher Competencies Blomeke and Delaney (2012) have
categorized teacher competencies into two broad domains:

1. Cognitive Abilities (Professional Knowledge):

a. Content Knowledge (CK)
b. General Pedagogical Knowledge (GPK)
c. Pedagogical Content Knowledge (PCK)
2. Affective-Motivational Characteristics:
a. Beliefs about the discipline (e.g., mathematics, science)
b. Perceptions of teaching and learning within the discipline
c. Professional motivation and self-regulation

Since STEM education demands both subject-matter expertise and interdisciplinary teaching strategies, defining
STEM teacher competencies requires an approach that integrates these cognitive and affective dimensions.
Therefore, this study synthesizes and expands upon existing competency frameworks from Blomeke and Delaney
(2012), Milner-Bolotin (2018b) and Song (2020) to develop a comprehensive model for integrated STEM teacher
competencies.

Proposed Integrated STEM Teacher Competency Framework

The proposed framework presented in Figure 1 comprises four major competency domains, each derived
from previous research:
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1. Cognitive Characteristics in STEM Teaching (CCST)
a. Derived from Blémeke and Delaney (2012), Milner-Bolotin (2018b), and Song (2020).
b. Includes content knowledge in STEM disciplines and the ability to integrate them effectively.
2. STEM Teaching Skills (STS)
a. Based on Song (2020).
b. Encompasses competencies related to STEM lesson planning and implementation, including the use of
active learning strategies and interdisciplinary instruction.
3. Affective-Motivational Characteristics in STEM Teaching (AMCST)
a. Adapted from Blémeke and Delaney (2012), Milner-Bolotin (2018b), and Song (2020).
b. Includes STEM teachers’ beliefs, attitudes, and predispositions toward their discipline and professional
motivation.

4. Collaboration and Engagement Skills (CES)

a. Inspired by Milner-Bolotin (2018b).
b. Supports teachers’ professional growth through peer collaboration, feedback, and engagement in
learning communities.

The cognitive characteristics domain ensures that STEM teachers have strong foundational knowledge across
STEM disciplines, allowing them to make meaningful interdisciplinary connections. The STEM teaching skills
domain focuses on teachers’ ability to design, implement, and refine integrated STEM lessons. The affective-
motivational characteristics domain highlights teachers’ attitudes, beliefs, and motivation toward STEM education.
Finally, the collaboration and engagement skills domain emphasizes the importance of peer learning, professional
networks, and collective problem-solving in STEM education. Given that teacher learning is complex,
multidimensional, and often unconscious (Korthagen, 2017), fostering collaborative STEM learning communities
is essential. In such communities, teachers share experiences, provide feedback, and develop innovative teaching
strategies, reducing professional anxiety while enhancing intrinsic motivation. These professional networks support
continuous growth, allowing teachers to refine their practices in response to evolving STEM education demands.

The lack of a comprehensive, well-defined competency framework for STEM teachers underscores the
necessity of this study. By integrating multiple research perspectives, this framework provides a structured
approach to identifying, assessing, and developing STEM teacher competencies. It serves as a foundation for
teacher education programs, professional development initiatives, and STEM curriculum design, ensuring that
teachers are well-equipped to deliver high-quality, interdisciplinary STEM education.

METHODOLOGY

The Delphi Method attempts to draw on a wide reservoir of knowledge, experience and expertise in a systematic
manner, allows a group of experts to deal with a complex problem systematically and should be used when the
primaty source of information sought is informed judgment (Ziglio, 1996). The Delphi Method is suitable for
generating ideas and making changes in educational purposes in order to develop curriculum and determine teacher
competencies (Helmer, 1966). The modified Delphi technique is similar to the Delphi method in terms of
procedure and intent but the major modification consists of beginning the process with a set of carefully selected
items drawn from various sources including synthesized reviews of the literature and interviews with selected
content experts (Custer et al., 1999). Modified Delphi method was used for this study to determine integrated
STEM teacher competencies and reach consensus among STEM education experts because the inclusion of initial
focus group interviews containing questions based on the literature was a competency of the modified procedure
(Custer et al., 1999; McKenna, 1994). Another reason for using modified Delphi method was that a modification
involved the fact that participants were not anonymous during the discussion process (Leake et al., 2019) to
encourage expert interaction but key decisions leading to consensus were still conducted anonymously using an
online survey (Keegan et al., 2019).

Participants

Scheele (2002) has suggested that experts who are directly affected by the study and have experience in the
study should be included in order to create a successful group in the selection of participants. In addition, it was
aimed that the competencies generated in this research would be useful for and adaptable to various STEM teacher
education contexts in different countries. For these reasons, the participants of this study were divided into
following three groups: Group-1(Focus Group of 5 STEM Experts): International professors working abroad in
the STEM fields; Group-2 (Group of 20 STEM Experts): National professors working in the STEM fields; and
Group-3 (Group of 20 STEM Teachers): National teachers who received STEM training and implemented various
STEM activities into their teaching practices.
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Table 1. Data collection process
First Delphi round Second Delphi round Third Delphi round Final process

Participants 5 Inter. 5 Inter. 5 Inter. 20 Nation.

STEM STEM STEM STEM Experts

Experts Experts Experts (Group-2)

(Group-1) (Group-1) (Group-1) 20 STEM
Teachers
(Group-3)

Response rate %100 %100 %100 %100

Data collection tool Focus group interview  Questionnaire Questionnaire (14 Survey (14
Protocol (15 open- (15 competencies and  competencies and 74~ competencies and 74
ended questions) 132 competence competence indicators) competence indicators)

indicators)

Purpose Determination of Verification of the Final consensus for Validation of STEM
competencies and specified competencies each identified teacher competencies
competence indicators. and competence competence and and competence

indicators. indicator. indicators.

Expertise in STEM disciplines, experience in STEM field, writing cited articles about STEM education in the
indexed journals, directing at least one project in STEM education, and willingness to be participant of this research
were the basic criteria in selecting the experts of Group-1 and Group-2. Group-1 consisted of five STEM
international professors to build competencies with a focus group from the global perspective. These participants
had bachelor’s and graduate degrees in biology education, chemistry education, physics engineering, mathematics
education, and information and communications technology (ICT) education and were working at the Schools and
Colleges of Education. Three of the professors were female. There was one more criterion for this group: They
should have earned their master’s and doctorate degrees abroad and have been working abroad, so that they had
knowledge about teacher education context as well as had experience with pedagogical approaches for integrated
STEM teaching in different countries. Group-2 and Group-3 were constructed for quantitative and statistical
aggregation of the items obtained from the first group. Group-2 included 20 STEM professors working in the
same country that the researchers live in and hence, they were more reachable to work with. They were also working
at the Schools and Colleges of Education in different universities. While 65% of the group came from a science
education background, 20% of them had bachelor’s degrees in mathematics education, and 15% of them had
bachelor’s degrees in ICT education. Half of the members of the Group-2 was female. Group-3 composed of 20
STEM teachers having a major from one of the STEM disciplines (science, physics, chemistry, biology,
mathematics, and ICT), receiving STEM training, having STEM implementation experience, and willingness to
involve in the study were the criteria used to constitute this group. While 60% of the teachers in Group-3 had one
of science majors, 25% of them were mathematics teachers and 15% of them were ICT teachers. Consequently,
Group-2 and Group 3 were the experts having basic information about the problem situation and sufficient
knowledge, and acting objectively as well as rationally as Tersine and Riggs (1976) suggested.

Data Collection and Data Analysis

This research included modified Delphi method and validation of the results by using both qualitative and
quantitative data collection and analysis processes. The participants’ views and opinions were gathered and
analyzed, and competencies and competence indicators were obtained. Table 1 summarizes the data collection
process. In the first Delphi round, the focus group interviews were conducted with Group-1. In the second and
third Delphi rounds, two different questionnaires were applied to Group-1. The survey was conducted with
Group-2 and Group 3 in the final process.

The purpose of the first Delphi round was determination of competencies and competence indicators while
the aim of the second round was to verify the specified them. Final consensus for each identified competencies
and competence indicators was made in the third Delphi round. One more process was added into the research to
attain validation of STEM teacher competencies. Semi-structured interview protocol consisting of 16 open-ended
questions were developed based on the STEM competency areas presented in Figure 1. Attention was paid to
ensure that the questions were suitable for the purpose of the research and had content validity. The questions
were pilot tested with two STEM education experts and the protocol was finalized as a result of the feedback given
by them. There were four questions in the cognitive characteristics in STEM Teaching (CCST) area, eight questions
in the STEM teaching skills (STS) area, two questions in the affective-motivational characteristics in STEM
teaching (AMCST) area, and two questions in the collaboration and engagement skills (CES) area. The focus group
interviews were conducted online with the participants twice and lasted 160 minutes in total. The questions are
provided in Appendix A.
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Table 2. Questions, responses and codes
Questions about STEM

, Codes produced from the experts’
Experts’ response

teaching skills competency area quotes
In terms of preparing a STEM “Being aware of the goal is not just enough * Creates a student-centered STEM lesson
lesson plan, what competencies to complete the activity, the teacher needs  plan (E2).
should a STEM teacher have? to prepare a student-centered STEM lesson * Takes the students’ individual
plan and calculate its duration. She needs  differences into account while planning
to get to know her students, take their the STEM lesson (E2).
individual differences into consideration * Includes discourse and critical thinking
and reflect this in her lesson plan. She in her STEM lesson plan (E2).
ensures that other STEM teachers * Collaborate with other STEM teachers
contribute to the activities and also to prepate STEM activities (E2).

includes discourse and critical thinking in
her plan” (E2).

What competencies should a “She uses critical thinking, decision- * Uses critical thinking, decision-making,
STEM teacher have in order to making, and questioning to support design and questioning to support design with
implement scientific inquiry into  with data, math, and science” (E1). data, math, and science (from E1).
his/her teaching? “She provides valid content for students to * Provides valid content for students to
generate questions. She also provides generate questions (from E2).
students with experiences that enrich * Provides students with experiences that
asking questions.” (E2). enrich asking questions (from E2).
“She allows reasoning by asking questions, * Allows reasoning by asking questions
do activities that require reasoning, and (from E3).
makes inquiries to determine a STEM * Performs reasoning-oriented activities
project topic.” (E3). (from E3).

“She enables students to ask questions in ~ * Makes inquiry in determining the STEM
order to reason and poses problems that  project topic (from E3).

will arouse students’ curiosity. She * Enables students to generate questions
examines what students performed with ~ (from E4).

the discourse and reflection sections.” * Poses problems that will arouse students’
(E4). cutiosity (from E4).

“She designs a course where students can  * Examines what students do with the

ask questions and provides an discourse and reflection sections (from
environment where students can reason  E4).

and present how they solved their * Designs a lesson where students can ask
problems. She also has metacognitive questions (from E5).

knowledge and moderates this in her * Provides an environment where students
lessons” (E5). can make reasoning and present how they

solved the problems (from E5).
* Has metacognitive knowledge and
moderates this in her lessons (from E5).

Note: E: STEM education expert.

Content analysis was performed in the first Delphi round because it was aimed to examine the collected data
in detail for creating codes and sub-themes (Downe-Wamboldt, 1992). Focus group interviews were transcribed
by the first author. Then, she examined the responses for each question under the relevant competency area. She
performed this analysis for each expert separately. That is, after she analyzed the first expert’s responses to four
questions regarding the CCST competency area, she started to analyze the second expert’s responses for the same
four questions. After completing data analysis for the first competency area, she moved to the second competency
area named STS and analyzed the data gathered from eight questions for each expert. Codes were created based
on the experts’ excerpts and written as competence indicators. It was aimed at constitute a competence pool. Some
questions about STEM teaching skills competency area, the experts’ responses for the questions and generated
codes can be seen in Table 2. The relevant codes were brought together and the sub-themes that would best cover
the codes were determined (Miles and Huberman, 1994). Names of the sub-themes were given by taking the
content of the related questions into account. This way of coding and naming ensured keeping the conceptual
structure. For example, in order to cover all the codes generated from the question “What competencies should a
STEM teacher have in order to implement scientific inquiry into his/her teaching?”, the name of the sub-theme
was identified as “Inquiry-Based STEM Teaching” under the STEM teaching skills theme. Codes were written as
competence indicators, sub-themes were stated as competencies, and themes were renamed as competency areas.
In qualitative research, it is important to present data with code and theme in data analysis in order to reduce bias
and make comparisons between themes, sub-themes and codes (Merriam and Grenier, 2019).
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In order to assess the reliability of coding, the second author independently coded Expert 1’s responses for the
questions of CCST competency area, Expert 2’s responses for the questions of STS competency area, Expert 3’s
responses for the questions of AMCST competency area, and responses of Expert 4 and Expert 5 for the questions
of CES competency area. After two researchers compared their coding, they reached 92% agreement and the
reliability measured by Cohen’s » was found as 0.80. Since Kappa values over 0.75 seem excellent (Fleiss, 1981),
coding of the competence indicators had high reliability. The researchers revised the responses and finalized
coding. The second author also named the sub-themes independently. The two found 96% agreement between
them and the reliability measured by Cohen’s » was calculated as 0.89. A total of four competency areas, 15
competencies and 132 competence indicators were reached in the first Delphi round. These competencies and
competence indicators were asked to the Group-1 again through the second Delphi round to examine whether
they approved the identified competencies and competence indicators. In the second round, the competence
indicators obtained from each expert were sent to that expert for verification. For example, E4 reviewed the
competence indicators only generated from his responses during the focus group interviews. However, the experts
had also opportunities to add new competence indicators under the relevant competency and to see the
competencies obtained from the other participants. The instruction in the forms sent to the experts was as follows:
“In the attached form, I have inferences about teacher competencies and competence indicators obtained from
the statements of the participants during the focus group interviews. As you can see in the rest of the form, each
competency area is explained and each competency atea consists of competencies. Under the competencies, there
are STEM teacher competence indicators derived from your statements. The absence of a competence indicator
under a competency indicates that no inference has been made regarding that competency. Please indicate whether
you approve the relevant competence indicator by checking the box next to it. If you think that indicator should
not be included in the relevant competency, do not check the box. The stated competence indicators are based
solely on your statements. If you would like to add a new one under the relevant competency, please write. If you
want to benefit from the competencies obtained from the other participants, you can use the list I will send you
by e-mail”. The expert group removed and added some indicators and the number of competence indicators was
changed to 123 during the second round.

After the second Delphi round, similar data were brought together within the framework of certain codes and
sub-themes, and editing and interpretation were made during the content analysis by the two researchers over the
discussion. Repetitive competence indicators with the same scope were combined and sub-themes were revised.
This process was done after the second round because the researchers tried to adhere to the experts’ statements in
order to reflect their meanings to the codes after the first round. This time reliability of analysis_was examined with
a PhD student, who had master’s degree in STEM education and ten years of teaching experience. There was 90
% agreement between the coders and the reliability measured by Cohen’s » was 0.80. The researchers and the PhD
student revised codes and sub-themes and as a result, 15 competencies were reduced to 14 and 123 competence
indicators were decreased to 74. In the third Delphi round, Group-1 was asked to evaluate the competencies and
to provide explanation if they did not approve any competency. The experts also indicated whether they approve
the competence indicators or not by checking the relevant box and had opportunity to change or revise them.
There were different opinions on the determination of the consensus criterion in the modified Delphi method
(Diamond et al., 2014). All competence indicators were approved by the Group-1 with 80 % or 100 % agreement
and therefore, final consensus for 14 competencies and 74 competence indicators was achieved.

Competencies and competence indicators were turned into a survey items with 5-point Likert-type scale
(Absolutely Unnecessary, Unnecessary, Partially Necessary, Necessary, Absolutely Necessary) and the survey was
completed by the Group-2 and Group-3 in order to take their opinions about the STEM teacher competencies.
Quantitative data analyses were performed and mean, median and interquartile range values were calculated for
each item. The Kendall coefficient was checked for this process and the coefficient of agreement was calculated
as 0.152 (Kendall’s W:0.152, p > 0.05). It was considered that there needs to be a consensus on the items with
both a median value of 5.00 and an interquartile range (IQR-Inter Quantile Range) value of 1.00 and below 1.00.
Items with a median value of less than 5.00 were eliminated. Loughlin and Moore (1979) suggested that the
acceptable percentage of agreement among participants should be 51% in order to progress further. After the last
process, the number of competence indicators was decreased to 58 and the final version of the integrated STEM
teacher competencies was formed by taking three different perspectives into account.

RESULTS

As a result of the modified Delphi research findings and validation process, four competency areas, 14
competencies and 58 competence indicators were identified as the integrated STEM teacher competencies for
secondary education. These competencies are described below with regard to their competency areas.
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Cognitive Characteristics in STEM Teaching Competency Area

The results for the CCST competency area are given in more detail including appendixes to reflect all the steps
and processes in the modified Delphi rounds and validation process comprehensively. After the first Delphi round,
“STEM Content Knowledge”, “Making Interdisciplinary Connections”, and “Curriculum Knowledge”
competencies and 44 competence indicators under these competencies were identified (see Appendix B). There
were 36 indicators, seven indicators, and one indicator under the competencies respectively. STEM content
knowledge competency focuses on meaningful learning of science, mathematics and other disciplines accompanied
by the engineering design process. The orientation towards STEM teaching and the focus on students’
understanding of STEM also stand out for this competency. On the other hand, the competency of making
interdisciplinary connections can be considered as ensuring harmony between STEM disciplines. The curriculum
knowledge competency emphasizes that STEM is related to every subject and STEM activities can be prepared for
every subject. The experts had common views on STEM curricula. They stated that the expression “STEM
curriculum” leaded to stereotyping the content, which was contrary to the STEM philosophy. They especially
thought that the freedom of the STEM approach would be taken away with the curriculum. The competence
indicators removed during the second Delphi round based on the Group-1’s suggestions are listed in Appendix B.
E4 wrote about STEM Content knowledge competency that “I would not keep students’ awareness of their
interests in this competency. I think learning walks should not be in this competency either. Learning walks can be
considered in the competency of assessment. Knowing one’s own discipline in detail can be considered in this
competency”. As a result, “applies learning walks” competence indicator was moved to the assessment competency
under the STS competency area. Regarding competency of making interdisciplinary connections, E4 stated that
““follows publications (articles, books, documentaties, etc.) related to disciplines other than his/her” and “gains
knowledge about professions” should be included”. Based on his advice the mentioned competence indicators
were added.

After the second round, the name of the competency, i.e. “Making Interdisciplinary Connections”, was changed
to “STEM Interdisciplinary Connection Knowledge”, the name of the competency, i.e. “Curriculum Knowledge”,
was changed to “STEM Curriculum Knowledge”, and a new competency, i.e. “Technology Literacy”, was added
to the CCST competency area. According to the International Technology and Engineering Educators Association
(2020), technological literacy is the ability to use, manage, assess, and understand technology. The number of
competence indicators was reduced to 24 after the second round and they were all approved with either 80 % or
100 % during the third Delphi round (see Appendix C). These 24 competence indicators under the CCST
competency area were converted into a 5-point Likert type survey and conducted to the Group-2 and the Group-
3. As a result of the analyses of the data obtained in the final process, the median values of seven out of 24
competence indicators were below 5.00 and these indicators were eliminated (see Appendix D). The remaining
17 competence indicators were re-evaluated according to the interquartile range value and checked if it was 1.00
or less than 1.00. No item was found whose interquartile range value was above 1.00. Finally, in order to determine
the importance of these competence indicators, the percentage of experts and teachers who gave 5 (Absolutely
Necessary) to these indicators on the Likert scale was calculated and ranked. None of the competence indicators
had below 51 % agreement (see Appendix E).

As can be seen in Table 3, STEM Content Knowledge competency included nine indicators, STEM
Interdisciplinary Connection Knowledge competency comprised four indicators, STEM Curriculum Knowledge
competency contained two indicators, and Technology Literacy competency consisted of two indicators distributed
under the CCST competency area.

STEM Teaching Skills Competency Area

After the first modified Delphi round, 60 competence indicators and seven competencies were obtained under
the Teaching Skills competency area. There were three indicators under the “Preparation of Teaching Strategies”,
18 indicators under the “Preparation of a STEM Lesson Plan”, five indicators under the “Preparation of a STEM
Guideline”, 11 indicators under the “Inquiry-Based Teaching”, five indicators under the “Technology Literacy”,
five indicators under the “Consideration of Student Differences” and 13 indicators under the “Measurement and
Evaluation” competencies. During the second round, the following three competence indicators were not
approved by the Group-1, so that the researchers removed them: “Ensures that teachers from other disciplines
contribute to the lesson plan”, “Includes discourse, argumentation and critical thinking in the lesson plan”, and
“Is aware of the fact that the goal is not just enough to complete the activity”. Some experts in the Group-1 made
extra comments about the indicators. For instance, E2 wrote that “the teacher should be aware of students’
interests and needs and makes some changes based on them”. However, no addition was made because the
feedback received from the experts overlapped with the identified competencies.
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Table 3. Cognitive characteristics in STEM teaching competency area and its competencies and competence
indicators

Mean Median IQR

STEM content knowledge

1. Has STEM content and context knowledge. 4.73 5.00 1.00
2. Knows STEM content that will appeal to students of different levels. 4.35 5.00 1.00
3. Has content knowledge about other disciplines at the level of awareness. 4.58 5.00 1.00
4. Knows how to adapt engineering design to different contexts. 4.35 5.00 1.00
5. Has problem solving skills in engineering design process. 4.70 5.00 0.75
6. Knows and internalizes the engineering design process steps. 4.65 5.00 0.75
7. Can assess students’ prior knowledge who are new to design. 4.40 5.00 1.00
8. Encourages students to think systematically and establish cause-effect relationships during ~ 4.68 5.00 0.75
the STEM activity.

9. Suppotts students’ learning by assessing theit science and/or math knowledge using 4.45 5.00 1.00

engineering language and giving feedback to them.
STEM interdisciplinary connection knowledge

10. Makes preliminary preparations for interdisciplinary connections. 4.63 5.00 1.00
11. Plans interdisciplinary connections and establishes necessary relationships. 4.60 5.00 1.00
12. Places knowledge in STEM context and adapts it to daily life problems. 4.75 5.00 0.00
13. Identifies instructional strategies to establish interdisciplinary connections. 4.68 5.00 1.00
STEM curriculum knowledge
14. Knows how to implement the curriculum related to his/her discipline. 4.85 5.00 0.00
15. Defines the goals related to its own discipline from the curriculum goals related to other ~ 4.55 5.00 1.00
disciplines.
Technology literacy
16. Knows educational technologies to use for his/her instructional purposes. 4.45 5.00 1.00
17. Decides how to use educational technologies as a motivating attention-gathering and 4.38 5.00 1.00

focusing resource in STEM activities.

After the second round, a few changes were made and the number of competence indicators was decreased to
31, which were under the six competencies. Some of the competencies’ names were altered from “Inquiry-Based
Teaching” to “Implementation of Inquiry-Based STEM Teaching” and from “Measurement and Evaluation” to
“Assessment of STEM Teaching and Learning”. In addition, the competency of “Technology Literacy” was taken
from this area and replaced in the CCST competency area because the competencies were about knowing and
deciding. Due to the fact that all competencies in the STS competency area were approved with either 80 % or
100 % in the third Delphi round, they were converted into a 5-point Likert type items and administered to the
Group-2 and Group-3.

Quantitative data analysis indicated that the median values of three out of 31 competence indicators were below
5.00. These indicators were “makes differentiated instruction after creating the draft of the lesson plan.”,
“transforms and adapts a general STEM lesson plan to the student level.” and “has metacognitive knowledge and
adapts it to her lesson”. The remaining 28 competence indicators were re-evaluated according to another consensus
criterion and no item was found with an interquartile range value above 1.00. Moreover, the percentage of teachers
scoring 5 (Absolutely Necessary) for all indicators was more than 51%. Therefore, as shown in Table 4, STEM
education experts and teachers determined six competencies and 28 competence indicators for the STS
competency area.

Affective-Motivational Characteristics in STEM Teaching Competency Area

Results emerged from the content analysis after the first Delphi round revealed eight competence indicators
under the “Being a Lifelong Learner” competency and two competence indicators under the “Giving Importance
to Professional Development” competency. During the second round, one expert advised two more competence
indicators for the professional development competency; thus, “follows developments in other disciplines” and
“participates in professional development related to her discipline” were added. After the second round, the
competency indicator “identifies students’ daily life problems” was detached and two indicators, i.e. “is enthusiastic
and highly motivated” and “having high internal motivation to be sustainable”, were combined and turned into
one competency indicator as “is enthusiastic and has high internal motivation”. The competency of being a lifelong
learner was deleted and a new competency “Supporting of STEM Career Planning” was generated. Two
competence indicators, ie. “is knowledgeable about STEM professions” and “renews her discipline and
pedagogical knowledge”, were replaced in the professional development competency.
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Table 4. STEM teaching skills competency area and its competencies and competence indicators
Mean Median IQR

Preparation of STEM lesson plan

18. Determines learning and performance goals for students in the lesson plan. 4.75 5.00 0.00
19. Processes acquisitions that are suitable for real word problems. 4.75 5.00 0.00
20. Prepares students step by step to reach their learning goals by taking classroom context 4.63 5.00 1.00
and daily life problems into account

21. Prepares a lesson plan by considering students’ differences. 4.53 5.00 1.00
22. Incorporates science and mathematics subjects into the STEM activity together with the ~ 4.70 5.00 0.00
engineering design process.

23. Follows up whether students have achieved the determined goals or not. 4.70 5.00 1.00
24. Evaluates the lesson plan after its implementation and revises it if there is necessary. 4.75 5.00 0.75
25. Sees the lesson plan as a working process rather than a lesson summary. 4.43 5.00 1.00

Preparation of STEM teaching strategy

26. Determines which questions to ask and which strategies to use during the STEM course  4.68 5.00 1.00
design and implementation process.

27. Prepares resources and materials for the course content in accordance with students’ 4.63 5.00 1.00

level and culture.
Preparation of STEM guideline

28. Prepares directions for students that include the engineering design process where 4.58 5.00 1.00
students record their activities analyze data and draw their designs.
29. Guides students with directions that give purpose of the STEM activity and enable 4.60 5.00 1.00

students to continue their processes.
Implementation of inquiry-based STEM teaching

30. Uses critical thinking. decision making and questioning to support design with data math ~ 4.60 5.00 1.00
and science.
31. Provides reasoning-oriented content for students to generate questions. 4.68 5.00 1.00
32. Sets up daily life problems that will arouse curiosity. 4.80 5.00 0.00
33. Examines what students understand by using discourse and reflection strategies. 4.48 5.00 1.00
34. Provides students with experiences that enable them to produce questions and enrich 4.65 5.00 1.00
their questions.
35. Provides an environment where students can reason make examples and solve problems.  4.68 5.00 1.00
Consideration of student differences in STEM teaching
36. Considers context of the subject when choosing STEM activities. 4.78 5.00 0.00
37. Has awareness of students’ STEM interests and needs. 4.48 5.00 1.00
38. Considers differences in students places these differences in lesson of the course. 4.50 5.00 1.00
Assessment of STEM teaching and learning
39. Compates students’ prior knowledge with their knowledge at the end of the teaching 4.58 5.00 1.00
process.
40. Compatres students’ end product with their first product 4.35 5.00 1.00
41. Applies various methods and uses different approaches for classroom assessment. 4.70 5.00 1.00
42. Makes formative assessment. 4.78 5.00 0.00
43. Follows students’ interaction with other students. 4.63 5.00 1.00
44. Makes summative assessment of achievement in long-term STEM projects. 4.45 5.00 1.00
45. Measures student instructions/engineering notebook through alternative measurement 4.30 5.00 1.00
tools.

The name of the competency, ie. “Giving Importance to Professional Development”, was changed to
“Emphasizing STEM Professional Development”. These adjustments resulted in having four competence
indicators under the “Supporting of STEM Career Planning” competency and seven competence indicators under
the “Emphasizing STEM Professional Development” competency. All the 11 competence indicators in the
questionnaire were approved with either 80 % or 100 % by the Group-1 during the third round. Consequently,
they were turned into Likert scale item survey. Findings appeared from the analyzing of the data gathered from
the Group-2 and Group-3 exposed that the median values of three competence indicators were below 5.00. After
elimination of the indicators, i.e. “follows developments in other disciplines”, “provides resources and guidance to
students about STEM careers” and “STEM brings together good examples of career planning with students in the
classroom environment”, the remaining eight competence indicators were re-evaluated according to interquartile
range values and the percentage of experts and teachers scoring 5 (Absolutely Necessary) to the competence
indicators. Finally, the competency area of AMCST was formed as two competencies and eight competence
indicators (see Table 5).
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Table 5. Affective-motivational characteristics in STEM teaching competency area and its competencies and
competence indicators

Mean Median IQR

Emphasizing STEM professional development

46. Sees and realizes the aspects that need improvement. 4.75 5.00 0.00
47. Is enthusiastic and has a high internal motivation. 4.58 5.00 1.00
48. Renews his/her content and pedagogical knowledge by following the developments. 4.73 5.00 0.75
49. Is open for learning and applies to what s/he has leatned. 4.80 5.00 0.00

50. Gives students self-confidence and autonomy (ability to manage himself /herself) so that  4.70 5.00 1.00
they can question.

51. Participates in professional development programs related to his/her discipline. 4.65 5.00 1.00
Supporting of STEM career planning

52. Is aware of students’ STEM interests. 4.48 5.00 1.00

53. Has knowledge about STEM professions. 4.60 5.00 1.00

Table 6. Collaboration and engagement for STEM competency area and its competencies and competence
indicators

Mean Median IQR

Collaboration with colleagues and stakeholders

54. Receives ideas from different disciplines and fields. 4.68 5.00 1.00
55. Exchanges ideas with teachers of other disciplines. 4.80 5.00 0.00
56. Collaborates with teachers of other disciplines and receives support. 4.73 5.00 0.00
57. Makes plans by integrating disciplines together with teachers of other disciplines. 4.58 5.00 1.00

Engagement in STEM learning communities
58. Takes part in a STEM learning community and benefits from the experiences of other 4.35 5.00 1.00
teachers.

Collaboration and Engagement Skills Competency Area

As a result of the focus group interviews, there were 12 competence indicators under the “Collaboration with
Colleagues-Parents-Stakeholders” competency, one competence indicator under the “Being in Learning
Communities” competency, and five competence indicators under the “Providing Support in Career Planning”
competency. However, after the second round some modifications were made and the number of competency was
reduced to two and the number of competence indicators was decreased to eight. The providing support in career
planning competency and the relevant items were diminished because the AMCST competency area had the
competency of supporting STEM career planning. All the competence indicators related to parents were combined
in the competence indicator of “collaborates with parents to increase students’ motivation and includes them in
the learning process”. Moreover, the name of the competency, i.e. “Being in Learning Communities”, was changed
to “Engagement in STEM Learning Communities” and the competence indicator, i.e., “participates in a STEM
learning community and benefits from the experiences of other teachers”, was added to this competency. In
addition, some repetitive competence indicators, i.e. “Collaborates with teachers to gain new information about
both the student and the learning environment planning” and “Applies for cooperation and receives support”,
were deleted from the collaboration with colleagues-parents-stakeholders competency.

All eight competence indicators passed the third round and they were included in the survey. However, three
competence indicators, i.e. “collaborates with parents to increase students’ motivation and includes them in the
learning process”, “participates in national studies with teachers from other disciplines” and “cooperates and works
internationally”, were eliminated based on their median vales during the validation process. As presented in
Table 6, the results of the consensus left four competence indicators under the collaboration with colleagues and
stakeholders competency and one competence indicator in the engagement in STEM learning communities
competency.

DISCUSSION

This study utilized a modified Delphi method to identify and validate the competencies required for integrated
STEM teaching at the secondary level. The modified Delphi method, known for being a more cooperative and
structured approach than the traditional Delphi method, allowed for the systematic refinement of competency
indicators through multiple expert reviews (Graefe and Armstrong, 2011). The study’s findings revealed four key
competency areas, 14 competencies, and 58 validated competence indicators, which provide a comprehensive
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framework for integrated STEM teacher competencies. The discussion below explores these competency areas in
relation to existing literature and the implications for STEM education.

Cognitive Characteristics in STEM Teaching

The Cognitive Characteristics in STEM Teaching competency area underscores the essential knowledge and
reasoning skills required for effective STEM instruction. Teachers must possess strong pedagogical content
knowledge (PCK) to facilitate deep learning experiences in STEM disciplines (Shulman, 1987). Within the STEM
context, PCK extends beyond individual subject knowledge to include interdisciplinary STEM content knowledge,
curriculum knowledge, and knowledge of integration strategies.

The study identified four key competencies under the Cognitive Characteristics in STEM Teaching competency
area:

1. STEM Content Knowledge — Teachers must demonstrate expertise in STEM subjects, particularly the
engineering design process, which plays a central role in STEM instruction. This aligns with prior research
highlighting the importance of integrating engineering principles into STEM education (Saxton et al., 2014).

2. STEM Interdisciplinary Connection Knowledge — Teachers need to effectively plan and establish
meaningful connections between STEM disciplines, a factor that significantly influences the level of STEM
integration in classrooms (Dare et al., 2018).

3. STEM Curriculum Knowledge — Findings emphasize that STEM should not be restricted to a predefined
curriculum; rather, STEM principles should be embedded into various subjects, an idea supported by
Herschbach (2011).

4. Technology Literacy — Teachers must be proficient in using and integrating technology into STEM
instruction, as engineering and technology are inherently connected (Barak, 2014).

This study’s competency indicators reflect prior recommendations on 21st-century STEM education,
particularly in fostering systematic thinking, problem-solving, and cause-effect reasoning (Song, 2020; Srikoom et
al,, 2018). However, a unique contribution of this study is the emphasis on engineering design as a fundamental
STEM knowledge area, reinforcing the idea that effective STEM instruction extends beyond subject-matter
knowledge to application-based learning.

STEM Teaching Skills

The STEM Teaching Skills competency area focuses on the practical implementation of STEM instruction,
incorporating competencies related to lesson planning, inquiry-based learning, student differentiation, and
assessment. Research suggests that effective STEM instruction requires flexible pedagogical content knowledge
and the ability to adapt teaching strategies based on real-world problem-solving approaches (Johnson et al., 2015).

Six competencies emerged under the STEM Teaching Skills competency area

1. Preparation of STEM Lesson Plans — Teachers must be able to develop structured lesson plans that integrate

STEM disciplines.

2. Preparation of STEM Teaching Strategies — Teachers should be skilled in selecting and adapting

instructional strategies based on STEM principles.

3. Preparation of STEM Guidelines — Competencies in this area ensure teachers guide students effectively

during STEM activities.

4. Implementation of Inquiry-Based STEM Teaching — STEM instruction should be discovery-driven and

inquiry-based, allowing students to explore concepts actively (Jolly, 2017).

5. Consideration of Student Differences in STEM Teaching — Teachers must address student diversity and

varying learning needs to maximize engagement.

6. Assessment of STEM Teaching and Learning — Teachers need well-defined assessment strategies to evaluate

student progress before, during, and after instruction.

These competencies align with Hsu and Fang’s (2019) STEM content framework, which recommends designing
STEM instruction based on real-world contexts, inquiry-based engagement, and measurable learning outcomes.
The study’s findings reinforce the importance of reflective teaching practices, as STEM instruction is inherently
dynamic and requires teachers to continuously adapt their strategies.

Affective-Motivational Characteristics in STEM Teaching

The Affective-Motivational Characteristics in STEM Teaching competency area highlights the attitudes, values,
and motivations necessary for successful STEM instruction. Research suggests that teachers who actively engage
in professional development and maintain a positive attitude toward STEM disciplines are more effective in
fostering student interest in STEM careers (Stikoom et al., 2018).
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Two primary competencies emerged under the Affective-Motivational Characteristics in STEM Teaching
competency area:

1. Emphasizing STEM Professional Development — Teachers must continuously engage in professional

development to stay informed about advancements in STEM education.

2. Supporting STEM Career Planning — Teachers play a crucial role in guiding students toward STEM careers

by fostering awareness of STEM professions and providing mentorship.

This study’s findings align with prior research on STEM teacher identity and motivation, which emphasizes the
need for self-confidence, enthusiasm, and a proactive approach to professional learning (Dou and Cian, 2021;
Srikoom et al., 2018). A novel insight from this study is the recognition that STEM teachers must not only develop
their own expertise but also actively support students’ career aspirations, reinforcing STEM’s role in workforce
development.

Collaboration and Engagement Skills

The Collaboration and Engagement Skills competency area emphasizes the importance of professional
collaboration and engagement in STEM learning communities. According to Warford (2011), teacher zone of
proximal development is enhanced through peer collaboration and professional networking, allowing educators to
exchange best practices and overcome teaching challenges.

Two competencies were identified under the Collaboration and Engagement Skills competency area:

1. Collaboration with Colleagues and Stakeholders — Teeachers should actively engage with colleagues, parents,

and community partners to enrich STEM learning opportunities.

2. Engagement in STEM Learning Communities — Participation in STEM-focused learning communities

allows teachers to benefit from peer support, feedback, and shared resources (Tam, 2015).

These findings support Milner-Bolotin’s (2018b) recommendation that collaboration is a key factor in teacher
development, reinforcing the idea that STEM teaching is most effective when it is a shared endeavor rather than
an isolated effort. While this study provides a comprehensive framework for integrated STEM teacher
competencies, some limitations must be acknowledged. First, the identified competencies were derived primarily
from STEM education experts’ perspectives. While their insights provide valuable guidance, teacher practitioners’
perspectives and classroom realities should also be considered. Future research should incorporate feedback from
pre-service and in-service STEM teachers to ensure that the competencies reflect practical teaching experiences.
Second, this study focused exclusively on secondary STEM education. However, STEM education is equally
important in elementary and post-secondary levels. Future studies should explore STEM teacher competencies for
different educational stages, considering age-specific pedagogical approaches. Last, although the Delphi method
provided rigorous validation, competencies and indicators may need further refinement as STEM education
evolves. Additional longitudinal studies are necessary to examine how these competencies influence classroom
implementation and student learning outcomes.

CONCLUSIONS, IMPLICATIONS AND SUGGESTIONS

Integrated STEM education emphasizes the interdisciplinary integration of science, technology, engineering,
and mathematics, mirroring the real-world practices of STEM professionals to better prepare students for future
STEM careers (Breiner et al.,, 2012). Competence, as conceptualized by Blémeke et al. (2015), exists along a
continuum, encompassing perception, interpretation, and decision-making, which collectively shape observable
teaching behaviors. Given the increasing demand for STEM proficiency, STEM teacher education must
incorporate content integration and innovative instructional approaches (Rinke et al., 2016).

The results confirm that integrated STEM teaching requires a multifaceted skill set, encompassing cognitive
knowledge, teaching skills, affective characteristics, and collaborative engagement. Merely possessing subject-
specific knowledge is insufficient; teachers must also be adept in interdisciplinary integration, inquiry-based
instruction, professional motivation, and collaborative learning communities. By establishing a structured
framework, this study provides a foundation for STEM teacher education programs, professional development
initiatives, and curriculum design. Therefore, this study fills a critical gap in STEM teacher education by
systematically identifying and validating four competency areas essential for integrated STEM teaching. Unlike
previous studies, this research holistically synthesizes all required STEM teacher competencies into a single
framework, providing practical applications for teacher education, professional development, and policy-making.
As STEM education continues to gain prominence, effective teacher preparation will remain a key factor in
improving student learning outcomes and workforce readiness. By establishing a clear set of STEM teacher
competencies, this study contributes to the ongoing advancement of STEM education and serves as a foundational
resource for future research and policy development.
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The detailed STEM teacher competency framework presented in this study offers several practical implications
for teacher education programs, in-service training, and future research: The competency framework can be used
as a guideline to design STEM-focused teacher education curricula. Course objectives can be aligned with
integrated STEM teacher competencies, ensuring a structured learning pathway for pre-service teachers. The
identified competencies can serve as a basis for professional development programs, addressing STEM pedagogy,
interdisciplinary integration, and technology literacy. Training programs can be developed for teachers from diverse
disciplinary backgrounds, fostering collaborative STEM teaching approaches. The framework also highlights the
importance of collaboration, suggesting that teachers should engage in STEM learning communities to exchange
best practices. Emphasis on inquiry-based learning and differentiation strategies ensures that STEM instruction is
student-centered and adaptable to diverse learning needs. Education policymakers can use the framework to
establish competency standards for STEM teachers, ensuring consistent and high-quality STEM instruction across
schools. Considering the increasing importance of STEM education in workforce development, determining and
reinforcing STEM teacher competencies is essential for improving teaching quality and student outcomes.

Given the dynamic and evolving nature of STEM education, further research is needed to expand and refine
integrated STEM teacher competencies. Therefore, future studies may consider expanding the framework to other
educational levels, exploring STEM teacher competencies in different contexts, assessing the impact of STEM
teacher competencies on student outcomes, and incorporating pre-service STEM teacher perspectives. By
addressing these areas, future research can further strengthen STEM teacher education and ensure that teachers
are equipped with the necessary competencies to prepare students for 21st-century skills.
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APPENDIX A: FOCUS GROUP INTERVIEW QUESTIONS

1.

9.

From the perspective of the engineering design process, what competencies should a STEM teacher
possess?

In terms of preparing a STEM lesson plan, what competencies should a STEM teacher have?

Considering inquiry and the process of conducting inquiry, what competencies should a STEM teacher
demonstrate?

When evaluated through Project-Based Learning, Design-Based Learning, or Problem-Based Learning
approaches, what competencies are expected from a STEM teacher?

. What should a STEM teacher pay attention to when preparing STEM activity guidelines? What are the

essential components that such a guideline must include?

Is effective use of technology a core competency for STEM teachers?

How should a STEM teacher assess and evaluate their students?

What are the indicators/criteria/evidence that show a STEM teacher is competent in subject matter
knowledge (e.g., physics, chemistry, mathematics, biology), pedagogical knowledge, and pedagogical content
knowledge?

What are the criteria for determining whether a STEM teacher is sufficiently knowledgeable in STEM
disciplines outside of their own area of expertise?

10. What should the curriculum knowledge competency of a STEM teacher include?
11.Does relating national learning objectives (e.g., MONE gains) to real-life contexts demonstrate curriculum

knowledge competency? What are your thoughts on the STEM curriculum?

12.1s the ability to make interdisciplinary connections a competency for STEM teachers? What teaching

strategies are effective in achieving this?

13.Should a STEM teacher be a lifelong learner? To what extent should they value professional development,

research, and training?

14.Does collaborating and communicating with colleagues, parents, and stakeholders benefit a STEM teacher?

How?

15. What student characteristics should a STEM teacher consider during lesson planning? Is being aware of

learning difficulties, learning differences, and misconceptions a STEM teaching competency?

16. What do you think is the role of a STEM teacher in students’ career planning? What should it look like?
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APPENDIX B
Table B1. Sub-themes and codes obtained after the first Delphi round under the CCST

Theme Sub-theme Code

CCST STEM He knows the mistakes of students who are new to design.
content Directs her students to establish cause-effect relationships throughout the activity.
knowledge Reaches diverse students at different times with STEM activities and content.
Asks her students questions to assess their science and mathematics knowledge.
Examines students’ decision-making processes.
Directs her students to make them understand the problem first.
Knows and applies the steps of engineering design process rather than memorizing them step by step.
Guides the learning process.
Ensures the successful and effective participation of students and guides them correctly.
Enables students to learn the content knowledge in depth depending on the learning activity.
Asks right questions to his students and evaluates them.
Has content knowledge and pedagogical knowledge depending on the context.
Offers students projects that are sufficiently meaningful and relevant to daily life.
Integrates content knowledge in a meaningful way.
Has pedagogical, measurement and evaluation knowledge for the management of the engineering
design process.
Dominates design-based thinking.
Highlights the skills that students should have.
Being aware of students’ learning difficulties, differences in learning styles, interests and
misconceptions.
Uses the language of engineering and science.
Prepares STEM activities by focusing on her own discipline.
Provides group teaching.
Has a level of awareness in content knowledge related to other disciplines.
Being aware of the misconceptions that may occur due to the connection among different disciplines.
Being aware of students’ interests.
Applies learning walks.
Internalizes the engineering design process steps at the skill level.
Applies the engineering design process to other disciplines.
Knows the misconceptions regarding the subject.
Knows her students well.
Able to change the perspectives of students and parents.
Guides students with the existence of intriguing projects.
Integrates disciplines and presents them to her students.
Improves herself in other disciplines.
Has sufficient content and context knowledge.
Has problem solving skills in the design process according to her level.
Knows how to adapt the design to different contexts, implements the designs and evaluates process.
Making Makes preliminary preparations for interdisciplinary connections and plans these connections.
inter- Plans interdisciplinary connections and establishes necessary relationships.
disciplinary Adapts information to the appropriate context and problem.
connections Determines appropriate teaching strategy to make interdisciplinary connections.
Plans interdisciplinary connections.
Makes connections between disciplines in a way that is appropriate to the context.
Specializes in a different discipline for interdisciplinary connections.
Curriculum Prepares an integrated STEM activity by adding other disciplines to the subject according to the
knowledge conditions.

Note. CCST: Cognitive characteristics in STEM teaching

The competence indicators removed during the second Delphi round based on the Group-1’s suggestions:
e Has content and pedagogical knowledge depending on the context.

e Has design based thinking knowledge.

e Highlights the skills that students should have.

e Is aware of students’ interests.

Applies learning walks.
e Makes connections between disciplines in a way that is appropriate to the context.
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APPENDIX C

Table C1. Components and competency items under the CCST with their agreement percentages obtained after
the third Delphi round

Component  Competency items Agreement (%)
STEM content Has problem solving skills in engineering design process. 80
knowledge Knows and internalizes the engineering design process steps. 80
Has STEM content and context knowledge. 80
Knows STEM content that will appeal to students at different levels. 80
Has content knowledge about other disciplines at the level of awareness. 80
Knows the misconceptions that may occur when different disciplines are used together. 80
Knows how to adapt engineering design to different contexts. 80
Can assess students’ prior knowledge who are new to design. 80
Encourages students to think systematically and establish cause-effect relationships 80
during the STEM activity.
Suppotts students’ learning by assessing their science and/or math knowledge, using 100
engineering language, and giving feedback to them.
STEM Makes preliminary preparations for interdisciplinary connections. 80
interdisciplinary Plans interdisciplinary connections and establishes the necessaty relationships. 80
connection Places knowledge in STEM context and adapts it to daily life problems. 80
knowledge Identifies instructional teaching strategies to establish interdisciplinary connections. 100
Specializes in a different discipline in order to establish interdisciplinary connections. 80
Follows publications (articles, books, documentaries, etc.) related to disciplines outside 80
her own field.
STEM Knows how to implement the curriculum related to her discipline. 100
curriculum Has knowledge about the curticulum content of other disciplines. 80
knowledge Defines the goals related to his own discipline from the curriculum goals related to other 80
disciplines.
Knows why disciplines have connections between each other epistemologically. 80
Technology Decides how to use instructional technologies as a motivating, attention-gathering, and 100
literacy focusing resource in STEM activities.
Knows instructional technologies at the awareness level. 80
Knows and applies instructional technologies to be used for her instructional purpose. 100
Makes plans to improve students’ computational thinking skills by using technological 80
tools.
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APPENDIX D

Table D1. Mean (M), median (MD) and interquartile range (IQR) values of the competency items under the CCST
after the fourth Delphi round

Components and competency items Mean Median IQR

STEM content knowledge component
Has problem solving skills in engineering design process. 4.70 5.00 0.75
Knows and internalizes the engineering design process steps. 4.65 5.00 0.75
Has STEM content and context knowledge. 4.73 5.00 1.00
Knows STEM content that will appeal to students at different levels. 4.35 5.00 1.00
Has content knowledge about other disciplines at the level of awareness. 4.58 5.00 1.00
Knows the misconceptions that may occur when different disciplines are used together. 4.40 4.00 1.00
Knows how to adapt engineering design to different contexts. 4.53 5.00 1.00
Can assess students’ prior knowledge who are new to design. 4.40 5.00 1.00
Encourages students to think systematically and establish cause-effect relationships during ~ 4.68 5.00 0.75
the STEM activity.
Suppotts students’ learning by assessing their science and/or math knowledge, using 4.45 5.00 1.00

engineering language, and giving feedback to them.
STEM interdisciplinary connection knowledge component

Makes preliminary preparations for interdisciplinary connections. 4.63 5.00 1.00
Plans interdisciplinary connections and establishes the necessary relationships. 4.60 5.00 1.00
Places knowledge in STEM context and adapts it to daily life problems. 4.75 5.00 0.00
Identifies instructional teaching strategies to establish interdisciplinary connections. 4.68 5.00 1.00
Specializes in a different discipline in order to establish interdisciplinary connections. 3.58 3.50 1.00
Follows publications (articles, books, documentaties, etc.) related to disciplines outside her ~ 3.80 4.00 1.75
own field.
STEM curticulum knowledge component
Knows how to implement the curriculum related to her discipline. 4.85 5.00 0.00
Has knowledge about the curriculum content of other disciplines. 4.23 4.00 1.00
Defines the goals related to his own discipline from the curriculum goals related to other 4.55 5.00 1.00
disciplines.
Knows why disciplines have connections between each other epistemologically. 4.33 4.00 1.00
Technology literacy component
Decides how to use instructional technologies as a motivating, attention-gathering, and 4.38 5.00 1.00
focusing resource in STEM activities.
Knows instructional technologies at the awareness level. 4.20 4.00 1.00
Knows and applies instructional technologies to be used for her instructional purpose. 4.45 5.00 1.00
Makes plans to improve students’ computational thinking skills by using technological 4.28 4.00 1.00
tools.

Some of the eliminated competence indicators:

¢ Knows the misconceptions that may occur when different disciplines are used together.

e Follows publications (articles, books, documentaties, etc.) related to disciplines outside of his/her field.
e Knows why disciplines are interconnected epistemologically.
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APPENDIX E

Table E1. Frequency and percentage values of the final consensus competency items under the CCST

Cognitive characteristics

Experts and teachers who
gave 5 (absolutely necessary)

on the Likert scale

Frequency Percentage (%)

Knows how to implement the curriculum related to her discipline Places knowledge in 34 85.0
STEM context and adapts it to daily life problems.

Has problem solving skills in engineering design process. 32 80.0
Knows and internalizes the engineering design process steps. 30 75.0
Encourages students to think systematically and establish cause-effect relationships during 30 75.0
the STEM activity.

Has STEM content and context knowledge. 30 75.0
Identifies instructional teaching strategies to establish interdisciplinary connections. 29 72.5
Makes preliminary preparations for interdisciplinary connections. 29 72.5
Suppotts students’ learning by assessing their science and/or math knowledge, using 26 65.0
engineering language, and giving feedback to them.

Plans interdisciplinary connections and establishes the necessary relationships. 25 62.5
Defines the goals related to his own discipline from the curriculum goals related to other 25 62.5
disciplines.

Knows and applies instructional technologies to be used for her instructional purpose. 25 62.5
Knows STEM content that will appeal to students at different levels. 25 62.5
Knows how to adapt engineering design to different contexts. 24 60.0
Has content knowledge about other disciplines at the level of awareness. 24 60.0
Decides how to use instructional technologies as a motivating, attention-gathering, and 23 57.5
focusing resource in STEM activities.

Can assess students’ prior knowledge who are new to design. 22 55.0
© 2025 by Authot/s 23 /23
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