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Abstract

:

STEAM (science, technology, engineering, arts, and mathematics) education is gaining increasing attention worldwide, with many initiatives being implemented to promote its adoption and effectiveness; thus, its successful integration into educational systems has become increasingly critical. Educators will play a central role in this integration; that is why it is critical to assess their needs, map the necessary roles and competences, and provide the means to guide their professional development in a systematic way. To address these requirements, our study introduces the STEAM Competence Framework for Educators (STEAMComp Edu), as a culmination of literature reviews, expert consultations, and empirical validation by 302 educational professionals, policymakers, and scholars. The framework includes 41 vital competences, organized across 14 competence areas, from five broad educators’ perspectives. STEAMComp Edu captures STEAM educators’ roles, from teaching methods to community engagement, and stands as a pivotal tool in enhancing STEAM education quality and effectiveness. This paper also highlights STEAMComp Edu’s significance in the professional development of educators and focuses on the framework’s value in developing self-assessment tools and in designing STEAM educator occupational profiles that are aligned with the ESCO (European Skills, Competences, Qualifications, and Occupations) standards, thereby contributing to a more structured and recognized approach in the field of STEAM education.
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1. Introduction


STEAM (science, technology, engineering, arts, and mathematics) education, an evolution of the established STEM (science, technology, engineering, and mathematics) model, has recently gained significant scholarly attention. By incorporating arts into the foundational STEM disciplines, STEAM education expands the curriculum beyond technical skills, incorporating creativity and a deeper understanding of cultural and societal contexts, thereby fostering a more rounded and enriched learning experience [1,2,3,4]. The meaning attributed to the ‘A’ in STEAM is subject to interpretation across scholarly literature, frequently encompassing a range of subjects such as visual arts, music, drama, dance, literature, and history [3]. Nonetheless, a unifying theme is evident: the ‘A’ effectively broadens the scope to include disciplines not conventionally covered by the STEM framework. These disciplines, whether artistic, humanistic, or social, emphasize creativity, expression, and human-centric design, playing a pivotal role in fostering holistic thinking and innovation [5]. Unlike traditional education methods that teach these subjects separately, STEAM integrates them into a cohesive curriculum based on real-world applications. This approach fosters creativity and innovation and equips learners with a holistic understanding, preparing them for the multifaceted challenges of the 21st century [6]. Thus, STEAM education constitutes an approach to learning that integrates a broader spectrum of subjects alongside the “traditional” STEM disciplines. This evolution from STEM to STEAM acknowledges that comprehensive education is not just about scientific and technological advancements but also about understanding and expressing the human experience [3].



Moreover, the integration of diverse disciplines in STEAM education highlights the significance of interdisciplinary and experiential learning. This shift aligns with the current imperative for a workforce proficient in adapting to swift technological advancements while also demonstrating creative and critical thinking skills; qualities frequently nurtured by the arts [7]. To achieve this, STEAM education brings together different subjects in a single curriculum, linking them to real-life situations. This integrated approach not only encourages creativity and new ideas but also gives students a broader understanding, helping them get ready for the varied challenges of today’s world [8,9,10,11].



Central to the implementation of this approach are educators who specialize in STEAM education. Their role is pivotal in this educational context because they can facilitate the paradigmatic shift toward integrated learning, by effectively translating the theoretical framework into impactful educational practice. However, to achieve this, they face the challenging responsibility of designing teaching plans that would integrate the various disciplines of STEAM. To do so effectively, they must continually update their skills and adopt new teaching methods [12]. Furthermore, the diverse scope of STEAM subjects necessitates specific materials, targeted teacher training, and innovative strategies for classroom management and student engagement [6,13]. These requirements present considerable challenges for schools. Additionally, evaluating students and grading multidisciplinary projects, while ensuring equal emphasis on each STEAM subject and the development of relevant competences, poses a significant challenge. While STEAM education offers great opportunities, it also asks for a careful review and update of how we currently teach to fully realize its benefits [14,15].



In terms of research, several studies have confirmed the advantages of STEAM education, highlighting its role in promoting creativity, critical thinking, and problem-solving in students [1,11,16,17,18]. Some research focuses on the importance of technology and engineering in this multidisciplinary approach [8,19,20], while other work emphasizes the vital role of arts, arguing that they add a well-rounded quality to the existing STEM model [21,22]. Interestingly, the role of educators in the success of STEAM education has been a focal point in research, and studies have also brought attention to the difficulties they face in managing this complex field of study [13,14,15,23]. Despite widespread acknowledgment of STEAM education’s importance, there remains a gap in scholarly literature concerning the specific skills and competences that educators need to effectively put this approach into practice.



Competence frameworks that outline the essential competences for specific occupations have been proposed, offering to professionals of specific sectors a structured template for self-improvement [24,25]. These frameworks, grounded in academic and pedagogical research, delineate the intricate matrix of competences essential for achieving proficiency within the specific sector. Moreover, competence frameworks facilitate standardized assessments, peer reviews, and self-evaluations, all of which contribute to holistic professional development [26]. In the European context, a constantly expanding array of competence frameworks exists to direct educators across diverse fields. Whether they focus on pedagogical strategies, subject-specific expertise, or broader educational philosophies, these frameworks serve as foundational pillars for educators to benchmark and enhance their skills. The European Framework for the Digital Competence of Educators (DigCompEdu) [27] stands out, offering a detailed competence set for educators to navigate the digital age. UNESCO’s competence profile for educators [28] outlines key knowledge, skills, and attitudes for effectively integrating digital technologies in education, focusing on mobile computing systems, smart boards, and Web 2.0 applications. Similarly, the European e-Competence Framework (e-CF) by the European Committee for Standardisation (CEN) serves as a standard for ICT competences in Europe, catering to ICT practitioners, companies, and educational institutions [29].



Regarding STEAM education, certain studies, such as Wang et al. [30], have stressed the necessity for educators to have a cohesive understanding of the various STEAM disciplines, going beyond merely isolated expertise in individual subjects. The importance of specialized pedagogical skills tailored to STEAM education’s interdisciplinary nature has also been highlighted [7]. While these findings serve as a starting point, there is a widely acknowledged need for an all-encompassing framework that would fully outline the skills and knowledge needed by STEAM educators. In addition to setting common competence standards, such a framework could also point to best practices that could be adopted across European educational settings. This would help ensure that STEAM educators are adequately equipped to encourage interdisciplinary learning and serve as a valuable resource for professional development programs, supporting educators in their pursuit of excellence in STEAM education, as indicated by Conradty and Bogner [31].



This paper focuses on validating the competence framework designed for educators in the STEAM domain. The guiding research questions underpinning this investigation were: (1) Which are the essential competences of STEAM educators? (2) To what extent does the proposed competence framework represent in a comprehensive manner the STEAM educators’ competences? (3) How does the implementation of the STEAM competence framework impact the professional development, teaching practices, and occupational proficiency of STEAM educators?



The rest of this article is methodically structured to systematically unfold the research process and its findings. We begin by detailing the initial iteration of the STEAM competence framework development process. Following this, we outline the methodologies and instruments we used for validating the framework, including participant profiles, survey design and implementation, and data collection and analysis. This leads us to the presentation of results and the second (and currently in use) version of the STEAMComp Edu framework. In the next section, we present and critically examine its impact. Finally, the article concludes in a discussion that synthesizes the key findings and highlights their significance in the broader context of STEAM education.




2. Background to STEAMComp Edu Development


Relying on both established educational models and direct input from educators, we hypothesize that a detailed competence framework that aligns with current educational realities while also encompassing future requirements can be formulated. To prove this hypothesis, we undertook a comprehensive four-year research effort. An overview of the steps in creating the STEAMCompEdu is detailed in Figure 1.



During the first stages of our research, as will be described in this section, we carried out a literature review to evaluate existing competence frameworks, comprehend the existing state of STEAM education, and identify educators’ roles and needs, together with a needs analysis survey to gain further insights into the specific requirements and challenges STEAM educators face [13,32]. Through these efforts, we identified a preliminary set of areas and competences for STEAM educators [33,34,35]. Following the initial phase, we engaged in multiple cycles of expert feedback to refine our preliminary draft of the STEAM Educators’ Competence Framework (STEAMComp Edu), intended to act as a guiding tool for the self-assessment and professional establishment and development of STEAM educators [36,37]. The focus of this paper is on the final stages, namely the validation of the framework. We engaged with professionals, including educators and policymakers, to validate our findings and unveil an updated version of the competence framework. Additionally, we assessed the framework’s impact through pilot implementations, including the development of an educators’ online training program, the creation of a competence-based online self-assessment tool (STEAM SAT tool version 1), and the proposition of pertinent occupational profiles for STEAM educators within the ESCO framework, which is the European multilingual classification of skills, competences, qualifications, and occupations.



2.1. Toward the First Version of STEAMComp Edu


A comprehensive report by the National Academies of Sciences, Engineering, and Medicine [38] highlights that educators, crucial to the transition toward integrated STEAM methodologies, often remain sidelined in policymaking processes. Many educational policies directly bearing on teaching practices are formulated with limited engagement or consultation with the educators they impact [23]. This oversight is even more apparent in research on teaching competency. While many studies have conducted literature reviews to identify factors of teaching competency, there is a notable absence of input from educators who are actively involved in the field [4]. Acknowledging educators’ essential perspectives and direct experiences, our research approach was designed to recognize their contributions and actively incorporate their expertise and feedback. We incorporated a mixed-methods approach to establish a foundation for our study, utilizing both primary and secondary sources. Primary sources were obtained through the administration of a structured survey to identify specific challenges and requirements of STEAM educators, essential for developing effective competence frameworks. Secondary sources comprised an extensive review of the existing literature to understand existing competence frameworks designed for educators and teaching competency in STEM or STEAM education.



Firstly, we examined several reports on teaching competency (not restricted to STEM/STEAM education), such as the OECD’s “Teachers’ Pedagogical Knowledge and the Teaching Profession” [39], the European Commission report, “Supporting Teacher Competence Development for Better Learning Outcomes”, [40] and “Pedagogy, Curriculum, Teaching Practices and Teacher Education in Developing Countries” [41]. These reports, influential in European educational policy, stress the importance of pedagogical knowledge for teacher effectiveness and offer a comprehensive framework for competence development. They categorize teacher competences into knowledge (subject expertise, pedagogy, inclusivity), skills (classroom management, student engagement), and dispositions (critical thinking, collaboration), providing a flexible policy guide tailored to various national educational landscapes.



In the realm of teacher knowledge for specific fields, notable contributions include Shulman’s work [42], which fundamentally shaped our understanding of what teachers need to know. Lee Shulman introduced seven key categories of teachers’ knowledge base, emphasizing Pedagogical Content Knowledge (PCK), the knowledge specifically relevant to teaching particular content areas. For different fields such as mathematics, knowledge frameworks such as the Mathematical Knowledge for Teaching (MKT), developed by Ball et al. in 2008, build upon Shulman’s concepts [43]. This framework integrates PCK with additional subdomains, offering a nuanced view of mathematics teaching that encompasses vital knowledge about teachers and their students. As technology, both as content and tool, lies at the heart of putting STEAM education into practice, we included in our search competence frameworks focusing on digital literacy and innovative teaching methods. The technology, pedagogy, and content knowledge (TPACK) model is a framework that helps teachers understand and integrate technology into their teaching in meaningful ways. Developed by Mishra and Koehler [44], TPACK builds on PCK to include technology. These models are tailored to highlight the distinct categories of knowledge pertinent to educators in specific STEAM fields rather than focusing on an interdisciplinary approach. They delve into educators’ expertise in specialized subject content and their instructional techniques unique to each field.



The UNESCO [28] competence profile for educators outlines essential knowledge, skills, and attitudes for integrating digital technologies effectively, such as mobile systems and Web 2.0 applications. This profile spans ICT understanding, curriculum, pedagogy, and teacher development. The European e-Competence Framework [29], now a standard, provides ICT sector competences for professionals and organizations across Europe. Most notably, the European Commission’s DigComp Edu framework [27] details digital competences specifically for educators, promoting the use of digital technology to innovate and improve education. This framework is adaptable across different educational contexts and is part of a larger digital competence initiative, including DigComp for citizens and DigComp Org for organizations, thus offering a comprehensive approach to digital proficiency. While emphasizing specific pedagogical and knowledge areas, these models exhibit shortcomings in capturing the interdisciplinarity intrinsic to STEAM education. To address this, our focus shifted to the integral role of STEAM educators. Therefore, we studied articles documenting the studies related to their role and specific needs, aiming to integrate these insights into our framework, offering a more comprehensive and responsive tool for STEAM educators.



Despite the growing focus on STEAM education globally, European-specific literature on educator competences within this multidisciplinary field remains sparse. Kim and Kim’s [4] work on STEAM teaching competency in Korea established evaluation indicators through interviews and literature review. These indicators cover seven areas but lack a hierarchy of importance and require further development for broader applicability. The final evaluation indicators of teaching competency in STEAM education were composed of 35 items in seven areas: Understanding of Subjects, Teaching-Learning Methods, Inducing Learners to Participate in Learning, Understanding of Learners, Learning Environments and Circumstances, Evaluation of Learners, and Individual Qualification. In the U.S., the Pennsylvania Department of Education [45] outlined 19 STEM competences in a report for educator certification, which, while instructive, are region-specific and lack detailed development and validation processes. UNESCO’s report [46] provides a global view on essential STEM skills and knowledge but also reveals the gap in tailored frameworks that reflect the distinct needs and challenges of the European STEAM educational scope.



Building upon our focus on the unique needs of STEAM educators, it is important to note that while STEM education research offers some insights, specific, data-driven guidance for effective STEAM instructional practices was limited, particularly within the European context. Current research literature points to broader STEM teaching barriers as an interdisciplinary study, including inadequate preparation of teachers, insufficient investment in their professional development, lack of support from educational institutions, poor content preparation and poor conditions and facilities [47], restrictive curricula, organizational barriers, limited collaborative opportunities, and insufficient educator support [48,49]. Compounding these issues are time constraints for preparation, and misconceptions among parents about STEM education, which further impact the effectiveness of educators; while professional development needs vary based on educators’ backgrounds and requirements, technical training emerges as a universally recognized need [13,35]. In another study by Shernoff et al. [23], educators demonstrated considerable enthusiasm for integrated STEM pedagogies, albeit confronting a sense of unpreparedness in their implementation. Correspondingly, in a study by Dan and Gary [50], primary school teachers expressed a need for more robust professional development, emphasizing the application of STEM knowledge in practical teaching scenarios. They also highlighted the importance of peer collaboration, quality curriculum, and district support.



Additionally, Dare et al. [51] indicated that educators, especially when focusing on engineering in STEM topics, require sustained support as they endeavor to weave multiple disciplines into their teaching. In the study of Wijaya et al. [52], the researchers analyzed the factors influencing pre-service teachers’ willingness to adopt STEM education. They emphasized the necessity for specialized and ongoing training and clear guidance on this educational approach’s learning objectives and benefits. However, there is a clear lack of empirical research on STEAM educators’ direct experiences and practical challenges. At that time, Herro, Quigley, Cian et al. [6] had already identified key challenges for 33 U.S. teachers in STEAM education programs, including time constraints, student comprehension, planning, policy restrictions, technology integration, and assessment difficulties.




2.2. Developing the Framework


Refining our literature review, we transitioned to the development phase of the STEAM Educators’ Competence framework. This phase was firmly rooted in the precepts of the European Framework for the Digital Competence of Educators (DigComp Edu) [27]. We tailored and extended its robust architecture, which is pertinent for educators across all levels and types of education, to address STEAM education’s exigencies. Our rationale for selecting DigComp Edu as our framework’s cornerstone is its pertinence to the European educational setting and its intrinsic educator-centered design, given the intricate nature of the modern educational landscape and the absence of a dedicated STEM or STEAM framework in Europe.



In this context, DigComp Edu’s five areas of competences (Teaching and Learning, Professional Engagement, Digital Resources, Assessment, Empowering Learners) were adopted and modified based on the characteristics of STEAM education. Additionally, we introduced a new area, Organization and Management, that reflects the importance of classroom organization in STEAM education as highlighted in prior research [35]. The statements in each area were created based on the example set by DigComp Edu, in order to reflect the six areas of the new framework (Content, Teaching and Learning, Professional Engagement, Assessment, Empowering Learners, Organization and Management), thus contributing to the identification and synthesis of the first STEAM areas and competence statements. After constructing the initial framework by identifying STEAM competences and areas, we conducted a pilot study involving 59 educators. This study, as detailed in [13,33], served a dual purpose: to examine our preliminary proposal and to delve deeper into the specific needs and challenges educators face in implementing STEAM education within these six identified areas. The results highlighted the importance of empowering learners, with significant variations observed in the “Teaching and Learning” dimension influenced by educators’ academic backgrounds. Educators reported facing several challenges, such as limited resources, time constraints, and diverse student needs, which they often address independently due to a lack of broader support. This self-reliance includes purchasing their own materials and self-directed professional development.



Furthermore, the study indicated educators’ efforts to foster a collaborative classroom culture despite these hurdles while also contending with parents’ traditional perceptions of education. Professional development preferences varied, suggesting distinct needs across different academic disciplines. However, a shared emphasis was observed on the need for technical training, such as STEM application development, echoing sentiments from other studies [50]. The integration of STEM with non-STEM subjects, especially arts, and pedagogical considerations were also highlighted, emphasizing that STEM training should encompass content mastery and effective pedagogical strategies [13,53]. Collaborative efforts and peer interactions also emerged as favored informal learning methods, resonating with existing literature on the advantages of educator collaboration [33,48,54].



Therefore, by synthesizing knowledge from scholarly sources and input from engaged stakeholders, we meticulously crafted the first version of the STEAMComp Edu framework and outlined the competence areas and competences in different perspectives. These perspectives represent educators’ diverse responsibilities within the broader educational context, referred to as the “negasystem”. Beyond the foundational elements of educator, learner, content, and context and the intricate interrelationships among these components, these perspectives delve into the broader local community, which includes stakeholders such as parents, businesses, industries, and local government entities [55]. Through a series of iterative refinements, we achieved a version that resonates with clarity, applicability, and thoroughness. This refinement process, which was supported by STEAMonEdu Erasmus+ project (https://steamonedu.eu/ (accessed on 22 December 2023)), unfolded over four robust online roundtable discussions, embracing both asynchronous and synchronous interactions, with project associates from Greece, Italy, Spain, Germany, Romania, and Belgium. The constructive feedback gleaned from this cooperative engagement was instrumental in the evolution of the framework.




2.3. STEAMComp Edu v.1


Acknowledging the multifaceted roles of STEAM educators, the STEAMComp Edu framework groups the competences into areas and the areas into perspectives. The first version features 44 core competences, organized in 16 distinct areas, and grouped under five perspectives. The framework notably highlights the crucial role of educator collaboration and community involvement, reflecting insights and needs directly expressed by educators. Organized hierarchically, it provides clear and comprehensive coverage, addressing educators’ varied roles, including instructional design, mentorship, and community engagement. Table 1 provides the structure of the first version, including the perspectives, areas, and examples of competences. The STEAM educators’ roles represented by the five perspectives incorporated in STEAMComp Edu include:




	
The educator’s role as a teacher-trainer-tutor encompasses the educator’s ability to facilitate effective student learning through mastery of pedagogical techniques, deep content knowledge, adeptness in instruction, proficient use of educational tools, and the capability to provide constructive feedback and assessment. Furthermore, it emphasizes the importance of empowering learners, fostering their autonomy, and guiding them toward academic success.



	
The educator’s role as a learning designer and creator focuses on the design and development phase of the educational process. It requires competences related to planning, preparing, and developing educational procedures, learning activities tailored for diverse STEAM learning environments. Ιn addition, competences that focus on the educator’s ability to create a supportive environment that bolsters learners’ growth in STEAM domains are included in this role.



	
The educator’s role as an orchestrator and manager involves competences related to managing and orchestrating educational procedures, content, digital technologies, lab equipment, and group learning activities among students and other educators.



	
The educator’s role as a community member underscores the educator’s position within broader institutional and STEAM-related communities. It involves competences in networking, collaborating with peers, and actively participating in community initiatives. Additionally, it emphasizes the application of policies that champion STEAM education and sharing experiences and best practices within the community.



	
The educator’s role as a professional provides competences related to educators’ own professional growth. It necessitates competences in continuous learning, staying updated with the latest in STEAM education, and refining transferable and digital skills essential for STEAM activities.










3. Validating the STEAMComp Edu


To validate and possibly enhance the STEAMComp Edu framework, we developed an online questionnaire, which included both closed- and open-ended questions to ensure an in-depth understanding of specific situations [56]. The questionnaire was used to collect information from individuals of the target population, regardless of their geographical distribution [57]. The survey was addressed to educators, researchers in STEAM education, school managers/directors, and policymakers, in order to gain a more holistic understanding of the validity of the competence framework. To ensure a broad and diverse representation [58], we chose to involve participants from various educational levels and different types of education. Within the scope of the STEAMonEdu project, we successfully disseminated the survey as an integral component of the project’s initiatives. This was carried out by combining invitations using social media platforms, email, online announcements, and the organization of online workshops where the competence framework was presented along with the survey invitation. In total, we received feedback from 302 respondents.



3.1. Participants’ Profile


The majority of the participants identified themselves as female (66.6%). The age group of 41 to 50 was the most represented (38.4%). Geographically, the study encompassed participants from 21 different countries, with 12 of them being European Union members. Most participants were from Europe (96%), with a minor representation from other continents: North and South America (0.3%), Asia-Pacific (3.3%), and Africa (0.3%). Regarding academic background, participants were primarily divided between humanities/arts and social science (47.7%) and technology and science (47.7%). A small percentage (4.6%) indicated having an academic background that fell under the “other” category, implying a combination of both humanities/arts and social science as well as technology and science fields. Regarding professional roles, participants had the option to select more than one answer. The majority were educators (77.2%). This was followed by directors/managers of educational institutions (7.6%), researchers and academics in STEAM education (11.3%), and STEAM education practitioners (14.2%). Additionally, a small group (6.3%) fell into the “other” category, which included graduate or postgraduate students in STEAM-related fields and/or educational pedagogies studies, as well as researchers in competence development and ICT. Table 2 details the participants’ background, academic, and professional characteristics.




3.2. Survey Design and Implementation


The survey was carefully designed to align with participant profiles and selection criteria. The questionnaire consisted of seven sections and required approximately 40 min to complete. The initial section, Section 1 “Demographics”, aimed to capture the background of the participants. It included questions about their gender, age, country or region of residence, academic background, professional role, teaching experience, and experience specifically in STEAM education. In Section 2, “Introduction to the STEAM Competence Framework”, participants were allowed to download a detailed description of the STEAMComp Edu to ensure they had a clear understanding.



The subsequent sections, Section 3, Section 4, Section 5, Section 6, Section 7 and Section 8, were dedicated to gathering feedback on the perspectives, areas, and competences outlined in the framework. This section of the questionnaire contained closed-ended questions, as is common when investigating the knowledge, attitudes, or opinions of a large number of people [59], while it allows detailed information to be collected in a relatively swift fashion, so that a large number of people can be surveyed. Participants were prompted to evaluate each of the 44 competences based on three criteria: the relevance, importance, and clarity of the competence. These criteria were selected based on their established validity in assessing competences [60,61].



Responses were captured using a four-point Likert scale, with the options being: (1) Not essential, (2) Useful, but not essential, (3) Maybe essential, (4) Definitely essential. In addition, an open-ended question was associated with each of the 16 areas within the framework, in which participants could provide suggestions on rephrasing or revising competences to make them more apt for that specific area. Similarly, an open-ended question was provided for each of the five perspectives, allowing participants to propose additional areas or share any other pertinent comments related to that particular perspective. This structured approach ensured that quantitative and qualitative feedback offered a holistic view of how the framework resonated with the target audience.



The survey was provided with guidelines for completing it, as well as information about privacy and ethical issues. This included the description of the project and its objectives, the reasons for participant selection, the description of the methodology with guidelines for completing the survey, privacy and ethical issues, potential benefits, potential risks or discomforts, data storage, anonymity and confidentiality, the right to withdraw, conflict of interest, compensation, participant concerns, and reporting. A consent form for the participants was also provided, while ethical considerations aligned with the Data Management Plan (DMP) of the project were meticulously followed. The online survey was created using LimeSurvey and was hosted on the university’s server (survey.daissy.eap.gr, accessed on 19 November 2023). The survey and all the associated documents were made available in seven different languages (English, Greek, Spanish, Catalan, German, Italian, and Romanian). Prior to launching the survey, a preliminary pilot test was conducted to ensure its validity and comprehensiveness. However, responses from these pilot tests were not incorporated into the final research results because this step aimed only to identify potential errors, gauge the time required for completion, and rectify any ambiguities or misunderstandings in the questionnaire.




3.3. Data Collection and Analysis


The data were collected over a period of four months, from November 2020 to the end of February 2021. All the demographics and close-ended questions in the survey were obligatory; the data set has no missing values. The open-ended questions were not obligatory, and some participants left them blank; however, these questions were used for the qualitative analysis. In addition, some participants submitted the survey more than one time. These submissions were identified, and duplicates were removed (the last submission was kept). Submissions from participants who were not fully engaged or who spent less than 15 min on the survey were excluded. Initially, we collected 329 completed surveys. After cleaning the data, we were left with a total of 302 valid responses for analysis. In total, 76 out of the 302 participants provided answers to open-ended questions.



Regarding quantitative analysis, descriptive statistics were used to gain a holistic view of the appropriateness of the sample across all anticipated demographic elements. This included measures of central tendency (mean, median, mode) and dispersion (range, standard deviation) to summarize and understand the distribution of the responses. When the mean overall opinion per item was >3 ± standard deviation (SD), it was considered valid for discordance. To confirm the construct validity of the questionnaire data, we employed discrimination analysis and Cronbach’s alpha to evaluate the internal consistency of the items. Additionally, we conducted validity analysis by employing the Content Validity Index (CVI), including both the Item-Level Content Validity Index (I-CVI) and the Scale-Level Content Validity Index/Average (S-CVI/Ave). The content validity index (CVI), the most commonly used index for quantitative evaluation, consists of I-CVI and S-CVI/Ave. The Content Validity Index (CVI) assesses the appropriateness of test items for the intended construct. I-CVI focuses on individual items, while S-CVI/Ave is an average across items. Participants rated the clarity [C], importance [I], and relevance [R] of each statement on a four-point Likert scale, and the I-CVI for each item was computed by dividing the proportion of participants who rated it with 3 or 4 by the total number of experts [62]. The S-CVI was calculated by taking the average of all I-CVIs [63], with a score above 0.75 considered excellent and 0.7 acceptable.



Moreover, the Relevance and Importance Index (RII), a statistical measure used to gauge the significance of survey items, was used to further assess the pertinence and significance of each competence statement within the framework. It is calculated by dividing the sum of the weights (Wi) assigned by respondents to each survey item by the maximum possible weight (A) times the total number of respondents (N). The RII formula is [63]:


  R I I =     ∑  i = 1   N      W   i       A × N    











In this formula, weights given by respondents vary between 1 and 4, with 4 being the highest possible weight. A higher RII value indicates a greater influence of the survey item on the overall construction and findings of the survey. Criterion validity was assessed using Spearman’s Correlation coefficient to measure the strength and direction of the association between the competences. All quantitative analyses were conducted using SPSS v. 25.



Quality research methods were applied in the open-ended questions to analyze the qualitative outcomes that emerged from participants’ free texts and generate corresponding explanations. The aim was to provide more complete and holistic processing of the survey input and to substantiate further the revision of the statements, where needed, based on the participants’ feedback. Furthermore, the specific comments of the experts and their particular suggestions were expected to shed light in understanding possible misconceptions, ambiguities, or inaccuracies, and contribute to revising the statements, areas, and perspectives of the Competence Framework of STEAM Educators in combination with the results of the quantitative analysis. The data were analyzed to determine themes, as suggested for qualitative data analysis [56]. Following the grounded theory [64], the qualitative outcomes emerged from the free texts of participants and generated corresponding explanations. More specifically, the thematic analysis method was followed, which is considered the most widely used and the most helpful method of capturing the complexities of meaning in textual data [65]. For the coding process, the NVivo software (version 12) was used.





4. Results


4.1. Quantitative Analysis


For the reliability analysis, we used the closed-ended questions from Section 3, Section 4, Section 5, Section 6, Section 7 and Section 8 of the questionnaire, which included the five perspectives, the 16 areas, and the 44 statements. To determine the internal consistency of the scale questions, Cronbach’s alpha coefficient was calculated, with values greater than 0.7 considered satisfactory as per standard practice. The Cronbach’s alpha coefficient was calculated for all questions and statements within each area and perspective according to guidelines provided by deVellis (2003) [66]. The reliability analysis results indicate a high internal consistency for the questionnaire items within each perspective with values ranging from 0.936 to 0.974. Similarly, the questionnaire items within each area also demonstrated high internal consistency, with values ranging from 0.869 to 0.941. Finally, upon calculation of the Cronbach’s alpha coefficient for the set of all three questions within a given statement, we observed a consistent range of values between 0.769 and 0.877, indicating good internal consistency.



We tested the criterion validity of the questionnaire using Spearman’s Correlation coefficient. The validity test was calculated by correlating each item’s questionnaire scores with various criteria scores. Item questionnaires significantly correlated with total score, indicating that the items are valid. For the majority of the areas, the correlation coefficient of each item with total score was high. Furthermore, the sig. value (2-tailed) was consistently 0.000, which is <0.05, confirming the validity of the respective items.



In 8 of the 44 items (competences) (competences: 1.1.1, 1.1.3, 1.4.2, 1.6.3, 2.1.3, 2.3.2, 4.1.1, 5.1.3) the correlation coefficients were among the lowest, ranging between 0.558 and 0.588. Even though these coefficients indicate a positive correlation, they are distinctly lower in comparison to other items. Notably, since the Spearman’s rho in relation to the total score exceeds 0.3, all items can be deemed valid. Nevertheless, these particular items warrant a more thorough analysis to ascertain their validity or to evaluate their alignment with the overarching construct of the framework, which will be further scrutinized using qualitative data. The full table of correlations can be found in Appendix A (Table A1, Table A2, Table A3, Table A4 and Table A5). Internal consistency was also assessed by exploring the interrelationships among individual items through Pearson’s r correlation coefficient. This statistical measure helped quantify the associations’ strength between the variables. In particular, the inter-items’ correlation coefficients varied from 0.35 (5.2.1 and 4.1.3) to 0.80 (4.2.1 and 4.2.2).



Following this, we proceeded with the analysis of the I-CVI, S-CVI/Ave, and RII. The results of this analysis are concisely summarized in Table A1, Table A2, Table A3, Table A4 and Table A5 in Appendix A, providing detailed insights for the 302 participants across every item, statement, and dimension. For the first perspective, the content validity of the survey was found to be acceptable to excellent, with I-CVI scores ranging from 0.769 to 0.889, and RII scores ranging from 0.842715 to 0.898179. The S-CVI/Ave score of 0.848580 indicated good content validity of the overall scale. The RII scores range from 0.842715 to 0.898179, indicating that each item has a relatively high influence on the construction of the survey. However, for Perspective 2, the I-CVI index for Items 2.2.2 [I] and 2.2.2 [R] is observed to be borderline acceptable (0.7), resulting in the lowest S-CVI/Ave value in this perspective (0.74). These findings are further supported by the RII index, which also shows the lowest value in this area with 0.787252 and 0.782285, respectively. Consequently, it appears that statement 2.2.2 has the least impact compared to other statements. Although the scores of the items are not below the 0.7 limit, our approach will include a focused examination of these scores through qualitative analysis, conducted concurrently with descriptive analysis. Regarding Perspective 3, it is observed that the I-CVI values for items 3.2.3 [R] and 3.2.3 [C] are borderline (0.7), which has resulted in the S-CVI/Ave index being at its lowest level in this perspective. Additionally, the RII AVE index for 3.2.3 is also low (0.74), consistent with the I-CVI findings. In Perspective 4, it can be observed that the scores of 4.2.2 [I] and 4.2.2 [R] are slightly above the acceptable limit of 0.7, with 0.725552 and 0.741325, respectively. Furthermore, the S-CVI/Ave and RII indices for statement 4.2.2 are the lowest among all the statements in this dimension. Upon analyzing the results for Perspective 5, we observed that three statements, namely 5.1.1, 5.1.7, and 5.3.3, have lower scores for I-CVI and S-CVI/AVE. For statement 5.1.1, we noted that the RII AVE score is over 0.80, indicating that there is no significant influence of this statement. However, the RII AVE scores for statements 5.1.7 and 5.3.3 are 0.785596 and 0.798841, respectively, suggesting that these statements will still be subject to qualitative analysis in conjunction with descriptive analysis, despite not scoring below the limit of 0.7.



Following the descriptive statistics, the results demonstrate that all the items that appeared with the lower scores of I-CVI, S-CVI/Ave index in the previous section have the lower mean scores (Table A1, Table A2, Table A3, Table A4 and Table A5). However, there is no item with a mean score lower than 3. When the mean overall opinion per item was >3 ± standard deviation (SD), it was considered valid for discordance, concluding that the items are valid.




4.2. Qualitative Analysis


The aim of the quantitative analysis was to provide more complete and holistic processing of the survey input and to substantiate further the revision of the statements, where needed, based on the participants’ feedback. Furthermore, diving into the specific comments of the experts and considering their particular suggestions was expected to shed light on understanding possible misconceptions, ambiguities, or inaccuracies, and contribute to revising the statements, areas, and perspectives of the STEAMComp Edu in a meaningful manner.



Open-ended questions were included in the survey to gather qualitative feedback on the competence framework. Responses were analyzed through a thematic analysis approach to identify common themes and patterns. Following a thorough review and filtering process, we extracted a total of 495 comments. After discarding irrelevant entries, we identified 299 noteworthy comments suitable for further consideration. Table 3 outlines the quantity of responses received for each open-ended question, along with a summarized count and percentage distribution of these responses across different perspectives.



The analysis of these comments led to identifying several recurrent thematic themes across the feedback. These themes include ‘Clarity of competences’, ‘Suggestions for modifications’, ‘Relevance of Statements’, ‘Overlapping Competences’, ‘Missing Competences’.



4.2.1. Clarity of Competences


A subset of participants suggested the inclusion of practical examples to enhance the understanding of competences, particularly in pedagogy and instruction areas (Perspective 1). They requested concrete examples to differentiate the teaching techniques and approaches in STEAM education. Additionally, there were a few recommendations to reconsider the terminology used to describe these strategies. One such suggestion was to revise the phrase “apply collaborative learning methods in STEAM education activities” to better reflect the inclusion of a “peer learning approach”.



Furthermore, a few comments provided some suggestions for clarity in the articulation of certain competences, as evidenced by comments on competence 1.2.1, which requires an understanding of STEAM education from an epistemological or universal standpoint. Feedback suggested that the current description lacks the specificity needed to forge a clear connection to its meaning. For example, one respondent remarked, “1.2.1 Understand what STE(A)M education represents and means—this, to my understanding, is approached from a more epistemological perspective or universal viewpoint. This needs to be communicated more clearly as it is currently slightly vague for establishing a meaningful connection to its meaning”. Similarly, the use of the term “facilitate” in the competences of Perspective 2 and area 2.3 prompted questions like “Why ‘facilitate’? What is meant by that?” indicating a need for more precise definitions to enhance understanding of the competences. Additionally, here was a request for clarification on the use of “third parties” used in the context of communication within STE(A)M education. One comment specifically addressed this, saying: “Communicate (exchange of messages and meaningful dialogue) with learners, parents, and third parties for STE(A)M educational approach.” The respondent inquired, “What do you mean by ‘third parties’? It’s not clear”.



In addition, some comments were about the reference to digital and transferable skills in Perspective 5. For example, one stated that “5.1.4, 5.1.6 and 5.1.7 address very broad “skills”. It would help to contextualize/qualify them a bit. As for 5.1, these competences are defined too broadly”.




4.2.2. Suggestions for Modifications


The analysis under the ‘Modifications Suggestions’ theme revealed that participants proposed certain refinements in terminology to convey the intended competences more accurately. For example, within competence area 4.1, a participant recommended altering “Participate in communities” to “Collaborate with your school team in community participation”, suggesting a more active and collaborative role. Similarly, for area 4.2, it was suggested to shift from “Apply Policies” to “Contribute to Policy Enforcement”, indicating a more proactive involvement in the application of policies.



Some comments on digital and transferable skills pointed to the need for adjustments. Simplifications in terminology were recommended, such as using “communication skills” broadly, replacing “critical thinking” with “judgment skills”, and referring to “problem-solving ability” as a distinct competence. The term “ethics” was favored over “norms and values” to underscore its importance in STEAM education. Furthermore, for digital skills, it was noted that STEAM teachers should already possess digital competence, not merely be in the process of developing it. In competences 5.2.2 and 5.3.1, the emphasis was suggested to be on using digital technologies for professional development and encouraging constant self-reflection on one’s work. Lastly, competence 5.3.2 was pointed out as more pertinent to the ongoing education in STEAM topics, emphasizing the commitment to continuous learning. The feedback often touched on the pertinence of certain statements within the framework. Participants observed that in area 5.2, the competences should be explicitly linked to the DigComp framework, specifically to levels 5–6, which correspond to an intermediate level of digital proficiency.




4.2.3. Relevance of Competences


Within the theme of ‘Relevance of Statements’, a few comments provided critical insights into the relevance of competences of certain areas in the framework. For example, the competence of an individual educator to “develop a STEAM education curriculum” was pinpointed as overly ambitious, calling for a recalibration to reflect a more realistic contribution, such as “Contribute to curriculum development”. Similarly, the notion that educators should be involved in policy development was suggested to be restructured to better align with their roles’ collaborative and contributory nature, avoiding the implication that such expansive tasks fall to individual teachers. The recommendation indicated that the competence might be more suitably classified under a perspective focused on direct pedagogical interaction rather than within a section that implies broader facilitation. Additionally, the feedback for this competence suggested a misalignment in its categorization (it was suggested to move the competence to Perspective 1).



One participant emphasized that it is less critical for educators to conduct original research themselves (competence in Perspective 5), and it is more essential that they possess the capacity to critically engage with, understand, and implement findings from existing research.




4.2.4. Overlapping Competences


The thematic analysis revealed overlap across some competences within the framework, eventually leading to a more streamlined and distinct categorization of skills and knowledge areas. This feedback is insightful for enhancing the coherence of the framework. Regarding competences 1.1.1, 1.1.2, 1.1.3, participants’ insights highlighted a potential overlap and a call for a more precise distinction among the techniques delineated in these competences. In addition, participants identified a notable redundancy between competences 5.1.6 and 2.3.1, suggesting that similar outcomes were expected in different areas of the framework. The term “digital literacy skills” in competences 5.2.2 and 2.2.2 was also perceived as potentially confusing. It was suggested that aligning it with other transferable skills might reduce this confusion and overlap. The feedback further indicates that within Perspective 5, which focuses on digital competences, there is an observable overlap with the content and pedagogical design outlined in Perspective 2. It seems that the competences outlined under the Digital Competence Framework for Educators (DigCompEdu) are echoing themes already addressed within the initial perspectives concerning teaching practices and the design of content and lessons. Additionally, competences 1.4.1 and 1.4.2 appeared to cover much of the same ground, as a recommendation was received to incorporate an ethical dimension into competence 1.4.2 to sharpen its focus and differentiate it from competence 1.4.1. Furthermore, the differentiation between competences 3.1.1 and 3.1.2 was called into question, indicating a need for revising the wording to establish clear and distinct definitions for each competence.




4.2.5. Missing Competences


The thematic analysis of participant feedback illuminated two notable omissions within the STEAΜComp Edu. Firstly, there is a discernible absence of provisions for parental engagement, despite its significant impact on the STEAM educational process. For example, one participant commented that “The role of parents is missing, which is critical. It might make sense to add this as a dimension in 4.1 (Enhancing the significance of STE(A)M through personal contact with parents/guardians).” Secondly, the analysis highlighted the crucial need for educators to monitor and assess learners’ activity performance. This involves observing student engagement and documenting the process of developing and implementing educational content. Two examples of proposals for additions in the area of assessment and feedback emphasize this aspect: one suggests focusing on monitoring student thinking as a means of providing personalized feedback and reshaping teaching strategies. Another recommendation is that results should be evaluated, and feedback provided to facilitate changes and improvements in student learning. Additionally, it is proposed to conduct pre- and post-activity surveys in STE(A)M areas to measure knowledge, interest, understanding of principles, and perceived usefulness.






5. Integrating Evaluation Results and Framework Revision


Qualitative analysis has pinpointed areas for enhancement of STEAMComp Edu, offering depth to the quantitative findings. Although the quantitative data confirm the framework’s overall validity, they signal the need for a more meticulous review of certain marginal elements. The synthesized analyses advocate for refinements including clearer terminology, inclusivity in educational contexts, optimized competence domains, minimized redundancy, and illustrative examples for competences.



To illustrate these enhancements (for instance, in relation to digital skills in competence area 5.2), the competences were reviewed again in refining competences, including eliminating redundancies across the framework. Regarding curriculum development, a notable change was made; instead of using the term “develop”, the framework now encourages educators to “participate in the development” and “implement” the curriculum. This alteration responds to feedback from educators, who emphasized that they do not typically develop, but implement curricula. In addition, competence 5.3.3 has been refined to clearly articulate the role of action research in continuously improving educational practices, underlining the value of reflective teaching methods.



In addition, modifications in competence area 2.1 were introduced, segregating the tasks of designing and developing educational content and units. Competence 1.5.1 was revised for clarity and now emphasizes the use of diverse assessment formats. Competence 1.5.2 was reworded to highlight the importance of providing timely feedback to learners. Adaptability across diverse educational settings is now reflected in the updated competence 3.1.3, which focuses on the application of effective teaching space management techniques in STEAM education, highlighting its relevance across various learning environments.



The title of Perspective 2 was updated to better represent the role of educators in designing learning opportunities. In addition, the term “Educational design” replaced “Course/curriculum/activity design” to encapsulate a broader spectrum of design competences and the different type of education. Regarding the curriculum development, the framework now emphasizes ‘curriculum implementation’, highlighting the educator’s ability to adapt and apply curricula in STEAM education within the broader context of pedagogical practice. Efforts have been made to reduce redundancies within the framework. Competences that previously overlapped have been either clearly separated into distinct competences or thoughtfully merged, creating a more streamlined and coherent structure.



Finally, a new competence has been introduced in the “Feedback and Assessment” area, emphasizing the analysis of learners’ progress to enhance teaching and learning. This competence is articulated as: “Analyze learner activity performance and progress to better inform teaching and learning approaches.” The inclusion of this new competence is aimed at providing educators with more targeted strategies for improving learner outcomes based on real-time data and observations. One notable addition based on these cumulative insights was a new competence focusing on parent–educator interactions within the context of community building. This addition received considerable commentary from educators and found support in the existing literature, as evidenced in our previous work [13].



STEAMComp Edu v. 2


Table 4 outlines the full version of the current (revised) Competence Framework for STEAM educators, based on the insights that resulted from both qualitative and quantitative analyses. To make it easier to identify the types of revisions made, we have employed a set of abbreviations next to each competence. These are “RW” to signify that the competence has been rephrased (including the addition of examples), “M” for competences that have been slightly modified, “+” for additional items introduced, and “C” for those that have changed areas within the framework. In addition, Figure 2 illustrates a diagram that clearly outlines the perspectives, areas, and the number of the competences covered in the revised framework.





6. Impact of STEAMComp Edu


6.1. In Professional Development through Training


The STEAMComp Edu has been effectively utilized as the basis for the development of training, self-assessment tools, and occupational profiles. Its impact is notably evident in the creation of a professional development program for STEAM educators (https://mooc.cti.gr/steamonedu.html (accessed on 22 December 2023)), including a Massive Open Online Course (MOOC) and a blended course, which were delivered in the context of STEAMonEdu project. In both the MOOC and the blended course, specific competences from the STEAMComp Edu framework were integrated as learning objectives to shape the training curriculum. The six-week MOOC required a weekly commitment of five to six hours, with each week dedicated to different framework competences, except for weeks three and four which concentrated on the same area: each week covered two to four competences through individual modules. MOOC completion criteria included achieving a 75% completion rate across all activities and passing weekly assessments. Participants were also eligible to earn eighteen digital badges, one for each module completed successfully and an additional one for completing the entire MOOC. The blended course delved deeper into two specific framework aspects: the educator as a learning designer and community member. It focused on curriculum, instruction, and community practice.



The MOOC was launched in May 2021, attracting 1100 registered participants. Over 800 of these individuals started their training. Research, such as that conducted by [67], typically shows high dropout rates in MOOCs, with only about 10% of enrolled participants completing the course. However, this MOOC demonstrated a higher level of engagement and completion. By the course’s conclusion date, 242 participants (20%) achieved scores above 75%, indicating the MOOC’s effectiveness. In total, 4267 badges were awarded. Remarkably, 115 participants earned all 18 badges, underscoring the MOOC’s success in maintaining participant interest and involvement. Of the 242 participants who completed the MOOC, more than 100 requested to continue with the intensive blended learning course, although there were only 60 places available, due to budgetary constraints. Among those enrolled in the blended course, 28 of the 60 trainees successfully completed most assignments, a notable achievement considering the substantial time investment required. This high level of accomplishment in the blended learning course further underscores the effectiveness of the MOOC in fostering sustained engagement and skill development. Additionally, the MOOC featured pre- and post-tests at its beginning and end, which included questions related to the training curriculum. Feedback collected from participants [68] revealed high levels of satisfaction and learning outcomes: 85.5% agreed or strongly agreed that they acquired new skills, 92% reported gaining new knowledge, and 94.1% valued the access to new resources. The subsequent blended course, which merged online and in-person learning, attracted considerable interest, motioning a strong demand for such combined educational models. These courses constitute a few examples among the many possible training pathways that can be designed based on the STEAMComp Edu framework. Their successful implementation validates the framework as a proof of concept and demonstrates its capacity to enhance educator competences and transform educational experiences in the digital era.




6.2. In Self-Assessment of STEAM Readiness


The STEAM Self-Assessment Tool (https://steamonedu.eu/settool/ (accessed on 22 December 2023)) (STEAM SAT) is an online platform designed to enhance STEAM education readiness among educators and educational institutions. Developed in alignment with the STEAMComp Edu, it enables educators to assess their competences and identify areas for professional growth in STEAM education. Additionally, the tool supports educational organizations in pinpointing strengths and areas needing enhancement in STEAM education policies and practices. Designed according to the SELFIE (https://ec.europa.eu/education/schools-go-digital (accessed on 22 December 2023)) and SELFIEforTeachers (https://education.ec.europa.eu/selfie-for-teachers (accessed on 22 December 2023)) tools by the JRC Science Hub of the European Commission, the STEAM SAT represents the practical application of the framework in creating self-assessment tools. Its design focused on three key aspects [69]: (a) Condensing the framework’s key ideas, (b) Translating competences into tangible activities, (c) Providing targeted feedback based on individual competence levels. Integral to the framework, the STEAM SAT translates its competences into reflective questions, prompting educators to critically evaluate their practices. As various studies explore the benefits of teacher self-assessment in several state education systems worldwide [70], the current work was a first proposal of an online self-assessment tool to support and enhance the role of STEAM educators, as no similar tools exist that focus on STE(A)M education. As such, the tool serves as a vital link between theoretical knowledge and practical application, promoting ongoing professional growth in STEAM education. Initial feedback from the first 34 users [71], establishes the tool’s usefulness in facilitating educators to reflect and improve upon their roles. This early evaluation suggests that the STEAM SAT is a prominent resource for enhancing STEAM educators’ professional development.




6.3. In Enhancing Professionalism


Finally, the STEAMComp Edu framework was leveraged as a foundational resource to develop occupational profiles for STEAM educators. This initiative was particularly significant given the absence of STEAM-specific educator roles in the current European Skills, Competences, Qualifications and Occupations (ESCO) (https://esco.ec.europa.eu/en (accessed on 22 December 2023)) framework. In the formulation of these occupational profiles, we actively involved educators participating in the MOOC and blended course where the STEAMComp Edu was introduced [72]). The ensuing dialogues underscored that educational levels and types necessitate a diverse array of knowledge, skills, and competencies among educators. The design and deployment of STEAM activities necessitate collaborative actions among educator teams, with the complexity and type of educational institution dictating the requisite number and nature of additional roles. Acknowledging the absence of a universal “STEAM educator” model, we deduced that educators from various disciplines could adeptly transition into STEAM roles through appropriate training, while paying attention to the distinct epistemological distinctions of their respective teaching disciplines. Drawing upon the insights collected from the STEAMComp Edu and the experiences of educators, we outlined a range of STEAM educator occupation profiles, following the rules of ESCO descriptions. These were classified according to educational levels and types, encompassing roles for pre-school, primary, and secondary education teachers, each specialized in their respective teaching domains. Roles in non-formal and adult/lifelong learning education were also outlined. To support the unique requisites of STEAM education, ancillary roles were conceptualized. These encompassed a STEAM Pedagogy Expert, a STEAM Technology Expert, a STEAM Educator’s Assistant, and a STEAM Ambassador.





7. Discussion


The primary aim of this study was to establish a comprehensive framework for educators’ competences in the evolving field of STEAM education. To accomplish this, we initiated a review of existing literature, taking into account the conventional competences needed for teaching and at the same time mapping the multifaceted roles that educators play in STEAM settings. The development of the STEAMComp Edu was deeply informed by existing European frameworks that served as foundational reference points [73], especially DigComp Edu. The development of STEAMComp Edu followed an iterative and collaborative process, engaging a diverse array of educational stakeholders, including teachers, curriculum developers, and subject matter experts and using multiple instruments to record and analyze the data.



The final version of STEAMComp Edu presents a comprehensive structure that delineates the multifaceted roles of educators through five key perspectives, each encapsulating the essence of the educator’s evolving function in a modern learning environment. These perspectives are the Educator as Teacher-Trainer-Tutor, the Educator as Learning Designer and Creator, the Educator as Orchestrator and Manager, the Educator as Community Member, and the Educator as Professional. Within these perspectives, the framework is further segmented into 14 distinct areas, addressing specific domains of the educational process and the educator’s role in it. A total of 41 competences have been meticulously defined, ensuring that educators are equipped with a clear and actionable set of competences to navigate the complexities of STEAM education. This structured approach aims to support educators in identifying their strengths and areas for development and serves as a blueprint for creating tailored professional development programs.



While our framework emphasizes the clarity and articulation of competences, studies like that by Corbett et al. [45] took a more generalized approach, focusing on broader themes rather than specific competences. Our decision to delve deeper was driven by feedback from educators, who sought clear, actionable competences for their pedagogical practices. In addition, the work of Kim and Kim [4] on the indicators of educators for STEAM education in Korea provided a foundational understanding that informed our competence related to interdisciplinary collaboration. Their insights into teaching competency, based on the development of learners’ competency that STEAM education pursues, paved the way for our more detailed exploration of the competences, especially in the first three perspectives. The competences in the first three perspectives, encompassing aspects like pedagogy, tool utilization, assessment, and instruction, were also shaped by insights from established teaching competence frameworks, including the reports on teaching competency [39,41].



Furthermore, the STEAMComp Edu framework is designed to offer a comprehensive view of STEAM education, facilitating the incorporation of various educator occupational profiles. In the process of developing competence-based educator profiles, we found that our framework is highly adaptable across a diverse range of educational roles, significantly enhancing its practical utility. This adaptability indicates that educators from various disciplines, equipped with the required knowledge and specialized skills, can effectively engage in and contribute to STEAM education [72]. This flexibility highlights STEAMComp Edu’s potential to encompass a broad spectrum of educators, contributing to a more versatile and inclusive educational landscape. Thus, unlike specific knowledge models such as MKT, STEAMCompEdu does not concentrate solely on content knowledge or subject matter expertise in individual STEAM fields. Instead, it adopts a broader lens, focusing on the interdisciplinary aspects of STEAM education. This context positions the STEAMComp Edu as a complementary framework alongside other field-specific models, enhancing its applicability across a wider spectrum. Also, while TPACK focuses on integrating Technology, Pedagogy, and Content Knowledge, STEAMCompEdu goes further by integrating an interdisciplinary approach that blends Science, Technology, Engineering, Arts, and Mathematics. It embraces a wide array of skills that transcend traditional subject-specific expertise, incorporating elements of creativity, collaboration, management and problem-solving, all essential facets of STEAM education. Adaptability is a key feature of the framework, allowing for the integration of emerging technologies and teaching methodologies, ensuring that the framework remains relevant and forward-looking. Additionally, the framework supports continuous professional development for educators, equipping them with up-to-date skills to effectively implement these principles.



In the realm of STEAM education, the role of the educator extends beyond mere content delivery. The educator becomes a facilitator, guiding students through a maze of interdisciplinary knowledge, fostering creativity, and nurturing critical thinking. This shift in the educator’s role underscores the need for a comprehensive understanding of teaching competences tailored to the STEAM context [74]. In addition, the framework incorporates interdisciplinary teaching strategies and emphasizes the fusion of STEAM education. It underlines the critical role of digital and transferable competences [1,8] as well as group dynamic techniques and collaborative learning. This approach motivates students to communicate and enhances their satisfaction in teaching and learning activities [75]. The framework also diverges by embedding continuous professional development and reflective practices within its core, aiming to evolve dynamically as educational landscapes [31].



Our research highlighted also the importance of collaboration, both within and outside the educational institution. In the STEAMComp Edu framework, the interconnectedness of disciplines necessitates that educators collaborate with peers from other subjects [76,77,78]. This interdisciplinary collaboration enriches the learning experience, ensuring students receive a well-rounded education bridging the gaps between individual STEM subjects and the arts. Also, this framework brings the need to join communities right at the forefront, as a distinct perspective, thus signaling its importance. It is not merely an addendum but a core competence that the educators are encouraged to develop and maintain. This decision was based on the literature review of the needs of STEAM educators but was also emphasized in all phases of the development of the framework from the different stakeholders.



One of our research’s standout features is the competence framework’s holistic nature. The STEAMComp Edu adopts a comprehensive approach, viewing educators not just as teachers of specific subjects but as multifaceted professionals. This framework recognizes that successful STEAM education goes beyond conventional subject knowledge to include a broad set of skills like innovative teaching methods, creativity, collaborative work across disciplines, management, and proficiency in technology [79,80]. This framework also highlights the importance of ongoing professional development, acknowledging that teaching is a constantly evolving field that requires continuous skill and knowledge advancement [7]. In summary, the term ‘holistic’ in our framework reflects the educator as a dynamic, multi-skilled professional, capable of meeting various challenges in modern education.



However, the online nature of the evaluation survey and potential cultural nuances might have influenced the perceptions and feedback on certain competences. While our study offers valuable insights, it is essential to acknowledge its limitations. The online nature of our survey might have introduced a selection bias, favoring participants comfortable with digital platforms. Cultural nuances, which could influence perceptions of competences, were not deeply explored. Additionally, while our participant pool was diverse, it may not have captured the full spectrum of STEAM educators, especially those from underrepresented regions or backgrounds. However, the developed framework, set against the backdrop of existing research, seeks to serve as a comprehensive tool for STEAM educators. While it aligns with, diverges from, and builds upon prior work, it also acknowledges its limitations, ensuring a balanced perspective. The journey of refining and adapting the framework continues, informed by its strengths and improvement areas. The dynamic nature of STEAM education, as seen in the breadth of research, underscores the need for an adaptive framework.



In addition, based on the practical implementation of the STEAMComp Edu, one could claim that it has the potential to guide curricular decisions and policy directions, amplifying its impact even more. Its implications extend beyond mere guidance; it can act as a cornerstone in developing new assessment tools for teachers, aligning state or national educational standards with the specific goals of STEAM education, and crafting targeted professional development initiatives to bridge gaps in current teaching methodologies. Furthermore, the framework’s in-depth understanding of educator competencies is instrumental in carving out distinct occupational profiles for STEAM educators. This feature is particularly crucial in customizing educational roles to align with the dynamic and interdisciplinary demands of STEAM education. It ensures that educators are well-prepared and possess the essential skills and knowledge required to excel in these specialized roles. This adaptability and relevance of the STEAMComp Edu framework make it a valuable asset in the evolving landscape of educational standards and practices.




8. Conclusions and Future Steps


Our study aims to support the uptake of STEAM education by introducing a competence framework that is more than a theoretical construct; it is a practical guide for educators, underpinning their pivotal role in shaping learner outcomes. The constructive feedback and subsequent revisions have led to a robust and nuanced framework. By clarifying competences and reducing redundancies, the framework has been streamlined better to serve educators and learners in a dynamic educational landscape. The final version of STEAMComp Edu contains a set of 41 competences, grouped into 14 distinct competence areas, which collectively represent the five aspects (perspectives) of a STEAM educator, thus describing in a holistic manner the diverse roles that STEAM educators undertake. This hierarchical structure ensures that the framework is both comprehensive and navigable, catering to educators’ diverse roles, from instructional designers to mentors and community builders. With this framework, we aim to provide essential insights for policymakers, educational institutions, and professional development organizations by identifying key competences needed by STEAM educators. The different uses of the STEAMComp Edu seek to contribute meaningfully to the ongoing improvement of STEAM education. This contribution is crucial for enhancing the societal impact of STEAM education, as it prepares learners for a future that demands both interdisciplinary skills and creative problem-solving [1,8].



As we look to the future, this framework is intended to enhance current educational practices and pave the way for future instructional design and policymaking. Essential next steps involve aligning the framework with educational policies across various levels, broadening its scope to encompass special and inclusive education, and developing pertinent professional development resources. Moreover, actively involving the wider community in using both the framework and its associated tools is key to ensuring the ongoing relevance and efficacy of STEAMComp Edu in cultivating skilled educators and curious learners within the ever-evolving landscape of STEAM education.
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Table A1. Results of I-CVI, RII Mean, SD, Total Score, and Significance for Items in Perspective 1.






Table A1. Results of I-CVI, RII Mean, SD, Total Score, and Significance for Items in Perspective 1.





	
Items

	
I-CVI

	
S-CVI/AVE

	
RII

	
RII AVE

	
Mean

	
(SD)

	
Total Score Perspective

	
Sig. (2-Tailed)






	
1.1.1 [Ι]

	
0.889590

	
0.848580

	
0.895695

	
0.867274

	
3.58

	
0.646

	
0.579 **

	
0.000




	
1.1.1 [C]

	
0.829653

	
0.852649

	
3.41

	
0.763

	
0.651 **

	
0.000




	
1.1.1 [R]

	
0.826498

	
0.853477

	
3.41

	
0.767

	
0.636 **

	
0.000




	
1.1.2 [Ι]

	
0.883281

	
0.854890

	
0.888245

	
0.869205

	
3.55

	
0.679

	
0.608 **

	
0.000




	
1.1.2 [C]

	
0.845426

	
0.863411

	
3.45

	
0.736

	
0.662 **

	
0.000




	
1.1.2 [R]

	
0.835962

	
0.855960

	
3.42

	
0.747

	
0.666 **

	
0.000




	
1.1.3 [Ι]

	
0.835962

	
0.818086

	
0.858444

	
0.850993

	
3.43

	
0.739

	
0.591 **

	
0.000




	
1.1.3 [C]

	
0.807571

	
0.863411

	
3.33

	
0.788

	
0.574 **

	
0.000




	
1.1.3 [R]

	
0.810726

	
0.831126

	
3.32

	
0.774

	
0.642 **

	
0.000




	
1.2.1 [Ι]

	
0.864353

	
0.845426

	
0.883278

	
0.866998

	
3.53

	
0.670

	
0.694 **

	
0.000




	
1.2.1 [C]

	
0.823344

	
0.849338

	
3.40

	
0.752

	
0.712 **

	
0.000




	
1.2.1 [R]

	
0.84858

	
0.868377

	
3.47

	
0.714

	
0.652 **

	
0.000




	
1.2.2 [Ι]

	
0.845426

	
0.824395

	
0.866722

	
0.853753

	
3.47

	
0.699

	
0.648 **

	
0.000




	
1.2.2 [C]

	
0.810726

	
0.845199

	
3.38

	
0.776

	
0.650 **

	
0.000




	
1.2.2 [R]

	
0.817035

	
0.849338

	
3.40

	
0.734

	
0.731 **

	
0.000




	
1.3.1 [Ι]

	
0.851735

	
0.831756

	
0.872517

	
0.849062

	
3.49

	
0.681

	
0.673 **

	
0.000




	
1.3.1 [C]

	
0.832808

	
0.837748

	
3.35

	
0.722

	
0.673 **

	
0.000




	
1.3.1 [R]

	
0.810726

	
0.836921

	
3.35

	
0.770

	
0.711 **

	
0.000




	
1.3.2 [Ι]

	
0.839117

	
0.826498

	
0.862583

	
0.851545

	
3.45

	
0.717

	
0.698 **

	
0.000




	
1.3.2 [C]

	
0.835962

	
0.853477

	
3.41

	
0.745

	
0.675 **

	
0.000




	
1.3.2 [R]

	
0.804416

	
0.838576

	
3.35

	
0.797

	
0.731 **

	
0.000




	
1.3.3 [Ι]

	
0.804416

	
0.790747

	
0.842715

	
0.833057

	
3.37

	
0.791

	
0.679 **

	
0.000




	
1.3.3 [C]

	
0.798107

	
0.833609

	
3.33

	
0.809

	
0.624 **

	
0.000




	
1.3.3 [R]

	
0.769716

	
0.822848

	
3.29

	
0.852

	
0.677 **

	
0.000




	
1.4.1 [Ι]

	
0.88959

	
0.866456

	
0.898179

	
0.887693

	
3.59

	
0.654

	
0.623 **

	
0.000




	
1.4.1 [C]

	
0.85489

	
0.875828

	
3.50

	
0.714

	
0.676 **

	
0.000




	
1.4.1 [R]

	
0.85489

	
0.889073

	
3.56

	
0.712

	
0.647 **

	
0.000




	
1.4.2 [Ι]

	
0.861199

	
0.848580

	
0.874172

	
0.863962

	
3.50

	
0.714

	
0.591 **

	
0.000




	
1.4.2 [C]

	
0.84858

	
0.857616

	
3.43

	
0.720

	
0.701 **

	
0.000




	
1.4.2 [R]

	
0.835962

	
0.860099

	
3.44

	
0.739

	
0.708 **

	
0.000




	
1.5.1 [Ι]

	
0.835962

	
0.800210

	
0.856788

	
0.832230

	
3.43

	
0.729

	
0.659 **

	
0.000




	
1.5.1 [C]

	
0.804416

	
0.834437

	
3.34

	
0.794

	
0.725 **

	
0.000




	
1.5.1 [R]

	
0.760252

	
0.805464

	
3.22

	
0.859

	
0.743 **

	
0.000




	
1.5.2 [Ι]

	
0.858044

	
0.838065

	
0.880795

	
0.858168

	
3.52

	
0.690

	
0.681 **

	
0.000




	
1.5.2 [C]

	
0.820189

	
0.846026

	
3.38

	
0.781

	
0.734 **

	
0.000




	
1.5.2 [R]

	
0.835962

	
0.847682

	
3.39

	
0.769

	
0.714 **

	
0.000




	
1.6.1 [Ι]

	
0.867508

	
0.832808

	
0.878311

	
0.861755

	
3.51

	
0.676

	
0.642 **

	
0.000




	
1.6.1 [C]

	
0.810726

	
0.850993

	
3.40

	
0.753

	
0.713 **

	
0.000




	
1.6.1 [R]

	
0.820189

	
0.855960

	
3.42

	
0.768

	
0.692 **

	
0.000




	
1.6.2 [Ι]

	
0.851735

	
0.862250

	
0.888245

	
0.883278

	
3.55

	
0.707

	
0.568 **

	
0.000




	
1.6.2 [C]

	
0.864353

	
0.876656

	
3.51

	
0.681

	
0.695 **

	
0.000




	
1.6.2 [R]

	
0.870662

	
0.884934

	
3.54

	
0.699

	
0.637 **

	
0.000




	
1.6.3 [Ι]

	
0.842271

	
0.828601

	
0.854305

	
0.841336

	
3.42

	
0.728

	
0.578 **

	
0.000




	
1.6.3 [C]

	
0.81388

	
0.832781

	
3.33

	
0.753

	
0.696 **

	
0.000




	
1.6.3 [R]

	
0.829653

	
0.836921

	
3.35

	
0.753

	
0.681 **

	
0.000








** a statistically significant result at the p < 0.01 level.













 





Table A2. Results of I-CVI, RII Mean, SD, Total Score, and Significance for Items in Perspective 2.






Table A2. Results of I-CVI, RII Mean, SD, Total Score, and Significance for Items in Perspective 2.





	
Items

	
I-CVI

	
S-CVI/AVE

	
RII

	
RII AVE

	
Mean

	
(SD)

	
Total Score

	
Sig. (2-Tailed)






	
2.1.1 [Ι]

	
0.858044

	
0.843323

	
0.871689

	
0.858444

	
3.49

	
0.746

	
0.622 **

	
0.000




	
2.1.1 [C]

	
0.845426

	
0.856788

	
3.43

	
0.751

	
0.655 **

	
0.000




	
2.1.1 [R]

	
0.826498

	
0.846854

	
3.39

	
0.798

	
0.693 **

	
0.000




	
2.1.2 [Ι]

	
0.870662

	
0.849632

	
0.881623

	
0.865618

	
3.53

	
0.690

	
0.629 **

	
0.000




	
2.1.2 [C]

	
0.839117

	
0.858444

	
3.43

	
0.734

	
0.697 **

	
0.000




	
2.1.2 [R]

	
0.839117

	
0.856788

	
3.43

	
0.760

	
0.678 **

	
0.000




	
2.1.3 [Ι]

	
0.886435

	
0.883281

	
0.893212

	
0.879691

	
3.57

	
0.662

	
0.578 **

	
0.000




	
2.1.3 [C]

	
0.876972

	
0.867550

	
3.47

	
0.690

	
0.683 **

	
0.000




	
2.1.3 [R]

	
0.886435

	
0.878311

	
3.51

	
0.695

	
0.627 **

	
0.000




	
2.2.1 [Ι]

	
0.829653

	
0.818086

	
0.860099

	
0.843267

	
3.44

	
0.730

	
0.709 **

	
0.000




	
2.2.1 [C]

	
0.81388

	
0.840232

	
3.36

	
0.785

	
0.723 **

	
0.000




	
2.2.1 [R]

	
0.810726

	
0.829470

	
3.32

	
0.764

	
0.732 **

	
0.000




	
2.2.2 [Ι]

	
0.731861

	
0.741325

	
0.787252

	
0.798289

	
3.15

	
0.905

	
0.641 **

	
0.000




	
2.2.2 [C]

	
0.788644

	
0.825331

	
3.30

	
0.830

	
0.723 **

	
0.000




	
2.2.2 [R]

	
0.70347

	
0.782285

	
3.13

	
0.915

	
0.756 **

	
0.000




	
2.3.1 [Ι]

	
0.858044

	
0.85489

	
0.877483

	
0.860532

	
3.51

	
0.709

	
0.605 **

	
0.000




	
2.3.1 [C]

	
0.845426

	
0.846026

	
3.38

	
0.763

	
0.680 **

	
0.000




	
2.3.1 [R]

	
0.861199

	
0.858086

	
3.44

	
0.711

	
0.683 **

	
0.000




	
2.3.2 [Ι]

	
0.835962

	
0.814932

	
0.855132

	
0.844371

	
3.42

	
0.755

	
0.572 **

	
0.000




	
2.3.2 [C]

	
0.804416

	
0.851821

	
3.41

	
0.775

	
0.626 **

	
0.000




	
2.3.2 [R]

	
0.804416

	
0.826159

	
3.30

	
0.794

	
0.684 **

	
0.000








** a statistically significant result at the p < 0.01 level.













 





Table A3. Results of I-CVI, RII Mean, SD, Total Score, and Significance for Items in Perspective 3.






Table A3. Results of I-CVI, RII Mean, SD, Total Score, and Significance for Items in Perspective 3.





	
Items

	
I-CVI

	
S-CVI/AVE

	
RII

	
RII AVE

	
Mean

	
(SD)

	
Total Score

	
Sig. (2-Tailed)






	
3.1.1 [Ι]

	
0.832808

	
0.811777

	
0.844371

	
0.829746

	
3.38

	
0.762

	
0.730 **

	
0.000




	
3.1.1 [C]

	
0.785489

	
0.817053

	
3.27

	
0.826

	
0.786 **

	
0.000




	
3.1.1 [R]

	
0.817035

	
0.827815

	
3.31

	
0.771

	
0.816 **

	
0.000




	
3.1.2 [Ι]

	
0.829653

	
0.807571

	
0.853477

	
0.840232

	
3.41

	
0.780

	
0.752 **

	
0.000




	
3.1.2 [C]

	
0.798107

	
0.829470

	
3.32

	
0.830

	
0.760 **

	
0.000




	
3.1.2 [R]

	
0.794953

	
0.837748

	
3.35

	
0.817

	
0.821 **

	
0.000




	
3.2.1 [Ι]

	
0.84858

	
0.797056

	
0.850166

	
0.819812

	
3.40

	
0.735

	
0.751 **

	
0.000




	
3.2.1 [C]

	
0.77918

	
0.807947

	
3.23

	
0.839

	
0.788 **

	
0.000




	
3.2.1 [R]

	
0.763407

	
0.801325

	
3.21

	
0.834

	
0.835 **

	
0.000




	
3.2.2 [Ι]

	
0.794953

	
0.773922

	
0.823675

	
0.811258

	
3.29

	
0.813

	
0.730 **

	
0.000




	
3.2.2 [C]

	
0.753943

	
0.807947

	
3.23

	
0.862

	
0.786 **

	
0.000




	
3.2.2 [R]

	
0.772871

	
0.802152

	
3.21

	
0.870

	
0.816 **

	
0.000




	
3.2.3 [Ι]

	
0.77918

	
0.746583

	
0.819536

	
0.799945

	
3.28

	
0.820

	
0.752 **

	
0.000




	
3.2.3 [C]

	
0.735016

	
0.793874

	
3.18

	
0.911

	
0.760 **

	
0.000




	
3.2.3 [R]

	
0.725552

	
0.786424

	
3.15

	
0.896

	
0.821 **

	
0.000








** a statistically significant result at the p < 0.01 level.













 





Table A4. Results of I-CVI, RII Mean, SD, Total Score, and Significance for Items in Perspective 4.






Table A4. Results of I-CVI, RII Mean, SD, Total Score, and Significance for Items in Perspective 4.





	
Items

	
I-CVI

	
S-CVI/AVE

	
RII

	
RII AVE

	
Mean

	
(SD)

	
Total Score

	
Sig. (2-Tailed)






	
4.1.1 [Ι]

	
0.842271

	
0.824395

	
0.872517

	
0.858996

	
3.49

	
0.741

	
0.576 **

	
0.000




	
4.1.1 [C]

	
0.826498

	
0.862583

	
3.45

	
0.788

	
0.612 **

	
0.000




	
4.1.1 [R]

	
0.804416

	
0.841887

	
3.37

	
0.816

	
0.692 **

	
0.000




	
4.1.2 [Ι]

	
0.807571

	
0.798107

	
0.834437

	
0.829194

	
3.34

	
0.789

	
0.683 **

	
0.000




	
4.1.2 [C]

	
0.81388

	
0.841060

	
3.36

	
0.827

	
0.683 **

	
0.000




	
4.1.2 [R]

	
0.772871

	
0.812086

	
3.25

	
0.852

	
0.756 **

	
0.000




	
4.1.3 [Ι]

	
0.772871

	
0.780231

	
0.806291

	
0.817881

	
3.23

	
0.845

	
0.668 **

	
0.000




	
4.1.3 [C]

	
0.817035

	
0.846026

	
3.38

	
0.826

	
0.690 **

	
0.000




	
4.1.3 [R]

	
0.750789

	
0.801325

	
3.21

	
0.865

	
0.767 **

	
0.000




	
4.2.1 [Ι]

	
0.794953

	
0.773922

	
0.826987

	
0.811810

	
3.31

	
0.816

	
0.700 **

	
0.000




	
4.2.1 [C]

	
0.766562

	
0.806291

	
3.23

	
0.898

	
0.733 **

	
0.000




	
4.2.1 [R]

	
0.760252

	
0.802152

	
3.21

	
0.878

	
0.771 **

	
0.000




	
4.2.2 [Ι]

	
0.725552

	
0.745531

	
0.794702

	
0.799393

	
3.18

	
0.930

	
0.728 **

	
0.000




	
4.2.2 [C]

	
0.769716

	
0.813742

	
3.25

	
0.895

	
0.734 **

	
0.000




	
4.2.2 [R]

	
0.741325

	
0.789735

	
3.16

	
0.934

	
0.763 **

	
0.000








** a statistically significant result at the p < 0.01 level.













 





Table A5. Resutls of I-CVI, RII Mean, SD, Total Score, and Significance for Items in Perspective 5.






Table A5. Resutls of I-CVI, RII Mean, SD, Total Score, and Significance for Items in Perspective 5.





	
Items

	
I-CVI

	
S-CVI/AVE

	
RII

	
RII AVE

	
Mean

	
(SD)

	
Total Score

	
Sig. (2-Tailed)






	
5.1.1 [Ι]

	
0.741325

	
0.757098

	
0.799669

	
0.806291

	
3.20

	
0.867

	
0.629 **

	
0.000




	
5.1.1 [C]

	
0.785489

	
0.824503

	
3.30

	
0.865

	
0.623 **

	
0.000




	
5.1.1 [R]

	
0.744479

	
0.794702

	
3.18

	
0.856

	
0.618 **

	
0.000




	
5.1.2 [Ι]

	
0.870662

	
0.847529

	
0.884934

	
0.873620

	
3.54

	
0.680

	
0.665 **

	
0.000




	
5.1.2 [C]

	
0.829653

	
0.865066

	
3.46

	
0.776

	
0.709 **

	
0.000




	
5.1.2 [R]

	
0.842271

	
0.870861

	
3.48

	
0.723

	
0.715 **

	
0.000




	
5.1.3 [Ι]

	
0.88959

	
0.869611

	
0.905629

	
0.897627

	
3.62

	
0.649

	
0.588 **

	
0.000




	
5.1.3 [C]

	
0.839117

	
0.885762

	
3.54

	
0.736

	
0.646 **

	
0.000




	
5.1.3 [R]

	
0.880126

	
0.901490

	
3.61

	
0.657

	
0.636 **

	
0.000




	
5.1.4 [Ι]

	
0.839117

	
0.823344

	
0.864238

	
0.854305

	
3.46

	
0.788

	
0.619 **

	
0.000




	
5.1.4 [C]

	
0.820189

	
0.851821

	
3.41

	
0.841

	
0.677 **

	
0.000




	
5.1.4 [R]

	
0.810726

	
0.846854

	
3.39

	
0.827

	
0.593 **

	
0.000




	
5.1.5 [Ι]

	
0.895899

	
0.883281

	
0.912252

	
0.906181

	
3.65

	
0.590

	
0.593 **

	
0.000




	
5.1.5 [C]

	
0.858044

	
0.893212

	
3.57

	
0.706

	
0.693 **

	
0.000




	
5.1.5 [R]

	
0.895899

	
0.913079

	
3.65

	
0.600

	
0.582 **

	
0.000




	
5.1.6 [Ι]

	
0.867508

	
0.835962

	
0.879139

	
0.864701

	
3.52

	
0.685

	
0.648 **

	
0.000




	
5.1.6 [C]

	
0.81388

	
0.860099

	
3.44

	
0.787

	
0.683 **

	
0.000




	
5.1.6 [R]

	
0.826498

	
0.854866

	
3.41

	
0.750

	
0.683 **

	
0.000




	
5.1.7 [Ι]

	
0.747634

	
0.727655

	
0.789735

	
0.785596

	
3.16

	
0.882

	
0.605 **

	
0.000




	
5.1.7 [C]

	
0.735016

	
0.794702

	
3.18

	
0.919

	
0.727 **

	
0.000




	
5.1.7 [R]

	
0.700315

	
0.772351

	
3.09

	
0.952

	
0.703 **

	
0.000




	
5.2.1 [Ι]

	
0.895899

	
0.884332

	
0.912252

	
0.904525

	
3.65

	
0.590

	
0.558 **

	
0.000




	
5.2.1 [C]

	
0.864353

	
0.894040

	
3.58

	
0.676

	
0.637 **

	
0.000




	
5.2.1 [R]

	
0.892744

	
0.907285

	
3.63

	
0.600

	
0.575 **

	
0.000




	
5.2.2 [Ι]

	
0.880126

	
0.874869

	
0.900662

	
0.896247

	
3.60

	
0.648

	
0.594 **

	
0.000




	
5.2.2 [C]

	
0.873817

	
0.898179

	
3.59

	
0.659

	
0.657 **

	
0.000




	
5.2.2 [R]

	
0.870662

	
0.889901

	
3.56

	
0.688

	
0.619 **

	
0.000




	
5.3.1 [Ι]

	
0.85489

	
0.819138

	
0.857616

	
0.837196

	
3.43

	
0.729

	
0.670 **

	
0.000




	
5.3.1 [C]

	
0.810726

	
0.831954

	
3.33

	
0.791

	
0.712 **

	
0.000




	
5.3.1 [R]

	
0.791798

	
0.822020

	
3.29

	
0.815

	
0.679 **

	
0.000




	
5.3.2 [Ι]

	
0.829653

	
0.810726

	
0.863411

	
0.852925

	
3.45

	
0.775

	
0.623 **

	
0.000




	
5.3.2 [C]

	
0.801262

	
0.847682

	
3.39

	
0.823

	
0.729 **

	
0.000




	
5.3.2 [R]

	
0.801262

	
0.847682

	
3.39

	
0.815

	
0.694 **

	
0.000




	
5.3.3 [Ι]

	
0.735016

	
0.754995

	
0.788079

	
0.798841

	
3.15

	
0.849

	
0.599 **

	
0.000




	
5.3.3 [C]

	
0.804416

	
0.831126

	
3.32

	
0.871

	
0.649 **

	
0.000




	
5.3.3 [R]

	
0.725552

	
0.777318

	
3.11

	
0.888

	
0.665 **

	
0.000








** a statistically significant result at the p < 0.01 level.
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Figure 1. STEAMComp Edu framework development steps. 
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Figure 2. Diagram of the perspectives, areas, and the number of the competences covered in the revised STEAMComp Edu framework. 
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Table 1. Initial STEAM Educators’ Competence Framework Perspectives, Areas, and examples of competences.
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Perspectives

	
Areas

	
N of Statements

(Competences)

	
Examples of Competences






	
1. Educator as teacher-trainer-tutor/implementing the educational procedure

	
1.1 Pedagogy

	
3

	
1.1.2 Apply collaborative learning methods in STEAM-related activities




	
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 designer and creator/designing and producing outputs

	
2.1 Course/curriculum/activity design

	
3

	
2.1.1 Understand and develop STEAM-related curriculum




	
2.2 Content and tools design and development

	
2

	
2.2.1 Create and modify appropriate content for STEAM education




	
2.3 Learner development

	
2

	
2.3.1 Facilitate learners’ STEAM competences




	
3. Educator as orchestrator and manager/coordinating procedures and outputs

	
3.1 Educational Procedure management

	
2

	
3.1.1 Apply teaching organization methods for STEAM education




	
3.2 Resource management

	
3

	
3.2.1 Apply educational resources management methods for STEAM education




	
4. Educator as community member/interacting with the environment

	
4.1 Community building

	
3

	
4.1.1 Engage in STEAM communities of educators




	
4.2 Application of policies

	
2

	
4.2.1 Apply policies that promote STEAM education approach




	
5. Educator as professional/developing and applying competences

	
5.1 Transferable skills

	
7

	
5.1.1 Develop leadership skills




	
5.2 Digital skills

	
2

	
5.2.1 Develop digital literacy skills




	
5.3 Professional development

	
3

	
5.3.1 Adapt self-reflective practices for STEAM education











 





Table 2. Participants’ background, academic, and professional characteristics.
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	Participants’ Characteristics
	Frequency
	Percentage %





	Gender
	
	



	Female
	201
	66.6



	Male
	100
	33.1



	Prefer not to say
	1
	0.3



	Total
	302
	100



	Age
	
	



	20–30
	37
	12.3



	31–40
	67
	22.2



	41–50
	116
	38.4



	51+
	82
	27.2



	Total
	302
	100



	Academic Background
	
	



	Humanities/arts and social science fields
	114
	47.7



	Technology and science fields
	114
	47.7



	Other
	14
	4.5



	Total
	302
	100



	Professional Role
	
	



	Educator
	233
	77.2



	Academic/Research
	34
	11.3



	Manager/Director
	23
	7.6



	Practitioners
	43
	14.2



	Other
	19
	6.3










 





Table 3. Number and presentence of the received comments for each area and perspective of the framework.
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Topic

	
Comments




	
(n)

	
Sum Per Perspective

n (%)






	
Comments for area 1.1

	
27

	
141 (47%)




	
Comments for area 1.2

	
26

	




	
Comments for area 1.3

	
24

	




	
Comments for area 1.4

	
22

	




	
Comments for area 1.5

	
19

	




	
Comments for area 1.6

	
14

	




	
General Comments for Perspective 1

	
9

	




	
Comments for area 2.1

	
13

	
53 (18%)




	
Comments for area 2.2

	
14

	




	
Comments for area 2.3

	
17

	




	
General Comments for Perspective 2

	
9

	




	
Comments for area 3.1

	
9

	
32 (11%)




	
Comments for area 3.2

	
15

	




	
General Comments for Perspective 3

	
8

	




	
Comments for area 4.1

	
8

	
28 (9%)




	
Comments for area 4.2

	
14

	




	
General Comments for Perspective 4

	
6

	




	
Comments for area 5.1

	
15

	
45 (15%)




	
Comments for area 5.2

	
10

	




	
Comments for area 5.3

	
13

	




	
General Comments for Perspective 5

	
7

	




	
Sum

	
299

	
299(100%)











 





Table 4. The revised STEAMComp Edu framework, including the perspectives, competence areas, and competences.
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	Perspectives, Competence Areas, and Competences
	Changes 1





	1. Educator as teacher-trainer-tutor/implementing the educational procedure
	



	1.1 Pedagogy
	



	1.1.1 Apply teaching and learning techniques that promote STEAM education (e.g., inquiry-based learning, problem-based, game-based learning techniques)
	RW



	1.1.2 Apply teamwork methods and group dynamic techniques for collaborative learning activities
	RW



	1.1.3 Promote student-centered learning in STEAM educational activities
	RW



	1.1.4 Provide guidance and support in STEAM educational activities (act as facilitator and mentor during STEAM education activities/projects).
	M, C



	1.1.5 Implement integrated curricula for STEAM education
	M, C



	1.2 STEAM education foundations
	M



	1.2.1 Understand the integrated approach of STEAM education
	RW



	1.2.2 Understand the contribution of arts (A) to STEAM
	M



	1.3 Use content and tools
	



	1.3.1 Identify and select appropriate content and tools for STEAM education
	M



	1.3.2 Use and share appropriate content and tools for STEAM education
	M



	1.4 Feedback and Assessment
	



	1.4.1 Use diversity and suitable assessment formats and approaches for both formative and summative assessment
	M



	1.4.2 Analyze learner activity performance and progress in order to guide instructional decision-making and improve learning outcomes
	+



	1.4.3 Provide targeted and timely feedback to learners
	M



	1.5 Learner empowerment
	



	1.5.1 Ensure accessibility and inclusion in STEAM-related educational procedures
	



	1.5.2 Ensure active engagement of learners in STEAM-related educational procedures
	



	1.5.3 Ensure differentiation and personalization in STEAM-related educational procedures
	



	2. Educator as learning designer and creator/designing and creating learning opportunities
	RW



	2.1 Educational design
	



	2.1.1 Design STEAM education courses/lessons/projects
	RW



	2.1.2 Contribute to the formulation of STEAM-focused curricula
	M



	2.1.3 Design and create appropriate educational content and tools for STEAM education
	RW



	2.3 Learner development
	



	2.3.1 Facilitate learners’ STEAM competences
	



	2.3.2 Provide guidance for STEAM-related career opportunities
	



	3. Educator as orchestrator and manager/coordinating procedures and outputs
	



	3.1 Educational procedure and resource coordination
	M



	3.1.1 Apply teaching and learning organization and management methods for STEAM education
	M



	3.1.2 Apply educational resources and lab equipment management methods for STEAM education
	RW



	3.1.3 Apply teaching space management methods in STEAM education
	RW



	3.2 Stakeholders’ coordination and leadership skills
	RW



	3.2.1 Coordinate learners and group of learners during STEAM-related activities
	M



	3.2.2 Coordinate team of educators during a collaborative STEAM teaching procedure
	M



	4. Educator as community member/interacting with the environment
	



	4.1 Community building
	



	4.1.1 Engage in STEAM communities of educators
	



	4.1.2 Engage in institutional-based communities for STEAM education
	



	4.1.3 Engage in research and business communities for STEAM education
	



	4.2 Application and awareness of STEAM education policies
	M



	4.2.1 Collaborate in the Implementation of STEAM Education Policies
	RW



	4.2.2 Reinforce STEAM education awareness in the educational community (learners, educators, parents, etc.)
	+



	5. Educator as professional/developing and applying competences
	



	5.1 Transferable skills
	



	5.1.2 Develop presentation and communication skills
	



	5.1.3 Develop critical thinking and problem-solving skills
	



	5.1.4 Apply ethical skills
	



	5.2 Digital skills
	



	5.2.1 Apply information and data literacy skills
	M



	5.2.2 Use and manage digital tools for communication and collaboration in STEAM education
	M



	5.2.3 Create digital content for STEAM education
	



	5.2.4 Apply privacy and copyright rules in digital content for STEAM education
	



	5.2.5 Use digital technologies in STEAM education
	RW



	5.3 Professional Development
	



	5.3.1 Adapt self-reflective practices for STEAM education
	



	5.3.2 Participate in lifelong learning experiences related to STEAM educational approach
	



	5.3.3 Apply action research procedures for reflection and improvement of educational procedures in STEAM education
	RW







1 RW = re-written, M = modified, + additional item, C = change area.
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