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STEM education and the development of children and young people's STEM competencies are on the political and educational agenda worldwide. In Denmark, curriculum descriptions of STEM competencies do not exist. Before composing such descriptions, it is relevant to investigate what characterizes STEM professionalism (Danish: STEM-faglighed). A hermeneutic framework provides the basis for a literature and document review, examining how international research, ministries, and the business community, characterize STEM professionalism. The analysis takes place through a concept map. Three categories characterize STEM professionalism: computing and visualising 'everyday' data with computers, finding and solving STEM-related problems, and innovative STEM thinking. These categories can form a starting point for identifying and describing STEM competencies. A prototype of a STEM competency flower with three petals is presented.

Introduction: Relevance and research question

The international community aims to ensure that more children and young people acquire competencies in STEM (science, technology, engineering, mathematics) [START_REF] Bybee | STEM education now more than ever[END_REF][START_REF] Council | Recommendation of the European Parliament and the Council of 18 December 2006 on key competencies for lifelong learning[END_REF]; N. R. [START_REF] Council | Successful K-12 STEM education: Identifying effective approaches in science, technology, engineering, and mathematics[END_REF]Regeringen, 2018;[START_REF] Zollman | Learning for STEM literacy: STEM literacy for learning[END_REF]. Competence descriptions can be the starting point for formulating concrete competence goals, which are essential for students to develop specific STEM competencies [START_REF] Højgaard | Competencies and Curricula: Two Case Stories of Two-Dimensional Curriculum Development[END_REF]. If policy actors, principals, and teaching staff explicitly want to improve students' competencies in STEM, competence descriptions are essential [START_REF] Sølberg | Kompetencemål i praksis-hvad har vi laert af KOMPIS[END_REF].

In Denmark, academic competence descriptions in the curriculums define the professionalism of all courses in the primary and lower secondary school. For example, six competencies define the professionalism of mathematics (Børne-og Undervisningsministeriet, 2019b), and four define natural science1 (Børne-og Undervisningsministeriet, 2019a). In a Danish curriculum context, no descriptions of STEM competencies exist. With the object of making descriptions of such STEM competencies, it would be relevant to investigate what is understood when talking about STEM professionalism. A well laid-out characterization of STEM professionalism may subsequently identify some STEM competencies which can form the basis for future STEM education in Denmark.

Professionalism in an educational context

What is meant by professionalism in STEM is not clearly defined. Therefore, this paper examines how the community, such as international research, ministries, and the business community, characterize STEM professionalism. In that light, the following research question arises: What characterizes STEM professionalism according to international research and texts from mi nistries and the business community?

Methodology

When, in 2020, I completed a Ph.D.-proposal [START_REF] Møller | Kompetenceorienteret integreret STEM-undervisning[END_REF] for a scholarship within educational research, I gained knowledge of several texts relating to STEM education and teaching. My search for literature for the project proposal used 'non-systematic' and 'deliberaterandom' searches in Google Scholar, with keywords such as 'STEM', 'science', 'mathematics', 'education' and 'teaching' in English and Danish, respectively. Knowledge from this search process forms the basis for my initial thoughts and ideas about my upcoming literature search for STEM professionalism.

Based on a hermeneutical view of science, I chose a hermeneutic approach to rule the review process. A hermeneutic approach for a literature review is carried out by iterations between the two circles search and acquisition and analysis and interpretation, illustrated in Figure 1 (Boell & Cecez-Kecmanovic, 2014, p. 264). The two circles are mutually independent. New knowledge achieved in one part of the process can give a new understanding of the field, and a new understanding of the field can change the perspective of well-known sub-elements. From a hermeneutic viewpoint, you can say that the part gives an insight into the whole, which provides an understanding of the part (Brinkkjaer & Høyen, 2018).

The review process

The wording in the research question 'What characterizes STEM professionalism …' gives reason to be interested in how texts describe and relate to elements that can characterize STEM professionalism. A 'characterization' is a description of a given object's distinctive features or fundamental characteristics. In that light, I am interested in finding characteristics and features of STEM professionalism described in international research and texts from ministries and the business community. The purpose of the review process is, therefore, to assemble a corpus of literature that, through analysis, will develop some arguments for the characterization of STEM professionalism.

Search and acquisitionsorting and identifying core literature

I commenced my review process by rereading the 29 references in my PhD proposal [START_REF] Møller | Kompetenceorienteret integreret STEM-undervisning[END_REF]. The texts served as initial ideas for going in the upper circle in Figure 1. In the texts, I explored keywords and issues that can describe features and characteristics of STEM professionalism; e.g., descriptions of STEM-related competencies, goals for teaching STEM to pupils, and central knowledge and skills in a STEM context. I included the publication if I thought its content could contribute to a characterization of STEM professionalism. An example is [START_REF] Barcelona | 21st century curriculum change initiative: A focus on STEM education as an integrated approach to teaching and learning[END_REF] because the publication articulates the importance of students' ability to solve STEM-related problems.

I include seven references from my PhD project proposal in the review; see Table 1.

Analysis and interpretation -a concept map as a tool for analysis

As I read the included texts, I shifted to the bottom circle in Figure 1. While I read the individual texts, I organised essential concepts, topics, or content that described scientific elements concerning STEM professionalism in a digital concept map. A concept map can process and structure a collection of concepts and themes with complex interrelationships [START_REF] Steen | Potentialer og begraensninger ved anvendelse af laerebøger i matematikundervisningen: resultater fra et systematisk review[END_REF]. An example of texts that contribute with content in the concept map is the National Research [START_REF] Council | Successful K-12 STEM education: Identifying effective approaches in science, technology, engineering, and mathematics[END_REF] with 'handling a large amount of data [START_REF] Holdren | Federal science, technology, engineering, and mathematics (STEM) education 5-year strategic plan: A report from the Committee on STEM Education National Science and Technology Council[END_REF] with 'creativity' in the context of solving problems.

As I read more texts and obtained several subject elements, I organised the elements in groups, which related to or impacted each other. I explained the groups' relationship with arrows. When I perceived that the grouping had a certain kind of consistency, I gave them a header. I may have created a header or decided that one of the subject words was descriptive for the grouping. I printed the digital concept map and used analogue Post-It to place new concepts or replace concepts into new groups. I wrote analogue Post-It notes in the digital concept map at natural moments in the analysis process. For example, I would do this at the end of the working day, or if I knew that I could not continue to work on the review process for a few days. Thus, the online concept map was dynamic and continuously changing, and developed as I worked through the first iteration.

Iteration two, three, four …

The purpose of doing more than one iteration is to find more texts that deal with the field and reach a point of saturation [START_REF] Boell | A Hermeneutic Approach for Conducting Literature Reviews and Literature Searches[END_REF]. When no new literature or significant arguments arrive in further searches, saturation is reached. I identified different texts through a snowball effect and citation searches. In the second iteration, I looked back at the seven included texts from my first iteration by noting relevant texts from their lists of references. Currently, I am working with the phases: sorting, selecting, acquiring, reading in the top circle in Figure 1. I also look forward to finding recent texts that refer to the given publication; e.g., [START_REF] Holdren | Federal science, technology, engineering, and mathematics (STEM) education 5-year strategic plan: A report from the Committee on STEM Education National Science and Technology Council[END_REF]) Carneval et al. (2011). This may also lead to the inclusion of Carneval et al. (2011).

In addition, through iterations three and four, relevant texts will be retrieved by searching in library databases, talking to colleagues and other STEM stakeholders, participating in webinars, and looking into relevant project descriptions; e.g., European project proposals like Erasmus+ (CiSTEM, 2021). The dynamic hermeneutic process leads to a deeper and more wide-ranging overview and understanding of texts dealing with sub-elements to characterize STEM professionalism. I will work in the phases: mapping and classifying, critical assessment and argument development, which belong to the bottom circle in Figure 1. The second, third, and fourth iterations include 13, nine, and 32 texts. The 61 included texts are illustrated in Table 1. In [START_REF] Møller | Overview of categories and themes related to the texts included in a literature and document review -Working paper PURE[END_REF], an exhaustive reference list is available. 

Findings

As the review process evolves, groupings in the concept map appear. In the analysis and interpretation of the groups, I use the term 'category' for a unit that brings together key concepts and contents that deal with STEM professionalism. I use the word 'theme' to describe the analytical units that crystallize within each category. No categories are thus determined in advance but stem from the literature and the documents found through the review process.

Categories and themes found

After four iterations in the review process, I will designate five groups in the concept map. Out of consideration of the limited extent of this CERME-paper, I include arguments for the first three categories with associated themes. I mark the first three categories with a blue oval in Figure 2. Each category is distinct from but overlaps every other category and cover-up several themes. Some themes relate to more than one category.

I take a normative stance on the categories in the descriptions, but I am conscious that the review process aims to characterize STEM professionalism for future STEM education.

Computing and visualising 'everyday' data with computers

The first category I present from the concept map is computing and visualising 'everyday' data with computers. Computers are necessary to work with and can handle large volumes of data. In a STEM context, authentic data from everyday life is essential (Kjelvik & Schultheis, 2019). Authentic data are accurate, quantitative, or qualitative information collected from real-life phenomena. Computers and associated programs have several advantages to quantify this kind of data (Linney & Walshe, 2016). A way of getting an overview of data is to visualise it with graphs and computer-based statistics (Howard et al., 2000, Hõlm et al., 2016). Modelling is relevant for visualising data in a usable way and becomes a theme in the first category. Modelling in a STEM context is about asking the right questions, translating from the real world into mathematical and science formulations, computing and visualising with computers, and formulating a mathematical and scientific answer back in the real world (De Meester et al., 2020;Jensen, 2007;Steele, 2013, Aldron & Soury-Lavergne, 2016). Simulations can support modelling in STEM by imitating minor or more prominent parts of reality-for example, a cell's interior or how the oceans' ecosystems are affected by acid pollution. An insight into such active representation of reality can contribute to learning and understanding relatively abstract STEM-related phenomes (Karis & Andersson, 2016). Simulations also become a theme. To visualise data with computers, you must manage and handle a large amount of data (E. [START_REF] Council | Recommendation of the European Parliament and the Council of 18 December 2006 on key competencies for lifelong learning[END_REF]Karis & Andersson, 2016) and have some digital skills. These form the last two themes in the first category. 

Finding and solving STEM-related problems

Problem-solving skills involve the identification of complex problems based on STEM-related issues and related information required to develop and evaluate options and implement solutions (Bingman & Stein, 2001;Carneval et al., 2011;Carracedo et al., 2018;[START_REF] Council | Recommendation of the European Parliament and the Council of 18 December 2006 on key competencies for lifelong learning[END_REF]Halász & Michel, 2011;Howard et al., 2000;Jang, 2016;Shaw, 2000;Steele, 2013;White & Berlin, 1985). This leads to the second category: Finding and solving STEM-related problems. One way of solving STEMrelated problems includes computational thinking (CT) (Becker & Park, 2011;Wing, 2006). CT becomes the first theme in this category. CT is a problem-solving process that encompasses several sub-processes For example, logical reasoning, algorithmic thinking, decomposing, abstraction, patterns and generalisation, and evaluation (Berry & Csizmadia, 2016). CT, modelling, simulations, and handling a large amount of data with computers can provide new knowledge to find resolutions to STEM-related issues. For example, these include disease control, nutrition, global warming, new energy sources, and understanding the universe (Hurd, 2000). This problem-solving process assumes mathematical reasoning and deductive endings, which becomes the second theme (Augustin et al., 2005). With the language of math, science, and technology, you can argue in strictly logical ways, which is notable for solving STEM problems (Connecticut State Dept. of Education, 1991;Council on School Performance, Frankfort, 1989). Solving complex problems in a STEM context requires an interdisciplinary approach (Arikan et al., 2020;De Meester et al., 2020) and opens the possibility of cooperation between different STEM disciplines (Berns & Erickson, 2001). An interdisciplinary approach is the last theme in this category.

Innovative STEM thinking

When we want to find resolutions to STEM-related issues, thinking innovatively in a STEM-minded way is essential [START_REF] Barcelona | 21st century curriculum change initiative: A focus on STEM education as an integrated approach to teaching and learning[END_REF]. Innovative STEM thinking is the third category. Innovative thinking is about having an idea and carrying it out. However, it is also about thinking in different ways and involves various perspectives. Creativity, design, and design thinking are themes in this category. Creativity is an important way of thinking in a STEM context (E. [START_REF] Council | Recommendation of the European Parliament and the Council of 18 December 2006 on key competencies for lifelong learning[END_REF][START_REF] Holdren | Federal science, technology, engineering, and mathematics (STEM) education 5-year strategic plan: A report from the Committee on STEM Education National Science and Technology Council[END_REF]Jang, 2016;Regeringen, 2018;Steele, 2013). Design and design thinking can be approaches that encourages different perspectives in viewing and solving problems, and they are vital to creativity and innovation (Li et al., 2019). When you work creatively and innovatively, you need to collaborate with others within and across disciplines. To do that broadly helps communicate ideas to others and to understand inspiration and explanations from international sources, such as the internet (Jang, 2016;Yeung et al., 2000). In this situation, mastering the English language is advantageous (Berns & Erickson, 2001;Bingman & Stein, 2001;Baron et al., 1989;Yeung et al., 2000). Communication and interdisciplinary collaboration are the last two themes in this category.

To summarise, the first category with associated themes is: computing and visualising 'everyday' data with computers (modelling, simulations, handling a large amount of data, digital skills). The second category with associated themes is: finding and solving STEM-related problems (computational thinking, mathematical reasoning and deductive endings, interdisciplinary approach). The third category with associated themes is: innovative STEM thinking (creativity, design and
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 1 Figure 1. A hermeneutic framework for the literature review process
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 2 Figure 2. A draft of the concept map of STEM professionalism divided in five groups. Three categories are marked with blue ovals .
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 1 Included texts in four iterations. In[START_REF] Møller | Overview of categories and themes related to the texts included in a literature and document review -Working paper PURE[END_REF], a reference list is available.

Natural science includes the courses in nature/technology, physics/chemistry, biology, and geography

Concluding remarks

The findings of this paper indicate that it is possible, using a review with a hermeneutical approach, to develop some arguments for the characterization of STEM professionalism. Because of limited space, this paper includes arguments for the first three categories with associated themes. However, it is reasonable to think that the concept map's last two groupings can also be described. When that is properly carried out, the five categories can constitute an identification of STEM competencies. The competencies can be represented in a so-called competency flower, known from mathematics in the KOM framework [START_REF] Niss | Kompetencer og matematiklaering : ideer og inspiration til udvikling af matematikundervisning i Danmark[END_REF]. In Figure 3, I have designed a prototype of a STEM competency flower with the first three petals: STEM data handling competency, STEM problem handling competency, and STEM innovative thinking competency. When the last two competencies are found, it is reasonable to assume that a STEM competency flower with comprehensive descriptions can be a starting point for competency-oriented STEM education.

Suppose ministries, stakeholders, and teachers take such STEM competence description as a premise. In that case, the STEM competence descriptions can be the gateway for future competence-oriented STEM education, possibly explicitly developing pupils' STEM competencies.