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Despite increasing recommendations for implementing STEM (Science, Technology, Engineering and Mathematics) education, the literature identifies difficulties about its implementation by teachers [START_REF] English | Advancing Elementary and Middle School STEM Education[END_REF]European Schoolnet, 2018). Appointed reasons are related to the need for teachers to acquire a robust Content Knowledge about the subject matters to be integrated [START_REF] English | Advancing Elementary and Middle School STEM Education[END_REF]. Therefore, it is necessary to offer them with a Professional Development Programme (PDP) that provides them with knowledge and skills to implement this approach in class. Recently, several authors refer the need for highlighting the role of the M in STEM, which also brings added challenges to teachers [START_REF] Beswick | Developing mathematics teachers' 21st century competence for teaching in STEM contexts[END_REF][START_REF] Stohlmann | A vision for future work to focus on the "M" in integrated STEM[END_REF]. Therefore, it is crucial to understand what knowledge promotes the development and implementation of mathematical interdisciplinary practices within the context of STEM education. Concerning teachers' professional knowledge, the literature presents several studies such as [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF] that distinguishes three categories of Content Knowledge (CK): Subject Matter Content Knowledge (SMCK), Pedagogical Content Knowledge (PCK) and Curricular Knowledge (CuK). Other authors refer to the subject matters to teach such as mathematics [START_REF] Ball | Content knowledge for teaching what makes it special[END_REF], science [START_REF] Park | Revisiting the conceptualisation of pedagogical content knowledge (PCK): PCK as a conceptual tool to understand teachers as professionals[END_REF] and technology [START_REF] Mishra | Technological pedagogical content knowledge: A framework for teacher knowledge[END_REF]. However, there is a lack of research about the necessary knowledge for promoting STEM education, in particular by highlighting the role of the M. Therefore, our research question is: what knowledge is necessary for teachers to develop an integrated approach of STEM education with a focus on mathematics? Because the characterization of this knowledge is missing in the literature, this study is crucial for teachers, researchers, and also teacher educators who need to design PDP related to this approach. This research is inserted in a broader project that includes a PDP, targeted to primary and middle school teachers, with the aim of providing them with knowledge and skills to develop and implement hands-on practices in class that promote an integrated approach of STEM education [START_REF] Costa | Promoting integrated STEM tasks in the framework of teachers' professional development in Portugal[END_REF]). To answer the research question, an empirical study was developed in the framework of the referred PDP for three school years. This training context brings added challenges for teachers to innovate their practices in class, namely mathematical practices related to STEM. With a qualitative methodology and an interpretative approach [START_REF] Cohen | Research Methods in Education[END_REF], data collected for three school years include participant observation during PDP and teachers' portfolios developed during the programme. Based on this data and teachers case study, it is concluded that there exists specialized knowledge dimensions that are crucial for teachers to be able to develop and implement the required approach. First, there is theoretical knowledge for example associated with some science themes such as electricity, sound or astronomy: TheoCK_S (Theoretical Content Knowledge to teach Science). But to be able to implement hands-on experiments related to Science, teachers also need to know how to handle the equipment and materials to implement the hands-on tasks, which requires TechCK_S (Technical Content Knowledge to implement Science experiments). In addition, teachers need to have PCK to transform the specialized theoretical and technical knowledge in order to make them understandable to students, which leads to new dimensions: TheoPCK_S and TechPCK_S. Extending these new dimensions to tasks that integrate all the STEM subjects we propose the following dimensions of knowledge as presented in Table 1. Based on our research, it is concluded that to effectively implement hands-on STEM integrated tasks in class, teachers need to acquire specialized knowledge as stated in Table 1. Finally, we suspect that the same knowledge is necessary for other grade levels such as secondary school, but more research needs to be developed in this matter.

Table 1 : Knowledge necessary to implement hands-on STEM experiments in class
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	SMCK	PCK	
	TheoCK_STEM	TechCK_ STEM	TheoPCK_ STEM	TechPCK_ STEM
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