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In this theoretical paper, we draw upon an interdisciplinary, systemic communicational approach to propose a teacher education framework to support the teachers gaining deeper understanding about scientific inference and scientific evidence. Through a series of laboratories, the teachers are asked to reflect upon the scientific inference-evidence dyad in school mathematics and school physics with the purpose to identify intradisciplinary and interdisciplinary aspects. An exemplary theoretical implementation is presented about textbooks and task design in Greece.

Setting the scene

Mathematics and physics lie at the heart of the contemporary curricula, which accords with their importance in the modern societies. Several international organisations (e.g., OECD, EU, UNESCO), as well as mathematics and science educators address the need for revisiting educational outcomes, stressing the importance for developing educational research that will facilitate argumentation and reasoning [START_REF] Gravemeijer | Aiming for 21 st Century Skills[END_REF][START_REF] Griffin | Assessment and teaching of 21st century skills[END_REF]. Interdisciplinary, STEM-related, and systemic educational projects and curricula appear to be at the crux of this approach, with mathematics and science both being amongst the key subjects (e.g., [START_REF] Michelsen | Expanding the domain-variables and functions in an interdisciplinary context between mathematics and physics[END_REF]. Moreover, in international educational meetings (e.g., the UNESCO EDUsummIT 2015), it is emphasised the need for developing both systemic and systematic professional development of teachers, whilst policymakers are encouraged to facilitate the development of teacher networks and synergistic communities. In this paper, we focus on the scientific evidence-inference dyad (which is the core of the scientific method and scientific reasoning) to propose an interdisciplinary, systemic communicational teacher education framework for supporting the teachers' gaining deeper understanding about the nature of argumentation in mathematics by explicitly linking it with argumentation in physics and vice versa.

Various researchers have extensively discussed evidence and inference-making in mathematics and physics from different perspectives, utilising the lenses of diverse theories (e.g., [START_REF] Boero | Theorems in school: From history, epistemology and cognition to classroom practice[END_REF][START_REF] Driver | Complex systems in the elementary and middle school curriculum: A focus on the modeling[END_REF][START_REF] Erduran | Argumentation in science education[END_REF][START_REF] Khine | Perspectives on scientific argumentation[END_REF][START_REF] Tippett | Argumentation: The language of science[END_REF], whilst researchers employ interdisciplinary and/or systemic ideas in their investigations (e.g., [START_REF] Fischer | Scientific reasoning and argumentation: Advancing an interdisciplinary research agenda in education[END_REF][START_REF] Forrest | A Systemic Perspective on Cognition and Mathematics[END_REF][START_REF] Michelsen | Expanding the domain-variables and functions in an interdisciplinary context between mathematics and physics[END_REF][START_REF] Osborne | Enhancing the quality of argumentation in school science[END_REF][START_REF] Uhden | Modelling mathematical reasoning in physics education[END_REF][START_REF] Williams | Interdisciplinary Mathematics Education: A State of the Art[END_REF]. In our approach, we choose to focus on the signs (symbolism, words, phrases, figures, etc.), rather than on the concepts, that are employed in both mathematics and physics to allow for the appearance of the potentially diverse associated meanings. For example, we may focus on the word "generalise", the phrase "given that", or the figure "" of a vector, as a sign to investigate its meanings in mathematics and in physics. We employ an interdisciplinary, systemic communicational approach about the scientific evidence-inference dyad in mathematics and physics (i.e., what type of evidence and inference-making is considered as valid is each discipline) to reveal those aspects and characteristics that are invariant across the two disciplines and those that are specific to each discipline. In this way, the teachers' learning may be transformed to learning as linking links [START_REF] Moutsios-Rentzos | Systemic approaches to the complexity in mathematics education research[END_REF], a quality of learning that allows their discerning divergences and convergences about scientific inference making and evidence in mathematics and physics, i.e., both as unidisciplinary and interdisciplinary competence (cf. [START_REF] Rotherham | 21st century skills" not new but a worthy challenge[END_REF]. We posit that such learning occurs through the continuous communications of the protagonists' intentional reflections upon actions and experiences.

Furthermore, the situation is further complicated considering the transition from primary school to secondary school, which includes changes and discontinuities in the mathematics and physics curriculum and pedagogy [START_REF] Gueudet | Transitions in mathematics Springer Open[END_REF]. In Greece, considering the teachers, these changes are primarily embodied to the radical transitions: from a teaching-all-courses teacher to a specialisedto-a-course teacher (or to a group of courses); from a teacher educated predominantly pedagogically, an educator, to a teacher predominantly educated to know a specific scientific domain (or closely interrelated domains), a scientist. The students experience these implicit transitions, which are hardly addressed by the official educational system and/or the teachers themselves. Within this complexity, we argue that the teacher education programmes require systematic and systemic approaches with respect to their design and implementation (e.g. [START_REF] Basista | Integrated science and mathematics professional development programs[END_REF][START_REF] Michelsen | Does interdisciplinary instruction raise students' interest in mathematics and the subjects of the natural sciences?[END_REF]. Following these, in our approach, we include mathematics and physics teachers from different educational levels (primary school and secondary schools) to allow for the construction of communication bridges that may help to address various issues related to the transition from one educational level to another.

Overall, in this paper, we discuss an interdisciplinary, systemic communicational approach to teacher education focussed on the nature of arguments in mathematics and physics, on the acceptable scientific inferences and evidence in two closely linked, yet epistemologically distinct school courses.

Arguments in mathematics and physics in the school unit: an interdisciplinary, systemic communicational approach

Following a systems theory approach, we view the school unit as a learning organisation with members of diverse roles, relationships and intentionalities transforming, and being transformed by, the organisation [START_REF] Bertalanffy | General System Theory: Foundations, Development, Applications[END_REF][START_REF] Davis | Understanding learning systems: Mathematics education and complexity science[END_REF][START_REF] Driver | Complex systems in the elementary and middle school curriculum: A focus on the modeling[END_REF][START_REF] Kalavasis | Interdisciplinarity and complexity (I-C) in mathematics education: A proposal for their systematic implementation and the role of an international scientific community[END_REF][START_REF] Thornton | A systems approach to school improvement: Program evaluation and organizational learning[END_REF][START_REF] Wittmann | Developing mathematics education in a systemic process[END_REF], in order to investigate the inter-acting and inter-related constructions with respect to what constitutes acceptable inference making and evidence in school mathematics and physics. In our approach, we draw upon a broader communicational approach to interdisciplinary teaching-learning approach, settled within a systemic approach to communication (cf. [START_REF] Watzlawick | Pragmatics of Human Communication. A study of interactional patterns, pathologies, and paradoxes[END_REF].

In [START_REF] Moutsios-Rentzos | Functions of operations and operands in school mathematics and physics: a complex interdisciplinary (de)mathematised phenomenology[END_REF][START_REF] Moutsios-Rentzos | Co-constructing teaching and learning spaces in and between mathematics and physics at school[END_REF], we introduced a communicational semiotic system (thus, emphasising the emerging, dynamic character of the communicational process; cf. [START_REF] Ongstad | Mathematics and mathematics education as triadic communication? A semiotic framework exemplified[END_REF] to approach the complexity of the phenomena. Our semiotic system constitutes a communicational triad (see Figure 1): epistemic object-interpreter-sign. The triad is activated by the sign, which may include diverse means of signification (verbal or non-verbal) that may be employed within a communication. The interpreters are the roles that the individuals assume within the system that the specific communicational processes occur. For example, a primary school teacher may experience the communication situation triggered by a sign (e.g., the equals to sign "="; see Moutsios-Rentzos et al., 2020) in diverse ways depending on the role he/she assumes: as a physics teacher or as a mathematics teacher. The epistemic objects refer to the situated normative construction of an institutionally acceptable scientific object, as conceptualised by the interpreter within the given communicative situation. The communicational meaning emerges through the entirety of the communicational interactions, as a complex whole, rendering crucial the consideration of all the interacting elements of the communicational triad. Moreover, at the crux of our systemic approach lie a series of laboratories with the teachers' experiencing and intentionally reflecting [START_REF] Jay | Capturing complexity: a typology of reflective practice for teacher education[END_REF]Nissilä, 2005) upon their intersubjective experience of the appearances of a sign in the two courses, in order for them to be actively engaged with the design of teaching activities that draw upon those experiences and reflections. Such an approach acknowledges and builds upon the fact that the teachers encounter the same signs in the different courses, positing that the communication between them different teachers is crucial for their giving to their experiences of the phenomena distinct, yet connected, unidisciplinary and interdisciplinary meanings (represented in Figure 1 by respectively the different and the mixed colours). The laboratories are organised in a progression that commences with individual reflection and gradually expands to small groups and whole group interactions. This gradually expanding design is considered to simulate respectively the individual class, the school unit, and the different educational levels (drawing upon [START_REF] Moutsios-Rentzos | Reflective activities upon teaching practices reflexes: grades and errors[END_REF]. By engaging the teachers with interdisciplinary reflections upon their experiences and/or actions, as well as with the communication of these reflections, we argue that novel qualities of learning emerge at the individual and collective foreground. Such processes and states seem to be completely missing across courses of different disciplines; for example, few researchers discuss the role of mathematical tools and ideas in physics [START_REF] Bing | Analyzing problem solving using math in physics: Epistemological framing via warrants[END_REF][START_REF] Kanderakis | The mathematics of high school physics[END_REF].

Consequently, in the proposed teacher education framework, scientific argumentation is approached through the signs that appear in the teaching and learning communicational process a source for intentional individual and collective reflections. We argue that the school unit needs to explicitly address these phenomena to facilitate the students' appropriately linking links within and across courses. Moreover, the framework aims to identify bridges with respect to scientific evidence and inference-making amongst the two school courses (school physics and mathematics), the different educational protagonists (primary school teachers, high-school mathematics teachers, high-school physics teachers), the written official discourses (e.g., school textbooks, curriculum, other official documents), and task design. In this paper, we briefly discuss two aspects of the proposed approach in Greece: textbooks and task design.

The proposed approach in textbooks and task design in Greece

In Greece, there is the 'same-textbook-per-course' rule for each school grade for all school units (this is expected to change within the next couple of years). Hence, the textbook essentially materialises the institutional discourse of the Ministry of Education, which transcends all the school units, externally imposed and expected to be internalised by the system. This renders the textbook crucial in the Greek school, while at the same time may be viewed as the perfect 'enemy' to be criticised by the teachers of a school unit. Such a useful enemy is crucial, since our approach requires the teachers to collaborate with other teachers, which in the case of secondary education are also of different discipline. By revealing to the teachers, the appearances of the same sign to the textbooks of the two courses, a relatively safe (or, at least, non-threatening) communication space is expected to emerge, which may serve as the common ground for the teachers of different disciplines to share their reflections and to collaborate. We assume this common space to be relatively non-threatening, since it builds upon the externally imposed to the school unit system textbook.

In Figure 2, as a thought experiment, the communicational triad is applied about the sign "data" (including the prefix δεδομand the different suffices related with the Greek language e.g., plural tense). We include some of the mathematical and physics epistemic objects that may be signified through the "data" sign, as well as the potential appearances that the teachers (and their students) may encounter in the school textbooks. It is stressed that in Figure 2, the signs, the epistemic objects, and the roles are real examples, but we do not assume their relationships. Thus, we do not assume the emerging meaning, thus rendering Figure 2 a mere representation of a hypothetical communicational situation. Following our gradually expanding laboratory design [START_REF] Moutsios-Rentzos | Reflective activities upon teaching practices reflexes: grades and errors[END_REF], first, the teachers are expected to individually reflect upon those appearances and to answer a series of questions concerning the nature of acceptable data and inference making (common to the teachers of both courses). Subsequently, in small groups of the same educational level (both courses) discuss the same set of questions. In the final stage, all the teachers of both courses and educational levels share and reflect upon the same questions, which opens the communication space for further reflections. Another crucial aspect of everyday teacher practice is task design; for example, teachers need to pose problems that appropriately engage their students. Following this, in an ongoing project [START_REF] Moutsios-Rentzos | Interdisciplinary approach to problem posing in school mathematics and physics: a reflective laboratory [Diepistimoniki prosengisi stin kataskefi provlimatos sta mathimatika kai ti fysiki tou scholeiou: ena anastochastiko ergastirio[END_REF], we introduced the notion of interdisciplinary problem posing, referring to the process of posing a single task that may be utilised for the aims and goals of two different courses. In line with our communicational triadic framework (outlined in Figure 1), the task acts as sign that appears in two courses. The teachers engaged in this process appeared to realise the convergences and the divergences of the aims and goals of the two courses and, importantly, of the fact that the same task with the same questions may be dealt differently, since the communicational interactions focus on different aspects due to different intentional relationships (thus, essentially constituting different communicational systems). As with the textbooks, we draw upon our gradually expanding laboratory design [START_REF] Moutsios-Rentzos | Reflective activities upon teaching practices reflexes: grades and errors[END_REF]. In the first stage (individually) the tasks are linked with a specific course, in line with the task design process that is known to the teachers. For example, the teachers may be initially asked to design a task that would ask the students to identify the data in mathematics problem or in a physics problem. Subsequently, they are asked to individually design a task that is suitable for both courses. During the small groups stage, within each group, the teachers compare the tasks designed in the previous stage with the purpose to collectively reflect on the common and the different characteristics that the tasks of the two courses have. Subsequently, the groups are asked to design a task that can be used with no modifications for both courses. For example, the teachers may be initially asked to design a task that would ask the students to identify the data in a problem that could be used in both courses with no modifications. An important aspect of this stage is the fact that the teachers are asked to explicitly note their task design criteria, which render a task suitable for its use for both courses. The reflections continue and are concluded in the last stage (whole group) where the teachers compare and contrast their small group productions. 

Concluding remarks

It is posited that our systemic communicational approach allows for the construction of meaningful bridges between the two courses, which are grounded in the core of the educational system and the school unit: textbooks and task design). Thus, it is expected to support the teachers' gaining deeper understanding about the scientific evidence-inference dyad of the two distinct courses and their noematic convergences/divergences. Through such interdisciplinary linkings, a novel quality of learning about the dyad emerges, highlighting both the distinctness and the convergences of the two school courses (and the respective disciplines). Such a quality of teachers' learning seems to be appropriate for the contemporary complex, hybrid, and rapidly changing learning environments.

Overall, the proposed teacher education framework is expected to multifacetedly support the teachers in gaining deeper understanding about the 'scientific method' within and across the two courses: a) by allowing them to identify the qualities of the scientific inference-evidence valued or disvalued by the official educational system as embodied in the written official discourse (e.g., textbooks) of the two coursed, and b) by allowing them to constructively reflect upon their in-class practices and their 'filtering' processes that result to what is officially communicated as scientific evidence and inference for each course to their students.
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 1 Figure 1. The interdisciplinary, systemic communicational perspective of argumentation in this study (drawing upon Moutsios-Rentzos et al., 2017, 2019)
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  We note that with exactly the same data we obtain two completely different isosceles triangles, which nevertheless satisfy these data.] [We read carefully the problem and we differentiate the data from the asked] [Represent the data with a bar chart.] [Based on the data, investigate whether the answer makes sense.] [experimental data] [Using the data of Table 7.1 justify why] [Using the data from the diagram] [Given that the cooling temperatures of alcohol is -114 °C and of mercury -39 °C …]
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 2 Figure 2: Appearances of the sign "data" in the Greek textbooks (left: mathematics; right: physics)