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. Therefore, this study focuses on how a first-grade teacher facilitates pupils in learning 'the language of reasoning,' utilizing age-appropriate tools and approaches in early years mathematics (EYM). The findings offer promising results, highlighting the use of drawings as 'springboards' for conversations, benefitting both teachers and pupils.

Introduction

With an increasing emphasis on mathematical reasoning in international curricula, many countries, including Norway, now highlight the importance of teaching reasoning skills from early primary levels (Herbert & Williams, 2021; The Norwegian Directorate for Education and Training, 2020). The Norwegian government presents reasoning as a core element of mathematical thinking and learning and states that children should learn 'the ability to follow, evaluate and understand mathematical chains of thought(…) and to formulate their reasoning in order to both understand and solve problems.' (The Norwegian Directorate for Education and Training, 2020). This study utilises a definition of reasoning by [START_REF] Battista | Reasoning and sense making in the mathematics classroom, pre-k-grade 2[END_REF] and [START_REF] Bragg | Primary teachers notice the impact of language on children's mathematical reasoning[END_REF] and sees reasoning as following lines of enquiry and making conclusions based on evidence or assumptions after having manipulated and analysed objects, representations and statements. It further views reasoning as developing arguments, justifications or proof using mathematical language [START_REF] Bragg | Primary teachers notice the impact of language on children's mathematical reasoning[END_REF].

According to [START_REF] Clarke | Reasoning in the Australian Curriculum: understanding its meaning and using the relevant language[END_REF], children often encounter some language-based problems while reasoning, and they found that even though children notice important mathematical relationships, they lack language to articulate them adequately. Bragg et al.s (2016) studies found that several teachers viewed [children's] limitations in language as a 'major barrier to increasing reasoning in the classrooms ' (p. 523.). They suggest supporting teachers in 'assisting students in becoming familiar with the language that they will need to describe their reasoning' (p. 32) but provide no examples of what the support should consist of. This study aims to contribute by asking: How does a first-grade teacher facilitate pupils to learn the language of reasoning in mathematics?

Theoretical and conceptual framework

The study takes a sociocultural perspective, considering knowledge to be developed and shared between people [START_REF] Vygotsky | Mind in society: The development of higher psychological processes[END_REF]. Productive communication and reasoning are learned through meaningful interactions with knowledgeable individuals rather than being innate abilities in children. From a sociocultural perspective, it is particularly important to investigate school interaction and identify how tools are used to solve problems efficiently (Dahl et al., 2018). In sociocultural theory, tools refer to the resources we use to understand the world, such as language, gestures, and signs (Säljö, 2009, p. 21, translated). Language, according to Vygotsky, serves a dual purpose: it facilitates internal communication for reasoning while also acting as a collaborative and interactive tool that connects culture, interaction, and individual thinking [START_REF] Vygotsky | Mind in society: The development of higher psychological processes[END_REF].

Reasoning as a language-based action

In Vygotskian thinking, joint intellectual activity and meaning-making are derived from language [START_REF] Walshaw | Understanding mathematical development through Vygotsky[END_REF]. Language is a cultural tool, with means for communicating socially and a cognitive tool to think individually [START_REF] Mercer | Dialogue and the development of children's thinking: A sociocultural approach[END_REF]. For this study, mathematical reasoning is considered a language-based action, following Clarke et al.'s (2012) definition. Reasoning involves explaining one's thinking, justifying strategies and conclusions, and articulating choices, all of which rely on using language [START_REF] Clarke | Reasoning in the Australian Curriculum: understanding its meaning and using the relevant language[END_REF]. Several researchers claim that conscious use of language in mathematics facilitates a reasoning discourse (Arias de [START_REF] Arias De Sanchez | Code-switching explorations in teaching early number sense[END_REF][START_REF] Bragg | Primary teachers notice the impact of language on children's mathematical reasoning[END_REF][START_REF] Muhonen | Scaffolding through dialogic teaching in early school classrooms[END_REF]. [START_REF] Bragg | Primary teachers notice the impact of language on children's mathematical reasoning[END_REF] found that children struggled to utilise mathematical language to communicate their reasoning, and according to [START_REF] Batista | Creating a discourse community[END_REF], developing mathematical language could improve classroom communication. Attention to language helps pupils to communicate and present mathematical ideas because 'mathematical discussions are dependent on pupils sharing their reasoning, as well as engaging on others'. When pupils explain, communicate, and justify their thinking to others, they develop and create knowledge [START_REF] Johns | How Do Kindergarteners Express Their Mathematics Understanding[END_REF][START_REF] Nergård | Children's use of mathematical language[END_REF]. [START_REF] Clarke | Reasoning in the Australian Curriculum: understanding its meaning and using the relevant language[END_REF] conducted a study where they asked teachers about their use of reasoning-related terms and found that the most common terms used were explaining, justifying, and proving, while adapting, transferring, and contrasting were the least used terms. However, it is important to note that their research was not specific to early years mathematics (EYM), and some of these terms may not be as relevant for teaching in early primary grades.

Mathematical reasoning in EYM

As previously presented, [START_REF] Bragg | Primary teachers notice the impact of language on children's mathematical reasoning[END_REF] state that reasoning is a language-based action, meaning increased attention to language, such as choice of words, actions, and gestures, is necessary to identify and give appropriate encouragement and feedback in order [for teachers] to facilitate further development in children's reasoning competence. Like other aspects of language use, reasoning is best learnt through its usage (which is doing and articulating reasoning) [START_REF] Bragg | Primary teachers notice the impact of language on children's mathematical reasoning[END_REF], and it has to be taught through real contexts where it makes sense for the children to provide reasoning for their actions. This might look different in a first-grade classroom than in a middle school classroom.

Children's communication methods can also be investigated by focusing on their use of tools to solve problems together, where (verbal) language is recognised as one of the most important tools for young children [START_REF] Howe | Children's social development, peer interaction and classroom learning[END_REF][START_REF] Patterson | Exploratory talk in the early years: analysing exploratory talk in collaborative group activities involving younger learners[END_REF]. Social interaction between pupils and teachers has been shown to support learning, as it offers opportunities for pupils to reflect on their ideas, consider other perspectives, and enhance their understanding [START_REF] Johns | How Do Kindergarteners Express Their Mathematics Understanding[END_REF].

Framework for identifying reasoning (and teacher actions] in conversations

The following framework is designed to help make sense of and identify reasoning in early years mathematics (EYM) based on research by [START_REF] Bragg | Primary teachers notice the impact of language on children's mathematical reasoning[END_REF], [START_REF] Clarke | Reasoning in the Australian Curriculum: understanding its meaning and using the relevant language[END_REF], [START_REF] Clarkson | Researching the language for rational explanations in mathematics teaching and learning[END_REF] and Herbert and Williams (2021). It is a dynamic tool meant to describe conversations and the language in these, not categorise them. Recount clauses and phrases for expressing personal agency [START_REF] Bragg | Primary teachers notice the impact of language on children's mathematical reasoning[END_REF].

E.g. We noticed I thought, we think, I did not understand why/how

Compare and contrast

To identify similarities and differences in examples and solutions (…). Both across tasks but also across groups.

Comparing and contrasting [START_REF] Bragg | Primary teachers notice the impact of language on children's mathematical reasoning[END_REF].

E.g. But, on the other hand, while these, then, but these

Method and data collection

This study is a sub-study of a larger research project aimed at increasing productivity in conversations among young pupils in school. The project focuses explicitly on implementing two tools to achieve this goal: conversation rules (Ground rules for talk (GRFT) [START_REF] Wegerif | A dialogical framework for researching peer talk[END_REF]) and drawings as reasoning tools. The project's primary objective was to guide pupils towards more productive conversations, with a particular emphasis on developing mathematical reasoning skills. The study took place over one school year and included 27 first-grade pupils (ages 5-7) and three teachers. Data was collected through classroom observation, video recordings, informal interviews with teachers, and collection of pupil work. Participating teachers and pupils were given information about the project in advance, and teachers and pupils' parents gave written, informed consent regarding participation. The data presented below focuses on one experienced first-grade teacher, Anna, and her eleven pupils. Anna was not instructed in teaching reasoning but to focus on the implemented GRFT, such as 'we take turns to listen and speak' and 'everybody's opinion matters'.

A two-step process was applied to identify facilitation of reasoning language: situations where pupils' reasoning took place, were identified first, following an open coding including terms from the 'related reasoning language' column. Lastly, the teacher's actions leading up to the situation, the actions during, and following the child's reasoning were identified and analysed. There were no predetermined codes for identifying teachers' actions besides the open list of reasoning adverbs from [START_REF] Clarke | Reasoning in the Australian Curriculum: understanding its meaning and using the relevant language[END_REF]. Only situations where pupils' reasonings were identified in advance were considered for feasibility. Therefore, the transcriptions below do not include all relevant situations but a selected few.

Analysis

The analysis shows two ways Anna facilitates: (1) asking questions regarding the task or the context and (2) asking questions regarding the children's representations, in this case, their drawings.

Asking contextual questions (questions regarding task or context)

In the first two transcriptions below, Anna asks direct, explicit questions regarding the task or context provided. Open coding was utilised to identify logic conjunctions, recon clauses and phrases for expressing personal agency, and phrases for comparing and contrasting. In addition, Anna's utterances and actions were analysed concerning whether she facilitated some of the actions described in [START_REF] Clarke | Reasoning in the Australian Curriculum: understanding its meaning and using the relevant language[END_REF] Anna invites the pupils to discuss by starting with an open question about what they have drawn. She then encourages them to elaborate further by asking specific questions, such as pointing out the different colours of the ice creams. This differs from asking, 'How many combinations of flavours did you find?', as it allows the pupils to express what the colours in their drawings mean to them, regardless of the original intent.

Discussion and conclusion

The study investigated how a first-grade teacher facilitates pupils to learn (the language of) reasoning in mathematics and found that the teacher utilises several actions related to mathematical reasoning presented by [START_REF] Clarke | Reasoning in the Australian Curriculum: understanding its meaning and using the relevant language[END_REF], such as encouraging her pupils to explain how they solved the problems by asking 'what were you thinking (A03)?' and 'How did you get that answer (B03)?'

In other situations, she wants her pupils to elaborate on what they have presented, encouraging them to develop their reasonings further. In A9, we can see that Anna starts by repeating what the pupils have said, that they put the cookies in groups; she then follows up with, 'How many did you use in total?', aiming to get the children to say something about the amount that is left and what the children could do with that amount. In transcript B, we see that Anna asks explicit and task-specific questions to get her pupils to elaborate. In B10, Anna starts by describing to her pupils that something changed when they drew the big sheep in the middle, asking, 'What happened to the number of legs then?'. The pupils responded that the total changed from fourteen to eighteen. Anna then follows, asking the pupils, 'What did they do in order to get fourteen?' Martin understands that he needs to erase the large sheep, but his argument for not doing so is purely practical: it is drawn with a crayon and, therefore, not possible to erase. Another alternative would be for Anna to be more open and general in her question-asking, asking 'What did you do then?' or 'Tell me more', where it would have been more up to the pupils to determine what to discuss. She guides the pupils toward what is mathematically essential for solving the problem and asks the pupils to elaborate on that. As we can see, Anna does ask questions and encourages elaborations, justifications and further reasoning from her pupils, but on several occasions, the pupils respond non-verbally, just pointing to or holding up their drawing as the argument. Caroline even says 'look' and 'I can show you' as a response to Anna asking how they solved the problem (A1-A4), all whilst holding and turning the drawing side to side so the class can see. [START_REF] Clarke | Reasoning in the Australian Curriculum: understanding its meaning and using the relevant language[END_REF] claim that children notice more relationships than they have the language to explain, and what we see here could be an example of this. Furthermore, several highlights that children who lack the language to explain something often turn to non-verbal responses for support/supplement (Herbert & Williams, 2021;[START_REF] Nergård | Children's use of mathematical language[END_REF].

Anna uses the children's drawings to elicit their internal thoughts and reasoning, treating them as a 'springboard' for communication (Woleck, 2001). Unlike questions directly linked to the task context, the questions referring to the drawings enable the children to steer the conversation towards what they consider important rather than what Anna considers important. Compared to other written texts, drawings are more connected to children's mental processes and visual representations [START_REF] Macdonald | Using Children's Representations to Investigate Meaning-Making in Mathematics[END_REF]Woleck, 2001), making it easier for them to use drawings as a foundation for conversation and to communicate their reasoning effectively.

Comparing the two different types of questions, we can see that when she asks explicitly for the children to talk about the central elements of the task, like B10, 'What happened to the number of legs then?' and B14, 'What did you do to get fourteen feet?', she provides the children with what element she deems important to discuss in order to solve the task. The conversation then evolves around important core elements of solving the problem. In contrast, when Anna asks questions regarding the children's drawings. (e.g., In C01, 'Can you tell me what you have drawn?' and C10, 'They are different colours. What does that mean?') The pupils get to guide and lead the conversation forward, where further conversation evolves around the children's process. Previous research shows that young children often cannot express themselves and communicate [clearly] using just verbal language, so introducing other semiotic modes, like drawing, could help them overcome their restrictions in communication [START_REF] Papandreou | Communicating and Thinking Through Drawing Activity in Early Childhood[END_REF]. [START_REF] Clarke | Reasoning in the Australian Curriculum: understanding its meaning and using the relevant language[END_REF] found that different 'reasoning actions' were emphasised to varying degrees by teachers, where explaining and justifying were the most common and comparing and contrasting were the least common. The data shows that Anna gives her pupils several opportunities to explain and justify, but there are no actual examples of comparing and contrasting information between the groups or pupils, even though some of the tasks given had more than one solution, and the pupils got different answers. Why comparing and contrasting did not take place in these lessons, we cannot say for sure, but it should be pointed out again that Anna was not instructed in or informed about these reasoning actions, so we cannot say for sure that she would not have provided the pupils with this opportunity had she been given information beforehand.

The study aimed to investigate age-appropriate tools and approaches used by the teacher to facilitate pupils learning the language of reasoning. Drawing is one of the age-appropriate tools that both previous research and this study highlight as particularly important in EYM. Following children's drawing process, threads of their thinking can be followed, showing how their thinking progress in complexity [START_REF] Brooks | Drawing to Learn[END_REF]. By participating in representational experiences with children, teachers can develop professional competence and understanding of how children's thinking and knowledge develop in mathematics. Moving forward, further research is needed on approaches and tools that can aid children in learning the language of mathematical reasoning. Building on the insights from this study and the statement by [START_REF] Bragg | Primary teachers notice the impact of language on children's mathematical reasoning[END_REF], it becomes evident that teachers' feedback and reinforcement of children's reasoning are fundamental for learning reasoning. Identifying and building on children's contributions, such as drawings, provides a common ground for meaningful exchanges between pupils and teachers, fostering deeper understanding and collaboration.

Table 1 : Framework

 1 

	Sought action	Description in EYM	Related [reasoning] language
	Explain and	Young children often provide non-verbal explanations and justifications and use gestures and drawings to communicate	Logic conjunctions (Clarkson,
	Justify	their reasoning (Herbert & Williams, 2021).	2004)
	Evaluate,		
	exemplify	Identifying patterns means searching for similarities and	
		differences. Establishing a recursive relation between	
	and Identify	mathematical objects or relations.	
	patterns		

E.g. so, hence, thus, or, then, therefore, because Generalise 

Young children transferring what they found from one set to another might only be done verbally or upon questioning.

  It is supposed not to be there[points], but that one, that, that and that onethat makes fourteen. Again, Anna starts with an open question in B03: 'How did you get that answer?', before she in B10 moves towards a more specific question, asking, 'What happened to the number of legs when you drew the big sheep?' when the pupils drew an extra sheep in the middle of the paper.In other situations, we can see that Anna's questions are more directed towards the pupils' representations or drawings. The first example is transcript C, where the pupils work on a combinatorics problem with different colours and flavours of ice creams.

	B15 Martin:	I could not take that away [pointing to the big sheep].
	B16 Caroline:	
	Asking representational questions (questions regarding drawing or other representations)
	C01 Anna:	Let us listen to what Alvin, Eirin, Martin and Leo have figured out. Can you
		tell me what you have drawn?
	C02 Leo:	Lines
	C03 Eirin:	Well, I drew that one [points], Leo drew that one Leo drew that
		one [points], I drew that one [points], and Martin that one [points]
	C04 Anna:	Yes, but what have you drawn then?
	(…)	
	C07 Eirin:	It is ice-cream.
	C08 Anna:	
	A01 Anna:	Ok, eight kids shared twelve cookies equally.
	A02 Caroline:	Look [Caroline lifts the group drawing]
	A03 Anna:	What were you thinking? (…)
	A04 Caroline:	[Caroline holds it up again so the rest of the class can see] I can show you.
		[Caroline turns left and right so her classmates can see]
	A05 Anna:	There were 12 kids, no eight kids, sharing 12 cookies. What did you do with
		the cookies?
	A06 Caroline:	We shared. One group after the other in eight like this [Caroline points to
		the drawing and drags her finger along the lines to imitate sharing].
	A07 Anna:	Yes! And what happened? Did you get to share all?
	On another task, in transcript B, Anna asks questions regarding both the drawing and the task's
	context. The pupils are working on the problem of a farmer having some animals that have fourteen
	feet altogether, asking the question: 'how many animals and what animals does the farmer have?'
	B03 Anna:	Ok, one duck, two dogs and one sheep? How did you get that answer?
	(…)	
	B09 Martin	We just drew that one [Martin points at the sheep]
	B10 Anna:	Ok, but when you were solving the problem, and you drew the big sheep in
		the middle of the paper, what happened to the number of legs then?
	B11 Leo:	It was two plus two, so it was four.
	B12 Caroline:	

(such as explaining, justifying, reasoning, analysing, evaluating, and reasoning). In transcript A, the children are working on eight children sharing twelve cookies equally. In line A03, Anna starts with an open question, 'what were you thinking?' before she in A05 asks a more direct question regarding what they did with the cookies. Anna's questions concern the problem itself and not their representation. [Puts her finger down on one after the other of the legs of the big sheep and counts out loud] fifteen, sixteen, seventeen and eighteen. Then it is eighteen. B14 Anna: hmm, eighteen. But you said fourteen; what did you do to get fourteen feet? Yes. But they are different? Different colours. What does that mean?