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This paper aims to discuss an advance in the direction of bridging the gap between early school algebra and socially relevant issues using the idea of wicked problems. We do so by focusing on the possibilities and challenges of working with the idea of algebraic wicked in the context of planning, teaching, and reflecting on algebra lessons for young children of 7-9 years old. This endeavor is a collaboration between the researcher/teacher educator, teacher students and in-service teachers following the critical research methodology of imagining and trying to create something that does not yet exist. This paper represents partly how far we have come to formulate an algebraic wicked problem that can invite students to engage into a cultural and sociological algebraic activity and as such reports on what we have learned from trying to design and enact algebraic wicked problems.

Introduction

In our contribution to CERME 12 [START_REF] Fred | Powerful algebraic ideas: Early algebraic thinking and active citizenship[END_REF], we have pointed out that most of the existing research literature on early algebraic thinking mainly adheres to a view of algebra as powerful in logical and psychological terms; and seldom as culturally and sociologically powerful mathematical ideas. Drawing on [START_REF] Skovsmose | Democratic access to powerful mathematical ideas[END_REF], early algebraic thinking is understood in line with an interpretation of algebraic ideas as culturally and sociologically powerful when early algebraic thinking is conceived as a resource or a tool for concrete critical thinking and action, and as an analytical tool for exploring models of "reality" and for creating an awareness of how those models only visualise certain "things" and leave other things unnoticed (Cai & Knuth, 2011;[START_REF] Kieran | Teaching and learning algebraic thinking with 5-to 12-year-olds. The global evolution of an emerging field of research and practice[END_REF]. Young students should thus explore, interpret and reason about functional relationships between quantities in given models of students' "reality" (compare [START_REF] Blanton | A learning trajectory in 6-year-olds' thinking about generalizing functional relationships[END_REF][START_REF] Coles | Developing algebraic activity through conjecturing about relationships[END_REF].

We have also discussed earlier [START_REF] Fred | Powerful algebraic ideas: Early algebraic thinking and active citizenship[END_REF] the idea of connecting early algebraic thinking with wicked problems [START_REF] Rittel | Dilemmas in a general theory of planning[END_REF][START_REF] Steffensen | Critical mathematics education and climate change. A teaching and research partnership in lower-secondary school[END_REF] as a possibility to invite pupils to connect early algebra with culturally and sociological forms of citizen engagement. Wicked problems are problems that involve controversies that trigger arguments instead of simple solutions and are widely used in sustainability research [START_REF] Steffensen | Critical mathematics education and climate change. A teaching and research partnership in lower-secondary school[END_REF]. This paper has the aim of discussing an advancement in this direction by focusing on the possibilities and challenges of working with the idea of algebraic wicked problems (AWP) for the practice of teaching early algebra for young children (age 7-9) with a focus on environmental issues. The following question will be discussed in this paper: What can we learn from trying to design and enact algebraic wicked problems for and with young school children (age 7-9)?

Algebraic wicked problems

The term wicked problem was introduced by [START_REF] Rittel | Dilemmas in a general theory of planning[END_REF] to problematise what they called 'tame problems' in the natural sciences, in contrast to complex societal-technological-scientific problems. Along this line, algebraic 'tame problems' can be understood as many of the problem situations used in typical school mathematics word problems for pupils to do some algebra, such as, for example, solving an equation without context. In a tame problem it is clear what the pupils should do, and it is also clear "whether or not the problems have been solved" (p. 160). Wicked problems are problems which can never be definitely solved or that at most are re-solved repeatedly. In other words, in working with these kinds of problems it is neither clear for the pupils what to act upon or what a solution might be, and there are also personal and environmental aspects at stake besides the mathematics. Thus, working on such problems involves both mathematical and societal framings. Pupils could be encouraged to negotiate disagreements as well as being open to different ways of approaching and framing the problem. That is, wicked problems are fraught with dilemmas that need to be addressed as part of facing the problematic situations.

We are tapping into an underexplored area in research and educational practice, which Skovsmose and Borba (2004, p. 211) would describe as researching "what is not the case -but what could be a possibility". Thus, we take [START_REF] Rittel | Dilemmas in a general theory of planning[END_REF] idea of wicked problem as a rhetorical, creative, and critical/emancipatory tool (e.g., [START_REF] Lönngren | Wicked problems: a mapping review of the literature[END_REF] to create early algebraic practices that invite pupils to consider and act on important problems and concerns as members of a society in a critical way (e.g., [START_REF] Skovsmose | Towards a critical mathematics education[END_REF]. In the following section, we describe how we study what is not yet the case. [START_REF] Skovsmose | Research Methodology and Critical Mathematics Education[END_REF] propose a model to develop critical, collaborative, pedagogical practice while researching non-existing, yet-to-come situations. A current situation (CS) can be transformed into an arranged situation (AS) with inspiration in a theory-grounded, ideal imagined situation. The collaboration of teachers and researchers in moving between these situations can be characterised by qualities such as pedagogical imagination (PI), practical organisation (PO) and explorative reasoning (ER) (see figure 1). The model offers methodological tools for thinking, doing, and talking about critical elements that appear in the exploration process when challenging an existing and/or dominant practice, as in this case, exploring the possibilities of how to place algebraic thinking in a larger context and to provide tools to pupils to become active citizens.

Methods

In our case, since 2021, such a critical iterative research process has been initiated in a group of four in-service teachers, four teacher students, and one teacher educator/researcher. Together we have tried to create AWPs for pupils in grades 1-3 (aged 7-9) in Sweden. The AWPs have also been enacted in classrooms. Three cycles of iteration have been conducted; we report about the third iteration. In the third iteration the current situation consists of both the common interpretation of algebraic teaching in the early grades and what the research group learned in iteration 1 and 2. The imagined situation concerns a new imagination, including knowledge from the previous iterations of new possible design of curricula and pedagogies that empower pupils as future citizens and at the same time promote pupils algebraic thinking. The arranged situation, finally, concerns the experiment of staging the new possible design, a staged AWP. The pedagogical imagination refers to the relationship between the common interpretation of algebraic teaching in the early ages together with what the research group learned in iteration 1 and 2, the current situation, and what kind of AWP we can imagine, the imagined situation. The practical organisation refers to the organisation of or staging of the newly arranged AWP. The explorative reasoning refers to the analysis of the arranged situation in iteration 3 in the light of the imagined situation, in other words, the formulation of AWP based on the observations of the arranged situation in which the imagined AWP was staged.

In this paper, the pedagogical imagination and explorative reasoning are working as analytical focuses/lenses with the aim of learning more about how AWPs potentially can bridge the gap between early algebra, and socially relevant issues in terms of environmental issues. The pedagogical imagination provides an analytical lens to describe the thinking in the research group when planning to teach an AWP. We drew on several sources of data: a) transcriptions from two group meetings planning for and discussing the idea of AWP, b) observation notes from the arranged situation as it was enacted in classrooms, c) pictures (no faces) from pupils working in the arranged situation, d) pupils' solutions to the AWP enacted in the arranged situation, and e) transcriptions from two group meetings reflecting on the lesson to better shape an AWP. In the analysis, segments of the transcriptions of the group meetings conversations were marked to indicate their particular focus such as algebra, didactics, and critical citizenship. The software MAXQDA was used in the work with the transcripts. In the four analysed group meetings, 37 excerpts were analysed; 16 of these relate to the pedagogical imagination and 21 to the explorative reasoning.

In what follows, the analysis is unfolded to describe how an AWP was constructed and what characterised it as a result of the pedagogical imagination, and later how its enactment in the arranged situation was discussed through the explorative reasoning in the collaborative team.

Planning of the lesson to create an AWP

In the pedagogical imagination of the AWP the group struggled with several issues. One was grasping pupil-oriented contexts, for pupils aged 7-9, in relation to environmental issues that still included early algebra. After some discussions the research group agreed on a context which concerned an environmental issue relevant to younger pupils' lives. Based on the issue, one of the teacher students came up with the idea of giving the pupils a climate budget.

Teacher student 1: Thought a little in the form of giving the pupils a climate budget or maybe 100 SEK and so they need to prioritise... I want a mobile phone, or I want this or that toy but then there should be so many options that you can't choose everything/…/. So, say a pupil wants a mobile phone, for example, then it will be like you can't afford much else. But there will be different amounts of solutions because the pupils have different priorities. So, it will be interesting to compare you think this was important and you thought this was important.

The suggestion was to put the pupils in a problem situation where they were asked to choose between already determined things/toys and how their choices also should be limited by a climate budget. This was then further developed with the idea of giving the pupils a table consisting of things/toys carbon footprints values. The table (see Figure 2) was seen as a possible model of reality, within a pupiloriented context, while most pupils are used to wishing for things/toys for their birthdays or for Christmas. A second struggle was how to create a dilemma that would invite the pupils to simultaneously integrate algebraic thinking and environmental issues in their work. The research group came up with a task, in which the pupils in pairs should be asked to select toys, from the given table, limited to a carbon footprint budget of two orange C-rods (See upper row in Figure 2). The anticipated dilemma in the task consisted of three features, a) pupils needed to create one joint budget, b) then the pupils had a budget that would limit them in the selection of number of things/toys and c) as a second step, the pupils should be asked to halve their already limited budget. The research group's idea with before mentioned features was to challenge the pupils to argue, prioritise, and negotiate their choices by using algebraic thinking as a tool and then the values were in terms of carbon footprint environmental issues would become integrated in the pupils' work.

Reflecting on the lesson to better shape an AWP

In the explorative reasoning the discussions focused on both failures and success of the anticipated dilemmas, how a possible new arranged situation would be designed, creating possibilities for integrating algebraic thinking and environmental issues.

One dilemma discussed concerned when the pupils were asked the question "Does the table feel fair?". The perception of the teacher teaching and the teacher educator/researcher observing the arranged situation was how the pupils were both exploring possible underlying structures of the LOL doll's, the Lego's, and the Scooter's given values (see figure 2):

Pupil 4: That LOL doll can't be much more than Lego, can it? Pupil 5: And then the scooter... Scooters are big... Pupil 6: But you have a scooter for a really long time... And it's a lot of other things than just plastic.

When Pupil 6 expressed that you can have a scooter for really long time this was recognised by the research group as an awareness of aspects of sustainability in terms of different materials as well as an explanation of why a scooter has a lower value then the LOL doll.

In another episode a pupil asked if a white C-rod represented the value of one Lego brick or, a big or small Lego set. The research group recognised this as the pupil was exploring the relationship between the Lego's "size" and its carbon footprint. An underlying concern, according to the research group, could have been that if one white C-rod was representing only one Lego brick the carbon footprint for the Lego would be high in relation to the other things'/toys' carbon footprint.

The second dilemma the research group discussed was when pupils were asked to create a joint budget in pairs. This was however, by the research group, seen as a failure, because the pupils ended up only exploring the quantitative relationships between the C-rods rather than exploring which underlying structure (in terms of environmental aspects) affected the toys'/things' values, as was the intention. Another reason was how the pupil (in figure 4) was testing if adding a red C-rod would create an equality and when it did the pupil stopped their exploration. This phenomenon was also observed in other pupil's work:

Teaching teacher: Then it was a bit like that because they couldn't choose two video games, didn't work out, okay then, then I'll take a mobile instead and then they filled up with it.

This was also recognised as the pupils only were exploring the quantitative relationships between the C-rods rather than exploring which underlying structure (in terms of environmental aspects) affected the toys'/things' values. The research group made the conclusion that this planned dilemma became what [START_REF] Rittel | Dilemmas in a general theory of planning[END_REF] would describe as a 'tame problem', an ordinary math task where the pupils just said "OK, we're going to create an equality" by finding C-rods that together are as long as one orange C-rod.

The discussions also concerned how a possible new arranged situation would be designed. One possibility raised was how there could be an example of an unknown pupil who wants too many things/toys, and then the task for the pupils would become to help the pupil to rethink because he/she cannot consume as much as he/she wants. Another possibility was having three different already made carbon footprint budgets represented by C-rods, made by fictional pupils, and where the pupils would be invited to reason about the already made budgets. In relation to this it was suggested that, for example, the value of a mobile phone should be represented with different C-rods depending on if it was a new or used/refurbished one. In other words, the mobile phones carbon footprint values needed to be seen in relation to if it was a new or used/refurbished one. This was seen as a possibility to invite the pupils to explore, interpret and reason about how the use of Planet Earth's resources as a corresponding aspect in the different the budgets, then a new mobile phone will have a higher carbon footprint then manufacturing a new mobile phone take more of our planet's resources. This arrangement was seen as an imaginable way of inviting the pupils in discussions concerning models' potential of visualising only certain "things", leaving other "things" unnoticed, where the unnoticed things in this case will be if the mobile phone is a new or used/refurbished one and how this plays a role in relation to carbon footprint impact.

Discussion

The aim of this paper is to discuss what we can learn from trying to design and enact an algebraic wicked problem (AWP). In this discussion we will highlight the contextualisation and the built-in dilemmas in relation to elements of algebraic thinking coming into play or not coming into play in pupils' work with AWP.

In [START_REF] Fred | Powerful algebraic ideas: Early algebraic thinking and active citizenship[END_REF] the contextualisation was highlighted as crucial when enlarging the idea of algebraic practices to involve also socially relevant issues. The contextualisation phase, however, consists of different layers which goes deeper than just giving the pupils a carbon footprint table. In our case, not only the choice of data seemed to be important but also how the value of a toy/thing was not of what the pupils are most familiar with, a financial value. This we understand as a built-in dilemma then it seemed to invite the pupils to explore, interpret and reason about other possible corresponding relationships between the different toys'/things' values. However, it was the teacher's question "Does the table feel fair?" who invited Pupil 6 to reason about aspects of sustainability in terms of different materials and how this affected the value of a Scooter and a LOL-doll. Another example was when the pupils were exploring the relationship between the Lego's "size" and its carbon footprint value. In the Lego-case the pupils' exploration could be understood as an indication that they were trying to figure out the corresponding values between Lego and the other things/toys by exploring the value in relation to size/quantity. We consider both examples of pupils reasoning as an indication that they were "thinking at the functional-particular level conceptualised a functional relationship as a set of particular relationships between specific corresponding values" (Blanton et al., 2015, p. 530). This then they were exploring, interpreting, and reasoning about which corresponding values affected the scooter's, the LOL doll's and the Lego's given values in the carbon footprint table. In the first case were pupil 6 was using the sustainability of different material to reason about the relationship between the things/toys given values which we interpret as an example of when algebraic thinking and environmental issue becomes integrated simultaneously in pupil's work. In the second case, to make the pupils also to integrate environmental aspects the teacher would have needed to challenge the pupils with a question or a statement that directed their awareness also to these aspects. Altogether, from the perspective of our try-out the different layers of contextualisation, the design of built-in dilemmas together with teacher's questions or statements appeared to play a crucial role for algebraic thinking and the environmental issues becoming integrated simultaneously in the pupils' work.

The result also shows how easy it is to fall into the trap of what [START_REF] Rittel | Dilemmas in a general theory of planning[END_REF] would describe as a 'tame problem', an ordinary math task. When the pupils were asked to create a joint budget there where nothing that invited them to explore underlying structure of what affected the toys'/things' values. So, it is no surprise that only algebraic aspects came into play in the pupils' work. This bring us back to complexity of AWP and the different layers that need to be taken into consideration when designing, staging as well as maintaining pupils work with the AWP. In the groups reflection on the lesson to better shape an AWP they were imagining new possibilities of how to integrate algebraic thinking and environmental issues simultaneously in the pupils' work with carbon footprint budgets. One imagination was to give the pupils three different budgets, already made by fictional pupils, and where the mobile phone would have different values depending on if it was a new or used/refurbished one. However, if we want algebraic thinking and environmental aspects to become integrated simultaneously in the pupils' work this is not enough. We also need to imagine questions or statements the teacher could ask/express to challenge the pupils to pay attention of both in their work. It does not happen by itself! Finally, it can be said that the possibilities of generating and successfully bringing AWPs in classrooms has challenged the different types of people involved. This effort has required not only to go beyond usual imaginations of situations that are used to invite into algebraic thinking, but contexts of significance in cultural and sociological terms. It also requires that the contexts and the way teachers work with them pose dilemmas where the characteristics of algebraic thinking are mobilised. So far, this path has shown that collective work may show new ways to connect early school algebra with problems and situations of relevance for children as future citizens to make it culturally and sociologically powerful.
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 2 Figure 2: The Carbon footprint budget The idea of using Cuisenaire rods (C-rods) came up when discussing how algebraic thinking could come into play in the pupils' work. The idea was that the C-rods would function as representations of carbon footprint values. Using C-rods as representations of values was seen as a facilitator to invite the pupils to explore, interpret and reason about underlying structures which affected the toys/things given values.
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