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 four interpretations of powerful mathematical ideas (which focus on the logical, psychological, cultural, and sociological power of mathematics) were used. We show that in the books and book chapters there is a dominance of the logical and psychological interpretations of the power of algebraic. Furthermore, the cultural and sociological interpretations appear connected to algebraic thinking as a resource or tool for action in "society". Advancing new possibilities of expanding the ways in which early algebraic thinking is made powerful for students is a challenge to research.

A socio-political perspective on early algebra?

In the last decades, early algebra research has stressed the importance of students' introduction to algebraic practices in the lower grades to support students' emergent algebraic thinking (e.g. [START_REF] Kaput | What is algebra? What is algebraic reasoning[END_REF][START_REF] Radford | Role of representations and artefacts in knowing and learning[END_REF]. Such an early introduction lays the ground for further algebraic thinking. Since algebra has a special position in mathematics, through its applicability in other areas and for its role in supporting general reasoning, conclusions, and proofs, an early introduction to algebraic practices and thinking is considered a foundation for realizing the intentions of the mathematics curriculum with respect to students' overall mathematical learning (Cai & Knuth, 2011). Simultaneously, interest on the socio-political dimensions of mathematics education has grown among researchers and practitioners [START_REF] Gutiérrez | The sociopolitical turn in mathematics education[END_REF][START_REF] Planas | Tracing the socio-cultural-political axis in understanding mathematics education[END_REF]. A socio-political approach to mathematics education considers the development of mathematical thinking and learning as an aim tightly connected with the overall societal intention of providing students with tools to become active citizens. In other words, mathematics education should offer clear opportunities to deploy mathematical thinking to consider and act on the problems and concerns of students as members of a society (e.g., [START_REF] Skovsmose | Towards a critical mathematics education[END_REF]. When bringing these two lines of research together, one could think that the aim of developing students' algebraic thinking is not only to advance the learning of further mathematics, but also more explicitly to empower children's critical reflection and democratic participation in communities of peers and in society [START_REF] Hauge | Post-normal science and mathematics education in uncertain times: educating future citizens for extended peer communities[END_REF]. As it appears from the analysis of the basic works in our study, more often than not this combined aim is not so clearly articulated in research. Thus, bringing together students' emergent algebraic thinking and fostering future active citizens becomes a relevant challenge to advance a socio-political research work on early school algebra. This paper has the intention of examining the way in which the aims of early algebra are expressed in research. Identifying how such aims are articulated is a first step in finding ways to connect them with the intentions of empowering students as future citizens, and in opening possibilities for new design of curricula and pedagogies that promote algebraic thinking.

We took inspiration in [START_REF] Skovsmose | Handbook of international research in mathematics education[END_REF], who reviewed how research in mathematics education views mathematics as being powerful and learning mathematics as empowering students and giving them access to participation in society and democracy. They reviewed research with three questions in mind: a) What is the understanding of "power" present in research? b) What is the source of the power of mathematical ideas? and c) What are the consequences of that power? As a result, they identified four distinct interpretations of the notion of "powerful mathematical ideas" that are present in the field. Mathematics and mathematics education are powerful in a logical sense when the focus is on the internal characteristics of mathematics. The learning of mathematics is then justified "for the sake of the internal characteristics of mathematics" (Skovsmose & Valero, 2008, p.15). Powerful mathematics education is powerful in a psychological sense when the focus is on the individual's possibility of acquiring mathematical knowledge. Powerful mathematical ideas are then defined in relation to the mental operations involved in the learning of mathematics, rather than the internal logics of algebra. Mathematics education is powerful in a cultural sense when the focus is on students' interpretations of their life possibilities in a context and reflects a situated learner's perspective, addressing students' background, but also their foreground, or how students perceive themselves as mathematicians in their future live. Mathematics education is powerful in a sociological sense when considering mathematics as a central tool for larger social action and organization. Powerful mathematical ideas, then, are "defined in relation to the extent to which they are used as a resource for action in society" (Skovsmose & Valero, 2008, p. 21).

In our case, these four interpretations invited us to inquire in which ways democratic access to early algebraic thinking can be considered as powerful for the purpose of connecting the development of algebraic thinking with the intention of education for an active citizenship. The question we want to discuss in this paper is: How can we understand powerful algebraic ideas for the combined purpose of developing students' emergent algebraic thinking and fostering future active citizens?

Methodology

To answer this question, we examined two major research review books in the field of early algebra (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] to investigate the interpretations of "powerful algebraic ideas" in the books as a whole. This process was done in three steps. First, an analytic tool was created (Table 1) where [START_REF] Skovsmose | Handbook of international research in mathematics education[END_REF] three questions (a) What is the understanding of "power" present in research? b) What is the source of the power of mathematical ideas? c) What are the consequences of that power?) helped guiding the description of each interpretation. Second, we performed an exercise of researching research [START_REF] Pais | Researching research: mathematics education in the Political[END_REF] on the two books to identify statements present in the texts related to each of the four interpretations. This was done by scanning for keywords associated to each interpretation, identifying excerpts that expressed these ideas, and articulating the overall sense of powerful algebraic ideas present in the books. In researching research as an analytical approach, we were not interested in pointing the particular author of an idea. Rather, we identified the regularities of what is being said about powerful algebraic ideas. Therefore, the excerpts that illustrate the interpretations are coded "C&K" and "K" plus the page number to point the source of the citations in Cai and Knuth (2011) and [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] respectively. Mathematics is conceived primarily as a learning process. The focus is on capturing and facilitating the developmental nature of mathematical thinking towards higher levels of abstraction and formalization. The mathematical power is situated in its developmental potentialities.

Culturally speaking… Sociologically speaking…

Mathematics is seen as a tool to relate to people's context and life conditions, for making decisions, participating in different practices, and envisioning future life possibilities. Mathematics is powerful as it allows the understanding and transformation of who learners can become.

Mathematics is seen as a descriptive and prescriptive resource and tool for action that formats society.

Mathematics is powerful as it allows planning and decision making as an integrated part of technological actions. It also allows to recognize the harms that mathematics, as a resource in technological action, can create.

Powerful algebraic ideas

Table 2 shows the approximate distribution of excerpts in the texts. From this distribution, it is clear that most of the terms appear in connection with the logical and psychological focus. In what follows we characterize the four different interpretations of powerful algebraic ideas as they appear in the two books. We acknowledge that even though we try to keep the four interpretations as distinct perspectives and emphases, they are not strict, clear-cut categories. Rather there are fine lines of distinction and similarity between them. Therefore, we tried to capture what can be foregrounded within each interpretation.

… Logically speaking

Algebraic ideas are presented in the books as powerful logically speaking when stress is placed on the features of algebra such as abstraction, mathematical structures and generalization. This dimension of powerful algebraic ideas connects to the multiple perspectives one needs to understand concepts and by linking these concepts to one another. For example, generalizing is described as powerful in relation to processes of identifying mathematical structures and relationships in mathematical situations. Seeing and describing mathematical structures and relationships are also seen as powerful in relation to constructing meaning. For example, understanding the "multiple meanings of variables and the ability to employ variables to express mathematical relationships or situations" (K, p. 144) are also expressed in terms of powerful algebraic ideas. The power of thinking algebraically is described as empowering students to analyse relationships, to notice structures, to generalize, to problem-solve, to model, to justify, to prove, and to predict (K, p. 408). Furthermore, "structure in terms of an agreed list of properties" is seen as a powerful algebraic idea when using them as axioms for deducing other properties (K, p. 287). In sum, the power in this category is strongly related to the internal logics of algebra.

… Psychologically speaking

From a psychological point of view, powerful algebraic ideas seem primarily to be defined in relation to what students can grasp and give meaning to in the learning processes of algebra. For example, symbolic notions are emphasized as tools in relation to students' thinking regarding generalizations and relationships between variables: "in particular, to recognizing the varying nature of variables" (K, p. 276). The algebraic symbols are also emphasized as powerful to describe and reason with overall mathematical ideas (C&K, p. 19). Schematizing, discovering patterns, "to imagine and to express, to specialize and to generalize, to conjecture and to convince" is also mentioned in terms of being powerful algebraic ideas (K, p. 334). This in relation to recognise "situations as instances of a class of similar situations, which constitute a person's example space" (K, p 334). "Observing examples to find regularities, noticing structure and relationships, forming conjectures about the observations, and then proving and concluding general statements" was also mentioned in terms of being powerful (K, p. 356). Mental models are mentioned as ways of thinking about abstract concepts (e.g., balance for equivalence) and/or represent abstract concepts (e.g., physical balances, balance diagrams, balance language, equations as balance). Transforming processes, the recognition of mathematical ideas and the use of mathematical strategies and analytical tools were mentioned (C&K, p. 332). Abilities such as meaningful symbolic reasoning are seen as powerful because they prepare for the abstraction of more advanced concepts and thinking in later grades. (C&K, p. 14). In contrast to powerful mathematical ideas in a logical sense, mathematical ideas are powerful because they relate primarily to students' learning of algebra rather than to a predominant focus on the internal characteristics of algebra.

… Culturally speaking

We interpret this dimension as emphasizing informal notions of algebraic concepts where language plays an important role. Competencies as to going from informal notions to more formal ways of mathematical thinking are emphasized (K, p. 29). Algebra is described as a cluster of modelling languages both in and out of mathematics (C&K, p. 492). The importance of tasks for students' lives is also emphasized for students to engage and participate (C&K, p. 430). Argumentation competences is attributed a crucial role (C&K, p. 469) even though algebraic thinking not always is mentioned directly; rather, activities with a special focus on argumentation. Further, is algebraic thinking highlighted as creating marginalization of students in schools and society as well as "a gateway to academic and economic success" and in that sense is algebra seen as valuable for the students.

Culturally speaking powerful algebraic ideas recognize the situated perspective of learning algebra and the culturally loaded meaning associated to learning algebra.

… Sociologically speaking

The role of algebraic thinking is sometimes backgrounded, and sometimes it is foregrounded. Furthermore, "the use of symbols (letters) to express relationships (to model) and thereby to resolve problems" are mentioned in terms of powerful algebraic ideas (C&K, p. 561). "Real" problems are used as starting points where transforming processes, reorganizing mathematical ideas, schematizing, discovering relations and patterns, symbolizing, using analytic tools, and refining existing models are deployed as tools for students to have agency over their life situations and to critically scrutinize their environment interpreted as powerful algebraic ideas (C&K, 2011 p. 332). Students' abilities to make sense of data is mentioned, this in relation to whether and how different quantities relate to each other. In relation to this seem tables, graphs, and the use of symbols to work as tools or models to invite the students to describe and reason about mathematics ideas (C&K, 2011 p. 19). Algebraic reasoning is also highlighted, this in terms of being a powerful algebraic idea (K, p.380). In some excerpts is algebraic thinking expressed powerful in relation to work as a "fluid domain of thinking", "habit of mind" and as a particular resource to be used and integrated in every topic (C&K, p.18).

Discussion and conclusions

As described earlier on, we set us the task of discussing how to understand powerful algebraic ideas for the combined purpose of developing students' emergent algebraic thinking and fostering future active citizens. That is, we try to move early algebra education towards a practice at intersection of fostering future democratic citizens and the emergence of algebraic thinking for future mathematical learning. The main result, in screening two major research review books, is that there is a dominance of the logical and psychological interpretations of "powerful algebraic ideas". This result resonates with [START_REF] Skovsmose | Handbook of international research in mathematics education[END_REF] who, for the general field of mathematics education, could see a large number of publications adhering to these two interpretations of power. To keep assuming that the logical and psychological interpretations will lead to an empowerment of students may be problematic. As we know, the connection between mathematical knowledge and competence and relevant problems that people face in their lives does not happen "naturally" [START_REF] Hauge | Post-normal science and mathematics education in uncertain times: educating future citizens for extended peer communities[END_REF]. As society gets more complex and children face the challenges of sustainability and climate change, it becomes necessary to make explicit connections between algebraic capacities/thinking and the ways in which algebra plays a role in addressing such shaky situations.

Our analysis of powerful algebraic ideas culturally and sociologically speaking can guide us in the attempt to enlarge the idea of algebraic practices where students are involved in more socially relevant issues, as for example climate change and sustainability, and where algebraic thinking becomes a resource or a tool for concrete critical thinking and action. One way of inviting students to be involved in this kind of activities is to work with models of situations that go beyond so called realistic or semireal references for a controlled problem. For example, we can challenge students to read or model "reality" and then by raising certain questions/issues implicit make algebraic thinking becoming an analytical tool in the exploration of those models. Further, asking questions/making statements that invite the students to becoming aware of models' potential of visualizing only certain "things" and leaving other things unnoticed and invite them to reflect on what kind of consequences that may have. In this kind of work, algebraic thinking can become a language tool/resource as well as an analytical resource/tool (see also [START_REF] Blanton | Algebra and the elementary classroom: Transforming thinking, transforming practice[END_REF]. Another way of inviting students to this kind of work is in relation to technological action, where algebraic thinking can work both as a tool to create technological solutions as well as enable the students to detect that all things that are created with mathematics are not all good. Thinking in this direction, the contextualization becomes crucial, this in the establishment of an arena where algebraic thinking can operate both as a source of power but at the same time inviting students to critical examinations of mathematics itself. This implies a need to uncover the contextualization of a certain structure and at the same time creating another kind of need for algebraic thinking.

The remaining question is then, which could be new possibilities to build those kinds of arenas with the combined aim for early algebraic thinking? We believe that as a community of researchers, we could embrace the challenge of designing algebraic practices that place algebraic thinking in a larger context. In contrast to the usual work with problems and contexts tailored for algebra, we see that wicked problems (Block et al., 2018;[START_REF] Hauge | Post-normal science and mathematics education in uncertain times: educating future citizens for extended peer communities[END_REF][START_REF] Jurdak | Real-world problem solving from the perspective of critical mathematics education[END_REF]Rittel & Webbers, 1973;[START_REF] Steffensen | Critical mathematics education and climate change. A teaching and research partnership in lower-secondary school[END_REF] can be a fruitful idea to both empowering the contextualization as well as creating another kind of need for algebraic thinking. Wicked problems can help us bridging the gap between school algebra and more socially relevant issues (e.g., [START_REF] Jurdak | Real-world problem solving from the perspective of critical mathematics education[END_REF][START_REF] Steffensen | Critical mathematics education and climate change. A teaching and research partnership in lower-secondary school[END_REF]. Wicked problems can be described as complex problems with no definite formulation of what the problem and its solution actually is. Then the problem-formulations are vague and involve different interests and/or perspectives which encourage to negotiate disagreements that open up for different framing of the problem. Thus, if we want to go beyond providing students with tools to solve problems encountered in real life and instead invite the students to work as mathematicians handling conflicting stakes, complexity, decisions, and uncertainty, exploring algebraic activity to address wicked problem can be rewarding.

Neither of the above, however, comes without challenges. There is a risk that the students' either disregard mathematical (in this case algebraic) aspects or disregard socio-political aspects or disassociate them. Our further research intends to explore this further by imagining wicked problems in an iterative and collaborative process including pre-service teachers, teachers, researchers, and teacher educators, where we also stage these imagined wicked problems with 6-9-year-old students.

Table 1 : Summarised view of Skovsmose and Valero's (2008) Powerful mathematical ideas… Logically speaking… Psychologically speaking…

 1 

	Mathematics is seen as objects. The focus is on
	understanding mathematical concepts and doing
	mathematics for the sake of the internal
	characteristics of mathematics. The goal is to
	establish mathematical knowledge, its ways of
	working and to provide new insight into a different
	set of concepts. Being able to make is
	essential. Mathematics empowers through peoples'
	enculturation in it.

Table 2 : Distribution of number of excerpts

 2 

	Interpretation	Keywords	Nr. of excerpts
	Logically speaking...	abstraction, concept, generalization, mathematical	More than 200
		structures, origin	
	Psychologically	argumentation, mathematical thinking, mediating tools,	More than 100
	speaking…	modelling, reflection,	
	Culturally	critical decisions, culturally, family, student´s	Less than 20
	speaking…	background, student´s foreground	
	Sociologically	agency, empowerment, citizenship, critical thinking,	Less than 10
	speaking…	critical reflection, democratic, real, society	
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