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Abstract

This article explores a smaller slice of a larger research project in an upper secondary school, on the social science program, in Sweden. A pedagogy that connected mathematics to society, with societal issues on the agenda, as intended within the domain of sociomathematics and supported by stated objectives in the Swedish national curriculum was arranged in two classrooms.  An environment with possibilities for students to achieve agency and by that gain ownership in their learning of mathematics was aimed for. The students’ learnt mathematics through collaborative project work, inspired by critical mathematics education. Three carefully chosen teaching sequences, developed in the course, are explored in a way so that they illuminate different ways of conducting project work; the reasons for the context development and problems that arose. Locating the experiences in the socio-cultural context of the school gave an understanding of the complex situations that impacted on the choices of contextual topics and design of the projects.  Assessment issues that arose are discussed. The students’ voices are accounted for through their comments on a blog, through interviews and evaluations. The findings in this case study indicate that students who not usually participated or achieved well in mathematics education told different or new stories about their engagement and their results in mathematics during and after project work.  

1. Introduction
Mathematics counts in society. However, society does not obviously count in mathematics education. That was the situation that challenged me during my years working as a mathematics teacher in Swedish upper secondary schools. My personal teaching experience was that it was both easier and more accepted to bring societal issues into my second teaching subject, psychology, than into mathematics. This was the case even in the upper secondary 3-year social science program, where I would think mathematics relating to society ought to be an obvious topic, or rather, not a topic but an approach that coloured the teaching and learning through the mathematics courses. As the empirical setting for my Ph.D. thesis in mathematics education I implemented a mathematics education/pedagogy. The pedagogy was informed by a social awareness and accordingly brought forward questions and subjects that were important from a societal perspective. The main research focus was the students’ identities during their first upper secondary mathematics course. The aim of this article was to explore some possibilities but also limitations when implementing these imagined situations in the classrooms and reveal why some issues occurred at particular times. Through locating the experiences in the socio-cultural context of the school I give an understanding of the complex situations that impacted on the choices of contextual topics and design of the projects.  
1.1 Situating the school, the students and the research
In this school, Ericaskolan (names of persons and the school are pseudonyms), a large number of students chose a social science program for their three-year upper secondary schooling. They usually decided to take this program because they knew they wanted to continue studying at some point in life, but when or what was not clear yet. The social science program gave a good base to stand on when graduated and it kept most doors open towards further studies. The students were generally interested in social sciences and humanities or attracted to language or media subjects. But there were also other reasons for them to prefer a social science program. The students might not enjoyed mathematics, natural sciences or technical subjects, and thus saw this particular program as a very good option. However, when they had decided on a social science program, they still had to pass two mathematics courses. 
The different reasons young people had for selecting a social science program indicated that students participating in these compulsory mathematics courses had different foregrounds (refers to “a person’s interpretation of his or her learning possibilities and ‘life’ opportunities, in relation to what the socio-political context seems to make acceptable for and available to the person “ (Alrö, Skovsmose and Valero, 2009 p.17) and backgrounds in relation to mathematics education. It also indicated that their intentions to engage (or not) in learning mathematics differed on an individual level. But they were all there, together, in the mathematics classroom taking, in this case, the Mathematics A course whether they wanted to or not, or whether they liked mathematics or not. For the empirical part of my PhD-study, with students’ identities in mathematics education in focus, I reflected on how pedagogy could be developed to give these students a different experience of mathematics education. A pedagogy that connected mathematics to society, with societal issues on the agenda, as intended within the domain of sociomathematics (Wedege, 2010). Space for such an orientation fitted well with one of the stated objectives for the Mathematics A course in the Swedish national curriculum:
Mathematics A is a core subject course […]. The course builds further on mathematics from the compulsory school and provides broader and advanced knowledge in the areas of arithmetic, algebra, geometry, statistics and the theory of functions. The course is studied by pupils with widely different study orientations. The structure is modiﬁed and the problems chosen are based on the pupils’ study orientation. The course provides general civic competence and constitutes an integral part of the chosen study orientation. (Swedish Ministry of Education, 2000)
The students in the two participating classes were in the age of 15-16 years old, and would soon reach maturity (18 years). They would then become recognized by society as competent citizens and expected to take on adult responsibilities. But that was not the case in mathematics education. The choice they seemed to have had was to either to participate or not in mathematics education (as elaborated by e.g. Solomon, 2009). If they decided to engage this implicated that they usually had agreed to follow the instructions of the teacher and the textbook (Bishop, 2008, Skovsmose, 2005). The mathematics-learning context hence was decided by anonymous textbook authors (Wagner, 2010) usually with task-contexts (Wedege, 1999) far from students’ reality (Andersson & Ravn, in press). Time and planning responsibility lied with the teacher, and the authority in the classroom resided with the teacher or with the textbook, as written by Lampert (1990, p.32) in the following way:
These cultural assumptions are shaped by school experience, in which doing mathematics means following the rules laid down by the teacher; knowing mathematics means remembering and applying the correct rule when the teacher asks a question; and mathematical truth is determined when the answer is ratified by the teacher.  Beliefs about how to do mathematics and what it means to know it in school are acquired through years of watching, listening, and practicing. 
Therefore, in addition to the aim of bringing societal issues into the mathematics classroom  I wanted to establish an environment with possibilities for students to achieve agency and thus experience social empowerment in mathematics. In this way students would get possibilities to gain ownership in their learning of mathematics. Social empowerment is in this research defined as Ernest (2002 p. 1-2) suggests: 
Social empowerment through mathematics concerns the ability to use mathematics to better one's life chances in study and work and to participate more fully in society through critical mathematical citizenship. Thus it involves the gaining of power over a broader social domain, including the worlds of work, life and social affairs. 
Agency is in this research defined in line with Biesta & Tedder’s (2006) suggestions. Biesta & Tedder (2006) explored two key ideas for understanding agency. As their first key idea they refer to “an ecological understanding of agency,   i.e., an understanding which always encompasses actors-in-transaction-with-context, actors acting by-means-of-an-environment rather than simply in an environment” (p.18, authors’ emphasis)).  As their second idea they proposed that “agency should not be understood as a capacity or possession of the individual, but as something that is achieved in particular (transactional) situations” (p.27). This idea implicated that:
The idea of achieving agency makes it possible to understand why individuals can be agentic in one situation but not in another. It moves the explanation away, in other words, from the individual and locates it firmly in the transaction (which also implies that the achievement in one situation does not mean that it will necessarily be achieved in other situations as well. (Biesta & Tedder, 2006 p.18-19)
To change into this way of organised mathematics teaching required a different way of talking and behaving for all participating actors within the mathematics classrooms, and a new way of distributing power and responsibility between the teacher and the students. Thus we all, together, had to establish a new language, a new discourse, in the mathematics classrooms. Discourses are in this research defined in line with Valero’s (2008 p.45) understanding of discourses as “the sets of language formulations, together with the systems of reason that emerge in the relationship between the phrasing of the world and social practice”. Consequently, the question that emerged was: how could an educational situation be arranged, imagined as informed by society and at the same time changing the classroom discourse into a discourse taking students intentions, experiences and reflections on their learning of mathematics seriously? 
1.2. The pedagogical imagination
The mathematical content was not negotiable as the topics to cover were clearly stated in the national mathematics curriculum for the Mathematics A course. It was also of importance that all mathematical topics got well covered through the course as the students had to participate in a national test in the end of the course. However, the task-context (Wedege, 1999) in which the mathematics was learnt was clearly open to discussion, and actually approved by the same national curriculum. The curriculum for mathematics on the social science program stated that mathematics education should be e.g. “linked to everyday life and their study orientation” or “of importance for everyday life and their chosen study orientation” (Swedish Ministry of Education, 2000) and thus supported our plans to connect the mathematics teaching to society.
Concerns for mathematics education raised by Skovsmose (e.g. 1994, 2005) inspired my thinking when designing the projects on different levels. First, concerns formulated as relating mathematics to citizenship and thus the preparation of students to become an active part of political life, as understanding mathematics as a tool for identifying and analysing critical features in society and as seeing mathematics not only as a tool for critique but also an object of critique (Skovsmose and Nielsen, 1996 p. 1261). These concerns inspired me to rethink pedagogy in mathematics education. Instead of working (only) with traditional text book exercises we offered possibilities for project work. Project work was understood as a learning milieu (Skovsmose, 2001) where students, in pairs or groups, worked together on more complex tasks or activities over a period of time. I aimed for the projects to be designed with contexts relating to society, with possibilities for critical discussions and reflections but within the boundaries put by the national curriculum and if possible with reference to the students’ lives. Therefore the students themselves decided on what were for them interesting contextual topics within the societal/mathematical framework. 
Second, concerns about epistemology were taken seriously. Educational practices were understood in terms of acting persons and not as a transformation of a body of knowledge. An awareness that classroom communication can reflect power relations became important, and we also wanted to take students reasons to engage in mathematics education (foreground / background / intentionality) (Skovsmose, e.g. 2005) seriously. This way of working resonated well with a critical mathematics classroom practise suggested by Ernest (2002, p. 8) in the following way:
The aims of critical mathematics, require the use of a questioning and decision making learning style in the classroom. Teaching approaches should include discussions, permitted conflict of opinions and views but with justifications offered, the challenging of the teacher as an ultimate source of knowledge (not in their role as classroom authority), the questioning of content and the negotiation of shared goals. […]. Also the learners should be given the chance pose their own problems and initiate their own projects and investigations at least some of the time, 
These issues made me consider the potential, but also the limitations, for a mathematics pedagogy that takes students’ empowerment, reasons for participating, etc., seriously. I started to imagine a new discourse in mathematics education. Critical researchers such as Frankenstein (2008, 2009), Gutstein (2006), Gutstein and Petersen (2006) and Skovsmose (2001, 2005) inspired my thinking in how a mathematics education could be organised through project work contextualising societal issues to mathematics teaching. My plans included mathematical content development and teaching through critical projects and critical discussions, both of the learning of mathematics and of mathematics per se. The main teaching idea during the course was to vary the ordinary mathematics teaching with projects, if possible in collaborations with other school subjects. Mathematics textbook work was not excluded, that is not the point made here. Textbook calculations were rather used when this made sense to the students or was suggested by the teacher.
Recapitulating so far, I started to develop a pedagogy aimed at a) within the national curriculum and assessment qualities boundaries; b) connect the contexts to social/societal concerns; d) with a classroom discourse appreciating students possibilities for achieving agency both in relation to their mathematics learning and in relation to context as e.g. task contents; e) with an awareness of power and responsibility distributions in the mathematics classrooms. The pedagogy was developed and implemented in two classes’ Mathematics A course in collaboration with Elin, the responsible mathematics teacher at Ericaskolan. My input was the theoretical perspectives that grounded the research as described above; Elin complemented these ideas with her school-situated knowledge and her personal teaching ideas, wishes and concerns. Together we built up the different teaching sequences and decided how to work together with(in) the different classroom discourse(s). This was the background for the setting. 
However, as pointed out by Ernest (2002, p. 8) ”the approach must also honestly and openly address the instrumental and life goals of the learners themselves, both in terms of needed skills and passing exams.” The next section explores concerns about assessment. Assessment issues became vital to address as the students course grades were of importance for potential further studies at University. It was also important that they performed well and (at least) passed the national tests at the end of course. We had to take care that the objectives stated in the national curriculum were possible to reach on all grading levels and how we did this is described in the next section. 
1.3 Assessment issues
The mathematical projects were prepared and designed to give students’ opportunities to reach all curriculum stated goals, on different grading levels, within the given time space of the course. We created special sheets with “Objectives possible to reach within this project” and “What is needed to show for different grade levels”. The outcome of these sheets was threefold. First, it became clear for all actors in the network that care was taken for these issues and by that support for the project was given. Second, this way of working made it easier for students to achieve personal agency on assessment and grading issues. They got the opportunity to decide what levels they wanted to work on individually and what goals they wanted to reach within each project. Third, it supported Elin to assist all students to pass the course as assessment and grading issues became transparent for all participating actors in the mathematics education network. However, I need to stress that the mathematics education curriculum puts limitations on project work. The tensions between students succeeding uniform national tests in the end of the course and the time constraints in relation to promoting project work mathematically and critically in different ways were very obvious during the teaching sequences. I also need to acknowledge the limitations to our wish for democratic and student empowering approaches – for the same reasons. We were obviously still imposing an external power and evaluation framework and this clearly restricted the ways we wanted to push matters of agency and empowerment further. It was a balancing act with negotiations undertaken almost every lesson in relation to the students’ wishes, their and their teacher’s responsibilities and the curriculum and assessment boundaries. Some of these discussions we took are exemplified in connection to the different teaching sequences below.
2. Three different teaching sequences
[bookmark: _Toc132753855]The following section explores three carefully chosen teaching sequences through three of the projects we developed in the course. The projects are chosen in a way that they illuminate different ways of conducting project work; the reasons for the context development and the problems that arose illumine different aspects of what occurred during the teaching semester. The episodes are structured in the following way: First the projects are outlined as they were presented to the students. The students received the instructions in Swedish, here I provide an English translation of the three instructions. Next, the background of the teaching sequence and the reasons we had for creating the teaching sequences the way we did is described. Last, some reflections from me, the researcher, from the teacher and from the students illumined some of the processes, possibilities and limitations we experienced. The students’ comments are quoted from a blog we used during the semester, evaluation sheets, e-mails, from interviews and spontaneous conversations and from their personal logbook they wrote during the last project. The students’ voices are chosen in a way that they represent a group of students who, of different reasons, told me they disliked mathematics or mathematics education. 
The teaching sequences are described in chronological order to illustrate how we started off with small steps and then made the projects larger in content and time as the semester progressed. In this way we all; students, the teacher and researcher learnt, together, how to work differently in the teaching and learning of mathematics.
2.1. “Making your dreams come true?”
The first project was presented to the students in writing as follows. In addition they also received assessment sheets to all projects. 
Box 2.1.
	Making your dreams come true?
Reflect on something you would like to do, experience or buy, to yourself or others that cost so much that you need to borrow the money to cover the expenses. You need to find out how much money you need to borrow to finance the project and what interest the bank expects you to pay. We suggest the following: the interest and mortgage is paid to the bank once a year and you pay back the loan within five years. If this is not possible for you we will discuss that.
· How much will you be paying in interest costs per year? In total over the five years?
· How much do you need to amortize (pay to the bank) per year?
· What did the total cost add up to?
· Was it worth it? Why/why not?
We also suggest you discuss issues as what you personally might borrow money for. How do you find out the borderline for high or low interest costs? How do you find out if a loan offer is good or not?
Course goals possible to reach in this project in Mathematics A: 
1. Be able to formulate, analyze and solve mathematical problems of importance for everyday life and their chosen study orientation
2. Have deepened and extended their understanding of numbers to cover real numbers written in different forms
3. With and without technical aids, be able to apply with judgment their knowledge of different forms of numerical calculations linked to everyday life and their study orientation.
The above stated goals imply you to be able to write fractions and decimals numbers as percentages (and the opposite), to be able to calculate percentages with interest rates, be able to do calculate repeated percentage changes, have knowledge about the differences between percentage and percentage units and know how to calculate interest rates.


2.1.1 Societal background and critical mathematical content
In Sweden, probably but sadly not uniquely, an increasing number of young people (aged 18-25 years old) get in financial trouble after taking “quick-money loans”. These loans are offered almost everywhere, to young people often through mobile phone texts (Konsumentverket and the Swedish Enforcement Authority, 2007). They are easy to get and are received within ten minutes. They typically come with high interest rates, and the companies usually do not check for creditability[footnoteRef:2]. If (young) individuals get into enforcement- or police registers for not paying back debts, it usually results in problems getting loans in banks and thus decreases young persons’ possibilities getting bank loans for further studies or a house later in life. These were the main reasons why we regarded this topic as potentially critical for the students. We offered in this project possibilities for discussing issues with them on how to act, negotiate and think when being in situations needing money.  [2:  According to Swedish statistical information, 25 % of those young persons (aged 18-25) who took these loans already had unpaid debts for debt recovery at the Swedish enforcement authority. Of these young people 16% took new text loans to pay back prior loans. 64% regretted their loans and told that if they had needed to wait for the money 24 hours or more they would not have taken the loan in the first place (Konsumentverket and the Swedish Enforcement Authority, 2007).] 

The topic was introduced with a whole class discussion on how loan companies work with advertising to young people and about possibilities and risks with ”quick-loans” as e.g. mobile text-loans. Even if these students only were 16 years old, it turned out that a couple of them had lent money from friends and parents and found it difficult to pay back. The critical discussions we raised concerned e.g. when to/not to borrow money, different borrowing conditions and how to find different borrowing options. We talked about how different organisations in society work to pursue young people to borrow money, and how to look for information in the “small print” texts. As part of their project-work they had to either visit banks or search the internet to find out the smartest option for their group and thus they ought to read the conditions carefully. 
2.1.2 Reflections
During the planning stage of this project the teacher’s concern was with the students and their beliefs about what mathematics education should be as this was their first year at Ericaskolan. The teacher wanted both the students and herself to feel confidence about students reaching the curriculum goals. So despite the research objectives and openness of the students’ project, she decided that the students had to complete textbook exercises for the assessment, in addition to the oral whole class project presentations. This resulted in a mix of the old and new discourses, which at one point became problematic for the relationships between the students and the teacher. Discipline issues occurred due to the change of expectations and responsibilities in the classroom. Reflecting back on this decision at the very end of the semester Elin said:
- I would not do the percentage project again in the way that they had to hand in exercises from the book as well [as the project presentation]. But we had that discussion before [we started] and then I chose to bring in the book-part to feel sure about that they did something. It was a control point [for me]. (Elin, interview)
Consequently, when preparing the ensuing projects we excluded prescribed textbook exercises. The textbooks were present, but in a different way. We wanted to give the students opportunities to decide for themselves (off course with supervision when asked for) what they needed to read or work with in the textbook to complete their project. We also offered, for the rest of the semester, other textbooks on the front table for students to borrow if they found a mathematics book that explained mathematics in a way that suited a student particular well.
This was the first group work in these two classes and the students had known each other and their teacher for three weeks. When asking them with a “hands-up, how many of you have experienced team work and project work in prior mathematics education?” three students raised their hands. After completing the first 9-10 years of compulsory schooling in Sweden, only three out of 46 students, representing almost the same number of schools and classrooms as they came from different schools, had experienced mathematical group work. When asking these three students what kind of group work they had experienced they all answered “solving problems or working past national test questions in pairs”. None had ever conducted a project over more than one lesson in time in mathematics before so this discourse was very new to them. Zizzi, a girl who described herself as “ I have never had a real interest in mathematics, and I have never been encouraged enough to get the interest either” (interview, 10-2009), clarifies this with her comment:
This was really meaningful and it was good to take personal responsibility for planning and for our own work labour. But this is new; we have to practise this way of working (Zizzi, blog comment, my emphasis) 
When introduced to a different discourse in mathematics education, the students needed supervision both on the mathematical content and on how to work in teams to develop a mathematical project. Even if the students were enthusiastic about the activity and experienced possibilities for taking personal decisions and responsibilities the teacher had to pay attention to these issues when initiating investigation work. As Skovsmose (2001, p.130) wrote became our experience:
Any landscape of investigation raises challenges to a teacher. A solution is not to rush back into the comfort zone of the exercises paradigm, but to be able to operate in the new environment. The task is to make it possible for the teacher and students to operate in co-operation within a risk zone, and to make this operation a productive activity and not a threatening experience.
[bookmark: _Toc132753857]The teacher made some critical reflections about the mathematical content. To make the project more authentic the interest calculations should not have been simplified to annual calculations in the way we suggested. That decision was grounded in time constraints. As we wanted the students to work in an investigative way, and this way was new for them, we rather allowed time for e.g. critical discussions, information seeking and planning for project presentation than conducting repeated interest calculations.  However, the students did at least five annual “interest-on-interest” calculations for the assessment and thus showed they had the required mathematical knowledge to perform these calculations and the teacher regarded this as acceptable.
When analysing the students’ blog comments during this project it became obvious that this was a different experience for them of working in mathematics. They seemed to appreciate the new possibilities to decide for themselves. Rosie (who told she had not reached goals she wanted in prior mathematics education and thus experienced mathematics as a meaningless subject) wrote in her evaluation: “I think this was fun because one could decide topic and that means that one works with something one is interested in” (Rosie, written evaluation sheet, 10-2009). 
Malin, a girl who told me personal narratives of her experienced “mathematics anxiety” pointed to an issue needed to be recognised when conducting group work in mathematics. Early during the project she wrote: ”This was ok.  Something new and interesting and a good task because it was real, realistic. Can be good for me later on in life” (Malin, blog, 18-09-2009). Although, a week later she concludes after a bank visit: 
This was a good exercise because we had to find out stuff ourselves and thus become independent. I tried to calculate the interest rates but realised we have to be better and more efficient to help each other with the mathematics tasks in the group. I will try to get the others to be better at that, so we help each other ” (Malin, blog 23-09-2009, her smiley). 
In her later comment I interpret her statements as worrying about reaching the mathematical goals in relation to the collaboration in the group. In this case the teacher could act and supported Malin with some extra mathematical discussions the next lesson. In this way the blog became useful not only for my research and for the students reflections on their learning; it also developed into an instrument for the teacher to become aware of what was going on in the groups.
Sandra was a girl who disliked mathematics. She did not want me to interview her because she did not want to spend more time connected to mathematics than was absolutely needed. However, I was very welcome to read her blog, evaluation sheets and logbook. In relation to her feelings for mathematics I regard her comment as interesting: 
I think mathematics has been a little more fun than usual. […] To self plan time and content made me feel it was related to me. I feel the project has been meaningful and to look at mathematics from different angles (vända och vrida på matematiken) was positive. But I would have liked to have some more time for explanations from the teacher as mathematics is difficult for me (Sandra, evaluation sheet, 102009)
Summing up the first project, the students overall seemed to acknowledge the task-context of the project as related to their lives and realistic. They also seemed to enjoy being able to plan and take responsibility for their time and work distribution within the groups, as pointed out by Zizzi, Malin and Sandra above. No student indicated the opposite. So, this group of students engaged and participated differently during the project than their prior stories and experiences of mathematics education indicated. 
2.2 “The Newspaper Flyer Workshop” on critical mathematical argumentation
The second project was presented to the students in writing as follows.
Box 2.2
	Newspaper Flyers/Headers with Mathematical Argumentation
The task for you today is, in small groups, to create a number of newspaper flyers that hits people, engages people, open up for curiosity, reflections and/or emotions – with a mathematical content! The goal is to acquire insight in how powerful numbers can be in advertisements- and news contexts. 
There are 54 articles in “Convention on the Rights of the Child”. See http://www.unicef.org/photoessays/50351.html Choose the one that interests you most and focus on that special one. Search and find information addressing the special children in your focus – information you consider important and want all people at the school to take part of. You might want to start a debate, it might be positive information, maybe information on the article is not followed – or something else. Reflect on how to present the numbers to get the message on your news flyer through in the best way.
 We suggest you make at least three-four different flyers that address the convention you have chosen to focus on. The idea is to find out how the numbers can be exposed in the smartest way for the purpose of your flyer. Try different variations and show the ones you are most proud of to the class so we can take a critical discussion. Then we post them in school and see others reactions.
Course goals you have an opportunity to reach with this project: 
· be able to formulate, analyze and solve mathematical problems of importance for everyday life and their chosen study orientation
· have deepened and extended their understanding of numbers to cover real numbers written in different forms
· with and without technical aids, be able to apply with judgment their knowledge of different forms of numerical calculations linked to everyday life and their study orientation
· be familiar with how mathematics affects our culture in terms of, for example, architecture, design, music or the arts, as well as how mathematical models can describe processes and forms in nature.


2.2.1 Societal background and critical mathematical content
Inspired by Frankenstein’s (2008) work on quantitative numbers we invited the students, in a cross-class setting, to a full day workshop in critical mathematical argumentation. The framing topic was the United Nations 54 articles on the “Convention on the Rights of the Child”. The reason for this choice was the following: During a two-week period the students had been engaged in a “Human Rights” cross subject project in school. Mathematics had not been invited to participate in this project and the teacher experienced this as problematic. In the “Human Rights” project the students were required to conduct a survey, which from the mathematics teacher’s point of view was done with very low expectations on the statistical content. This issue became recognised as problematic by the teacher as mathematics was not seen as important to acknowledge by other subject teachers. The subtext assumption to the students could be interpreted as mathematics is what you do in the mathematics classrooms and not related to other subjects or the outside world. Hence it contradicted our intentions to connect and bring in society in the students learning of mathematics. 
Consequently, we decided to challenge the “Human Rights” larger school project, in a smooth way. We invited the students to a mathematics argumentation workshop with the purpose to illuminate connections and possibilities between what they did in the other project and mathematics. We also wished to provide them with mathematical tools to present their arguments in the other project and thus give them possibilities to achieve better with support of mathematical knowledge. 
The context for the mathematical argumentation day became the United Nation’s Convention on The Right of the Child as it connected in a nice way to the Human Rights and the larger school project’s context. But there were also other reasons for deciding on this topic. First, Ericaskolan’s basic values referred to these articles in the convention and thus were of importance for the students. Second, the context connected clearly to citizenship and democracy objectives stated in the curriculum.  And last, it gave us opportunities to discuss mathematics as a critical tool while working with an international political important document. So, the frame of the project developed into mathematical objectives within the wider context “Children’s Rights” while creating flyers for imagined newspapers. The students decided themselves which article to focus on and issues to highlight and discuss in relation to their selected article. Thus it became a very open project in relation to task context and content.  The students had access to the Internet, a town library and daily newspapers to find worldwide facts on numbers, statistics and other data. And, in the end of the day, this project proposed a larger number of calculations on the mathematical content than the number of textbook exercises in their mathematics textbook would have offered.
2.2.2 Reflections
Calling a whole-day workshop in mathematics a “Math-day” was not a smart idea at all[footnoteRef:3]. All students commented on this “stupid”, “silly” or “meaningless” way of naming a day in school. Some students sadly told us about feelings of anxiety the day before. The teacher noticed that there were a larger number of dentist- and doctors appointments this particular day than a usual school day. Petra, a student identifying herself as a “true math-hater” (interview, and repeatedly in class) told me: [3:  As the school oraganiation required a name of the day for the students’ timetable, and the topic was not decided yet, we decided ”just call it a math-day for time being”.] 

First I thought, a whole day of mathematics, I can’t do it; I just can’t be there the whole day. But when I got there it was actually quite fun and now, afterwards, I read and look in the newspapers in a different way. So I actually learnt something and that was really unexpected of a math-day. (Petra, interview, 13/10/2009,)
Another interesting point is the large number of students who did not recognise what we did as mathematics. Zizzi commented in this way:
A math-day, how fun could that be, and why did you call it a math-day? We worked on posters, we sought information, we rewrote mathematical stuff for best effect, but that is not mathematics! It was a really good day, but definitely not maths… (Zizzi, interview, 14/10/2009)
Another interesting angle of this line of reasoning was that, when I studied the non-mathematics subjects’ curriculum objectives, the students also reached goals in computer science during this project. In addition there were clear possibilities to reach rhetorical and argumentation goals in Swedish language, as well as citizenship and democracy objectives. That is, these links could have been made if teachers at this school recognised mathematics as a subject to collaborate with. However, connecting mathematics to other school subjects or bringing society into the mathematics classroom was seen as almost radical. Concluding the students’ comments and the points made by non-mathematics teachers indicated that there seemed to be many possibilities for improvement of the way mathematics could be recognised in (at least this) school. 
[bookmark: _Toc132753858]2.3. The statistical project “Students’ Ecological Footprints on Earth”
The third task became a cross-subject collaboration between mathematics and environmental science on the contextual topic ecological footprints. An ecological footprint 
accounts for the flows of energy and matter to and from any defined economy and converts these into the corresponding land/water area required from nature to support these flows. This technique is both analytical and educational. It not only assesses the sustainability of current human activities, but is also effective in building public awareness and assisting decision-making (Wackernagel & Rees, 1996 p.6). 
The project ran intensively for three weeks during mathematics and science lessons, with a whole day of displaying results with power points, papers, posters, presentations, discussions and interactions in the fourth week. The students got a detailed introduction of ecological footprints at the introduction of the project, where the environmental science teacher, the mathematics teacher and I participated. The task was presented to the students in writing as follows.
Box 2.3
		The average Ericaskola-pupil’s Ecological Footprint:  or ?
The idea with this project is to commence a statistical investigation at the school. The goal is to find out how many earths we need to live in the way a student here lives today. We suggest you choose a topic you find interesting e.g. food, travelling, housing, energy, consumption or anything else you are interested in. The communal objective is, that we all together, in the end, compare our results and together find out the ecological footprint we, as students at this school in Sweden, do on earth (http://www.minplanet.se)
A suggested working process you can follow and some advice on the way:
1. Study course goals and assessment criteria carefully so you gain knowledge and by that decide personally how and on which assessment level you want to work. 
2. Construct interest groups of three persons and formulate questions within a topic area that grasps your attention.  If needed, you can find inspiration on www.minplanet.se. The questions have to be prepared and formulated in a way so they give you possibilities to reach the goals you wish. We teachers will be happy to supervise you in this work before you conduct your survey. The reason for this is that we want you all to get as good data as possible to be able to reach the objectives in both subjects (mathematics and environmental science).
3. The chosen population needs to be representative for the students at the Ericaskolan as we want to calculate the ecological footprint a student at our school make. 
4. We invite you to account for your findings with a presentation in class and a written documentation as a Power Point presentation, posters, an article or as your personal choice. 
5. The assessment includes 
a) One part where your results are shown and commented in a correct mathematical way 
b) One part where you result is manipulated in a way that they make an impact in an intended way. You need to take a stance and write it up together with your manipulated diagrams.
c) A written test in environmental science. 
6. Material you have for disposal: different mathematics and environmental science books, logbook, articles, a time planer and computer programs as Excel, PowerPoint and Star Office. If you need other things please let us now.
As teachers we will work as supervisors during the project. This indicates that it is your responsibility that we get your attention if you need whole class or individual information, explanations, feedback, materials etc. 
Course goals possible to reached within this project: 
Mathematics A
· be able to formulate, analyze and solve mathematical problems of importance for everyday life and their chosen study orientation
· be able to interpret, critically examine and with discrimination illustrate statistical data, as well as be able to interpret and use common co-ordinates
· be accustomed when solving problems to use computers and graphic calculators to carry out calculations and use graphs and diagrams for illustrative purposes
Mathematics B
· use with judgment different types of status indicators for statistical material, and be able to explain the difference between them, as well as be familiar with and interpret some measures of dispersion
· be able to plan, carry out and report a statistical study, and in this context be able to discuss different types of errors, as well as evaluate the results





[bookmark: _Toc132753859]2.3.1 Societal background and critical mathematical content
A large number of the news headlines during this autumn semester where related to news reports from COP 15, the UN Conference on Climate Change in Copenhagen[footnoteRef:4]. This meeting attracted speakers as the President of the United States Barak Obama, and other state leaders. The school, situated in southern Sweden, got affected by this conference in different ways and we decided to use the themes of the Copenhagen meeting; climate change and climate sustainability for a statistical project. The environmental science teacher was about to start a project on sustainable development and ecological footprints, so we efficiently joined these projects together.  [4:  Please see e.g. http://climatecongress.ku.dk/ for detailed information of the congress.] 

The project was designed and introduced as a “three-stage rocket”. The students first decided on interest working groups and chose a topic within the ecological footprint area. They designed the survey in parallel with gathering information about the topic per se. The second part of the project was to conduct the survey, and report it in a descriptive way. However, we also wanted the students to take a normative “critical-mathematics” approach to their data. The critical-mathematics part emerged in the following way: The students were encouraged to take a stance in relation to their chosen topic and argument for their view with support of their statistical data and manipulated diagrams. By that they learnt how to manipulate (not fake!) diagrams and statistical information to strengthen arguments and thus experienced how different ways of presenting statistical information in newspapers and advertisements affect our personal judgements.
 The third step was an afternoon session where all the different collected information was summarised into an ecological footprint website, My Planet, with the goal to find out how large footprints the students at Ericaskolan actually made on earth. (For those of you who wonder: if we all lived the way that these students did, we would need 4.6 Earths to survive. Energy and transport were our large consume areas, maybe not surprisingly as we were located in Sweden). During this session we discussed and compared data from different countries (e.g. a person in Bangladesh used least while a person from the USA needed the largest amount of planets for their way of living) and we examined critical issues in our different ways of living. 
2.3.3 Reflections
At this stage we all; students, teachers and researcher realised the rich possibilities to continue the ecological footprint project further either in a global direction or in a more local way. The global approach, immersing into issues as sustainability, fairness, responsibility, economy and so on – there were no limitations. Locally the students saw rich possibilities for influencing the school to work for a sustainable development in the good for the school community. Concrete information from different groups showed e.g. that students did not know where the paper collection bin was or whether the fruit sold in the café could have been ecological (‘organic’ in the UK). The students wanted to involve the Swedish language subject to push the project further. They proposed writing letters to influence the school leaders and school policy maker for taking environmental and ecological sustainable decisions. These were the times when there was energy in the classrooms, the students wanted to initiate positive change and influence climate sustainability in their school. But it did not fit into the school system timetables, curricula and school labour distributions and thus it was not possible for us to push the project boundaries further and create a change at school. Disappointingly, the project became just another “school project”, however with rich possibilities for expansion. To realise these possibilities of the project in the future, projects need to be planned and decided in such a way beforehand, together with school leaders and teacher colleagues.
How did the students experience this project? An excerpt from Sandra’s logbook (the girl who did not want me to interview her) illumine some different aspects from the students perspective: 
During the project I have learnt about different diagrams. E.g. I did not know about histograms before the project. I think it has been really interesting with manipulated diagrams and results – now I will be more observant when reading newspapers etc! What surprised me most though was how important role mathematics plays when talking about environmental issues. With support of mathematics we can get people to react and stop. […] I am so interested in environmental questions and did actually not believe that maths could be important when presenting different standpoints. I have probably learnt more now than if I had only calculated tasks in the book. No I could get use of the knowledge in the project and that made me motivated and happy! I show my knowledge best through oral presentations because there you can show all the facts and talk instead of just writing a test. To have a purpose with the calculations motivated me a lot. (Sandra, logbook, conclusions). 
I chose Sandra’s excerpt of three reasons. Sandra’s voice indicated that she first, changed her attitudes towards mathematics during the project and second, she improved her performance during the projects. In this case Sandra related mathematics to a context that made sense to her and achieved agency in her learning and accountancies for her learning. Sandra performed, together with her friend, a very well prepared presentation and carried out a questioning on both mathematical and environmental issues. She reached the assessment criteria in mathematics for “passing with special distinction”. As Sandra told us that she never had received more than “pass” on a written mathematics test in her life, the point she makes, that she shows her knowledge best through oral presentations, seemed to be well reinforced. This gets me to the third reason for choosing Sandra’s evaluation – her awareness and reflections on her personal learning. During those teaching sequences when the students worked in projects their reflections on their learning experiences changed in character. Initially they used adjectives as e.g. fun, interesting, difficult, different etc. However, a different quality of their evaluations emerged during the semester. This phenomenon occurred even as they did not receive any feedback on their blog comments or their evaluations from the teacher or me. These tendencies, emerged in different phases and at different stages in different students. Not in all students, and not all three tendencies, but a trend was indicated.  
3. What occurred after the researcher had left the school?
So, how was the teaching organised in these classrooms after I left the school? I continued to stay in contact with the teacher and a group of students during the spring semester until the mathematics course finished. The students were expected to sit the national tests at the end of the spring semester and this goal influenced the organisation of teaching. During the first part of the spring semester the teacher organised her teaching with textbook work, though, as she told, with larger possibilities for the students’ to take personal decisions on their learning of mathematics. In the second part of the semester, the students got an opportunity when working towards curriculum goals in geometry, to either conduct a larger geometrical project or follow the instructions and exercises in their textbook. They also experienced the opportunity to choose how to be assessed in geometry; through written or orally accounts of their projects or by participating in a traditional mathematics test. The last part of the semester the mathematical and contextual content focused on summing up the different parts of the course in order to prepare the students for the test. This was done through textbook exercises and smaller peer collaboration exercises. However, the teacher stressed that 
… during all lessons focusing on textbook work, through the semester, I gave them opportunities to do smaller group work tasks or to collaborate around different activities and problems, even when we were preparing for the national tests (Elin, interview, 24-07-2010). 
So those students who wanted decided on project work in geometry, and got assessed in the way they preferred, either orally or in writings. Henrik was one of the students who decided to conduct a project and to get assessed through a written report. He wrote about himself and his prior experiences of mathematics education before he started at Ericaskolan in the following way: 
I have in general always disliked mathematics, it has never felt meaningful. The problem was not that I did not understand mathematics; I usually picked it up very quickly. The problem was rather that I could not write down the mathematics, I became tired very quickly. It was also tiresome that I did not experience any meaningfulness; I could not relate the knowledge to something I would need in the future. Just sitting down, focus, do the same task again and again felt meaningless (Henrik, personal letter, 08-2009)
After the geometry project Henrik wrote an e-mail to me where he revealed his experience of the project. I interpret his mail as positive to project work and that he was proud, both of his product and of his achievement: 
I finished the Tetra-Pak project some time ago but got response from my teacher yesterday. That was a fun project to do, and I got a good grade on it as well. It was interesting to do a report in mathematics, that with mathematics solve a problem. My question was formulated: Why is a milk packet shaped in the way it is and what calculations has Tetra Pak performed to innovate such a good product?
I feel I got an answer to the question. The milk packet is simple but has complex consumer requirements. The packet has to be sustainable, be small, cheap to produce and consumer friendly. It was groovy to design my own small milk packet with the same shape as the larger 1-liter packet but containing only 1 dl. (Henrik, e-mail, 14-5-2010)
However, a mail received after the national test illustrated a contrast between his experience of project work and the national test:
I am very happy with the semester and feel I have achieved as best as I could. The most interesting and instructive parts were the projects and theme works. Then it felt really realistic and meaningful. That we not only worked with facts but actually used it to create something new and creative.
I did the national test last week, and that is really not my favourite and I performed quite bad – and felt that I lost some of my interest and motivation for mathematics. (Henrik, e-mail, 05-06-2010)
In Sweden, even being compulsory, national tests are not recognised as exam tests, they are rather expressed as a support for the teacher when grading (Swedish Ministry of Education, 2000). As Henrik performed very well during the other parts of the course he received a higher grade than his performance on the national test indicated. The transparency and foresight of teacher on assessment issues supported her when grading the students in the end of the course.
What Henrik’s story indicated was that he both engaged and achieved well during the project sequences, thus resonating with Sandra’s story above. However, Henrik’s story adds his vulnerability in the change process. In his case, the national test confirmed his prior experiences of mathematics and he lost his motivation for learning mathematics.
5. Can a critical pedagogy in mathematics lead to students’ achievement, engagement and social empowerment? 
5.1 Achievement and engagement
The critical pedagogy was in this piece of research realized as a pedagogy connecting mathematical contexts to social/societal concerns as intended within the sociomathematical domain (Wedege, 2010). The implemented pedagogy also aimed for a classroom discourse appreciating students’ possibilities for achieving agency both in relation to their mathematics learning and in relation to task contents. Thus they became responsible, or rather in charge of, their personal learning of mathematics. This was a very different way of organizing mathematics education in Sweden. The students’ required supervision both on the mathematical content (as usual) but also initially on the different way of working and learning mathematics through projects and teamwork. However, students acknowledged the way mathematics teaching was organized and engaged in the classroom work during the project sequences. 
Students who not usually participated or achieved well in mathematics accounted for differences both in their engagement and in their results.  So findings in this case study indicated that there are possibilities for both students’ engagement and achievement in a critical inspired mathematics education. However, further analysis of the students’ identities during this course will elaborate and problematize these findings further. 
5.2 Social empowerment
What about students’ social empowerment? Did we meet concerns as the students’ abilities to improve their life chances “in study and work and to participate more fully in society” (Ernest, 2002 p.1-2)?  This issue is more complex and difficult to address. First, if we relate the students’ social empowerment to experiences within the classrooms, they experienced possibilities to influence on their learning of mathematics. Their possibilities for achieving agency can be seen as examples of social empowerment within the classrooms. Their achievement of agency, as suggested by Biesta & Tedder (2006), differed in different situations and in different individuals. Still, there were students as Henrik and Sandra who articulated their achieved agency. Henrik was a boy who enjoyed the experienced agency and took all opportunities he could to decide for himself. Sandra acknowledged that she achieved better through oral assessment and thus she got the opportunity to get assessed in this way in addition to compulsory mathematics tests for the rest of the course.  So, even within the boundaries of school structures there where students who told stories of achieved agency when participating in this arranged mathematics education.
Second, the students also got possibilities to use mathematics critically in relation to their personal future (acknowledged in the “Making your dreams come true?” project) and in relation to society (more focused in the New-paper flyer project and the Ecological footprint project). Skovsmose & Nielsen’s (1996) concerns about relating mathematics to citizenship and  as understanding mathematics as a tool for identifying and analysing critical features in society were addressed but could have been pushed further if opportunities had been given or if we all had been used to this way of working. The shared experience that we all, together, learnt how to work in this way needed to be recognized. Obviously it would have been challenging to explore and push the boundaries further with this group of students and their teacher over a longer period of time.
5.3 Some further reflections on the research
Through describing the projects and the background reasons for developing the projects the way we did, I have aimed at clarifying and illuminating the complex issues that arose during the processes of imagining and arranging the different teaching sequences. These were issues that in some cases supported our work, and in other cases hindered or put boundaries on the way we wanted to develop the new discourse. Situating the projects in the socio-cultural background of the school and acknowledging what went on at certain historical moments clarified why some problems occurred and why specific decisions were taken at certain times. My underlying expectation is, through this way of reasoning, I open up for critique and scrutiny the projects and the implemented pedagogy itself.
This is a case study where I had the opportunity to collaborate with a teacher who, with support, wanted to change her way of organising her teaching. Therefore, in some significant ways, these researched situations in two different classrooms were different from regular classrooms, thus this article’s account cannot be translated into any other mathematics classroom. However, there are reasons to suggest that experiences from this setting are potentially transferable to other classrooms. Adjusting the situation context, thus addressing the immediate context of teaching and learning in the mathematics classroom (Wedege, 1999), in this case bringing in societal issues into the classrooms and opening up possibilities for students to achieve agency ought to be an transferable teaching idea when adjusted to other socio-cultural context. 
What we learnt, as researcher and teacher, was that it was possible to implement a different pedagogy within the given school structures even if we repeatedly wished to push the boundaries given by the curriculum and assessment qualities and wished for recognition knowledge received through project work. However care had to be taken of assessment issues and the reaching of curriculum goals. A transparency on these issues was required, and supported the teacher when grading in the end of the course. Indirectly this research challenged the problematic processes of assessment, what we value in mathematics education and how we value students’ mathematical knowledge. Even if the students in the end passed the national test, the knowledge they received through project work was not valued in the test. 
To change the social practice of mathematics education was a complex task and support was needed from different parts of the network at different historical times. Valero (2010 p. LXXII-III) wrote:
If mathematics education practices are seen as the network I proposed, the aim of the research field would be to provide insight into not only how each single node of the network operates constructing the meaning and significance of mathematics education, but also into how different nodes interconnect at particular historical times.
The different nodes Valero referred to are understood as different relationships we needed to establish in order to proceed with changing the teaching organisation this particular semester. E.g. the importance of an ongoing dialogue with school leaders became apparent when timetables needed to be negotiated. This became an issue when investigation work together with other school subjects was to commence.  At particular historical points, the negotiations worked in our favour, as with the ecological footprint project where both the mathematics teacher and the environmental teacher recognised opportunities with a collaboration. This collaboration became fruitful for all participants and fitted well within the time allocated for the teachers, within the structures of the school and with a big event in society. At other times, nodes in the network hindered us, as when the relationships with the teachers responsible for the larger “Human Rights” project impacted on the way mathematics was recognised in the school. Our experiences indicated that change was possible, that a critical pedagogy could lead to students’ achievement, engagement and social empowerment in mathematics education. However, through locating the experiences in the socio-cultural context of the school gave an understanding of the complex situations needed to be addressed to realise the imagined situations.
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