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In this study I investigate whether mathematical knowledge inherently carries fragments of its socio-political-historical development or if mathematics itself is value-free and can only get a political dimension attached to it by how it is used in society. I empirically approached the problem by studying a laboratory classroom collectively solving a problem. This classroom served as a proxy for a community of practicing mathematicians and I particularly investigated how conceptions of mathematics endorsed in this classroom could support (local) disruption of racism.

Theories guiding this study include critical realism and critical race theory and analyzed data includes video records of instruction in this laboratory classroom. Results show that creating opportunities for students to engage in more authentic mathematical practices can support (local) disruption of racism.

The problem I am addressing and how I am doing it

Mathematics often enjoys a distinctive status among the sciences. Such highly regard status comes from the idea accepted by most practicing mathematicians that mathematics is universal, objective, and certain [START_REF] Ernest | Is mathematics discovered or invented[END_REF], or, in other words, mathematics is an a priori knowledge that deals with truths that are true by virtue of necessity, and with objects that are abstract [START_REF] Linnebo | Philosophy of mathematics[END_REF]. These ideas however, are not unanimous, and disagreement about such assumptions can be traced back to the work of Plato and Aristoteles [START_REF] Machado | Matemática e realidade: Das concepções às ações docentes[END_REF]. Whereas refined arguments were developed to support one or another claims, the debate is still open. The work of [START_REF] Kitcher | The nature of mathematical knowledge[END_REF] and [START_REF] Ernest | Social Constructivism as a philosophy of mathematics[END_REF] are relatively recent work supporting an a posteriori view of mathematics that is intrinsically dependent of human activity in society, but introductory texts on philosophy of mathematics such as [START_REF] George | Philosophies of mathematics[END_REF] still presuppose that mathematical knowledge can be philosophically investigated disregarding its social and historical construction.

Mathematics education researchers that are concerned with socio-political dimensions of mathematics education have been interested in these philosophical disputes. Such scholars have a long-term commitment in understanding the relationships between mathematics education and society, particularly relationships involved in social inequality and injustice. To these scholars it is important to understand if mathematics inherently carries fragments of its socio-political-historical development or if mathematics itself is value-free and can only get a political dimension attached to it by how it is used in society. It is clear for socio-political researchers that mathematics and mathematics education are deeply connected with our contemporary social structure that privileges a group of people over others. What is not so clear is whether this connection comes from pure mathematical knowledge itself or not. So far, many philosophers have argued in favor of one option or the other employing a variety of philosophical techniques to support their claims. I am adopting a different strategy. To investigate whether mathematical knowledge is independent of the human activity that produced or discovered it, I study a small community solving a mathematical problem together. This small community is an elementary mathematics laboratory classroom and it serves as a proxy for a broader community of practicing mathematicians. There are striking differences between both communities, and yet many similarities I expect to be helpful in illuminating the problem I am investigating. For example, in this classroom, the teacher functions as a permanent knowledge authority, being responsible for, ultimately, legitimating a mathematical claim in this environment, while in a community of practicing mathematicians, there is an institutionalized peer-reviewing system responsible for legitimating mathematical claims. The discussions the students participate in, however, are very comparable with mathematics seminars run by mathematics departments. There are discussions about whether a mathematical idea is true and arguments are laid out so other participants can be convinced of the validity of mathematical claims.

Moreover, I will look to a specific social dimension, namely institutional racism, so I can investigate it in depth and gather a better understanding of the connection of mathematical knowledge and the (re)production or disruption of racism. A pilot study showed that, in this classroom, there are instructional practices that support local disruption of racism [START_REF] Salazar | Explaining how racism can be locally disrupted in a mathematics classroom[END_REF], the question now is if these practices were the only ones responsible for promoting such disruption or if the mathematics itself was also important in promoting local disruption of racism in this classroom. The research question I want to answer in this study is: What conception of mathematics is endorsed in this laboratory classroom and how can it support (local) disruption of racism?

Conceptual framework

Critical race theory

Critical race theory (CRT) is a theoretical framework for research that foregrounds race, racism, and racialized experiences. To critical race scholars, race is a complex social construct that goes beyond the color of skin and citizenship [START_REF] Ladson-Billings | Just what is critical race theory and what's it doing in a nice field like education[END_REF], and brings real consequences to people once they are identified as member of a particular racial group [START_REF] Bonilla-Silva | Race with racists: Color-blind persistence of racial inequality in the United States[END_REF]. The kind of racism CRT is interested in exposing and challenging is institutionalized racism that permeates daily social interactions as opposed to individual blatant acts of racial prejudice. Finally, CRT posits that people of color experience racial oppression differently based on their individual background and multiple identities and insists in a non-essentialist approach (Delgado & Stefanic, 2001).

Critical realism

Critical realism (CR) is a philosophy of science that starts from a realist conception of the world, and the real things that make the world are then structures and mechanisms, or, in other words, causal laws [START_REF] Bhaskar | A realist theory of science[END_REF]. In this perspective, in spite of being socially constructed, race is real because it has causal powers; race brings real consequences for the lives of people [START_REF] Bonilla-Silva | Race with racists: Color-blind persistence of racial inequality in the United States[END_REF]. In CR phenomena cannot be completely determined by scientific laws, they are only influenced by them. When I say that race causes segregation within schools through tracking, I am describing a tendency of over-representing White and Asian students while under-representing African American and Latinx students in advanced classes, and over-representing African American and Latinx while under-representing Whites and Asian in lower tracks [START_REF] Oakes | Two cities' tracking and within-school segregation[END_REF]. Race influences but does not completely determine what is going to be a student placement.

In CR the real things in the world can be combined in a way that, because of their structure and not only its individual properties put together, a new thing emerges in the world. This new thing, also called "entity" or whole, possesses "properties or capabilities that are not possessed by its parts" (Elder-Vass, 2010, p. 4). The whole is then not just the sum of its parts, but something else, with a new causal power that is, of course, derived from the individual properties of its parts. But not only this, the way the parts interact and relate with each other is also responsible for the emergence of the new thing.

The concept of emergence forms the laminated view of the world. A particular whole is said to be in a higher level than its parts. The same whole, however, can be a part of another emergent structure; in this case the whole is in a lower level than the new emergent structure. Individuals are seen as the lowest level of the social world, the whole society as the highest level, with many intermediate levels in between, such as social institutions. The immediate higher level to an individual is, according to Elder-Vass's (2010) definition, a norm circle. The norm circle is defined by the group of individuals who hold a normative belief of endorsing a social norm or, in other words, each individual in the norm circle acts to reinforce the norm and discourage behavior that does not conform to the norm. Elder-Vass's argument is that the norm circle is actually an emergent structure rather than only a group of people because it has a new causal power: to increase conformity to the norm.

The content within instruction

In this work, I view instruction as defined by [START_REF] Cohen | Resources, instruction, and research[END_REF] as "interactions among teachers and students around content, in environments" (p. 122). Figure 1 shows a representation of this definition. I am looking to social normativity as a particular environment, and to classroom interactions as individual actions in light of norms enforced by norm circles when some or most of these norms are oppressive and perpetuate institutional racism. In this study, I am narrowing my gaze to the role of the content in these relationships. 

Methods

The laboratory setting and collection of data

In this study I analyzed episodes of instruction from a mathematics elementary laboratory classroom. This classroom is the main part of a summer program held each summer at a large research university in the United States. In this program, an experienced White teacher teaches lessons to a group of rising fifth grade students (students going to start fifth grade at the subsequent fall) in public--that is, while over 70 other educators observe. Because this summer program is a site of research for student learning and teaching practices, different types of data are collected by the research team. The data set includes video records of instruction, video records of pre-brief and de-brief meetings with learning teachers, copies of students' notebooks, pictures of classroom records such as charts, lesson plans, class materials such as handouts for students, etc. The majority are African American and most come from low-income households. Only a few of them are White. The students have different levels of English proficiency and their mathematical performance in school is homogenously low.

The train problem

At this edition of the summer program, the students worked on collectively solving the train problem (Figure 2) over the span of the entire two weeks of the program. Students worked on this problem every day since the second day of the program at the second half of class that lasted about one hour each day. In this study, I focus on data related with students working on this problem, so video records of classroom, detailed lesson plans for each class, copies of student work (notebooks, homework, and assessments), photos of every collective record produced in classroom (such as charts and white board records). I am focusing on this problem because it is unusual to work in problems of this kind at this level, but some of its characteristics are very common in the field of mathematics, which makes it interesting to investigate practices of doing mathematics in a community. The solution of part 1 is that the SP company can build trains that hold 1 to 15 passengers. Part 2 actually does not have a solution and, in this case, solving the problem means mathematically explaining why it is not possible to find a train that meet all the conditions of the problem.

The Train Problem

The SP Train Company has five different-sized train cars: a 1passenger car, a 2-passenger car, a 3-passenger car, a 4passenger car, and a 5-passenger car. These cars can be connected to form trains that hold different numbers of people. 

Analysis

I watched and wrote fieldnotes from all video records. From the fieldnotes, I wrote a description of how the class solved the train problem. Then I selected episodes from interactions of the teacher and the students that showed students working and discussing pieces of the solution of the train problem. Each episode was then re-watched and a more detailed description was written. In each episode I investigated mathematical normative practices that could illuminate the nature of the knowledge produced in this laboratory classroom. I also look for schooling normative practices that could intersect with mathematical practices. Additional data from student work and detailed lesson plans were used to check and refine hypotheses.

Enacting math: Collectively solving the train problem

The class worked to find the solution of the train problem. The process started in class 2 and involved individual and small group work, as well as whole class discussions. To solve part 1, the strategy consisted in finding the smallest train that the SP company could build, then the greatest, then find trains "in between". 1 In this initial discussion, La'Rayne2 (La-rain')3 said wr4 , which holds 3 passengers, is the smallest possible train because w=1 and r=2. Other students loudly say "no", disagreeing. La'Rayne immediately revised her thinking, saying that you could use just the red or the white, unless no train would be made at all. They agreed 1 (or zero) was the smallest train. The class did not reach a consensus about the greatest train as quickly, so they worked independently or in small groups on this question. During this work, the teacher discussed with La'Rayne about the train she was testing. She first thought her train held 19 passengers, but after discussing with the teacher she realized it actually held 15. Then she and the teacher had a very dynamic interaction, with questions and answers being said immediately on top of each other. In this interaction, La'Rayne explained that the biggest train held 15 passengers because it used all the rods, and that it was not possible to build a train for 19 because there would be no rod left to add to the train. The class continued their collective work and concluded that the company could build trains of size 1 to 15 by the end of class 3. 1 I am using the idea of size to talk about the number of passengers a train holds. So, a train of size 7 holds seven passengers, a train of size 7 is smaller than a train of size 11, and the greatest train is a term used to refer to the train who holds the greatest number of passengers.

The solution of the part 2 spanned across the remaining 7 classes. They started doing some exploratory work to understand the problem and make sense of the conditions. During this part of the work they build collectively one train that holds 15 passengers, namely yrpwg, and broke it apart in different ways, trying to understand how they could break it, how they could not, and what were smaller trains they could built from it. They agreed that this train did not work because they could not build 9, 13, or 14. Then they started testing out other trains of size 15 and begun making records of all the trains they were testing that did not work. In this work, the teacher talked with the pair Layla and Olivia who said they were done, meaning they found a train. As a result of this interaction, teacher and girls realized they "were moving" things around, or, in other words, they were violating the condition that the cars had to be next to each other to form the smaller trains. Many students had similar confusion and interactions with the teacher. With practice and interactions with the teacher, the students seemed to overcome such difficulty, and also progressed to make more organized records of their attempts. They continued the exploratory work of testing out trains for about three days.

On class 7 they made some important progress with respect to understanding the mathematical work they were doing: they discussed why it is always possible to make trains for 1 to 5 (only one car is needed to build these trains) and for 15 (all cars are needed), how to decide a train did not work (only one number that does not work is enough), and started to think what are the numbers that are difficult to make and why it that so ("big" numbers, such as 11, 12, 13, and 14).

On day 8, the students received the red and white clue: "If there is a train that can be made for Ms.

McDuff, it will have to have the red car (2) on one end and the white car (1) on the other end." This clue contains a logic implication that was not easy for the students to understand. Moreover, the clue was given to the students with the idea that it could be a "wrong" clue, so before they could use it, they would need to find out whether the clue was valid. Students were confused in the beginning, they thought the clue was wrong because they were testing trains with the red and white cars in the ends of the trains and still could not find a train that works. It was only on class 9 that the students agreed the clue was right, meaning that if they were to find a train that works, they needed to build trains for 13 and 14, and that was only possible with red and white in the ends. Then using the clue, they arrived at the conclusion that they only needed to test six trains: wgpyr, wgypr, wpgyr, wpygr, wygpr, and wypgr. On class 10, the students were divided into six groups, so each group were to test one of the six possible trains. After a final discussion in which each group reported their train did not work, the class seemed convinced there was no train that could fulfill Ms. McDuff's request.

When school norms intersect with mathematical norms

There were often school norms and mathematical norms shaping the interactions observed in this laboratory classroom, and in some instances such norms were conflicting. In other words, in some cases, a school norm assigned a behavior for a particular situation, while a mathematical norm assigned a different behavior for the same situation. For example, this interaction occurred after the brief discussion described above on day 7 about what numbers need to be checked in each train. After talking about not needing to test one to five, the teacher asked if he needed to check 15. He answered:

Kassim:

No.

The teacher asked why not, which seemed to be interpreted as a wrong answer, so Kassim changed it: Kassim:

Oh, yes.

Teacher again immediately asked why. Then Kassim presents a full explanation:

Kassim: No, because all of these is equal to fifteen. [Pointing to the rods.]

In this interaction between the teacher and Kassim, the boy tried to guess what would be the answer the teacher was expecting. He answered, waited for the teacher's response to his question, and quickly changed his first answer after the teacher's reaction was not confirming. This behavior can support school success given the role teachers have in assigning grades often based in students correct responses to questions. In this classroom, however, the teacher tried to promote mathematical reasoning. Thus, frequently her responses to students' answers were follow-up questions asking for more explanation. In the end, to answer in a way that aligned with teacher expectations, Kassim would need to do a mathematical explanation, and so did he.

Another issue generated by the conflict between school norms and mathematical norms arises when students are "solving" a problem that has no solution. It is common in school, even more at this grade level, that mathematical problems always have a solution, often a unique one. Problems with no solutions, or with multiple solutions will most likely only appear in algebra in secondary school mathematics. Moreover, even when students deal with this kind of problems in algebra, it is not always discussed how this kind of problems are "solved" by mathematicians. In the field of mathematics, "solving" a problem with no solutions means to prove the problem is unsolvable. In this laboratory class, the students had to negotiate between a school norm, in which they had to find a solution to the problem, and a mathematical norm, in which they had to prove there was no solution to be found. On day 7, Luiz commented when testing one train:

Luiz: I was so close, I needed two more, 13 and 10.

He expressed the frustration of not finding a solution. Later, on day 10, the class received the visit of Ms. McDuff and they had to report how her request cannot be fulfilled. They had discussed before she arrived how they were going to report it to her. They were all sure there was no solution, and they discussed how they were going to talk about the red and white clue, how they tested all the "possible trains" and none works. But when she arrived, they struggled to say it. Even Olivia who had said before very clearly "there is no train" was speaking more quietly, seemed ashamed of not having a train to report, saying "we couldn't figure out a train". The discussion proceeded and the teacher supported students in reporting what they had actually discovered. Eventually, Miah (Maya) said very clearly that her train was impossible, and Chandler spoke loudly, raising her hand to her front with the palm upwards when Ms. McDuff asked what that meant:

Chandler: Your train is impossible, we can't make it.

And Jerone added:

Jerone: So what we're saying is that your train could never be made.

Ms. McDuff replied that she will have to find another company and students responded loudly at the same time "no no no".

They continued a brief discussion afterwards, and students talked to her about the red and white clue and how they tested all the "possible trains" and none works. They were then able to convince Ms. McDuff her train could not be made and she did not need to keep requesting it from any other company.

Discussion

In this classroom, students engaged in doing mathematics in similar ways mathematicians do. They explained their reasoning mathematically, why some trains always worked, so they did not need to test them; why they did not need to find all small trains they could not build from the whole train to be sure the whole train did not work; why the red and white clue was right and how to use it to solve the problem. They used strategies to solve problems frequently used in mathematics, such as finding the small and greatest possible train for part 1, then look for trains "in between". When engaging in these practices of doing mathematics, the students took an active role in producing mathematical knowledge in their community. The active enactment of mathematics by these students was crucial to support local disruption of racism. When the students described in this report, mostly African Americans, one Latinx, boys and girls, performed mathematics they countered the idea that mathematics intelligence is a function of being White (and male). In this classroom, mathematics is something you do, rather than know, and they could all do it. In spite of the intersection between school normativity and mathematical norms, creating the opportunity for students to engage in more authentic mathematical activity opened up the classroom space for students, specially students in this classroom, to participate in mathematical discussion they usually cannot, and that is disruptive.
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 1 Figure 1: Representation of instruction from Cohen, Raudenbush, and Ball (2003, p. 124)

  only these five types of cars to build trains, and you can use at most one of each type of car in each train. What are the different numbers of people that the SP Train Company can build trains to hold? Part 2 Ms. McDuff wants to order a special 5-car train that uses exactly one of each of the different-sized cars. Ms. McDuff wants to be able to break apart the 5-car train to form smaller trains that hold exactly each number of people from 1 to 15. The customer wants to be able to build these smaller trains using cars that are next to each other in the 5-car train. Can the SP Train Company build Ms. McDuff's order? Explain how you know.

Figure 2 :

 2 Figure 2: Summer program train problem

The research consents and IRB approval permit us to use the children's real first names. Other identifying information (e.g., last names) are not used.

Names of African Americans in the U. S. often have unusual spellings. Additionally, their names are frequently misspelled or mispronounced. In this work, I am trying to use their first names with correct spelling and pronunciation as a sign of respect. When I cite a name with an unusual spelling and/or pronunciation, I will write the pronunciation in parenthesis with emphasis after the first time I write the name, so La'Rayne is pronounced La-rain'.

The letters used here are a reference to the first letter of the name of the color of the train cars. So the train wr is the train white-red which holds 1+2=3 passengers. Similarly, yrpwg is the train yellow-red-purple-white-green which holds

5+2+4+1+3=15 passengers.