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ABSTRACT

In this paper, I articulate critical pedagogy of risk and argue for its inclusion in mathematics education. I start by highlighting the importance of teaching risk and risk-based decision making in mathematics classroom. More specifically, I argue for inclusion of risk as a more authentic way to approach probability and statistics in middle school and high school mathematics. The focus is then moved to the importance of critical pedagogy in mathematics education. Finally, I describe what critical pedagogy of risk may look like in mathematics education research and practice.


INTRODUCTION

In this paper, I argue for the development of the critical pedagogy of risk[footnoteRef:1]: teaching risk in the context of social justice. In order to articulate the critical pedagogy of risk, I amalgamate two research programs: pedagogy of risk that takes into account that teaching of risk goes beyond mathematical instruction to include values and personal commitments (Levinson, Kent, Pratt, Kapadia, & Yogui, C., 2012; Pratt, Ainley, Kent, P., Levinson, Yogui, & Kapadia, R., 2011; Radakovic, 2015) and critical mathematics and pedagogy (Gutstein, 2006; Skovsmose, 2011) that implies (among other things) that the exposure to risk is not equally distributed. [1:  I define risk as a probability of an unwanted event. For the discussion of other definitions of risk, see Radakovic (2015). Teacher risk taking, and working with “at risk” students are another areas of interest in which the word “risk” appears. These two ways of talking about “risk” are beyond the scope of this paper.] 

I argue the following:

1. Teaching risk is an important area within mathematics education research and practice;
2. Risk should include a critical perspective: an acknowledgement that risk is not equally distributed among different groups and that some groups (e.g. racialized minorities) are more exposed to risk than other groups due to the systemic policies and practices such as institutionalized racism.

In this article, I start by substantiating these two claims. After this, I provide details about what critical pedagogy of risk may look like in research and practice.


WHY TEACH RISK?

The concept of risk permeates all aspects of society from the realm of personal finance all the way to the environment. To paraphrase and modernize Hacking (1990), we are faced with an avalanche of printed, broadcasted, downloaded, and tweeted numbers. Very often the purpose of these numbers is to communicate risk, such as the risk of heart disease, bankruptcy, armed conflict, and natural disasters. Thus, it appears that risk and its representations are everywhere; yet there is substantial evidence that individuals struggle with risk-based decision making (Kahneman, Slovic, & Tversky, 1982; Rothman, Montori, Cherrington, & Pignone, 2008).

When included in classroom instruction, risk is generally taught in the science classroom (e.g. environmental risks), and only recently have there been efforts to introduce risk instruction into school mathematics  (Radakovic, 2015). This may seem surprising, as data analysis and probability are natural places for situating the teaching and learning of risk (Gigerenzer, 2002). Since students need a sophisticated understanding of rational and real numbers (i.e. rates, ratios, fractions, percentages) in order to conceptually understand the impact of risk (Pratt, 2011; Radakovic, 2015), risk can provide context for exploring these concepts. Recently, however, within mathematical education literature, there have been calls and efforts for the inclusion of risk in mathematics teaching and learning. For example, in the editorial for the special issue of ZDM Mathematics education, Biehler and Pratt (2012) explain the importance of creating more authentic ways to study statistical modeling (beyond spinners, dice, and coins) by inviting research on risk-based decision making. In the editorial for three special issues of Mathematics Enthusiast on risk, Egan Chernoff writes that “signs are there for risk to become a major topic of research in mathematics education.” (Chernoff, 2015, p.3)

Researchers who study risk and its relation to classroom instruction are strong proponents of the pedagogy of risk, an inquiry into teaching risk (see for example, Pratt et al., 2011). Research suggests that students do not simply rely on the mathematical structure of risk to form their opinions and to make decisions. Instead, their understanding of risk involves the interplay of students’ values, beliefs, and social commitments (Levinson et al., 2012; Pratt et al., 2011, Russell, 2015). Educators and researchers within the program of the pedagogy of risk are advocating for the teaching of risk and its exploration within an educational setting. For example, studies focus on teachers’ understanding of risk (Levinson et al., 2012; Pratt et al., 2011), as well as high school students’ understanding of risk (Radakovic, 2015). These studies address risk in a personal context (e.g. risk of surgery) and a socio-scientific context (e.g. the safety of nuclear power plants).  


TOWARDS CRITICAL PEDAGOGY OF RISK

Besides prevalence of risk in different aspects of human activity, there is a more profound way that risk plays role in our society. In his influential book Risk Society, Ulrich Beck paints our society as being the risk society since it is deeply influenced and shaped by the way that we assess, manage, and litigate risk (Beck, 1992). Beck, mirroring Marx’s theorizing on capital, asserts that risk is not equally distributed among populations. This unequal distribution of risk can be seen in many different ways as it is well documented that underrepresented groups are more likely to be exposed to certain risks as evidenced by high mortality rates of breast cancer among Black women (Carey et al., 2006), high rates of homelessness among LGBTQ youth (Coker, Austin, & Schuster, 2010), and high dropout rates among Black and Latino youth (Shin, Daly, & Vera, 2007).

More recently, Beck (2007) touches on the ideas of, what is elsewhere called, existential risk, which is a risk that could “lead to human extinction or civilizational collapse” (Centre for the Study of Existential Risk, n. d.) such as the climate change and pandemics. Although Beck recognizes that the climate change affects the whole planet, the risk is distributed in such a way that more vulnerable populations take a bigger share of the climate change related risks (Woodward, 2000). Despite the importance of risk in the “interconnected and iniquitous world” (Douglas, 2017), there is a gap in the mathematics education literature when it comes to teaching risk in a social justice context, i.e. on the exploration of how risk affects various groups and how societal structures play a role in an unequal distribution of risk. This gap is unfortunate since there are calls for the research in mathematics education to take a sociopolitical turn.  For example, Gutierez (2013) acknowledges the importance and achievements of critical mathematics education scholars who have been promoting and researching  ways in which students can 

make sense of data in ways that help them see the humanity behind the numbers and to use mathematics as a tool for exposing and analyzing injustices in society and as a means for convincing others of a particular (often nondominant) point of view. (Gutierez, 2013, p. 41).

Pedagogy of risk should include a discussion of how risk is distributed within society in order to unearth systematic and institutional structures that unequally distribute risk. In other words, it is important for students to possess critical knowledge defined as “knowledge about the sociopolitical conditions of one’s immediate and broader existence. It includes knowledge about why things are the ways that they are and about the historical, economical, political, and cultural roots of various social phenomena.” (Gutstein, 2007, p. 110)

By definition, critical pedagogy of risk seems to be already covered under more general fields such as critical mathematics education and mathematics for social justice. A legitimate question would then be to ask what is gained by articulating a separate area within the field of mathematics education that is already subdivided into many separate fields of study. The answer lies in the fact that the discussion of risk illuminates an important (if not crucial) concept in our modern society. Furthermore, not explicitly including risk may obscure the issues of the assessment, mitigation, and management of risk and its ethical consequences. In the remainder of the paper I will describe how critical pedagogy of risk may be enacted in the mathematics classroom.


CRITICAL PEDAGOGY OF RISK IN PRACTICE

Andersson and Valero (2016) point out that although “mathematics education counts in society […] society does not necessarily count in mathematics education.”  (p. 199). However, the decontextualization of classroom mathematics is not just unfortunate, it is also unethical as mathematics teachers have moral and ethical imperative not to “close the door (i.e. close off the world)” in their mathematics classroom (Stinson, 2014, p. 2). In other words, there is an ethical imperative to teach social justice issues in all mathematics courses.

Here are some issues that could be illuminated in the classroom that fall under critical pedagogy of risk: unequal distribution of risk; risk management that favors some groups over others; assessing risk but taking into account only economic gains of certain groups over others; and excluding certain groups, their values, and worldviews from the risk assessment. At least one of these elements, I argue, should be present in an investigation/classroom activity in order to claim the presence of critical pedagogy of risk.

There are many possibilities in the curriculum for enacting critical pedagogy of risk. In the US context, the middle school (grades 6-8) Common Core Curriculum Standards create opportunities for students to explore data analysis and probability. The Common Core standards offer a wide range of opportunities to investigate number scale and measurement (National Governors Association Center for Best Practices & Council of Chief State School Officers, 2010). Because of this, middle school mathematics is a suitable place for the investigation of risk. In addition, mathematical practices mandated by the Common Core curriculum Curriculum Standards leave space for reasoning abstractly and quantitatively; constructing viable arguments; using modeling; attending to precision; and making sense of structure. All of these practices are necessary for successful risk-based decision making. Middle school mathematics is suitable for critical pedagogy of risk because middle school is a period in students’ lives when they look into their world critically and are able to “read and write with mathematics” (Freire, 1994; Gutstein, 2006).

One of a potential topics in critical pedagogy of risk could be mathematics and weather. Students could analyze historical and current data, including information on sea levels and average temperatures, to explore the mathematics of climate change. In addition, students could look at the mathematics of extreme weather, investigate the risk of tropical storms and hurricanes, and examine their possible link to climate change. An important part of this research would be introduction of social justice into the mathematics lesson. Students could investigate how climate change and extreme weather risk affect communities with lower socio-economic backgrounds. 

Another example is the evaluation and interpretation of the average life expectancy between different groups. Students could investigate average life expectancy based on ethnicity, gender, and socioeconomic factors. In addition, there are other examples from research and practice that already qualify as critical pedagogy of risk. For example, Gutstein and Peterson (2013) highlight many examples (in the context of the middle school and high school mathematics) that include the discussion of the unequal distribution of risk such as the disproportionate number of Black and Latinx drivers being pulled over by the police. 

[bookmark: _GoBack]Another potential area of inquiry stems from the fact that the practice of mathematics itself creates inequities. For example, financial risk assessment may further disenfranchise certain groups. Yasukava, Skovsmose, and Ravn (2016) recognize this by describing how mathematical scripts (realized through the language of mathematics) have a power to prescribe an action.


CONCLUSION

From a didactical and pedagogical points of view, risk is a way to authentically teach probability and statistics. Furthermore, there is an ethical imperative to reveal the risk society and the unequal distribution of risk to the students. There are many ways in which this can be done, and I hope that this article will be accepted as an invitation to further articulate and develop critical pedagogy of risk in mathematics education research and practice.
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