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Abstract: In this paper, I unpack my own understandings, definitions, and queries about “sex”, “gender”, and “gender issues” research – both broadly and with regard to mathematics education research and the discipline of mathematics specifically. These theoretical discussions are then applied to my recently completed doctoral research project, which investigated elementary students’ views of mathematics and mathematicians, and how those views may be impacted by parents’ views, teachers’ views, and popular media representations. Namely, I discuss my decision to use gendered categories in my research, and describe how these categories were salient in my data collection and analysis. I conclude by posing questions that still trouble me as I continue with my research, trying to balance my theoretical and pragmatic concerns. In so doing, I hope to problematize readers’ views of gender and the way these views underscore their gender-related research in mathematics.
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Introduction
Over the past three decades of mathematics education research, investigations of gender issues with regard to achievement, attitudes, and participation have been a prevalent theme (Damarin, 2008; Leder, 1992). Over time, the terminology used in such research has changed from “sex differences” (e.g., seminal research by Fennema & Sherman, 1977) to “gender differences” (Glasser & Smith, 2008). However, as argued recently with regard to educational research more generally (Glasser & Smith, 2008) and mathematics education research specifically (Damarin & Erchick, 2010), the terms “sex” and “gender” are seldom defined by researchers and are often used interchangeably. Consequently, these constructs become conflated or, at least, seen as linearly emergent (i.e., one’s gender arises from one’s sex). Both of these possibilities are problematic as they suggest biological essentialism.
In this paper, I begin by addressing the complexities of defining “sex” and “gender”, and clarifying my own position on these constructs. Next, I argue for the importance of addressing such definitional issues in the field of mathematics education in particular. Since mathematics has a long history of being male-dominated and being perceived as a male domain, gender issues are a core issue in the field, and thus are worthy of deeper examination at a fundamental, definitional level. I then turn to a discussion of my recent research with elementary school students, parents, and teachers. Although my research focused on participants’ views of and experiences with mathematics and mathematicians in a broad sense, gender was a salient consideration in all stages of my research project. Participants’ views of gender issues in mathematics were queried directly, but also arose unprovoked in other areas of the research. In discussing my prior research, I will forefront the challenges I still struggle to address while doing research in a gender-sensitive manner. I conclude the article by posing questions to the readers of this journal in order to prompt further contemplation of such topics.
Definitional issues
Although there are inconsistencies in terminology, Pryzgoda and Chrisler (2000) note that sex is typically defined as referring to “the biological aspects of being male and female”, whereas gender is typically defined as referring “only to behavioral, social, and psychological characteristics of men and women” (p. 554). I begin by examining the term “sex”, which tends to be viewed as rather benign, as it is presumed to be a biological inevitability – a dichotomy between male and female, indicated at birth by the presence of male or female genitalia. However, this term and the related dichotomy are not “natural”, but rather are quite loaded and socially constructed (Butler, 1999; Fausto-Sterling, 2000). This becomes abundantly clear when discussing intersex individuals, those who do not neatly fit into the presumed male/female dichotomy (e.g., “ambiguous” genitalia, disconnect between external genitalia and chromosomal make-up). Intersex individuals tend to face medical intervention at an early age, in order to “normalize” them as female or male, thus allowing them to fit into (and, in doing so, maintain) the deeply engrained, socially constructed sex dichotomy. Indeed, this dichotomy is normalized every day, both in the medical profession (e.g., medical forms) and otherwise (e.g., male/female washrooms). In sum, while I define “sex” as pertaining to biological aspects of being female, male, or intersex (e.g., genitalia, chromosomal make-up, hormones), I acknowledge that there is great variety within each of these categories, which can be seen as part of a spectrum, and that the categories themselves are a human construction, used as a way to simplify our complex and variable sexed bodies.
Conversely, “gender” is more typically accepted as being a complex concept related to socially accepted norms. For the purposes of this paper, I use Howard and Hollander’s (1997) definition of gender as “the culturally determined behaviors and personality characteristics that are associated with, but not determined by, biological sex” (p. 11). This definition highlights the role that the broader society and culture play in policing behaviours presumed to be “gender-appropriate”, with the understanding that being gendered as a boy/man presumes acting in a (perceived) masculine way and being gendered as a girl/woman presumes acting in a (perceived) feminine way. Notably, being gendered as a boy/man/masculine, for instance, tends to be associated with those individuals who have male bodies, but this link is tenuous. Individuals may be gendered by others based on a presumed biological sex, but may self-identify (i.e., their gender identification) differently. I align with Butler’s conception (1999) of gender as a performative act: “As a shifting and contextual phenomenon, gender does not denote a substantive being but a relative point of convergence among culturally and historically specific sets of relations” (p. 348). Over time and in various geographic locales, what it has meant socially to be a girl/woman/feminine or a boy/man/masculine has shifted and broadened, although many presumptions and stereotypes endure (e.g., women are nurturing; boys don’t cry). These social expectations are used to police behaviours that are viewed as gender-incongruent (e.g., a little boy who wants to wear dresses; a woman who is a bodybuilder), as a way to maintain an embedded social system. However, the construct of gender is viewed more flexibly than the construct of sex, with a greater variety of gender expressions being accepted (e.g., several ways to be a girl/woman/feminine compared to one way to be female), particularly in recent years.
Gender and Mathematics
Gender is a particularly relevant issue in mathematics, as the field has historically been considered to be a male domain, and seen by some as incompatible with femininity (Hanna, 2003; Leder, 1992). Earlier research in mathematics education attributed girls’ and women’s lack of participation and inferior performance in mathematics to innate biological factors: “First it was argued that their [women’s] brains were too small, later that it would compromise their reproductive capacities, still later that their hormones were not compatible with mathematical development” (Henrion, 1997, p. xxiv). While these aforementioned claims were found to be baseless, one biologically-based claim persisted well into the late 20th century – the claim that boys have superior spatial skills. However, in their landmark study, Fennema and Sherman (1977) found that when students’ experience with spatial activities and the number of prior mathematics courses taken were controlled, there were no differences between girls’ and boys’ spatial skills. This study marked a turning point in mathematics education research, as Fennema and Sherman also found that social factors, such as perceptions of mathematics as a male domain, were, in fact, related to students’ achievement in mathematics. Over time, a great deal of additional research has demonstrated that girls’ and women’s (perceived) deficiencies in mathematics were related to social and cultural factors, such as sexist testing and teaching materials, unequal treatment by teachers, differential parental expectations, and societal stereotypes (e.g., Karp, 1991; Sadker & Sadker, 1994).
Although changes have been made to some factors, such as teaching materials and practices, to address these issues, significant gains have not been seen in terms of girls’ and women’s participation in mathematics at non-mandatory levels (Hall, 2012). Mendick (2006) provides a possible reason for this disconnect: “A main reason for the disappointing results of such strategies is that they have attempted to change the girls and women to fit into maths while being happy to leave maths fixed as it is” (p. 141). With mathematics typically being perceived as a discipline that is “difficult, cold, abstract, theoretical, ultra-rational, but important and largely masculine” (Ernest, 1998, p. 45), the question then arises: Is doing math doing gender?
research Project
The research project I discuss in this paper investigated elementary students’ views of and experiences with mathematics and mathematicians, and how those views may be impacted by popular media, parents’ views, and teachers’ views. As with the aforementioned studies about gender and mathematics, my study focused on the ways that social and cultural factors may influence students’ experiences with mathematics. This study, conducted in Ontario, Canada, involved Grade 4 (ages 9-10) and Grade 8 (ages 13-14) students, teachers, and parents. Online questionnaires about media habits and views of and experiences with mathematics and mathematicians were completed by 156 students. Additionally, 94 students drew pictures of mathematicians, with written explanations of their drawings. Thirteen parents and 10 teachers participated in interviews about their views of and experiences with mathematics and mathematicians. Children’s media (selected based on the questionnaire responses) were analyzed for representations of mathematics and mathematicians, and some of these media examples were used as prompts in focus group interviews with students (five focus group interviews involving 22 students). For the purpose of this paper, I will focus on the data collection methods involving the Grade 4 and 8 students in order to examine the ways in which gender was a consideration in my research with these young participants in particular.
In the following sections, I discuss my decision to include gender as a focus of my study, and the manner in which my considerations of gender impacted the design of my data collection instruments, the manner in which I collected my data, and the manner in which I decided to analyze my data. I raise issues that challenged me during these processes, namely in balancing my theoretical stance with my pragmatic concerns.
Decision to Focus on Gender
Gender is commonly used as a sorting mechanism in society, especially at the age level of the students in my study. Boys and girls are often grouped and treated differently based on their genders, particularly in school settings (Sadker & Sadker, 1994; Thorne, 1993). Arguably, it follows that it is appropriate to analyze data by gender, as students have different experiences based on this one factor. Certainly, there are many other intersecting factors that may impact students’ experiences with mathematics (e.g., ethnicity, socioeconomic status); however, these are outside the realm of my study’s focus. I focus on gender as it is such a salient aspect of students’ schooling experiences, particularly in a historically gendered subject like mathematics.
Considerations of Gender in Data Collection
In all aspects of my research, I use the term “gender” rather than “sex”, as I am concerned with social constructions rather than biological constructions. Therefore, when I ask a child to indicate whether he/she is a boy or girl, my hope is that the child will indicate gender identification. Regardless of the child’s biological sex, and due to a number of factors such as gender policing, nearly all children associate themselves as being girls or boys. Additionally, significant others, such as teachers and parents, identify the child as being a girl or boy, and subsequently treat her/him differentially based on her/his gender. Thus, in asking my participants whether they are boys or girls, I am attempting to learn about the gendered world in which they live, identify themselves, and are identified by others. While I acknowledge that there are more than two genders (i.e., further to the conventionally accepted boy/girl and man/woman gender categories, several genderqueer variants exist, such as agender and pangender; e.g., O’Neil, McWhirter, & Cerezo, 2008), given the age of my participants and the fact that my study is not focused specifically on gender identity/queer issues, I made the pragmatic decision to only list “boy” and “girl” as options.
At the start of the drawing form and questionnaire, students completed basic demographic questions/statements, including “I am a boy/girl” (with a checkbox by each gender). While I am cognizant that this could potentially lead to priming (i.e., reminding the student of his/her gender could impact how subsequent questions are answered; e.g., Steele & Ambady, 2006), these possible negative impacts are outweighed by my necessity to have the information in order to complete comparisons by gender (both between and within groups). While placing the demographic questions at the end of the data collection instruments would alleviate concerns about priming, it would also increase the likelihood that the questions would not be answered. This is particularly the case with the questionnaire, which had multiple sections and took approximately 25 minutes to complete. I therefore decided to place the demographic questions at the beginning of each data collection instrument. By placing the gender question with other demographic questions (grade level, school name, and school location), hopefully the questions were simply viewed as a banal portion of the research activity. 
In the drawing portion of the data collection, students were not explicitly asked about their views on gender and mathematics; they were simply asked to draw a mathematician at work and to explain the drawing in writing. The only references to gender were the aforementioned checkbox question (boy/girl) and the mention of my name, a very common name for girls and women in North America (that is not used for boys and men), at the top of the form. Students who participated in the drawing portion and the questionnaire portion did not meet me, as the data collection materials were either mailed to the schools or delivered to the teachers outside of class time.  
In the questionnaire, besides the gender checkbox question and the mention of my name at the start of the questionnaire, several sections queried students’ views about gender and mathematics, both implicitly and explicitly. Implicit views of gender were queried in a section entitled “Your Parents/Guardians”, asking about the students’ views of and experiences with their parents and mathematics, with five identical Likert-scale questions for their mother (or woman guardian) and father (or man guardian). Explicit views of gender were queried in the next section of the questionnaire, which was entitled “Girls, boys, and math”. Students were provided with seven questions in the form of “Who is more likely to…” and were asked to select from “boys”, “no difference”, and “girls”. Notably, these two sections were placed at the end of the questionnaire to try to minimize the possibility of priming. The first two sections of the questionnaire addressed the students’ views of and experiences with mathematics in general and in school, and their views of and experiences with mathematicians. If, for example, the “Girls, boys, and math” questions were placed directly before the “Mathematics” questions, priming could certainly be an issue. At the conclusion of the questionnaire, students also had the chance to express any further comments or ask any questions about mathematics, mathematicians, or the questionnaire itself.
For the focus group interviews, none of the required forms asked for any information about the students’ genders. The focus group interviews consisted of my showing the students video clips about mathematics or mathematicians from television shows, as well as drawings of mathematicians (from the earlier portion of the study), and having students respond to these multimedia prompts. Five focus group interviews were conducted – three with Grade 4 students (one girl/two boys, two girls/two boys, and three girls/one boy) and two with Grade 8 students (six girls and three girls/two boys). The placement of the students into the different focus groups was assigned by the school administration, based on perceptions of which children would work best together. Grade 4 and Grade 8 students participated separately in the interviews, in order to show the students age-appropriate videos that highlighted key ideas about mathematics and mathematicians (although the same drawings were shown to both age groups). However, one video clip was the same for both groups: a clip from The Simpsons that featured blatant gender stereotyping about mathematics (namely, the idea that boys are better than girls at mathematics). Students viewed each of the video clips and then were asked to respond, both in an open-ended sense and to directed questions that I asked. Students were also asked several questions about their own views of gender and mathematics, about gender more generally, and about gender stereotyping they had experienced, especially with respect to mathematics. Although gender was not the focus of the other video clips shown or the drawings, students occasionally raised such issues. 
In the focus group interviews, I took on a least-adult role (Corsaro, 1985; Mandell, 1988) as much as possible, from the way I dressed to the way I positioned myself in the room to the way I interacted with the students. In the Grade 4 groups, I found that one or two of the girls in each group had strong personalities and tended to dominate the conversation, and this is where I had to step in and facilitate to ensure voices of students of both genders were heard. None of the groups had any boys who were particularly outspoken, so I had to make a particular effort to ensure their (gendered) perspective was included in the discussion. In the few instances where students voiced sexist opinions, I would challenge them to explain why they felt that way and how they thought their comments would make others feel. Often, before I could intervene with my questions, another student in the group would challenge the student who made the initial sexist comment, which helped to maintain my least-adult role. In the Grade 8 focus groups, I found that my least-adult role was easier to maintain, given the greater similarities (e.g., closer maturity level, similar experiences with media) between the participants and me, compared to the mixed-gender Grade 4 focus groups. Although I believe that I was better able to connect to the Grade 8 participants partly due to age/maturity level, gender was also a key factor in the all-girls focus group, as I felt better able to connect with the girls’ experiences, due to similar experiences of my own when I was their age. Several times during that interview, I truly felt as though I was part of a group of girlfriends chatting informally, rather than feeling like an interviewer.
One additional consideration of gender that was included throughout the study (from data collection to reporting findings) was the disruption of the common order in which the phrases “boys and girls” and “men and women” are written, in order to disrupt the unconscious ordering of the genders. For instance, on the questionnaire, the “gender” question was ordered boy/girl, the parent questions were ordered mother/father, and the section about the students’ views of gender and math was titled “Girls, boys, and math” but the responses were ordered boys/no difference/girls. In my data analysis throughout the project, I also used varying orders, and I do the same in my reporting, as I, like Thorne (1993) in her landmark book, Gender Play: Girls and Boys in School, want “both genders to be fully in view” (p. 8).
Considerations of Gender in Data Analysis
This research project had a multi-faceted, sequential design. Data collection of the questionnaires had to be completed first in order to provide the information about the media most watched by the student participants. Using the results from the questionnaire, I watched and analyzed the top media responses in order to find video clips about mathematics and mathematicians. Then, some of these video clips were then used as prompts in the focus group interviews. Below, I discuss some of the ways that gender was foregrounded in the manner in which I analyzed my data.
The students’ drawings of mathematicians were analyzed in several different ways, from a detailed checklist-based analysis of the drawings for the presence of certain items (e.g., aspects of the mathematician’s appearance, mathematics content in the drawing) to a holistic analysis of the drawings into broader thematic categories (e.g., by occupation of the mathematician). In all of the analysis types, the gender of the student was always noted and used to sort the findings, in order to see if there were gendered trends; similar sorting took place by the gender of the mathematician. Gender was most present in the checklist analysis, as the gender of the student was compared to the gender of the mathematician in the drawing and the gender of the student’s teacher. While the gender of the student and teacher were provided to me, I had to ascertain the gender of the mathematician in each drawing. Typically, this was done by cross-referencing the student write-up associated with each drawing, where the use of “she” or “he” was common. Additionally, some students provided their mathematicians with names, either real or made-up, that clearly identified their gender (i.e., no gender-ambiguous names, like Robin or Chris, were provided) or gave the mathematicians familial titles (e.g., “my grandfather”). In instances where no indications of gender were provided by the write-up, the drawing was then scrutinized for indications that the mathematician was a man or a woman (e.g., facial hair for the former, breasts for the latter); if there were no such indications, no presumptions were made (e.g., long hair did not lead to the presumption that the mathematician was female) and the mathematician was listed as having an “unidentified” gender. The comparisons to the teacher’s gender and the mathematician’s gender were made in order to see if the child identified mathematicians in a gendered manner.
In the associated written comments, the participants were asked to write a paragraph to explain their drawings so that “anyone looking at it will understand what your drawing means and who the person is in it”. These written portions (besides those that simply described what was in the picture) were coded using emergent coding. One category was “comments about gender”, referring to statements the students made about gender and mathematics/mathematicians. Although these statements were few in number, they were all written by girls and challenged the stereotype that mathematicians are men. For instance, one Grade 8 girl wrote “The mathematician is a woman because not all mathematicians are men”, which might imply that she is familiar with the stereotype, but does not believe it to be true. In another instance, a Grade 8 girl stated that she drew her mathematician as a woman because she knew that I, the researcher, was a woman; however, she also stated that “I don’t believe that all mathematicians are female”. Interestingly, by comparison, students of both genders made comments challenging the “nerd” stereotype, which was brought up more often than comments about gender. This may suggest that, while the students may either see mathematics as a gender-equitable field or simply do not think of gender as a consideration when discussing mathematicians, they are well-aware of the ‘nerd’ stereotype.
In the questionnaire, the questions about the participants’ parents were five-point Likert-scale questions (strongly agree to strongly disagree), which were analyzed with respect to gender through same- and opposite-gender pairings of parents and children, as well as overall findings about mothers and fathers. The questions that inquired about students’ views of gender and mathematics were provided in the form “Who is more likely to…?”, with “boys”, “no difference”, and “girls” offered as possible responses. Thus, all of the questions about gender, both implicit and explicit, were closed in nature and thus were analyzed using statistical analysis techniques (e.g., ANOVA). Similar statistical analysis techniques were utilized for the other portions of the questionnaire, in order to complete analyses by gender of the participants. Using such analysis techniques allowed me to make comparisons between groups (i.e., between boys and girls) and within groups (i.e., within boys, within girls). These statistical analysis methods align well with my theoretical stance; while I acknowledge that boys and girls, as groups, are treated very differently in society, I also acknowledge that there is great variability within the groups of “boys” and “girls”. It is therefore important to not limit statistical analyses to between-group comparisons when doing ‘gender issues’ research – a broader view to the variance within each group is also needed.
concluding remarks
While I tried to be conscious of (and thereby hopefully avoid) gender stereotyping and to be clear about my own positions about gender in all stages of my recent research project, I still struggle to conduct “gender issues” research in a manner that is gender-sensitive and aligns with my theoretical stance, yet still functions on a pragmatic level. Certainly, there is no “perfect” way to conduct gender issues research, and what works in one research project may not work in another. Regardless of the research project, researchers must be clear about their positioning about gender issues by operationalizing definitions and consciously using consistent, and gender-sensitive, language throughout the research project and any subsequent reporting. 
Additionally, I believe that researchers need to be clear – to themselves and to their audience – about their decision to use gender as a “unit of analysis”. Often, it seems that gender is reported without being discussed in sufficient depth. Researchers typically report participants’ genders, regardless of the focus of the research, and often separate data/findings by gender. While participants’ genders are worthy of being reported and used in analysis, as gender is a key organizing principle in society that impacts the way people are treated, in many cases, the underlying potential causes for such gender differences are neither examined in depth nor linked to a developed theoretical stance. Rather, findings are often reported in broad, sweeping statements by gender, as though “all boys” or “all girls” think/feel/do such-and-such. This stands in stark contrast to the decision to examine differences within each gender, which are often more substantial than those between the genders. Indeed, small, non-practically-significant differences between boys and girls are often exaggerated in research findings. Instead, I would argue that similarities between boys and girls should be celebrated as a very meaningful (and encouraging) finding, one that suggests that boys and girls are having similar experiences rather than facing inequitable treatment.
[bookmark: _GoBack]To conclude, I raise questions in hopes of sparking contemplation by readers regarding “gender issues” research in mathematics education. One consideration relates to the unintended impact of such research: In doing this research, are we, through publication (particularly if findings are skewed and sensationalized by the mass media), reifying and naturalizing differences, however small, between boys and girls with regard to mathematics? In using categories of “boys” and “girls” in reporting, do we further contribute to a gender binary? However, pragmatically, what other categories could be used in gender research, given that most of society treats gender as such a binary? Reporting in a binaried way often results in one group being viewed as superior to the other. When we find differences between boys’ and girls’ experiences with mathematics, how do we report them in a manner that is gender-sensitive, true to our theoretical stances, and pragmatically feasible? By considering these questions, and the paper as a whole, I hope that readers’ views of gender and the way these views underscore their gender-related research in mathematics education may be problematized.

Note: A previous version of this paper was presented at the 12 International Congress on Mathematical Education (ICME-12) in Seoul, South Korea (2012).
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