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ABSTRACT 

 

GENDER GAP IN MATHEMATICS ACHIEVEMENT IN BRAZIL: TEACHERS’ 

IMPLICIT GENDER BIAS 

Beatriz S. Levin 

 

The goal of this study was to investigate whether mathematics teachers in Brazil had 

implicit gender biases, and if that potential bias was related to students' confidence and interest. 

The literature shows that there is a significant gender gap in mathematics achievement favoring 

boys, and Brazil is a special case in that it has one of the largest divergences in the world. This 

study investigated whether mathematics teachers in Brazil had implicit gender biases, if that bias 

was related to their students' confidence and interest in mathematics, and in what ways teachers' 

bias could be observed in conversations about teaching. 

 For this study I surveyed 40 teachers, along with the students in one of each instructor’s 

mathematics classes. Teachers were asked to respond to a demographic questionnaire and implicit 

association test (IAT), while students were asked to respond to a questionnaire measuring their 

self-assessed confidence and interest in mathematics. At a later date, 10 teachers were selected to 

be interviewed, based on their IAT scores. 

 The results show that mathematics teachers in Brazil had implicit gender biases regarding 

mathematics, but that their respective biases varied significantly. Male teachers were significantly 

biased in favor of boys, while female teachers were not. Teachers' implicit biases also varied 

depending on their educational levels. Students' confidence and interest in mathematics were 

shown not to be related to their teacher's measure of bias. However, confidence and interest did 



 

vary based on whether students attended public or private schools – with private schools having a 

significantly larger gender gap in both of these factors, and students' grade -- with the gap being 

wider among older students. Students' interest in mathematics also proved to be related to teachers' 

educational level, but their confidence in mathematics was not. 

 Teachers in Brazil believe overall that girls and boys behave differently from each other in 

school; furthermore, they believe that these differences are due to societal and parental pressures 

and expectations regarding gender. Teachers who associated mathematics with boys did not appear 

to be aware of that implicit bias, and in conversation often referred to gender differences in a way 

that indicated they thought girls had advantages in school that boys did not. 
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CHAPTER I : INTRODUCTION 

 

Need for study 

Societal stereotypes often play a role in individuals’ choices. The fact that relatively few 

women pursue mathematics-related careers, for example, may be partially explained by societal 

beliefs about gender and mathematics (Leslie, Cimpian, Meyer, & Freeland, 2015). The primary 

argument supporting the need for this study is that everyone, including mathematics teachers, is 

subject to such societal stereotypes about women in mathematics. The fact that teachers might 

have internalized some of these stereotypes has far-reaching implications, and merits specific 

study. That is, the adoption of particular societal beliefs about gender could influence the way that 

teachers interact with males versus females in the classroom, which could, in turn, correspond with 

their students. I constructed my study to explore this issue, particularly in the context of Brazilian 

mathematics education. 

For the purpose of clarity in this study it is necessary to define the following terms: implicit 

bias, explicit bias, and attitude. Implicit bias refers "to relatively unconscious and relatively 

automatic features of prejudiced judgment and social behavior" (Brownstein, 2015, par. 1). As 

opposed to explicit bias which refers to a prejudiced judgment and social behavior of which a 

person is consciously aware (Brownstein, 2015). Neither of these mean that a person is necessarily 

prejudiced, or that their actions and practices are prejudiced and biased; they are merely indications 

of bias related to beliefs of which a person can or not be conscious. Attitude is defined as “a 

psychological tendency that is expressed by evaluating a particular entity with some degree of 

favor or disfavor” (Eagly & Chaiken, 1993, p. 1). 
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The need for this specific study will be established by discussing literature surrounding 

four main ideas: the causes of gender gaps in mathematics; the existence in Brazil of a considerable 

gender gap in mathematics, in terms of achievement and interest; affective factors in students’ 

mathematics development; and the importance of assessing teachers’ implicit gender bias—not 

just their conscious bias. 

Causes for Gender Gap 

Although it was previously believed that males possessed superior mental abilities due to 

inherent biological advantage (e.g., Romanes, 1887), this has been definitively shown to be false 

(Hyde & Mertz, 2009; Committee on Maximizing the Potential of Women in Academic Science, 

Engineering, Committee on Science, & Public Policy, 2007). However, pervasive stereotypical 

societal views and attitudes likely make it harder for women to pursue careers in mathematics-

related fields. Leslie, Cimpian, Meyer, and Freehand (2015) studied the correlation between 

careers with lighter female participation and societal beliefs about the nature of success in those 

disciplines. In their study, Leslie et al. (2015) revealed that those fields regarded by their 

participants — male and female faculty, postdoctoral fellows, and graduate students — as 

requiring inborn talent for success show less female participation. Mathematics is one of those 

fields. The numbers of mathematically talented women and girls drops at every step on the journey, 

from high school to full professorships, towards attaining successful academic careers in the 

subject (Committee on Maximizing the Potential of Women in Academic Science, Engineering, 

Committee on Science, & Public Policy, 2007). 

Brazil’s Mathematics Gender Gap 

Although girls have been shown to be more successful at school than boys in Brazil 

(Carvalho, 2001), this is not true for mathematics specifically. In fact, according to the Programme 
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for International Student Assessment (PISA) in 2000, Brazil (along with Austria and Korea) 

exhibited the highest gender disparity, favoring boys, in mathematics achievement—among the 31 

countries compared (Marks, 2008). It is noteworthy that, although Brazil’s students have since 

seen a significant increase in their overall mathematics average in the PISA assessment between 

2003 and 2012, Brazilian students’ gender gap has remained unchanged (OECD, 2012). 

This male-female gap is not only found in achievement levels; it also can be observed in 

participation of non-obligatory mathematical activities. In the Olimpíada Brasileira de 

Matemática das Escolas Públicas (Brazilian Olympiad of Mathematics in Public Schools), 

participation of sixth- and seventh-grade girls corresponds to 45% of the awarded students, which 

makes it commensurate with the participation of fellow middle-school boys. However, in higher 

grades, girls’ participation among awarded students drops to 20% in grades 8 and 9, and plummets 

to 7% for high school students (Pierro, 2013). 

Qualitative research has been done in Brazil to investigate the causes of the current gender 

gap in mathematics, through examining curriculum and textbooks, and by observing classes 

(Cardoso & Santos, 2014; Souza & Fonseca, 2009). The studies have found that the curriculum -- 

especially the textbooks adopted in mathematics classes -- and teaching practices reinforce gender 

norms; therefore, boys participate more in mathematics classes and are more encouraged by their 

teachers to do so (Cardoso & Santos, 2014). Adult students in one classroom observation study 

also displayed the internalized idea of male mathematical superiority in their conversations. For 

example, abilities demonstrated by male students (e.g., being able to perform operations in their 

heads, without need of writing) were praised by their classmates, who also simultaneously 

undervalued the mathematical accomplishments of female students (e.g., being able to buy a house 

for their children was seen as ‘just bargaining’) (Souza & Fonseca, 2009). 
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Affective Factors 

Brazil's gender gap in mathematics achievement does not result from biological 

superiority; therefore, it is essential to examine what factors might be involved in maintaining the 

relatively large and persistent gender gap that exists in Brazilian mathematics education. 

Especially for the purpose of this study, it was important to ascertain if these factors are associated 

with teachers’ gender-based views and expectations of their students’ achievement. 

While Fennema and Sherman (1977) found no differences in cognitive abilities among 

male and female students in mathematics, they did observe a correlation between gender and 

certain affective factors, which they identified as follows: “Attitude toward success in 

mathematics, stereotyping of mathematics as a male domain, perceived attitude of mother, father 

and teacher towards one as a learner of mathematics, effectance motivation in mathematics, 

confidence in learning mathematics, and usefulness of mathematics” (p. 52). Further study by 

Fennema and Sherman (1978) about gender-related differences in mathematics achievement 

determined that the most significant affective factors were "confidence in learning mathematics” 

and “mathematics as a male domain” (p. 194). Since interest – “an individual’s predisposition to 

attend to certain stimuli, events, and objects” (Ainley, Hidi, & Berndorff, 2002, p. 545) -- has been 

shown to predict growth in achievement -- more so than intelligence or external factors 

(Murayama, Pekrun, Lichtenfeld, & vom Hofe, 2013), and since previous findings of the 

significance of both confidence in learning mathematics and the perception of mathematics as a 

male domain, these were the main variables examined in this study.  

Implicit vs. Explicit bias 

When dealing with measurement of attitude and beliefs, self-reported data can be extremely 

limited – in fact, potentially inaccurate. This can be due to the fact that a subject’s attitudes and 
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stereotypes are not operating on a conscious mode, hence the subject is not aware of them 

(Greenwald & Banaji, 1995; Nisbett & Wilson, 1977). However, even if the subject is aware of a 

particular attitude or belief, if he or she regards it as a potentially frowned-upon stereotype, that 

participant might be reluctant to admit it. Hence, studies about gender bias should include 

measures that do not rely solely upon participants’ self-reports. 

The most efficient way to accomplish this is to measure bias with instruments that do not 

involve self-report. Some studies with small numbers of participants opt to do classroom 

observations (e.g., Carvalho, 2001; Cardoso & Santos, 2014; Souza & Fonseca, 2009; Salazar, 

Hidalgo, & Blanco, 2010). Yet, to understand the phenomenon more broadly, it would be 

important to explore this issue from other perspectives that incorporate quantitative measure. For 

example, researchers have developed more objective and less time-consuming tests that can 

evaluate implicit associations of certain concepts, including the Implicit Association Test (IAT) 

(Greenwald, McGhee, & Schwartz, 1998). The IAT does not differentiate between implicit and 

explicit bias; it only assesses if a subject does possess some sort of implicit association — of which 

the participant might or might not be aware. In other words, the IAT classifies people with both 

types of bias simply as “biased”. 

Purpose of study 

The purpose of my study was to investigate whether secondary mathematics teachers in 

Brazil might have gender biases regarding mathematics capacity. My research focused on the 

implicit association between perceived mathematics aptitude and gender — in other words, 

implicit gender bias towards mathematics — demonstrated by teachers.  

A teacher's implicit bias is specifically significant if it translates to said instructor's 

perceptible actions which in turn can influence students. Therefore, my study also investigated the 



 

6 

self-assessed confidence and interest of the students in one of each of the teacher’s classes. The 

guiding research questions were as follows: 

1. Do secondary mathematics teachers in Brazil have implicit bias regarding gender 

in relation to mathematics aptitude? What factors are associated with that potential bias? 

2. Is there a relationship between the secondary mathematics teachers’ implicit gender 

bias and individual students’ confidence in their mathematics ability? What demographic factors 

are associated with students' confidence? 

3. Is there a relationship between the secondary mathematics teachers’ implicit gender 

bias and individual students’ interest in mathematics? What demographic factors are associated 

with students' interest? 

4. In what ways does potential gender bias manifest itself when teachers discuss 

mathematics teaching? 

Procedures of study 

The procedures of this study involved data collected from teachers and students of 40 

mathematics classrooms from grades 6 to 12. Both public and private schools in the city of São 

Paulo and surrounding cities were contacted. All mathematics teachers from grades 6 to 12 in the 

schools that agreed to participate were asked to join the study. Scheduling considerations dictated 

the selection of each teacher’s class to take part in the study. 

The participating teachers were asked to answer a questionnaire and respond to an implicit 

association test. The students in each chosen class were asked to answer a questionnaire. Semi-

structured interviews were conducted with 10 selected teachers to better understand their beliefs 

regarding gender. 

Teacher questionnaire 
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Each teacher's questionnaire began with a demographic section regarding factors that might 

be linked to implicit – or explicit – gender bias (including the instructor's age, gender, years of 

experience, sexual orientation, marital status, children, educational level, places where they grew 

up/studied, and geographical area/type of school where they teach).    The Implicit Association 

Test is used to measure implicit relations between two concepts, and in this study it was used to 

measure the implicit relation between gender and mathematical aptitude. 

Implicit association test 

The implicit association test "measures differential association of 2 target concepts with an 

attribute. The 2 concepts appear in a 2-choice task (e.g., flower vs. insect names), and the attribute 

in a 2nd task (e.g., pleasant vs. unpleasant words for an evaluation attribute)” (Greenwald, 

McGhee, & Schwartz, 1998, p. 1464). In this study the 2 concepts were female vs. male (utilizing 

the 10 most common girl names in Brazil and 10 most common boy names in Brazil), and the 

attribute were mathematical aptitude (i.e., words related to mathematics and words that are not 

related to mathematics). Teachers were asked to sort names and words in the IAT test quickly, so 

that the results of the IAT test identify if a person has a tendency to associate particular gender 

names with particular mathematical aptitudes – a measure of implicit gender bias. 

Student questionnaire 

The student questionnaire began by establishing the student’s gender, followed by two sets 

of questions in which the student rated both their confidence and their interest in mathematics. The 

confidence portion was measured with a section of the Fennema-Sherman Mathematics Attitude 

Scales (Fennema & Sherman, 1976) regarding confidence, and the interest portion was measured 

with the 6-item test found in Preckel, Goetz, Pekrun, & Kleine (2008). 

Teacher interviews 
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For the interview portion of the study, the participating teachers were separated into three 

IAT-determined groups — associates mathematics with girls, doesn’t associate mathematics with 

either boys or girls, and associates mathematics with boys — and the teachers were randomly 

selected within these groups for interview. If a participant did not respond after being contacted 

for the interview, another teacher from the same IAT-determined group was randomly selected 

and asked to be interviewed. 

These were semi-structured interviews divided into 4 sections, with 11 main questions in 

total. The sections were: teachers' backgrounds and experiences with mathematics throughout their 

studies; qualities the teachers believed were associated with good students overall, and students 

who do well in mathematics specifically; typical classroom activities; and beliefs about the 

relationship between mathematics and gender. 

Data analysis 

The information collected with the aforementioned instruments was organized in such a 

way that each teacher received a number corresponding to their implicit bias (IB), average 

confidence difference (ACD) of students, and average interest difference (AID) of students -- the 

last two coming from students' data.  

The IB was obtained from the implicit association test software, which assigns a number 

between -2 and 2. The ACD was obtained by subtracting the average of the measure of confidence 

(ranging from 12 to 60) of the classroom’s girls from the average of the measure of confidence of 

the classroom's boys (with ACD > 0 indicating that boys are more confident than girls, ACD = 0 

indicating that they are equally confident, and ACD < 0 indicating that girls are more confident.) 

The AID was obtained by subtracting the average of the self-assessed interest scores (ranging from 
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6 to 36) of the classroom’s girls from the self-assessed interest scores of the classroom's boys the 

interpretation of AID is similar to the interpretation of ACD). 

The first research question was answered from analyzing the average results of the teachers' 

IB results. Variables collected in the demographic sections of the teacher questionnaire were used 

to determine which variables were related to teachers’ implicit bias.  

The second and third research questions were answered by calculating the correlation 

between the IB and either ACD (research question 2) or AID (research question 3). Variables 

collected in the demographic sections of the teacher questionnaire were used to determine which 

variables were related to the ACD. A correlation between the teacher’s IB and their ACD, and/or 

AID could indicate that the teacher’s implicit gender bias is associated with the students’ 

perception of their own ability related to gender. If there was no correlation, it could mean that the 

teacher has little influence over the students’ perception of their mathematical ability vis-à-vis 

their gender. In addition, association of ACD or AID to other demographic variables were also 

explored.  

The fourth research question was answered by transcribing the recorded interviews with 

the teachers, and identifying and analyzing instances in the transcriptions in which teachers make 

remarks about gender and coding these instances. The codes were then chosen to be analyzed based 

on two criteria: 1) codes that were only mentioned by one IAT-determined group; and 2) codes 

that were mentioned by at least one member of each IAT-determined group. 
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CHAPTER II : LITERATURE 

REVIEW 

 

In this literature review I present ideas from the current research landscape. My aim is to 

situate this dissertation in the context of the existing literature, as well as to demonstrate the 

importance of my study.  

Research has been conducted regarding the role of society and culture in education (e.g. 

Gay, 2013), and in mathematics education specifically (e.g. D'Ambrosio, 2001). In mathematics 

education, there have been studies about which factors impact the representation of minority 

groups in mathematics (e.g. Walker, 2006; Riegle-Crumb & Humphries, 2012). My study focuses 

on mathematics teachers' internalized biased societal views of gender stereotypes, and how that 

may be linked to students' confidence and interest in mathematics. 

The literature review is separated into four sections, describing: 1) the existence of a gender 

gap in mathematics achievement; 2) what factors have been researched and found to be associated 

with the mathematics achievement gender gap; 3) what research has been done regarding gender 

bias, and how those results might be related to the gender gap in mathematics achievement; and 4) 

the gender gap in mathematics achievement in Brazil. 

Existence of Gender Gaps in Mathematics and Related Fields 

In this section I describe the existence of gender gaps in achievement in various fields, 

more specifically in science, technology, engineering, and mathematics (STEM). I describe how 

this gender gap in achievement can be observed within different academic levels and in different 

countries. These gender gaps suggest that women are perceived as unequal to their male 

counterparts and have fewer opportunities. 
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Gender gaps have been measured and studied in a variety of fields. Focusing on economic 

participation and opportunity, educational attainment, political empowerment, and health and 

survival, the World Economic Forum produced a report (Hausman, Tyson, & Zahidi, 2009) 

describing gender gaps within many countries. Other researchers have examined the different ways 

female and male political candidates are perceived by voters (e.g., Alexander & Andersen, 1993), 

as well as wage gaps between them (e.g., Goldin, Kerr, Olivetti, & Barth, 2017).  

Academia has also been a focus of research regarding gender differences, including a 

studies of journal editors' and reviewers' bias during peer-review processes (e.g., Gilbert, Williams, 

& Lundberg, 1994) and the promotion to tenure (e.g., Weisshaar, 2017). Female and male editors 

behaved differently from each other. Male reviewers responded differently depending on whether 

the editor was female or male. Women were less likely to receive tenure. While the cited studies 

have focused on social aspects of their respective studied gender gaps, research also exists 

investigating possible biological gender differences and whether those could account for different 

behavior between genders (e.g., Tan, Ma, Vira, Marwha, & Eliot, 2016). 

A 2009 study of the EU-27 (the 27 countries forming the European Union between 2007 

and 2013) showed that, in general fields of study, the distribution of Ph.D. graduates in 2006 

among men and women was balanced (55% and 45% respectively). The fields with less female 

participation, however, were science, mathematics, and computing (41%); and engineering, 

manufacturing, and construction (25%) (O'Dorchai, Meulders, Crippa, & Margherita, 2009). In 

1999 in Austria, only 8.9% of engineering and technology researchers in the higher-education 

sector were women (OECD, 2006). The percentages of female participation in these fields in the 

United States and Japan were even lower. The U.S. in 2006 recorded 38% female participation in 

the fields of science, mathematics and computing and 21% in the fields of engineering, 
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manufacturing, and construction; Japan had 22% female participation in science, mathematics, and 

computing and 11% in engineering, manufacturing, and construction (O'Dorchai et al., 2009). 

Although these examples of gender gaps in mathematics-related fields were observed in 

the most advanced areas of education, similar disparities can be seen at lower educational levels 

as well. The Organization for Economic Cooperation and Development (OECD) organizes an 

international evaluation with 15-year-old students called Programme for International Student 

Assessment (PISA). Data obtained from the PISA are often used in cross-national research to 

investigate achievement gaps (e.g., Shafiq, 2013; Adams, Barber, & Odean, 2017). 

In 2000, the PISA results in mathematics showed an average cross-national difference of 

11 points favoring boys (Marks, 2008). In the 2015 PISA, the average gender difference was eight 

points in favor of boys. PISA showed 28 countries in which boys outperformed girls; the difference 

in average score "is largest in Austria, Brazil, CABA (Argentina), Chile, Costa Rica, Germany, 

Ireland, Italy, Lebanon and Spain, where boy's average scores exceed girls' by more than 15 points" 

(OECD, 2016, p. 196), all of which were found to be statistically significant. The gender gap was 

even more pronounced at the higher-achieving end of the scores: When looking at 90th-percentile 

students in 30 of the analyzed countries, the difference in average scores was greater than 15 points 

(OECD, 2016).  

Factors Associated with Gender Gap in Mathematics 

In this section I examine various factors that have been researched specifically for their 

association with the gender gap in mathematics achievement, prominent among them innate 

societal views of talent. Students' confidence and students' interest in mathematics appear to have 

a significant role in determining their academic achievement in the field. 
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While previously some academics believed the gender gap in mathematics achievement 

could be explained by innate/biological gender differences (e.g., Romanes, 1887), this view has 

now been negated (Hyde & Mertz, 2009; Committee on Maximizing the Potential of Women in 

Academic Science, Engineering, Committee on Science, & Public Policy, 2007; Carmo & Ferraz, 

2012). With a biological/innate argument no longer accepted by the academic community, other 

researchers have studied alternate causal factors that could help explain the gender gap. According 

to Souza and Fonseca (2009) concepts such as gender, man, woman, and mathematics are social 

constructs, and so it makes more sense to analyze them through a social lens than a biological one. 

Leslie, Cimpian, Meyer, and Freeland (2015) investigated whether the distribution of men 

and women in certain academic fields could be explained by people's general belief that innate 

talent is needed for success in those fields. Mathematics is one of the fields in which people believe 

innate talent is required for success. In their study, Leslie et al. surveyed 1820 post-doctoral fellows 

and graduate students over 30 disciplines in both STEM and Social Sciences/Humanities in 

universities across the United States. They compared their hypothesis of whether belief in innate 

talent for success in a discipline predicts percentage of female PhDs with three other possibilities: 

hours of work necessary in each field, selectivity of each discipline, and whether disciplines require 

more systemizing or empathizing. Using a hierarchical regression model to predict female 

percentage of PhDs in different disciplines, Leslie et al. found that the only consistently significant 

variable was field-specific ability beliefs – the belief that innate talent is necessary for success in 

that discipline. Furthermore, they found that "ratings of whether women were suitable for and 

welcome in a discipline mediated 70.2% of the relation between field-specific ability beliefs and 

the percentage of female PhDs" (p. 264). 
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Additional studies have focused on the role of stereotypes in the difference between men's 

and women's achievement. Spencer, Steele, and Quinn (1999) examined the effect of stereotype 

threat – "the experience of being in a situation where one faces judgment based on societal 

stereotypes about one’s group, in men's and women's respective performances" (p. 5) – in difficult 

mathematics tests. Their first study involved 56 participants, 28 men and 28 women, who were 

asked to complete a math exam that included both easy and difficult questions. Spencer et al. found 

in this study that, given no instruction regarding gender, women performed just as well as men in 

the easier part of the test, but did not perform as well as men in the difficult part. A second study 

comprised 54 participants, 24 men and 30 women, who were asked to complete a math exam with 

two sections, one of which had shown gender differences (in the first study) and one that had not. 

Half the participants were told that the first set of questions showed gender differences but the 

second set did not;  the other half were told the opposite: that the first set of questions did not show 

gender differences but the second set did. In the second study, Spencer et al. found that when told 

that the test produced no gender differences, women performed better than they did when told that 

the test did produce gender differences. A third study was composed of 67 participants, 36 women 

and 31 men, who were asked to complete a math exam. The experimental group was specifically 

told that the test showed no gender differences and a control group was not told anything specific 

about the test related to gender. In this third study they also found that reducing stereotype threat 

by stating that the test does not produce gender differences improved women's performance. 

The concept of stereotype threat discussed by Spencer et al. (1999) was also explored by 

Schmader, Johns, and Barquissau (2004), combined with women's gender stereotype endorsement. 

They found that women who tended to endorse gender stereotypes experienced worse effects from 

negative stereotype threat during the mathematics tests. However, while there has been significant 
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research regarding stereotype threat, a meta-analysis has shown it to affect only some women, and 

should not be considered the sole explanation for the gender gap (Stoet & Geary, 2012). 

Lewis et al. (2017) investigated the influence that sense of belonging has on male and 

female students' persistence in the fields of physical science, technology, engineering, and 

mathematics. In their studies, they found that belonging was more linked with women's persistence 

in these fields than with men's. They also observed that women are less confident: they "question 

their ability in [these fields] more than men (as evidenced by lower self-efficacy) and women feel 

a lower sense of belonging than men in [these fields]." As Lewis et al. (2017) stated, "For men, 

whose sense of belonging in [these fields] is consistently strong (as seen by gender differences in 

belonging favoring men throughout all of our studies), belonging appears to be less relevant to 

their decisions to persist in [these fields]" (p. 432). 

Interest in mathematics has been shown to predict growth of achievement, more than 

intelligence or external motivators (Murayama, Pekrun, Lichtenfeld, & vom Hofe, 2013). In a 

study by Frenzel, Thrash, Pekrun, and Goetz (2007) that aimed to confirm the "comparability and 

cross-national utility of the Academic Emotions Questionnaire-Mathematics" (p. 302), enjoyment 

of mathematics was associated with both Chinese and German students' grades. Frenzel, Goetz, 

Pekrun, and Watt (2010) performed a longitudinal study of German students from grades 5 through 

9, evaluating these students' interest in mathematics. They found that at grade 5, starting point for 

their study, boys scored higher in interest than girls. This difference in interest scores stayed 

consistent throughout the grades studied. Plus, decline in interest was steeper for girls than for 

boys. However, Lupart, Cannon, and Telfer (2004), who studied interest and future aspirations of 

students in Canada, did not find a difference between boys' and girls' interest in mathematics. 

Preckel, Goetz, Pekrun, and Kleine (2008) also found that, in Germany, girls' interest, as well as 
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self-concept, was lower than boys’. This was shown in both average-ability and gifted students, 

but the difference was even greater with gifted students. 

Using the results from its 2012 PISA, the Organization for Economic Cooperation and 

Development produced a report (OECD, 2015) that addressed gender differences in mathematics 

performance. The mathematics assessment of the PISA had been accompanied by a questionnaire 

measuring students' self-efficacy (the students were asked to rate how confident they felt that they 

could answer certain questions – very similar to how confidence is measured in mystudy), self-

concept (students were instructed to agree or disagree with statements about their belief in their 

capacity for mathematics), and anxiety (in which they were asked to agree or disagree with 

statements regarding negative feelings towards mathematics). This report not only showed that 

boys were on average more confident and less anxious than girls across the board in mathematics, 

but also that self-efficacy was "associated with a difference of 49 score points in mathematics" (p. 

71) – the equivalent of one year of school. Similarly, greater anxiety was "associated with a decline 

in performance of 34 score points – the equivalent of almost one year of school" (p. 77). And these 

results were even more pronounced in high-achieving students. 

Investigating the causes of gender gap in mathematics achievement is not new. Fennema 

and Sherman (1976) created an instrument measuring eight affective factors potentially associated 

with mathematics achievement – Fennema-Sherman Mathematics Attitudes Scales. What 

Fennema and Sherman (1978) found, among their eight affective factors investigated – "attitude 

toward success in mathematics; the stereotyping of mathematics as a male domain; the perceived 

attitudes of mother, father, and teacher towards one as a learner of mathematics; effectance 

motivation in mathematics; confidence in learning mathematics; and usefulness of mathematics” 

(p. 190) – was that confidence in learning mathematics, and stereotyping of mathematics as a male 
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domain, were the most statistically significant. They also learned that boys considered 

mathematics to be a male domain, more than did  girls -- indeed, girls as a group appeared to deny 

that math is a male domain (Sherman & Fennema, 1977). Stereotyping of mathematics as a male 

domain was significantly correlated with lower achievement for girls, but not for boys (Fennema 

& Sherman, 1977). 

When looking at students separated by school and sex, Fennema and Sherman (1977) 

reported that in schools of higher socioeconomic level, girls showed "somewhat less positive 

attitudes toward [mathematics] success than boys, while the opposite pattern was found at schools 

with lower socio-economic levels" (p. 68). They also requested that further research into the gender 

gap recognize "the role of an ancient set of cultural conditions which makes the study of 

mathematics seem inappropriate for girls" (p. 69). 

Forgasz, Leder, and Gardner (1999) examined some items in one of the Fennema-Sherman 

Mathematics Attitude Scales, pertaining to one affective factor -- Mathematics as a Male Domain 

– and found that these items might not have retained their statistical validity, as the other attitude 

scales in the test have. For example, they stated that it is impossible, in that specific test, to measure 

whether a participant believes mathematics to be a female domain (which, they argued, is a 

possibility now, but one that perhaps didn't exist before). Forgasz et al. (1999) concluded this after 

analyzing four studies, one of which even showed that what participants self-report in the test does 

not always correspond to their practices and beliefs. This led them to believe that a revision of the 

scale would not be enough to overcome those difficulties. 

Many researchers have studied factors that could be associated with the gender gap in 

mathematics achievement  belief that innate talent is necessary for success, stereotypes, sense of 
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belonging, self-efficacy, self-concept, anxiety, confidence, and interest. My study focuses on 

students' confidence and interest in mathematics, and on teachers' stereotypical views. 

Measuring Gender Bias and the Use of the Implicit Association Test 

In this section I describe ways in which certain cognitive processes people experience 

unconsciously can be measured. I also present research that has used these tools, including research 

investigating the mathematics-achievement gender gap. 

People often cannot accurately report on their own cognitive processes. They are unable to 

recall stimuli that led to certain decisions, or how the stimuli were processed in order to reach these 

decisions (Nisbett & Wilson, 1977). When people do report about their cognitive processes, they 

do not infer the answer from their memory of the process, but from other prior causal theories. 

These prior theories range from "explicit rules stating the relationship between a particular 

stimulus and a particular response" (p. 248), to "implicit theories about causal relations" (p. 248), 

to "a particular causal theory on the basis of empirical observation of covariation between stimuli 

of the general type and responses of the general type" (p. 248) – which is often not related to the 

covariation itself, or to "generate causal hypotheses linking even novel stimuli and novel 

responses" (p. 248). This indicates that self-report instruments might not be very reliable when 

exploring atypical societal responses to certain behaviors – including different behaviors towards 

people of different genders. 

An example of how these reports can be complicated can be seen in Anderson-Clark, 

Green, and Henley (2008). They investigated the relationship between teacher expectations and 

first names that were common among African Americans and Whites, Xavier and Ethan 

respectively. Anderson-Clark et al. created four versions of a vignette that described a generic 

student and asked 130 elementary school teachers in Dallas to assess their expectations for the 
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student in the vignette they were given. The only differences in these four versions of the vignette 

were the name and race of the student: “White student with a White-sounding name; White student 

with an African American sounding name; African American student with an African American 

sounding name; African American student with a White-sounding name” (p. 96). Each teacher was 

given one vignette to assess. 

Anderson-Clark et al. found that teachers had more negative expectations of students with 

African American sounding names. This was not observed when considering the ethnicity of the 

student in the vignette, but only their name. The researchers believe this happens because the 

teachers “regard themselves as nonprejudiced, they may nevertheless hold negative feelings and 

beliefs about African Americans. Such negativity could be expressed in subtle, indirect ways such 

as through associations made by names” (p. 97). 

Greenwald and Banaji (1995) identified the need for indirect measurement strategies to 

assess cognitive processes occurring in an unconscious – implicit – manner. To fill that gap, 

Greenwald, McGhee, and Schwartz (1998) devised a computer-run instrument: the implicit 

association test (IAT). 

The IAT is used to measure different associations between two concepts and an attribute. 

Test participants go through a series of sorting tasks, and in each, the participants' time is 

measured; that measurement is used to calculate the final IAT result. 

In their initial uses of the IAT, Greenwald, McGhee, and Schwartz (1998) performed three 

experiments to ascertain the validity of their instrument, and their results lined up with theoretical 

expectations of measures that should be correlated to the IATs. They concluded that "the IAT may 

resist self-presentational forces that can mask personally or socially undesirable evaluative 

associations, such as the ethnic and racial attitudes," and that the "IAT method offers the further 
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advantage of being adaptable to assess a wide variety of associations, including those that comprise 

stereotypes and self-concept" (p. 1478). 

Researchers have used IATs to study various phenomena. A version of the IAT was used 

to study whether implicit associations of science with men or women were related to the 

participants’ field of study (Smyth & Nosek, 2015). Their IAT "required quickly sorting words 

into one of four designated categories—Female, Male, Liberal Arts, or Science" (p. 9). Men in 

STEM fields had stronger associations of science with males than men in non-STEM fields, while 

the opposite was observed for women. 

Another study (Nosek et al., 2009) investigated the results of the previously mentioned 

IAT used to measure associations between STEM fields and gender. With over 500,000 people 

from many different countries taking the IAT, Nosek et al. found, by examining the cross-national 

results on the 2003 Trends in International Mathematics and Science, that the average national 

"implicit gender–science stereotyping was related to nations’ sex differences in science and math 

achievement" (p. 10596). The same was not found when they used explicit measures of stereotype. 

Building on the idea of stereotype threat’s effect on gender differences in mathematics tests 

that were studied by Spencer et al. (1999), Kiefer and Sekaquaptewa (2007) investigated whether 

women's implicit gender-math stereotypes moderated the effect of stereotype threat. The 138 

women who participated in their study completed an explicit math-gender stereotyping test, a 

mathematics test, a demographic questionnaire which included questions about what mathematics 

courses they had previously taken, and three IAT tests –  "implicit gender-math stereotyping 

(greater male-math than female-math association), implicit gender identification (greater self-

female than self-male association), and implicit math identification (greater self-math than other-

math association)" (p. 827). During the mathematics test, some participants were told that the test 
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was diagnostic (threat condition) and others were told that it was not diagnostic (reduced threat 

condition). They observed that women who associate mathematics with women more than with 

men benefited the most from the reduced stereotype threat. They also found that the participants' 

implicit gender identification was negatively correlated with their mathematics test scores. 

As is described in further detail in the following section, in the study by van den Bergh, 

Denessen, Hornstra, and Holland (2010), the use of self-report measures of explicit bias can be of 

little use in some types of research. In their study, van den Bergh et al. found that the explicit 

measures taken from the participants and the measures of implicit bias obtained with the IAT were 

not correlated, and the explicit measures were not correlated with other measures used in the study 

– while the implicit scores rendered significant results. They concluded that “an implicit measure 

of the attitudes of teachers proved to be a stronger predictor of both teacher expectations and 

student achievement than an explicit measure of prejudiced attitudes” (p. 519). 

The IAT is a convenient tool to measure gender bias because it can be tailored for specific 

studies. Iterations of the test used to measure gender associations have been adopted in several 

studies. The results of these IATs in different studies were associated to the gender gap in 

performance in mathematics-related tasks. In my study it is used to measure teachers' implicit 

gender bias. 

Effects of Teacher Expectations on Student Attitudes and Outcomes 

In this section I describe research on the role of teacher expectations on student attitudes 

and achievement in mathematics. The role of teacher expectations — based on students’ gender, 

race, or ethnicity — on students’ attitudes and achievement in mathematics has been studied 

throughout the world (i.e., England: Strand, 2012; Netherlands: van den Bergh, Denessen, 
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Hornstra, Voeten, & Holland, 2010; Canada: Archambault, Janosz, & Chouinard, 2012; Australia: 

Gniewosz & Watt, 2017).  

A Dutch study (van den Bergh, Denessen, Hornstra, Voeten, & Holland, 2010) investigated 

whether elementary school teachers’ attitudes and expectations of ethnically diverse students – 

students of Turkish and Moroccan origin compared to students of Dutch origin – affected their 

students’ academic achievements. The researchers collected data from 41 elementary-school 

teachers of Dutch origin, measuring their explicit prejudice through a self-report Likert scale test, 

their implicit prejudice through a version of the IAT, their expectations of 10 of their students, the 

academic achievement of these students through a standardized test, and these students' 

socioeconomic information through assessing the highest educational level of their parents. 

Van den Bergh et al. found that not only did the teachers’ explicit and implicit prejudice 

measures not correlate to each other, they also discovered that the explicit prejudice measure did 

not predict teachers’ expectations. However, van den Bergh et al. found that "the effects of the 

teachers’ implicit prejudiced attitudes on their expectations of the students differed depending on 

the ethnic origin of the students” (p. 512). As for teacher expectations, the Dutch researchers found 

“implicit prejudiced attitudes of the teachers and student ethnicity to be fully mediated by teacher 

expectations” (p. 517) for students’ mathematics scores. They concluded that the prejudices of 

teachers are important in the differing expectations of students and the ethnic achievement gap. 

Schenke, Nguyen, Watts, Sarama, and Clements (2017) also investigated the role of 

teachers’ expectations on ethnically diverse groups – African American students compared to non-

African American students. They analyzed 1,238 preschool students – 350 students in the control 

group and 888 students in the treatment group – in 101 classrooms in low-income schools in the 

states of New York and Massachusetts, with an intervention model on the mathematics curriculum. 
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Students’ mathematics achievement was measured through a pretest and posttest on numbers and 

geometry, and the other measures – such as teachers’ expectations and responsiveness to 

developmental needs – were obtained through classroom observations.  

Schenke et al. found that for “African American students, expectations and responsiveness 

to developmental needs was significantly associated with post mathematics achievement” (p. 801). 

The results found for African American students were not found in White or Hispanic students. 

Overall, Schenke et al. concluded that teacher expectations influence their students’ mathematics 

achievement, and that “teacher expectations differentially influence mathematics achievement for 

African American students” (p. 805). 

The investigation on the role of teacher expectations conducted by Archambault, Janosz, 

and Chouinard (2012) involved 79 teachers and 1,364 students from 33 schools in Quebec, Canada. 

They measured teachers’ self-reported beliefs, expectations, and general sense of efficacy; as well 

as students’ self-reported cognitive engagement, and achievement — in a self-report question at 

two different time periods of the year. Archambault et al. found that “the more teachers maintain 

high expectations and the more efficacious they feel in helping their students succeed, the more 

students’ achievement increased over the year” (p. 324). 

Gniewosz and Watt (2017) did not measure teacher’s expectations; instead, they focused 

on students’ perception of teachers' expectations. This study was done with data of a larger 

longitudinal study. Gniewosz and Watt used the data of 1,271 Australian students in grades 7, 8, 

and 9 in their transition to their respective ensuing grades. They measured students’ self-reported 

intrinsic value (which is similar to how interest is measured in my study), utility (how useful they 

believe mathematics is), self-reported ability beliefs (how good they think they are in 
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mathematics), and their parents’ and teachers’ ability beliefs (how good they think their parents 

and teacher think they are at mathematics). 

Gniewosz and Watt’s results show that when students reported higher values of their 

parents’ and teacher’s belief in their ability than their own beliefs, that positively predicted 

students’ intrinsic value (their interest in mathematics). Between grades 8 and 9 and grades 9 and 

10, the more the students perceived the overestimation of their teacher’s belief (the higher the 

measure of the teacher’s belief compared to the student’s belief), the more the intrinsic and utility 

measures of the students increased. “The students were motivated by believing that their parents 

and teachers perceived them as more able in math than the students felt themselves. By the same 

token, for students who perceived parents and teachers to underestimate their ability, this hurt their 

intrinsic motivation” (p. 1378).  

Woolley, Strutchens, Gilbert, and Martin’s (2010) study included a sample of 933 Black 

middle-school students in 13 different schools —in the sixth, seventh, and eighth grades. The 

researchers measured students’ confidence, interest, and anxiety regarding mathematics, as well 

as their perceptions of their teacher’s expectations, standards, and instructional practices. The 

students were also asked to self-report on the grade they expected to get in mathematics, the 

number of hours spent studying mathematics outside class, and their SAT-10 math scores. 

Woolley et al. found that teachers’ expectations, standards, and instructional practices had 

an effect on students’ confidence, interest, and anxiety. And student’s confidence, interest, and 

anxiety had an effect on their expected grade, hours of study, and SAT-10 scores. “Students who 

reported greater use of reform practices by their teachers, higher teacher expectations, and higher 

teacher standards, showed more desirable levels of motivation to learn mathematics across the 

three motivational constructs” (p. 54). And students with higher measures of confidence and 
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interest and lower measures of anxiety had better measures in mathematical outcome. Woolley et 

al.’s "analysis supports the conclusion that student motivation is a partial mediator of the influence 

of teacher beliefs and practices on mathematics outcomes” (p. 55). 

Teachers’ beliefs — i.e., prejudices — can have an effect on teachers’ expectations. These 

expectations, as shown in the studies mentioned above, can in turn have an effect on students’ 

attitudes and achievement in mathematics, especially when considering populations not commonly 

represented in mathematical contexts. 

Existence and Research Pertaining to Mathematics Gender Gap in Brazil 

In this section I describe the Brazilian educational context, the general context of gender 

inequality in Brazil, mathematics achievement gender gap in Brazil, and research done 

investigating the Brazilian mathematics achievement gap. The fact that Brazil has a gender gap in 

mathematics achievement bigger than that in most countries makes it a fitting candidate for 

studying this condition.  

Brazilian laws organize the country’s education system into two levels: basic education 

and higher education. Basic education consists of early childhood, primary (ensino fundamental, 

which is divided into two cycles: the first being the initial 5 years and the second being the final 4 

years); and secondary (ensino médio). Primary education, which encompasses nine years starting 

at age 6, is compulsory.  Brazil’s municipalities and states are responsible for providing primary 

education; only the states are responsible for providing secondary education. The government can 

also grant approval for private institutions to provide schooling at all levels, from early childhood 

through higher education (United Nations Educational Scientific and Cultural Organization, 2010).  

Both primary and secondary education are typically divided into year-long grades. The 

national estimate in 2008 was that 96.5% of children 7-14 years old were in school (United Nations 
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Educational Scientific and Cultural Organization, 2010). Data from the 2015 School Census of 

Basic Education shows that in the State of São Paulo, 7,586,895 students were enrolled in public 

schools, as opposed to the 2,077,317 students that were enrolled in private schools (Instituto 

Nacional de Estudos e Pesquisas Educacionais Anísio Teixeira, 2015a). According to a study done 

in the State of Pernambuco regarding students applying to higher education, incoming students 

from private schools had an average family income three times that of students coming from public 

schools (Cavalcanti, Guimarães, & Sampaio, 2010). 

The minimum qualifications for primary and secondary schools teachers in Brazil is an 

undergraduate degree in pedagogy or another field with an added licensure in teaching (Ministério 

da Educação e Cultura, n.d.). A Bachelor's degree requires a minimum of 2,400 hours of 

coursework and a Master's or Ph.D. require a minimum of 2 years of study. Specialization courses 

-- that are offered to people with undergraduate degree but that do not qualify as formal graduate 

studies -- require a minimum of 360 hours of coursework (United Nations Educational Scientific 

and Cultural Organization, 2010). 

While in secondary school and the final years of primary school the rate of teachers who 

have the required degrees are 82.3% and 73%, respectively (United Nations Educational Scientific 

and Cultural Organization, 2010), all the participants in this study had the minimum degree 

required for teaching. 

For a better understanding of the context of gender inequality in Brazil, note that in 2016, 

only 10.8% of seats in the Brazilian parliament were occupied by women (Human Development 

Report, 2016). This ratio is especially low when considering that in the mid-1990s, the Brazilian 

government passed laws demanding that political parties observe quotas for female candidates. 

However, unlike countries such as Argentina – whose percentage of female participation in politics 
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increased significantly after the implementation of quotas – Brazil’s electoral system and 

regulation of the law resulted in these quotas, ultimately, not having much effect on the political 

gender gap (Miguel, 2008).  

Although there have been significant increases in the participation of women in the labor 

market, women are still responsible for the majority of unpaid activities at home (Santos & Hilal, 

2018). And the issues regarding gender inequalities in working environments – i.e., men being 

favored for hiring and promotions, women being penalized due to pregnancies and family issues 

– have not changed much with times, either (although women are reluctant to admit it affects them 

personally) (Santos & Hilal, 2018).  

Although in certain aspects the inequality between men and women has remained stagnant, 

in 2010 only women aged 60 and older had illiteracy rates higher than those of men; younger 

women were found to have lower illiteracy rates than their male peers. Among 15- to 29-year-olds, 

3.6% of men versus 1.9% of men were illiterate (Instituto Brasileiro de Geografia e Estatística 

[IBGE], 2010). In fact, in 2010, 12.5% of women aged 25 and older had colleges degrees, 

compared to 9.9% of men (IBGE, 2010). Also, overall, female students in Brazil are more 

successful in school than their male counterparts; they have higher retention rates as well as higher 

passing rates (Carvalho, 2001).  

Carvalho (2001) observed that teachers’ evaluation of students’ learning reinforces gender 

hierarchies or gender stereotypes.  Teixeira, Villani, and Nascimento (2008), while observing 

high-school physics students in Belo Horizonte, also noted that schools are institutions in which 

gender stereotypes are reinforced. "Teachers sometimes demonstrate an acceptance of boys’ 

dominance in class, and an acceptance of girls’ submissive or ‘good’ behaviour, and this occurs at 

the cost of the full academic development of both girls and boys." (p. 396) 
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According to reports from the OECD regarding the results of 15-year-olds in the PISA, 

Brazil – together with Austria and Korea – had the highest gender disparity, favoring boys, in 

mathematics achievement in the year 2000, among the 31 countries compared (Marks, 2008). The 

average score of boys and girls in the PISA in 2000 was 349.0 and 321.9, respectively. It is of note 

that although Brazil saw a significant increase in its overall mathematics average in the PISA 

assessment between 2003 and 2012, the gender gap for Brazilian students has remained stable 

(OECD, 2012). 

In the Olimpíada Brasileira de Matemática das Escolas Públicas (Brazilian Olympiad of 

Mathematics in Public Schools) in 2005, the participation of girls in grades 6 and 7 corresponded 

to 45% of the awarded students, which is quite balanced with the participation of boys. In higher 

grades, girls’ participation among awarded students dropped to 20% for grades 8 and 9, and 7% 

for high school students (Pierro, 2013). There has been a slight increase in overall female 

participation in leadership in academic research in Brazil, from 45% in 2010 to 46% in 2014; 

however, the growth was most significant in the social sciences, languages, and arts (Marques, 

2015). This illustrates how the distribution of female academics has not been homogeneous: it is 

measurably lower in mathematics and related fields. 

This is in accordance with the measures found in the Sistema de Avaliação da Educação 

Básica (SAEB), an assessment tool run throughout all the states in Brazil. In the 1999 SAEB, 2588 

schools – 1613 public and 975 private – were surveyed, and 17,890 students – 9,469 girls and 

8,344 boys – took the mathematics portion of the test. The average score in mathematics of the 

ninth-grade students in 1999 was 254.73 with a standard deviation of 51.49. Boys' average score 

was 262.17 with a standard deviation of 51.46, and girls' average was 248.43 with a standard 
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deviation of 50.42 (Arruda, 2002). A simple t-test shows the difference to be extremely statistically 

significant (t(17811) = 17.9745, p < 0.001). 

Qualitative research has been done in Brazil to investigate the causes of the current gender 

gap in mathematics, through examining curriculum and textbooks, and by observing classes 

(Cardoso & Santos, 2014; Souza & Fonseca, 2009b). These studies have found that the curriculum 

and teaching practices reinforce gender norms; therefore, boys participate more in mathematics 

classes and are more encouraged by their teachers to do so (Cardoso & Santos, 2014). Adult 

students in one classroom-observation study also displayed the internalized idea of male 

mathematical superiority in their conversations. For example, abilities demonstrated by male 

students (e.g., being able to perform operations in their heads, without need of writing) were 

praised by their classmates – who also simultaneously undervalued the mathematical 

accomplishments of female students (e.g., being able to buy a house for their children was seen as 

“just bargaining”) (Souza & Fonseca, 2009b). 

Neves (2002) investigated the role of self-efficacy in mathematics achievement of 122 

third- and fourth-grade students in Limeira, in the state of São Paulo. She found that self-efficacy 

is moderately correlated with achievement, but found no difference in boys' and girls' measures of 

self-efficacy at that age. She also investigated teachers' perceptions of their students, but did not 

link it to gender. 

Casagrande (2011) used qualitative methods – observation, analysis of documents, and 

interviews – to analyze gender dynamics in mathematics classrooms between grades 5 and 8 in 

Curitiba, in the state of Paraná. She observed one class of each grade for this study. Casagrande 

noted that in most classes, boys participated more often and girls were more timid, the latter 

"indicating having assimilated the role for which they were taught through socialization, that is, 
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most of the time [the girls] obeyed the rules without questioning them" (p. 225). This also led to 

girls being virtually silenced, since they were taught not to speak loudly – even though in class, 

the students who speak louder are heard more often. "After some insistence [the girls] learned that 

there was no use in trying to be heard" (p. 227). Casagrande stated that the students neither noticed 

gender relations having a role in the constructions of their identities, and nor think this had a role 

in their school achievements. 

While most of the research done in Brazil concerning the gender gap in mathematics 

achievement is qualitative, Gontijo and Fleith (2009) used quantitative methods to compare female 

and male students' motivation, overall creativity, and creativity in mathematics. They surveyed 

100 students in their last year of high school – 50 girls and 50 boys – in a private school in Distrito 

Federal known for having students of higher socioeconomic status. They found no difference 

between genders in their measure of creativity – in none of the items measured -- or in some of the 

items in their motivation survey -- satisfaction in mathematics, daily applications, and interactions 

in mathematics class. Gontijo and Fleith found significant differences in boys' and girls' 

satisfaction in mathematics in the items: games and challenges, problem solving, and study habits. 

Study habits was the only item in which girls scored higher than boys, meaning that girls dedicate 

themselves more to their studies and spend more time doing school activities than boys.  

In international assessments, Brazil has been among the countries with the largest gender 

gap in mathematics achievement favoring boys, and this has remained constant in the past years. 

Most of the studies done in Brazil to investigate the causes of these gender disparities have been 

qualitative, and those researchers have found both that schools and teachers reinforce gender 

norms, and that girls and boys participate differently in class. My study focuses on how teachers 
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in Brazil perceive the role of gender in the mathematics classroom, and whether this is somehow 

connected to their students' confidence and interest in mathematics. 
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CHAPTER III : METHODOLOGY 

 

This chapter describes the methods and procedures used in this study of mathematics 

teachers’ gender biases. It also describes the instruments used, along with the reasons for selecting 

them. The student questionnaire, along with the guide to the interview questions, can be found in 

the appendices.  

This study was undertaken to answer the following research questions: 

1. Do secondary mathematics teachers in Brazil have implicit bias regarding gender 

in relation to mathematics aptitude? What factors are associated with that potential bias? 

2. Is there a relationship between the secondary mathematics teachers’ implicit gender 

bias and individual students’ confidence in their mathematics ability? What demographic factors 

are associated with students' confidence? 

3. Is there a relationship between the secondary mathematics teachers’ implicit gender 

bias and individual students’ interests in mathematics? What demographic factors are associated 

with students' interest? 

4. In what ways does potential gender bias manifest itself when teachers discuss 

mathematics teaching? 

To examine the issues raised in the research questions, I employed a mixed-methods design 

drawing on both quantitative and qualitative data. The quantitative portion of the study involved 

having mathematics teachers answer one questionnaire (which included an implicit association 

test), while all their students from a single classroom answered another. In the qualitative portion 

of the study, I selected 10 teachers, based on their own questionnaire answers, to be interviewed. 

Participants 
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A total of 13 schools within the greater metropolitan area of São Paulo agreed to participate 

in the gender-bias study. I chose this region since it is a very dense metropolitan area allowing me 

to survey many schools. Within these schools, 40 teachers and 1,013 students individually 

consented to take part. Of the 13 participating schools, 10 were public and three were private – 

accounting respectively for 26 and 14 of the teachers. These teachers’ classes were distributed 

between the 6th and 12th grades. 

I began the search for participating schools by contacting teachers I knew, and having them 

check whether their institutions would agree to participate in the study. I later visited each of these 

schools, speaking to principals and coordinators to verify their acceptance. I then revisited the 

schools and spoke to the mathematics teachers present, recruiting all the mathematics teachers who 

taught that day and consented to be part of the study.  

While traveling to some of these educational institutions, I also stopped at schools I saw 

along the way, speaking with administrators who were present to see if they, too, would agree to 

participate in the study. Many of these schools consented, and on my subsequent visit to the schools 

I talked to the mathematics teachers and recruited all of those who were present that day and 

consented to be part of the study. 

The three private schools that were surveyed are all among the highest ranking in São 

Paulo both in terms of the socioeconomic status of its students as well as in academic rigor. They 

are all concentrated in São Paulo’s Zona Oeste. The 10 public schools served students who 

primarily came from mid- to low-income homes (i.e. families who are small business owners to 

students whose families are homeless). The public schools were more geographically varied, 

located in São Paulo’s Zona Sul, Zona Oeste, Centro, and the greater São Paulo metropolitan 

area (specifically Barueri and Osasco).  
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In Brazil, private schools vary greatly in terms of cost, academic rigor, and the 

populations they serve; they are run by various types of organizations such as religious ones, 

private foundations, and even families. Both public and private schools are governed by state 

laws that regulate “the number of school days and school working hours, the organization of 

spaces, as well as the basic curriculum of the different levels of education, including the 

language used in class” (Almeida, Giovine, Alves, & Ziegler, 2017, p. 950). Private schools, 

however, have complete freedom in terms of hiring teachers and managing staff, recruiting 

students, and creating their own pedagogical focus, such as on language or the arts.  “Even 

though they guarantee certain homogeneity among schools, such regulations leave space to 

develop particular pedagogical styles” (Almeida et al., 2017, p. 950). Additionally, because 

private schools have greater resources, they are able to offer a wider variety of activities as well 

as longer and more intensive school days. By contrast, public schools tend to have fewer 

resources. “For instance, there is a lack of teachers, an excessive number of students by class, 

lack of conditions to offer support for the students with low performance, among others” 

(Almeida et al., 2017, p. 951). 

Of the schools that I contacted, only one declined to participate. And within the 

participating schools, all mathematics teachers that were present the day during were contacted 

and they all agreed to participate in this study. 

Instruments 

During the first (quantitative) part of the study, each participating teacher answered the 

two-part questionnaire, consisting of (i) a demographic survey and (ii) the Implicit Association 

Test (IAT) that was customized for this study. Students in each selected class answered their own 
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questionnaires. For the study’s second (qualitative) part, 10 teachers were chosen for follow-up 

interviews, based on the results of their IAT. 

Teacher questionnaire  

Each of the 40 teachers completed a two-part questionnaire that began with the 

demographic survey, covering the instructor's age, gender, educational level, years of experience, 

sexual orientation, marital/parental status, and type of school where they currently teach – all 

variables that were checked to assess whether they were potentially linked with implicit gender 

bias. The following section of the questionnaire consisted of the Implicit Association Test (IAT), 

which measures implicit relations between two concepts. In this study I utilized it to measure the 

implicit relation between gender and mathematics. 

Implicit Association Test 

The Implicit Association Test "measures differential association of 2 target concepts with 

an attribute. The 2 concepts appear in a 2-choice task (e.g., flower vs. insect names), and the 

attribute in a 2nd task (e.g., pleasant vs. unpleasant words for an evaluation attribute)” (Greenwald, 

McGhee, & Schwartz, 1998, p. 1464). In this study the two concepts were female vs. male 

(utilizing Brazil’s 10 most common girl names and 10 most common boy names according to the 

national census), and the attributes were mathematical words vs. non-mathematical words. 

The test consists of seven stages; however, only the fourth and seventh stages are taken 

into account when the final score is calculated. The test is run on a computer and takes into account 

the difference in time taken to sort words and names into either of two different categories. The 

IAT scores range from -2 to 2, with negative scores indicating an association of male names to 

mathematics-related words and positive scores indicating an association of female names to 
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mathematics-related words. Scores closer to 0 indicate a weaker association of names to 

mathematics-related words. 

The first stage asked the participant to sort names into the categories "female" vs. "male" 

displayed at the top of the screen. The second stage asked participants to sort words into the 

categories "mathematics" vs. "non-mathematics" displayed atop the screen. The third stage asked 

participants to sort names and words, in a randomly ordered manner, into the categories displayed  

at the top of the screen. The categories in this stage were grouped as either "male or mathematics" 

vs. "female or non-mathematics," or "female or mathematics" vs. "male or non-mathematics" (see 

Figures 1 and 2 for screenshots of the IAT in this stage). This third stage was a test run for the 

fourth stage, which was set up in the exact same manner as the third, except that in this stage, the 

amount of time spent sorting the words was taken into account in the IAT score’s final calculation. 

The fifth stage was similar to the first, the only difference being that the sides of the categories 

"female" and "male" were switched. The sixth stage was similar to the third however, if 

participants had been shown the categories "male or mathematics" vs. "female or non-

mathematics" in the third stage, they were now shown the categories "female or mathematics" vs. 

"male or non-mathematics." And if they had been shown the categories "female or mathematics" 

vs. "male or non-mathematics" in stage three, they were now shown "male or mathematics" vs. 

"female or non-mathematics."  
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The sixth stage was a test run for the seventh stage, which was set up in a similar manner 

as the sixth; as in stage six, time spent on sorting the words was taken into account in the IAT 

score’s  final calculation. 

 

Figure 1. Screenshot of the IAT at stage 3 (the same as stages 4, 6, or 7) with a word to be sorted 

between “female or mathematics” or “male or non-mathematics.” 
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Student questionnaire 

Each of the 1,013 participating students completed a student questionnaire, by hand. It 

began by establishing gender and continued with  two sets of questions, in which participants rated 

their confidence and interest in mathematics. The confidence portion was measured with a section 

of the Fennema-Sherman Mathematics Attitude Scales (Fennema & Sherman, 1976) regarding 

confidence, and the interest portion was measured with the six-item interest test found in Preckel, 

Goetz, Pekrun, & Kleine (2008). Both scales were chosen for being short, reliable, and easily 

completed by students of varied ages. The Fennema-Sherman Attitude Scales have been used often 

in the 40 years since its creation, and although there have been studies discussing whether parts of 

Figure 2. Screenshot of the IAT at stage 3 (the same as stages 4, 6, or 7) with a name to be sorted 

between “male or mathematics” or “female or non-mathematics.” 
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it are outdated – the portion Mathematics as a Male Domain was questioned by Forgasz, Leder, 

and Gardner (1999) – the portion measuring confidence in mathematics is still relevant today. 

The Fennema-Sherman confidence instrument comprises 12 statements, which the students 

were asked to rate within a Likert-scale score. Six of the statements were positive-scored, and six 

were negative versions of these statements (or similar statements). The final confidence score of 

each student was calculated by adding the Likert-scale scores of the positive statements and the 

inverted scores of the negative statements. The final scores could range from 12 to 60, with values 

closer to 12 implying low confidence in their mathematical ability, and scores closer to 60 implying 

high confidence in their mathematical ability. The reliability of the instrument for this sample, 

using Cronbach-alpha, was high (α = 0.894). 

The interest test consisted of six statements that students were asked to rate within a Likert-

scale. The final interest score for each student was calculated by summing the student's scores for 

the six statements. That meant the scores could range from 6 to 30, with scores closer to 6 

indicating low interest in mathematics, and scores closer to 30 indicating strong interest in 

mathematics. The reliability of the instrument for this sample, using Cronbach-alpha, was high (α 

= 0.794). (See Appendix A for full student questionnaire.) 

Interview 

Once the teachers and students had answered their questionnaires, the instructors were then 

divided into three categories, based on their Implicit Association Test results: 1. Associates 

mathematics with boys, 2. Shows little or no association of mathematics with either boys or girls, 

3. Associates mathematics with girls. For the interview section of this study, I selected four 

teachers from the “associates mathematics with boys” category willing to participate, three from 
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the “little to no association of mathematics with either boys or girls” category, and three from the 

“associates mathematics with girls” category. 

The teachers were selected randomly from these categories, in order to get a sense of typical 

teachers in each of these groups. Once they were selected, I contacted 10 teachers; nine agreed to 

participate and one teacher from the “associates mathematics with girls” group did not respond. I 

randomly selected a new teacher from the that group and she agreed to participate. This resulted 

in 10 interviews. I conducted all of the interviews myself, in person, and most of them took place 

in an empty classroom at the school where the participating teacher worked. Only one interview 

was not done in the instructor’s school: for that teacher’s convenience, it was conducted in an 

empty classroom of a public university in São Paulo. All interviews were audio-recorded.  

Each interview was divided into four sections, with a total of 11 main questions. The first 

section was about teachers' backgrounds and experiences with mathematics throughout their 

studies. The second section was focused on qualities the teachers believed were associated with 

good students overall, and then also students who do well in mathematics specifically. The third 

section was focused on understanding what typically happened in their classrooms, during class. 

And the fourth section probed teachers’ beliefs about the relationship between mathematics and 

gender. 

Translating the questionnaires 

The questionnaires were formulated based on existing instruments written in English, 

previously mentioned here in the Student Questionnaire section. Since the study’s participants 

were native Portuguese speakers, the instruments required translation. In the initial process, two 

independent translators converted them from English to Portuguese. Then, both of these 

translations were compared by a third translator, who compiled them into a single Portuguese 
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version. A new pair of independent translators next reverse-translated these from Portuguese back 

into English. The two reverse translations were ultimately compared to the instruments’ original 

version, in order to confirm that their meaning was preserved. (Throughout the process, 

adjustments had been continually made to ensure that the final translation was faithful.) 

Analysis 

Quantitative 

Data from student questionnaires were manually entered into a computer spreadsheet 

twice, and then verified against each other for typing discrepancies. Since the teacher 

questionnaires and Implicit Association Tests had been taken on computer, they did not require 

typing and thus did not necessitate cross-verification. 

The goal of this study was to place teachers, more specifically, their gender bias, at the 

center of the investigation about student confidence and interest. For this reason, I chose to use 

aggregate measures from students to be a singular measure for a teacher (as opposed to other 

possible quantitative analysis approaches) to be in accord with this emphasis.  

Once the data were compiled, two variables for each teacher were calculated based on their 

students’ answers to the student questionnaire. These variables were 1) average confidence 

difference (ACD) and 2) average interest difference (AID). Both variables were calculated by 

averaging their students’ scores in confidence and interest, respectively, separated by gender. The 

averages for the girls’ confidence and interest were then subtracted from the boys’ confidence and 

interest averages. Students who chose to select their gender as neither female nor male were not 

included in this calculation. This means that if the ACD or AID score for a given teacher is greater 

than zero, then on average the boys are more confident (or interested) than the girls in that class. 

If the ACD or AID score for a given teacher is less than zero, that means that the girls are, on 
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average, more confident (or interested) than boys in that class. The closer these measures are to 

zero, the smaller the difference between the average confidence or interest of the boys and girls in 

that teacher's class. The distributions of students’ confidence and interest scores were significantly 

normally distributed, and although, when separated by each of the classes, these scores were not 

all necessarily normally distributed, it is reasonable to use averages to evaluate them. 

For research question #1, I first verified that the distribution of the IAT scores was 

reasonably normal, and then checked whether the mean of the scores was different from 0. I also 

checked whether the absolute value of the scores was different from 0. The demographic 

information collected from the teachers -- Gender (Male, Female); Grade taught (6-7, 8-9, 10-12); 

Marital Status (Married, Single, Separated/Divorced); Children (yes, no); Educational level 

(College, Specialization, Graduate); School (Private, Public); Age (20-30, 31-40, 41-50; 51+) – 

was treated categorically, and was then used to separate the teachers into groups. The IAT scores 

within these groups were tested for the normality of their distributions. For normally distributed 

variables, t-tests and ANOVAs were conducted to gauge whether there was a difference in IAT 

scores between groups. For non-normally distributed variables, the Mann-Whitney and Kruskall-

Wallis tests were used to identify whether there were differences between the groups. 

For the second research question, each teacher’s Average Confidence Difference (ACD) 

was taken into consideration. (The ACD score was determined from their students’ responses to 

the student questionnaire.) I verified that the ACD scores were normally distributed and checked 

whether the mean of the scores was different from 0, subsequently calculating the correlation 

between the ACD and IAT scores. The demographic information collected from the teachers – 

Gender (Male, Female); Marital Status (Married, Single, Separated/Divorced); Children (yes, no); 

Educational Level (College, Specialization, Graduate); School (Private, Public); Age (20-30, 31-
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40, 41-50; 51+) – was treated categorically, and was then used to separate the teachers into groups. 

The ACD scores within these groups were tested for the normality of their distributions. For 

normally distributed variables, t-tests and ANOVAs were conducted to gauge whether there was 

a difference in ACD scores between groups. For non-normally distributed variables, the Mann-

Whitney and Kruskall-Wallis tests were used to identify whether there were differences between 

the groups. 

For the third research question, each teacher’s Average Interest Difference (AID) was taken 

into consideration. (Each teacher’s AID score was determined from their students’ responses to 

the student questionnaire.) I verified that the AID scores were normally distributed, and checked 

whether the mean of the scores was different from 0, subsequently calculating the correlation 

between the AID and IAT scores. The demographic information collected from the teachers – 

Gender (Male, Female); Marital Status (Married, Single, Separated/Divorced); Children (yes, no); 

Educational level (College, Specialization, Graduate); School (Private, Public); Age (20-30, 31-

40, 41-50; 51+) -- was treated categorically and was then used to separate them into groups. The 

AID scores within the groups were tested for the normality of their distributions. For normally 

distributed variables, t-tests and ANOVAs were conducted to gauge whether there was a difference 

in AID scores between groups. For non-normally distributed variables, the Mann-Whitney and 

Kruskall-Wallis tests were used to identify whether there were differences between the groups. 

 

 

Qualitative 

The qualitative portion of the study was analyzed with a Thematic Analysis approach, 

using the six phases as described in Braun and Clarke (2012). Once the interviews with each of 
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the 10 teachers were transcribed, I read through all the transcriptions to familiarize myself with 

the data, and made annotations (Phase 1). The next step was to do an initial coding of the 

interviews, searching for content related to each research question (Phase 2). The following step 

was to search for themes throughout the coded sections of the interviews (Phase 3). I then reviewed 

the themes by comparing them to the initially coded sections, to check if they were still a faithful 

reflection of the data (Phase 4). The themes were then named and clearly defined (Phase 5), and 

were reported in the results chapter (Phase 6). 

For the fourth research question, I first selected any mention of gender within the 

interviews. Since the interviews had been conducted in Portuguese – and Portuguese requires that 

each noun be gendered, along with its associated article and adjective – many comments that were 

initially selected as mentioning gender were discarded, because they did not represent the 

participant's general views on gender itself and could just be an opinion about a specific student 

or situation. Only the selected sections that reflected a participant’s general views regarding gender 

were taken into account.  

Then, I explored the occurrence of themes across participants, and I did this in two phases. 

First, I explored themes that appeared only within one of the three IAT-determined groups: 1. 

Associates mathematics with boys; 2. Shows little or no association of mathematics with either 

boys or girls; or 3. Associates mathematics with girls. This way, it was evident when theme 

appeared to be meaningfully associated with one particular group of participants. In the second 

phase, I explored themes that appeared across all three of the groups. That way, it showed evidence 

of a particular theme seeming to be unrelated to the IAT-score groupings. These analyses provided 

insights used to answer the fourth research question. 
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CHAPTER IV : RESULTS 

 

In this study, 40 teachers and their 1,013 students were surveyed from 13 urban middle and 

high schools, both public and private. Socioeconomic information for the students in the 

participating schools, as well racial breakdown (in percentage) of the district in which each school 

is located, can be found in Table 1. The socioeconomic information about the schools themselves 

comes from the Indicador de Nível Socioeconômico das Escolas de Educação Básica (Schools’ 

Socioeconomic Level Indicator in Basic Education), which divided schools into six groups based 

on students’ socioeconomic status (SES). The higher the group’s SES, the more economic power 

the students’ families could wield (Instituto Nacional de Estudos e Pesquisas Educacionais Anísio 

Teixeira, 2015b). The schools’ racial breakdown was taken from the country's school demographic 

census, performed by the Instituto Nacional de Estudos e Pesquisas Educacionais Anísio Teixeira 

(2015a). The private schools are in a higher socioeconomic status-determined group than public 

schools, and the percentage of white students is higher in private schools.  

Of the students who participated in the study, 654 were in public schools and 359 were in 

private schools. Table 2 shows the total number of students in the participating public and private 

schools, the number of students in the participating public and private schools that fit the age group 

relevant for the study, and the number of students in the participating public and private schools 

who participated in the study.  
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Table 1: Socioeconomic information of participating schools and racial breakdown from 2015 

the participating schools 

 Socio-

economic 

(1-6) 

Racial breakdown (%) in 2015 of the participating schools 

White Black Brown Asian1 Indigenous Not 

declared 

1 - Public Group 3 29.0 4.7 26.3 0.7 0.5 38.7 

2 – Public Group 4 41.0 3.4 24.6 0.2 0.0 30.8 

3 - Public Group 3 33.0 3.2 18.3 0.6 0.2 44.7 

4 - Public N/A 40.3 4.0 23.4 0.7 0.3 31.3 

5 - Public Group 4 52.7 5.2 30.3 1.1 0.0 10.7 

6 - Public Group 3 22.4 3.1 32.9 0.1 0.2 41.4 

7 - Public Group 4 53.2 2.9 40.4 0.0 0.1 3.4 

8 - Public Group 4 60.0 2.4 32.9 0.0 0.0 4.6 

9 - Public Group 5 59.5 2.9 27.1 0.4 0.0 10.1 

10 - Public Group 4 28.3 2.2 9.7 0.1 0.1 59.6 

11 – Private Group 6 84.3 0.3 0.9 0.6 0.0 13.9 

12 – Private Group 6 85.3 0.0 0.4 0.5 0.0 13.8 

13 – Private Group 6 79.7 0.7 2.8 1.0 0.0 15.7 

 

 

 

 

                                                 

 

1 The translation of this word from Portuguese into English was intended to respect differences in the languages and cultures. A 

more direct translation might be “Yellow.” 
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Table 2: Number of students in the participating schools separated by type of school: total, 

relevant to the study, and participating in the study  

 Total Relevant Participants 

Public Schools 11,759 6,635 654 

Private Schools 4,683 2,175 359 

Total 16,442 8,810 1,013 

 

The information regarding the teacher population can be found in Table 3. Approximately 

half the teachers were male and half female. The majority of participating teachers taught in middle 

schools, and their ages were spread out. The characteristics of the student population can be found 

on Table 4. More than half of the students surveyed were in grades 6 or 7. 
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Table 3: Demographic information about Participating Teachers 

  Total 

Gender Female 23 

Male 17 

Sexual Orientation Heterosexual 38 

Homosexual 2 

  Female Male Total 

Age 20-30 years 5 2 7 

31-40 years 7 2 9 

41-50 years 5 6 11 

51+ years 6 7 13 

Type of school Private 9 5 14 

Public 14 12 26 

Grade Taught 6 - 7 13 9 22 

8 - 9 5 5 10 

10 - 12 5 3 8 

Marital Status Married 12 12 24 

Separated/Divorced 3 0 3 

Single 8 5 13 

Have children? No 16 6 22 

Yes 7 11 18 

Educational Level College 10 9 19 

Specialization 7 4 11 

Graduate 6 4 10 
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Table 4: Demographic information about Participating Students 

  Count 

Gender Female 509 

Male 501 

Other 3 

Type of School Private 359 

Public 654 

Grade 6 263 

7 280 

8 139 

9 101 

10 25 

11 82 

12 123 

 

A selection of 10 of the 40 mathematics teachers were interviewed as well. As previously 

mentioned, the selection of the teachers to be interviewed was based on their Implicit Association 

Test (IAT) scores (see Table 5). I randomly selected teachers within each of the three groups and 

asked them to participate in an interview, trying to get roughly similar numbers of teachers across 

the three groups. If a teacher did not respond or declined, I randomly selected another. In total, 

four teachers with IAT scores that indicated they associated mathematics with boys, three (3) 

teachers with IAT scores that indicated no gender associations to mathematics, and three (3) 

teachers with IAT scores that indicated they associated mathematics to girls were interviewed. To 

separate these groups, I used the value 0.15 and -0.15 as cutoff points to determine whether 

participants fell into groups of teachers who associate mathematics to a specific gender or teachers 

who did not associate mathematics from either gender. This value was taken from the feedback 

system of the software itself. Although the software’s categories have been contested (Azar, 2008), 

IAT results can also be separated further as "little to no association” for values between 0 and 0.15, 

“slight association” for values between 0.15 and 0.35, “moderate association” for values between 
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0.35 and 0.65, and “strong association” for values above 0.65. In this study I opted to adopt the 

cutoff values of 0.15 and -0.15. 

 

Table 5: Breakdown of Teachers’ IAT Scores in Full Sample and Selected for Interview 

 IAT score Number of teachers in 

full sample 

Number of teachers 

interviewed 

Associate boys to 

mathematics 

above 0.15 15 (3 women, 12 men) 4 (4 men) 

Don’t associate either 

boys or girls to 

mathematics 

between 0.15 and -

0.15 

11 (9 women, 2 men) 3 (3 women) 

Associate girls to 

mathematics 

below -0.15 14 (11 women, 3 men) 3 (3 women) 

 

Research Question 1 

The first research question was "Do secondary mathematics teachers in Brazil have implicit 

bias towards gender in relation to mathematics aptitude? What factors are associated with that 

potential bias?” This question was investigated using the results obtained from the 40 teachers’ 

responses to the Implicit Association Test (IAT). Further investigation into the IAT results and 

demographic information from the teachers was done to assess if there were any significant 

variables. 

First, I investigated IAT scores across all of the 40 participating teachers. The distribution 

of IAT scores, according to the Shapiro-Wilk test for normality (SW = 0.971, p = 0.4), was 

reasonably normally distributed (Figure 3 provides a histogram of the distribution of the teacher’s 

IAT scores). When calculating the average of the teachers’ IAT scores the mean value (M = -

0.0549, SD = 0.4394) could not be said to be different from 0 (t(39) = -0.790, p = 0.434). That it, 

if we look across the entire sample of teachers, the group as a whole had no preferential bias 
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towards boys or girls. Although this would indicate that the teacher sample as a whole does not 

have any gender bias in regards to mathematics, this could be misleading as a result given that the 

IAT score of a teacher with a moderate bias towards girls could compensate for the score of a 

teacher with moderate bias towards boys. To investigate if that was the case, the absolute value of 

the IAT scores was taken into account — which would indicate the presence of bias or not, without 

taking into account if the bias is towards girls or boys — and its mean (M = 0.3559, SD = 0.2575) 

is significantly different from 0 (t(39) = 8.739, p < 0.001)— which indicates the presence of gender 

bias among the teachers in the sample. This indicates that these teachers overall do seem to make 

implicit associations between mathematics and gender but it is not always towards the same 

gender. If we were to consider the breakdown of association provided by the test mentioned 

 
Figure 3. Histogram of the distribution of the participating teachers’ IAT scores. 



 

52 

previously, the average of the absolute value of the IATs would indicate a moderate association of 

mathematics to gender. 

In further investigation into the IAT scores, the mathematics teachers were analyzed in 

groups based on their demographic information in search of possible variables that might be linked 

to their implicit bias scores. They were separated taking into account gender, grade taught, marital 

status, sexual orientation, age, educational level, years of experience, type of school in which they 

teach, and whether they have children or not. Each of the demographic variables were regarded as 

potentially related to implicit bias. Notably, for some demographic variables, there were not 

enough teachers within the group to make meaningful comparisons. So, I compared the distribution 

across the following demographic variables, treated categorically: Gender (Male, Female); Grade 

taught (6-7, 8-9, 10-12); Marital Status (Married, Single, Separated/Divorced); Children (yes, no); 

Educational level (College, Specialization, Graduate); School (Private, Public); Age (20-30, 31-

40, 41-50; 51+). Tests for normality indicated reasonably normal distributions within the groups 

for all variables except Type of School and Educational Level, for which non-parametric tests were 

conducted. Lastly, I treated Years of Experience Teaching as a quantitative variable, and looked 

for a Pearson correlation between the two quantitative variables (r = -0.193, p = 0.233). Only group 

separations by Gender and Educational Level had statistically significant differences (see Tables 

6, 7, 8 for the results of each variable). Note that in cases where the variable had two groups, values 

from t-tests were used, whereas in variables that had more than two groups, values from ANOVAs 

were used. 
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Table 6: Normality of Variable (Gender and Children) Checks and t-test Results 

Variable  Shapiro-

Wilk 

p-value of SW t-test p-value of t-test 

Gender Female 0.966 0.603 3.450 0.001 

Male 0.961 0.649 

Children Yes 0.967 0.738 -1.447 0.156 

No 0.944 0.238 

 

 

Table 7: Normality of Variable Checks (Grade, Marital Status, and Age) and ANOVA Results 

Variable  Shapiro-

Wilk 

p-value of 

SW 

F p-value of 

ANOVA 

Grade 6 - 7 0.953 0.363 1.766 0.185 

8 - 9 0.953 0.570 

10 - 12 0.831 0.06 

Marital 

Status 

Married 0.976 0.803 0.040 0.961 

Single 0.877 0.066 

Separated/ 

Divorced 

0.996 0.881 

Age 20-30 0.952 0.749 1.735 0.177 

30-40 0.973 0.922 

40-50 0.921 0.324 

51+ 0.903 0.148 
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Table 8: Normality of Variable (Type of School and Educational Level) Checks and Non-

Parametric test Results 

Variable  Shapiro-

Wilk 

p-value of 

SW 

Test used Sig. Meaning 

Type of 

school 

Private 0.854 0.025 Mann-

Whitney 

0.59 same 

distribution 

between 

groups 

Public 0.968 0.578 

Educational 

Level 

College 0.964 0.657 Kruskall-

Wallis 

0.036 different 

distribution 

between 

groups 

Specialization 0.830 0.023 

Graduate 0.917 0.333 

 

Since the t-test comparing the means of the teachers separated by gender showed they were 

statistically significant (t(38) = 3.450, p = 0.001), and gender seemed to have a large effect on 

teachers IAT scores (Cohen’s d = 1.09), it warranted further exploration. After doing one sample 

t-tests on both groups to check if their average IAT scores were significantly different from 0, I 

found that the group of male teachers’ mean IAT score (M = -0.3014, SD = 0.4109) was 

significantly different from 0 (t(16) = -3.024, p = 0.008). That is, across the group of male teachers, 

there is an association of mathematics to boys. However, the group of female teachers’ mean IAT 

score (M = 0.1273, SD = 0.3715) was not significantly different from 0 (t(22) = 1.644, p = 0.114). 

That is, across the group of female teachers, there is no significant association of mathematics to 

either gender. Although there is some overlap in IAT scores between groups, gender seems to have 

some effect on the IAT scores (see Figure 4 for a Box-plot of the IAT score distributions between 

genders). 
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An argument could be made that since these are mathematics teachers, the association of 

their own gender with mathematics would be natural. Yet, the data indicate that although there is 

a tendency for that to be true more broadly, it is not of equal measure between the groups. Male 

mathematics teachers have stronger implicit associations of mathematics to boys than Female 

mathematics teachers have of mathematics to girls. 

I divided the teachers into three subgroups based on their educational level: teachers who 

only completed their undergraduate studies (College); teachers who had completed undergraduate 

studies along with some form of specialization not categorized as formal graduate studies 

 

Figure 4. Box-plot comparing teachers’ IAT scores by Gender. 
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(Specialization); and teachers who had completed their undergraduate and graduate studies 

(Graduate). Exploration regarding this variable, Educational Level, revealed that, in a pairwise 

comparison, only Specialization and College showed a statistically significant difference (p = 

0.031) while Specialization and Graduate (p = 1.000) and College and Graduate (p = 0.351) did 

not appear to be statistically different (see Figure 5 for Box-plot comparing teachers’ IAT results 

separated by Educational Level). The median IAT values of the groups College, Specialization, 

and Graduate were 0.229, -0.116, and 0.098, respectively. This means that College teachers — 

teachers who had only gone finished their undergraduate degrees — had significantly stronger 

association of mathematics to girls than Specialization teachers — teachers who had studied 

beyond undergraduate degree but not formal graduate studies. The differences between the 

Graduate teachers and the other groups were not statistically significant, they might not be 

representative of the a more general population. However, it seems that while College and 

Graduate teachers associated mathematics with girls, Specialization teachers associated 

mathematics with boys. Perhaps, this is due to the more informal nature -- less inspection and 

requirements from the Ministry of Education -- of specialization courses as opposed to 

undergraduate or formal graduate programs. 
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Since both Gender and Educational Level were correlated with teachers’ implicit gender 

bias, I checked whether these two variables were correlated and found that they were not 

(F(1,38) = 0.2, p = 0.657). See Figure 6 for bar graph comparing female and male teachers’ 

educational level.  

 

 

 

Figure 5. Box-plot comparing teachers’ IAT scores by Educational Level. 
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Research Question 2 

The second research question was "Is there a relationship between the secondary 

mathematics teachers’ implicit gender biases and individual students’ confidence in their 

mathematics ability? What demographic factors are associated with students' confidence?” This 

question was investigated using the students’ responses to the confidence section of their 

Figure 6. Bar graph comparing teachers’ Gender and Educational Level. 
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questionnaire and comparing them to their teachers’ Implicit Association Test (IAT) scores and 

demographic information. 

 A variable called Average Confidence Difference (ACD) was calculated for each teacher 

by taking the difference between the average of the confidence scores of the boys in the class and 

the average of the confidence scores of the girls in the class. This means that if the ACD > 0 then 

the boys in the class are on average more confident than the girls, if the ACD < 0 then the girls in 

the class are on average more confident than the boys, and if ACD = 0 then boys and girls are on 

average equally confident.  

The distribution of ACD scores, according to the Shapiro-Wilk test for normality (SW = 

0.979, p = 0.667), was reasonably normally distributed (Figure 7 provides a histogram of the 

distribution of the teacher’s ACD scores). The average of the teachers’ ACD scores (M = 4.199, 

SD = 5.469) was significantly different from 0 (t(39) = 4.856, p < 0.001). That is, if we look across 

the entire sample of teachers, their male students on average were more confident than their female 

students. To answer the research question, I calculated the correlation between the ACD and 

Implicit Association Test (IAT) scores of the teachers (r = 0.152, p = 0.348) and found that they 

were not significantly related (see Figure 8 for a scatter-plot of the IAT vs. ACD distribution). 
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Figure 7. Histogram of the distribution of the participating teachers’ ACD Scores. 



 

61 

 

 In further investigation into the ACD scores, the mathematics teachers were analyzed in 

groups based on their demographic information in search of possible variables that might be linked 

to the difference in boys’ and girls’ confidence in mathematics. They were separated taking into 

account gender, grade taught, marital status, sexual orientation, age, educational level, years of 

experience, type of school in which they teach, and whether they have children or not. Each of the 

demographic variables were regarded as potentially related to the ACD. Notably, for some 

Figure 8. Scatter-plot of IAT by ACD distribution. 
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demographic variables, there were not enough teachers within the group to make meaningful 

comparisons. So, I compared the distribution across the following demographic variables, treated 

categorically: Gender (Male, Female); Marital Status (Married, Single, Separated/Divorced); 

Children (yes, no); Educational level (College, Specialization, Graduate); School (Private, Public); 

Age (20-30, 31-40, 41-50; 51+). Tests for normality mostly indicated reasonably normal 

distributions except for the variable Age for which a non-parametric test was conducted. For Years 

of Experience Teaching and Grade, I treated them as a quantitative variable, and looked for a 

Pearson correlation between them and the ACD, finding that Years of Experience Teaching (r = 

0.301, p = 0.059) was not correlated but Grade (r = 0.420, p = 0.007) was significantly correlated 

with ACD. This means that as Grade gets higher the difference between boys’ and girls’ average 

confidence increases, and it accounts for 17.64% of the variance of the ACD (r-squared = 0.1764) 

(see Figure 9 for a scatter-plot of the ACD by Grade distribution). Only group separations by Type 

of School had statistically significant differences (see Tables 9, 10, 11 for the results of each 

variable). This means that in Public schools the difference between boys’ and girls’ confidence is 

smaller than in Private schools. 

After performing a regression analysis of the role of the IAT above and beyond Grade, I 

found that it was not significant (t = -1.01, p = 0.319). A second regression analysis of the role of 

the IAT above and beyond Type of School showed that it was also not significant (t = -1.66,  p = 

0.113).  
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Table 9: Normality of Variable (Gender, Children, and School) Checks and t-test Results 

Variable  ACD Shapir

o-Wilk 

p-value of 

SW 

t-test p-value of t-

test 

Gender Female 4.319 0.958 0.424 0.159 0.875 

Male 4.038 0.912 0.109 

Children Yes 4.163 0.970 0.805 -0.038 0.970 

No 4.229 0.970 0.715 

School Private 6.626 0.938 0.394 -2.153 0.038 

Public 2.893 0.958 0.345 

 

 

Table 10: Normality of Variable Checks (Marital Status and Educational Level) and ANOVA 

Results 

 

Variable  ACD Shapiro-

Wilk 

p-value of 

SW 

F p-value of 

ANOVA 

Marital 

Status 

Married 4.360 0.949 0.260 0.873 0.426 

Single 3.100 0.971 0.907 

Separated/ 

Divorced 
7.673 

0.960 0.617 

Educational 

Level 

College 2.225 0.978 0.953 1.006 0.375 

Specialization 
4.810 

0.953 0.443 

Graduate 5.209 0.893 0.182 
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Table 11: Normality of Variable (Age) Checks and Non-Parametric test Results 

Variable  ACD Shapiro

-Wilk 

p-value 

of SW 

Test used Sig. Meaning 

Age 20- 30 years 
4.947 

0.899 0.326 Kruskal-

Wallis 

0.431 same 

distribution 

between 

groups 31- 40 years 
2.132 

0.821 0.035 

41- 50 years 
3.628 

0.949 0.632 

51+ years 5.711 0.978 0.966 

Since the t-test comparing the means of the teachers separated by Type of School showed 

they were statistically significant (t(38) = -2.153, p = 0.038), and it has a medium effect size 

 

Figure 9. Scatter-plot of the Difference between average male and female 

confidence in mathematics by Grade. 
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(Cohen’s d = 0.71), this variable warranted further exploration. After doing one sample t-tests on 

both groups to check if their average ACD scores were significantly different from zero, I found 

that both the group of public school teachers’ mean ACD score (M = 2.892, SD = 5.228, t(25) = 

2.821, p = 0.009) and the group of private school teachers’ mean ACD score (M = 6.626, SD = 

5.234, t(13) = 4.736, p < 0.001) was significantly different from 0. That is, across both the group 

of private and public school teachers, there is a significant difference between the average 

confidence of boys and girls, with private school teachers showing a significantly larger difference 

between the confidence of boys and girls than public school teachers. (see Figure 10 for a Box-

plot of the ACD score distributions between Type of School). 

Research Question 3 

The third research question was "Is there a relationship between the secondary mathematics 

teachers’ implicit gender biases and individual students’ interest in mathematics? What 

demographic factors are associated with students' interest?” This question was investigated using 

the students’ responses to the interest section of their questionnaire and comparing them to their 

teachers’ Implicit Association Test (IAT) scores and demographic information. 
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 A variable called Average Interest Difference (AID) was calculated for each teacher by 

taking the difference between the average of the interest scores of the boys in the class and the 

average of the interest scores of the girls in the class. This means that if the AID > 0 then the boys 

in the class are on average more interested in mathematics than the girls, if the AID < 0 then the 

girls in the class are on average more interested in mathematics than the boys, and if AID = 0 then 

boys and girls are on average equally interested in mathematics.  

 

Figure 10. Box-plot comparing teachers’ ACD scores by Type of School. 
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The distribution of AID scores, according to the Shapiro-Wilk test for normality (SW = 

0.978, p = 0.599), was reasonably normally distributed (Figure 11 provides a histogram of the 

distribution of the teacher’s AID scores). The average of the teachers’ AID scores (M = 1.2533, 

SD = 0.505) was significantly different from 0 (t(39) = 2.482, p = 0.017). That is, if we look across 

the entire sample of teachers, their male students on average were more interested in mathematics 

than their female students. To answer the research question, I calculated the correlation between 

the AID and Implicit Association Test (IAT) scores of the teachers (r = -0.070, p = 0.668) and 

 

Figure 11. Histogram of the distribution of the participating teachers’ AID scores. 
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found that they were not significantly related (see Figure 12 for a scatter-plot of the IAT vs. AID 

distribution). 

 

 

In further investigation into the AID scores, the mathematics teachers were analyzed in 

groups based on their demographic information in search of possible variables that might be linked 

to the difference in boys’ and girls’ confidence in mathematics. They were separated taking into 

Figure 12. Scatter-plot of IAT by AID distribution. 
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account gender, grade taught, marital status, sexual orientation, age, educational level, years of 

experience, type of school in which they teach, and whether they have children or not. Each of the 

demographic variables were regarded as potentially related to the AID. Notably, for some 

demographic variables, there were not enough teachers within the group to make meaningful 

comparisons. So, I compared the distribution across the following demographic variables, treated 

categorically: Gender (Male, Female); Marital Status (Married, Single, Separated/Divorced); 

Children (yes, no); Educational level (College, Specialization, Graduate); School (Private, Public); 

Age (20-30, 31-40, 41-50; 51+). Tests for normality mostly indicated reasonably normal 

distributions. For Years of Experience Teaching and Grade, I treated them as quantitative 

variables, and looked for a Pearson correlation between them and the AID, finding that Years of 

Experience Teaching (r = 0.289, p = 0.070) was not correlated but Grade (r = 0.461, p = 0.003) 

was significantly correlated with AID. This means that as Grade gets higher the difference between 

boys’ and girls’ average interest increases, and it accounts for 21.25% of the variance of the AID 

(r-squared = 0.2125) (see Figure 13 for a scatter-plot of the AID by Grade distribution). Only 

group separations by Type of School and Educational Level had statistically significant differences 

(see Tables 12 and 13 for the results of each variable). The difference in boys’ and girls’ interest 

in mathematics was greater in Private schools than in Public schools. And when teachers were 

separated by their Educational Level, the difference between the interest of boys and girls in their 

class was significantly different. 

After performing a regression analysis of the role of the IAT above and beyond Grade, I 

found that it was not significant (t = -0.453, p = 0.653). A second regression analysis of the role of 

the IAT above and beyond Type of School showed that it was also not significant (t = -1.309,  p = 
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0.199). A third regression analysis of the role of the IAT above and beyond Educational Level 

showed that it was not significant as well (t = -0.420, p = 0.677). 

 

Table 12: Normality of Variable (Gender, Children, and School) Checks and t-test Results 

Variable  AID Shapir

o-Wilk 

p-value of 

SW 

t-test p-value of t-

test 

Gender Female 1.016 0.970 0.682 -0.542 0.591 

Male 1.575 0.967 0.759 

Children Yes 1.576 0.930 0.194 0.573 0.570 

No 0.989 0.950 0.315 

School Private 3.161 0.961 0.733 -3.055 0.004 

Public 0.226 0.971 0.646 
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Table 13: Normality of Variable Checks (Marital Status and Educational Level) and ANOVA 

Results 

Variable  AID Shapiro-

Wilk 

p-value of 

SW 

F p-value of 

ANOVA 

Marital 

Status 

Married 0.995 0.981 0.912 1.467 0.244 

Single 1.038 0.916 0.223 

Separated/ 

Divorced 

4.253 0.793 0.098 

Educational 

Level 

College -0.708 0.917 0.298 3.339 0.046 

Specialization 1.787 0.946 0.338 

Graduate 2.396 0.917 0.332 

Age 20 - 30 years 1.326 0.929 0.544 0.872 0.465 

31- 40 years 0.073 0.937 0.553 

41- 50 years 0.969 0.915 0.280 

51+ years 2.271 0.978 0.968 
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Since the t-test comparing the means of the teachers separated by Type of School showed 

they were statistically significant (t(38) = -3.055, p = 0.004), and has a large effect (Cohen’s d = 

1.00), this variable warranted further exploration. After doing one sample t-tests on both groups to 

check if their average AID scores were significantly different from zero, I found that the group of 

private school teachers’ mean AID score (M = 3.161, SD = 3.019) was significantly different from 

0 (t(13) = 3.918, p = 0.002). That is, across the group of private school teachers, there is a 

significant difference between the average interest of boys and girls, with boys’ interest in 

mathematics being, on average, higher than girl’s interest in mathematics. However, the group of 

public school teachers’ mean AID score (M = 0.226, SD = 2.833) was not significantly different 

Figure 13. Scatter-plot of difference between average male and female interest in 

mathematics by Grade. 
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from 0 (t(25) = 0.406, p = 0.688). That is, across the group of public school teachers, there is no 

significant difference between boys’ average interest in mathematics and girls’ average interest in 

mathematics. Although there is some overlap in AID scores between Types of School groups the 

variables seem to be related (see Figure 14 for a Box-plot of the AID score distributions between 

Type of School). 

 

 

Figure 14. Box-plot Comparing Teachers’ AID Scores by Type of School 
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Since there was a statistically significant difference between the groups separated by 

teachers’ Educational Level, as determined by the one-way ANOVA (F(2, 37) = 3.339, p = 0.046), 

and a large effect on the AID (η2 = 0.1529), I did a pairwise comparison test. It revealed that there 

were no statistically significant with p ≤ 0.05 differences between the groups, however given that 

the difference between the groups College and Specialization and College and Graduate were 

statistically significant with p ≤ 0.1 (p = 0.087 and p = 0.061, respectively) as opposed to 

Specialization and Graduate (p = 0.864) we can assume that the reason this grouping showed 

significant statistical difference in the one-way ANOVA was because of the group College (see 

Figure 15 for box-plot of teachers’ AID scores by Educational Level). Since both Educational 

 

Figure 15. Box-plot Comparing Teachers’ AID Scores by Educational Level 
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Level and Type of School were correlated with AID, I evaluated, with a one-way ANOVA, if they 

were correlated with each other and found that they were not (F(1, 38) = 2.965, p = 0.099). 

Research Question 4 

Ten teachers were interviewed to answer the question, "In what ways does potential gender 

bias manifest itself when teachers discuss mathematics teaching?"  

To select these 10 teachers, I separated the original 40 participants into three groups, based 

on their Implicit Association Test (IAT) results. An IAT score greater than 0.15 put that teacher 

into the "associates girls with mathematics" group. An IAT score between -0.15 and 0.15 put that 

teacher into the "doesn't associate mathematics with either boys or girls" group. And an IAT score 

smaller than -0.15 put that teacher into the "associates boys with mathematics" group. From these 

three groups, I interviewed: four teachers who associate mathematics with boys, three teachers 

who do not associate mathematics with either gender, and three teachers who associate 

mathematics with girls. I originally contacted 10 participants, two of them — one from the 

“associates mathematics with boys” groups and one from the “associates mathematics with girls” 

group — did not respond. So I randomly selected another two participants from these groups, 

contacted them, and interviewed them. 

The process to answer the research question had two parts. The first part -- Coding Process 

-- consisted of transcribing the full interviews (see Appendix B for full interview guide) and 

selecting statements for coding. Then the statements were coded accordingly. The second part -- 

Code Selection Process -- consisted of looking at how the codes were distributed across the 

participants and IAT determined groups. I selected for further analysis codes that were only 

mentioned by member of one group or codes that were mentioned by at least one member of each 

group. 
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Coding Process. To analyze teachers’ interviews to this question, all interview sections in 

which the teacher mentioned gender were selected. The selected portions were generally composed 

of phrases the teacher used throughout the interview, and at times included follow-up questions 

from the interviewer to clarify what the teacher meant, along with these teachers’ subsequent 

replies. Within this first collection of excerpts I did a re-selection, discarding comments that 

referred only to a single student, and keeping quotes that indicated the teachers’ more general 

opinions. 

Since the participants were all Brazilian and the interviews were conducted in Portuguese, 

I made some important adjustments to limit the bias in the coding phase of the analysis. Portuguese 

is a language in which not only are all nouns gendered, their accompanying articles and adjectives 

must agree in gender as well. It is therefore impossible to refer to students in a gender-neutral way. 

This leads to two issues: the default Portuguese way to refer to a single student without giving 

much thought to their gender is masculine, and when referring to a group of students from both 

genders the pronoun is masculine regardless of the gender breakdown of the groups (e.g., 50 girls 

and one boy would still be referred to with a masculine plural pronoun). This means that statements 

in which participants mention students using masculine nouns and pronouns are ambiguous in the 

way to identify if they are referring to a male student, or if they are referring to a generic student, 

regardless of gender. This is not an issue when teachers refer to female students. This fact could 

lead to giving an unfair excess (or insufficient) weight to certain statements which could be subject 

to the researcher's bias. 

To ensure that no statements were given a disproportionate level of importance, any 

comments about specific students or individual instances were disregarded; only sections in which 

the participants demonstrated their opinions about female or male students in general, or men and 
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women in general, were taken into account. Comments teachers made regarding other people’s 

beliefs about gender, which they may have been told or have witnessed, were also discarded. 

Examples of statements that were included in the analysis comprised such sentiments as, 

“I would rather work with men in business administration. In mathematics [education] I prefer 

[working] with women, but in business administration I prefer men," and “Yes, girls are more 

closed off. Not that there aren’t boys that are too; there are. But boys are … I don’t know, I think 

boys are friendlier with me faster.”  

Examples of statements not selected for the analysis include, “My best mathematics student 

is a woman. Right now it’s a woman” -- because it displays an opinion about only a single student. 

Another is the following: “When I got into the engineering course, in Poços de Caldas, the calculus 

teacher on the first day of classes said, ‘Women who study engineering either are [promiscuous]2 

-- because it’s full of men and they want to hook up with a man here’ -- [and] said that ‘or [are] 

too macho’ -- calling them [lesbians]3 -- ‘to get into the architecture and decoration course.’” This 

statement was discarded because it showcases someone else’s view about gender and mathematics. 

Once these first quotes were selected, they were coded in order to identify common ideas 

across the different interviews. In a revision of the codes, isolated codes -- statements about gender 

whose ideas were not repeated anywhere else during any of the interviews -- were discarded for 

not being representatives of the dataset. The 10 codes that remained were named and are described 

                                                 

 

2
 The translation of this word from Portuguese into English was intended to soften the language. A more direct 

translation might be “sluts.” 
3
 The translation of this word from Portuguese into English was intended to soften the language. A more direct 

translation might be “dykes.” 
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below, they are: Stated they weren’t gender biased; Do not believe in the existence of a gender 

gap; Stated that girls are more dedicated in their studies; Stated that girls mature sooner than boys; 

Female students are discreet, Boys are messier than girls; Men are practical/logical, women are 

emotional; Societal pressures/expectations have an influence; Parents’ pressures/expectations have 

an influence; and Intersectional remarks. The following sections will describe the 10 codes and 

how they were manifested in the interviews. 

For better understanding of this report, and to preserve participating teachers' private 

identities, I have used pseudonyms to identify each participant. Each pseudonym was chosen based 

on both the individual’s IAT-determined group and gender. Traditionally male names were given 

to male teachers, and traditionally female names to female teachers. Teachers whose IAT scores 

were greater than 0.15, which indicated an association of mathematics with girls, were given 

pseudonyms starting with G. Teachers whose IAT scores were between -0.15 and 0.15, which 

indicated association of mathematics with neither gender, were given pseudonyms starting with 

N. And teachers whose IAT scores were greater than 0.15, which indicated an association of 

mathematics with boys, were given pseudonyms starting with B. 

Stated they weren’t gender biased. There were no questions during the interviews about 

whether the participants' treatment of female and male students was different; however, there were 

some instances where that information was voluntarily offered. This occurred when participants 

announced that they did not treat students differently based in their gender. 

Barry stated that he did not treat students, or adults, differently based on gender: “I treat 

men and women like they were -- like [I treat] students; to me, there is no gender. To me, when I 

enter the classroom there is no gender, they're a student, different from their gender, they’re a 

student. The same content that I -- the same [choice] of words that I use for a boy, I use for a girl. 
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If I have to be tough with this girl here and tough with this boy here, I’ll be tough in the same way 

[to both].” 

Ben addressed the current climate of stereotypical gender expectations, but noted, “At least 

from what I see, this picture is changing, because I, at least, make no distinction. On the contrary, 

I say to the girls, ‘Girls have the obligation to get better grades [because] you are more mature; 

you have the obligation to do better than boys.'" 

Bruce related an anecdote of the time a former supervisor told him he was displaying some 

gender-biased behavior toward his students, but he’d refused to believe he himself was biased. 

Bruce stated, “She was a supervisor, and went to observe my class. She came to me and said, 

‘Funny, isn’t it? You call [on] more boys than girls.’ I had never paid attention. I said, ‘Is that so?’, 

and she said, ‘Yes, you called I think 13, 14 boys and two girls.’" and he later stated “I hadn’t… 

look, I hadn’t paid attention. You see how things happen and you can’t pay attention to everything. 

She said that I called 14 boys and two girls, I said ‘wow!' I’m not prejudiced or anything, why 

would I only call boys? Looks like it’s prejudice. No!” 

Do not believe in the existence of a gender gap. There were two instances in which 

participants mentioned their lack of belief in the existence of a gender gap in mathematics 

achievement when asked about what they believed was the cause for the gender gap observed in 

the PISA.  

Gina stated, “Because here [at school] I don’t see it. That is why I can’t talk about [a gender 

gap]." Bruce said, “It’s something that changes. Now, coincidentally, it is boys [that are doing 

better]… ” This seems to suggest that the gap is merely circumstantial, and that if it were measured 

at another time the results could be reversed. 
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Stated that girls are more dedicated in their studies. Seven times throughout the 

interviews participants noted that female students put forth more effort than male students do in 

their studies. In five of these instances the word “dedicated" was used. The words used in the other 

two instances were "applied" and "involved." 

Ben said, “I think that women, when it comes to studies, are more dedicated, more 

principled; men are more, ‘I’ll do what needs to be done, I’ll get this over with and solve the 

problem.’” Bruce stated, “The girls, they abstract themselves and learn faster, I think, because they 

are also more mature. For being more mature they dedicate themselves a bit more. That is not 

general, but in a way, you know? I notice that girls mature more … , and they do, so they can 

[think abstractly]. The boys, not so much. Algebra, for example, is difficult for [middle-school] 

boys, for girls it’s easier. But afterwards, that passes [as] the boys mature. Once in high school, in 

college, I don’t see much difference between men and women, no, once the boys are [finally] in a 

phase of maturity and can [think abstractly].” 

Ben offers an explanation for his belief that women are more dedicated, saying, "Girls have 

better grades. Not only in mathematics but in general. Because they are dedicated. I think women 

are more careful with their obligations than men. Culturally too. Because when it's lunchtime, girls 

go and help their mothers and boys sit on the couch, with their fathers, and that is not something 

nice. I myself, at home, try to change that a bit, but it's not easy. It's not easy because it's something 

ingrained." 

Stated that girls mature sooner than boys. The fact that girls mature sooner than boys was 

stated six times throughout the interviews. Participants were not very clear about what "mature" 

meant but it was a commonly used word. 
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Brian said, “I feel that way [about] the age group [14-year-olds] I’m teaching: the girls are 

more mature than the boys. The boys are still very, very childish, very playful.” Bruce agreed: 

“Because I think that girls mature first, women become women before boys [become men]. Boys 

are playing still in eighth grade, and the girls are ladies. I feel this difference, where girls can 

abstract better in eighth grade than boys, who still can’t.”  

Ben said, "I think maturity interferes a lot in learning. That is why I believe, even 

remembering the research you did, that girls have a faster capacity, within the [Elementary and 

Middle school], because they mature first. So, I see girls being more able even, in mathematics, 

than boys, because of this question of maturity. Especially in this age group, who are teenagers, 

pre-teens and teens, that [girls] mature first. So I see that [girls] end up managing better results. So 

I see girls more responsible, more interested; boys believe that it's [enough], finished, ended."  

Ben even noted that he tells girls they should do better in school than boys because they 

are more mature (“I say, ‘Girls have the obligation to get better grades, you are more mature, you 

have the obligation to do better than the boys.’”) 

Female students are discreet. Several comments touched on the fact that participants found 

girls tend to be more reserved in the classroom. Ben stated “It's that the girls are more measured, 

they don’t talk much, there are few [who do].” Bruce used this idea to justify why he called 14 

boys, but only two girls, in a lesson during which he was observed by a supervisor. He said, “Yes, 

it wasn’t conscious. And the boys, for example, in that lesson, the boys were participating more, 

asking questions. The girls are more reserved, so the boys end up … you know?” 

Boys are messier than girls. Some comments throughout the interviews described gender 

differences in organizational skills. The prevalent idea being that boys are more disorganized than 
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girls. Gloria said, “Boys are messier. That doesn’t mean that I don’t have girls whose notebook is 

a mess. But in general, boys are messier.” 

Nancy associated this trait with disparate activities that she believes interest one gender or 

the other: “The girls are a bit more organized, they start organizing the boys. I don’t know, you 

might censure me maybe. But it’s this manual thing with girls, cooking, handicrafts, knitting. The 

boys always have this thing about fixing gravity racers [a luge used on land], the boys are more 

active than girls.”  

Grace described male students’ informality in the way they approach mathematical 

problems: “It’s this thing about not having a strong commitment with the rule or with formality in 

mathematics. It seems like [boys] don’t want to learn a formula because they will solve things the 

way they can. They can solve second- degree equations because they glance at it and think of a 

right number very fast that works for that situation, so they don’t try [a formula] until that indeed 

becomes a necessity (which is what happens when they can’t find a decimal negative root). So 

they learn at some point because [guessing] doesn’t work anymore.”  

Men are practical/logical, women are emotional. The idea that men are more logical, and 

make decisions easier, and that women are emotional arose during the interviews. Ben said, “Men 

tend to be more practical; women tend to be more complete, more wide-ranging.”  

Barry observed that a man is more apt to size up a situation rationally and take immediate 

action, while women are too emotional, “So, you have to be logical, right? ‘Ah, you have to do 

that. Let’s do that.’ You understand? Women, they, I don’t know, I think she uses more feeling in 

this part.” Nicole did not compare men and women in that respect, but did state specifically that 

women are emotional: “Because then the woman also goes very much to the side of… that we are 
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very emotional, right? They want to date, want to be mothers, want to have children, and then stop 

searching [for knowledge or a career].” 

Societal pressures/expectations have an influence. When participants were asked about 

what they believed was the cause for the gender gap in mathematics achievement in the PISA, 

most explanations pointed towards societal pressures and expectations as accountable for at least 

part of the gender gap in mathematics and mathematics-related fields. Some of the explanations 

mentioned societal messages about gender expressly related to mathematics-related professions 

and activities that could result in boys’ and girls’ contrasting attitudes towards mathematics. Ben 

said, “People wrinkle their noses at a girl who dedicates herself to mathematics, and applaud boys 

who dedicate themselves to mathematics. So the tendency is that boys apply themselves, go, and 

bring back results in mathematics, in whatever profession. Now girls, no, the tendency is that they 

are expect some more from her, in the field of medicine, in the field of… more social and less 

[STEM]. More [humanities-oriented] and less [STEM].”  

Nora described her experiences of being a woman studying engineering: “So it’s like this, 

that stereotype and I even studied engineering. Then come this thing that women in engineering 

are ugly; the pretty ones are in business administration, in pedagogy, in nursing. So that is an idea 

[people have]. I even remember that when I was [studying] engineering, the wife of [a colleague] 

said, ‘Oh, but you said that your colleagues were all ugly,’ and then she saw us, me and his other 

colleagues ‘oh, but you said they were all ugly, all [lesbians]’” -- inferring that these women were 

quite the opposite. Nicole concurred, saying that the stereotype was omnipresent: “From the family 

or from teachers, you understand? Like, ‘Oh, you’re a girl? Oh, you won’t get good grades in 

mathematics -- mathematics is for boys.’ And that, that stays engraved."  
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Brian said that these discouraging messages are very present in public education: “[In] 

Brazilian public schools [they say], ‘Oh no, she won’t need [mathematics] anyway, she is going 

to be a housewife,’ or ’She’s going to be … she is going to be a secretary, she doesn’t need 

mathematics. [But] he does because he’s a man.’ I’ve seen mathematicians saying that, which 

saddens me a lot. Because, can you imagine going to a class and saying, ‘No, you are a girl, you 

don’t learn [the same way, this is for men].’”  

Some of the explanations indicated more-general societal messages that could lead to boys 

and girls holding distinctly different attitudes towards mathematics, which did not specifically 

address mathematics and mathematics-related professions and activities, but which could still have 

an impact on the gender differences. Gloria discussed one of the stereotypical ideas, previously 

mentioned, that men are more rational, in her description of societal bias. “We hear in many places, 

not just the students’ families, that men are more rational and women are the weaker sex, are more 

sentimental, are more connected to poetry, humanities and all that,” while Grace opined, “I think 

that there is this thing in society that keeps putting [girls/women] far from [logic] -- that women 

aren’t rational.”  

Nora mentioned how the idea of women having to choose between beauty and intelligence 

is a trope spread by television, improvising a typical script: “‘No, I’m the beautiful one -- I prefer 

being beautiful, married, have a boyfriend, [over] being intelligent [and] having to work like crazy' 

-- and that, that is the concept even television shows [us].”  

Ben, for his part, described these societal expectations as having a positive impact on girls 

and women, saying, “I think that women are even more capable because they are demanded, since 

infancy, to do things right, women can’t make mistakes. Men can make mistakes, women can’t. 

So that ends up reflecting in the classroom -- we see girls being more dedicated, more interested 
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in doing things well done. And in mathematics that counts for a lot, because you have to do things 

well done, can’t make mistakes. In History you can make a mistake here,  ‘Oh, I got a date wrong, 

got a name wrong.’ In mathematics if you get one number wrong, the result is done for, it’s not 

that one anymore.”  

Parents’ pressures/expectations have an influence. When societal pressures and 

expectations were being referenced as possible reasons for the gender gap, there were comments 

about how the dissemination of these messages come from students' families, especially parents. 

Ben said parents dislike the idea of their daughters being engineers: “The father, when he knows 

that the daughter is going to [study] humanities, gets happier. ‘Oh, an engineer, will be working 

with contractors,’ something ignorant, something stupid, but to give an example, maybe it is a bit 

of that.”  

Gloria said, “We see this clearly, in the families and everything. At family dinners you are 

going to have a lot of [opinions] like, ‘Men are more rational, more sure of themselves, they go 

there and solve things.’ And that is very connected to mathematics, [due to] its being an exact 

science.” She believes that parents acquired these views from traditional methods of schooling, as 

well as from the more profound gender differences they experienced in their own formative years.  

“Some parents,” said Gloria, “maybe they had a more traditional [type of] schooling, or 

even this gender thing, that more explicit. I believe, that before it was more [explicit] than it is now 

in schools. For traditional families, for everything involving this, -- that the man left for work, the 

man paid the bills -- there was all this history that I think [had] an influence.”  

Intersectional remarks. Some participants described how students' other identity traits 

converge with gender. The intersection of gender and socioeconomic status, race, sexual 

orientation, and gender identity were all grouped into this code.  
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Nancy spoke of early pregnancies among students in public schools. Emphasizing how 

socioeconomic disadvantages exacerbate the effects of gender expectations on girls' early 

pregnancies.  “I will tell you what I notice in public schools -- the girls get pregnant. I think it is 

more about the environment they live in. I think that it is the perspective they have and lack of 

information. I think it’s shocking, in a world that is very clear you can have sex before marriage, 

okay, as long as you wear a condom, girls getting pregnant very young, right in the first year of 

high school. When I used to talk to some of them they would say, ‘Ah, I always wanted to be a 

mother.’ So it’s different, I think it’s a matter of socioeconomic status.”  

There were observations made also regarding the aforementioned intersection of race and 

gender. Nora, who self-identified as black, described some of her perceived gender-behavior 

particularities of black students. 

“Nora:  The black girls are more restrained. 

Interviewer: And the [black] boys? 

Nora: The boys no, they are the messy ones. They are the ones that hit everything, they are 

tricksters, they are the bosses of the drug ring. 

Interviewer: They don’t participate as much in class? Or do they? 

Nora:  No, they are the ones who give me trouble. 

Interviewer: And the girls are more restrained. 

Nora: Yes, more restrained. Either they are really bad, terrible students, or when they are good, 

they are quiet, like [name of female student]. They’re that quiet student, who doesn’t give 

you any trouble, that the teachers don’t even care about, don’t even remember she exists.” 

Although in a previous section it was mentioned that girls are not as participative in class 

as boys, Nora opined that the difference is even wider when considering black students. 
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During the discussions about gender and mathematics, there were mentions of LGBT 

issues. For example, Barry mentioned having had a transgender student. This interview excerpt 

describes his experience: 

“Barry: I even gave lessons to a transsexual. So, I arrived, called, getting attendance, called a man’s 

name and she answered, 'Present,' and I told her off, I said ‘Are you making fun of me in 

my class?’ And then everyone said, ‘No, teacher, she’s a man.’ 

Interviewer: No one let you know before? Poor thing [meaning the student], right? They should have 

let you know. 

Barry: Yeah. Then she … I would arrive in class, was sleeping there. I would tell to wake up. [The 

student would say] ‘No, teacher, it’s that my night last night was very …’ you know, and 

I [would say] ‘Fine, you don’t have to give details, no. Keep sleeping there.’ Wow, it was 

awful. [The things we get]… but that’s it.”  

Codes Selection Process. The second step in the analysis of the interviews, was to 

determine some criteria to further investigate any patterns about gender bias manifestation across 

participants in the study. For that I created a table, Table 14 below, that summarizes the distribution 

of teachers within the 10 described codes. Teachers were given a binary mark – present or not 

present – as indicative of them having made at least one statement within each of the 10 codes. I 

organized the participants in groups determined by IAT score -- the same used for the selection of 

participants to be interviewed. 

Two criteria were determined to be of potential interest for exploring patterns across 

participants’ gender biases during the interviews. Criterion 1 were codes only mentioned by 

participants in one of the IAT-determined groups; Criterion 2 were codes that were mentioned by 

at least one participant from each of the three groups. Criterion 1 provides information about how 

the implicit bias measured by the IAT could potentially be observed from the interviewees. 

Criterion 2 provides information about how potential cultural bias -- regardless of IAT result -- 

could potentially be observed from the interviewees. 
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The only group that had codes that were not present in any other groups — Criterion 1 — 

was the one whose participants associated mathematics with boys. The codes selected, based on 

the Criterion 1, then were: Stated they weren't gender biased, Stated that girls are more dedicated 

in their studies, and Stated that girls mature sooner than boys. The codes selected based on the 

Criterion 2 were: Boys are messier than girls, Societal pressures/expectations have an influence, 

and Parents' pressures/expectations have an influence.  

From Criterion 1 code selection, it is possible to infer that teachers who associate 

mathematics with boys tend to disguise that association. They immediately state that they are not 

biased and describe their female students with seemingly positive characteristics. The analysis 

from Criterion 1 suggests that there are particular ways that teachers from one IAT group talk about 

gender – i.e., biases from a specific group. From Criterion 2 code selection, I gathered that teachers, 

more broadly, do notice differences in behavior from their female and male students in class; 

however, they believe that these differences are due to societal expectations regarding gender roles. 

That is, the analysis of Criterion 2 suggests that there are some ways that teachers from all IAT 

groups tended to discuss gender – i.e., broader cultural biases. I elaborate further on potential 

interpretations of these results in Chapter 5. 
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Table 14: Summary of the distribution of codes among the participants 

 

 IAT > 0.15 -.15 < IAT < 0.15 IAT < -0.15 

 Ben Brian Barry Bruce Nora Nancy Nicole Gina Grace Gloria 

Stated they weren’t 

gender biased 
x  x x       

Do not believe in the 

existence of a gender gap 
   x    x   

Stated that girls are more 

dedicated in their studies 
x x  x       

Stated that girls mature 

sooner than boys 
x x  x       

Female students are 

discreet 
   x x  x    

Boys are messier than 

girls 
 x   x x   x x 

Men are practical/logical, 

women are emotional 
x  x x   x    

Societal 

pressures/expectations 

have an influence 

x x   x x x  x x 

Parents’ 

pressures/expectations 

have an influence 

x     x x   x 

Intersectional remarks  x x  x x     
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CHAPTER V : CONCLUSION 

 

In this study I set out to answer four research questions: 

1. Do secondary mathematics teachers in Brazil have implicit bias regarding gender 

in relation to mathematics aptitude? What factors are associated with that potential bias? 

2. Is there a relationship between the secondary mathematics teachers’ implicit gender 

bias and individual students’ confidence in their mathematics ability? What demographic factors 

are associated with students' confidence? 

3. Is there a relationship between the secondary mathematics teachers’ implicit gender 

bias and individual students’ interest in mathematics? What demographic factors are associated 

with students' interest? 

4. In what ways does potential gender bias manifest itself when teachers discuss 

mathematics teaching? 

I found that: 1) Mathematics teachers in Brazil have implicit bias regarding gender in 

relation to mathematics, and this bias varies significantly based on the teacher’s own gender; 2) 

Although the difference between boys’ and girls’ confidence and interest in mathematics grows as 

students age, and varies depending on whether they attend a public or private school, it is not 

correlated with their individual teacher’s implicit gender bias; 3) Teachers overall believe that the 

difference between boys’ and girls’ achievement in mathematics is due to societal pressures and 

expectations regarding gender, and that mathematics teachers who associate mathematics with 

boys disguise their bias (see Figure 16 for a conceptual map of this study's findings). 
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Mathematics Teachers' Implicit Gender Bias 

Based on the quantitative data I collected for this study, I found that while individual 

middle- and high-school mathematics teachers in Brazil were gender-biased – though that bias 

varied significantly – the average of all 40 teachers’ biases towards boys and girls was equally 

balanced between both genders. This indicates that, as a group, they were not significantly biased.  

However, when the teachers were separated by gender, these results were very different. 

Male teachers tended to associate boys with mathematics more than they did girls, while female 

teachers did not tend to make a distinction. Since these teachers have studied mathematics 

themselves it seems likely that they would associated it with their own gender; however, this 

association does not seem to be equivalent for both genders. Perhaps societal views about gender 

affect mathematics teachers of both genders, skewing their associations of mathematics towards 

boys – making female teachers' associations of mathematics with girls all but nonexistent, and 

male teachers' association of mathematics with boys considerably more pronounced. 

Teachers' educational levels also seemed to be correlated with their gender bias. I divided 

the teachers into three subgroups based on their educational level: teachers who only completed 

their undergraduate studies (College); teachers who had completed undergraduate studies along 

with some form of specialization not categorized as formal graduate studies (Specialization); and 

teachers who had completed their undergraduate and graduate studies (Graduate). The only 

distinction between the subgroups was that Specialization teachers appeared to exhibit 

significantly stronger association of boys to mathematics than did College teachers. This could be 

viewed by some as counter-intuitive, given that a commonly held notion is that a longer time 

studying leads to a more enlightened – less biased – notion of gender. However, that notion appears 
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not to be true. Perhaps this is due to the fact that in the field of mathematics, as the educational 

level rises, female representation in the population decreases. In which case, it is possible that 

teachers with higher levels of instruction would associate mathematics with boys (and men) 

because they were inserted into mathematical environments that reflected the distribution of their 

peers. 

Relationship between teachers' IAT and students’ confidence and interest 

The information I gathered regarding teachers’ implicit gender bias is significant, in that it 

illustrates the ways in which gender bias is prevalent among teachers (distributed by their gender 

and educational level), but as indicated by the results obtained, there was no correlation between 

individual teachers' bias and the gender gaps in their students' confidence and interest. This could 

be because 1) throughout their schooling, students are taught by multiple mathematics teachers, 

and thus any one individual teacher’s bias might not be a significant factor in a student’s 

confidence and interest; 2) the study was conducted in the middle of the school year, so the 

teacher’s possible influence might not yet have developed; 3) there simply might be other factors, 

not covered in this study, that are more relevant to the gender divergence in confidence and interest 

in mathematics. 

From the collected data I found that the difference in both confidence and interest between 

boys and girls increased as they progressed through the grades; the older the students the greater 

the gap. This gap between boys’ and girls’ confidence and interest in mathematics was wider 

among older students than younger ones. This seems to mirror what previous studies have found 

in higher education regarding mathematics and gender: that women are left behind at every step in 

the progression of their academic studies in mathematics (Hill, Corbett, & Rose, 2010). It seems 
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that this process starts as early as sixth grade. As girls become less confident and interested in 

mathematics, when compared to boys, it is natural that they would not pursue further studies and 

careers in as high numbers as boys. If girls believe they cannot succeed in the field, they will not 

choose it over a different field in which they believe they are capable to thrive. 

Another factor that exhibited significant influence over the gender gaps in confidence and 

interest was the type of school  public or private  that the students attended. Both the confidence 

and interest gender gaps were significantly smaller in public schools than in private schools. In 

fact, the interest-in-mathematics gender gap itself was not statistically significant in public schools, 

while it was statistically significant in private schools. The confidence gap, although significantly 

present in both private and public schools, was significantly smaller in public schools. This mimics 

what Fennema and Sherman (1977) found: that girls attending schools of higher socioeconomic 

level fared worse, compared to boys, than did girls in schools of lower socioeconomic level. 

It is possible that this discrepancy is due to the influence of the schools themselves, or is a 

result of other differences in the lives of students of different socioeconomic levels. Given that the 

parents of students living at higher socioeconomic levels are more likely to have progressed further 

in their studies than have parents of students in lower socioeconomic levels, it is possible that the 

wealthier parents' careers also reflect the fact that men are more likely to pursue mathematics-

related careers; the likelihood of that happening would be high, according  to the distribution of 

men and women in these fields. If that were the case, it could be a result of the role models available 

to these students. It is also possible that in families living at lower socioeconomic levels, mothers 

are more likely to have to work and contribute to the household income, than are mothers in higher 
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socioeconomic strata. In this case we would likely have a more career-oriented female role model 

for students of a lower socioeconomic level than for students of a higher socioeconomic level. 

It is possible that the gender gap in private schools is bigger than in public schools because 

students in the former group are given more opportunities to advance in their mathematics studies. 

Perhaps, in private schools, students are offered, say, optional mathematics-related activities 

and/or more challenging problems. In this case, students who are already more confident and 

interested in mathematics would choose to partake in these activities, thus becoming even more 

confident and interested in the subject than their fellow students at the opposite end of the 

confidence and interest spectrum, widening the gaps between these groups. If girls are already less 

confident and interested in mathematics than boys, as my research indicates, then when given these 

opportunities they might not engage in them, while boys almost certainly would. At such schools, 

the result could be a wider gender gap between boys and girls. 

In the interviews, curiously enough, some participants suggested that lower socioeconomic 

status might be a determinant in creating a gender gap in mathematics – implying their supposition 

that in schools of lower socioeconomic status, boys’ scores surpass those of girls more so than in 

schools of higher socioeconomic status. Yet if that were true, I would have found smaller gender 

gaps in confidence and interest in private schools, which was clearly not the case. This seems to 

indicate that teachers are not aware of the manners in which different factors influence the 

mathematics gender gap. 

The difference in boys' and girls' interest in mathematics was associated with the teachers' 

educational level, which was not a factor in the difference between boys' and girls' confidence. 
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The difference between boys' and girls' interest in mathematics was found to be the lowest when 

their teachers had not gone through more advanced studies beyond their college education. 

I found that Brazilian mathematics teachers are gender-biased, especially male teachers. I 

also learned that teachers' bias was not correlated with the difference between boys' and girls' 

confidence and interest. However, since the difference between boys' and girls' confidence and 

interest does increase as they age and is mediated by type of school attended, it requires further 

investigation. As these factors have been shown to be related to students' achievement in 

mathematics (Fennema & Sherman, 1978; Murayama, et al., 2013), investigating further the causes 

of this gap could lead to important insight into the causes of the gender gap in mathematics 

achievement – as well as identify one of the uncountable reasons why there are fewer women than 

men pursuing mathematics and mathematics-related careers. 

Teachers’ opinions about gender  

The qualitative data collected and analyzed helped illustrate how gender bias can present 

itself in conversations with mathematics teachers. As can be found in the Results chapter, the 

interviews were coded and some codes were selected for analysis: codes that only appeared in 

conversations with participants who belong to one IAT-determined group, and codes that appeared 

in conversations with at least one participant of each IAT determined group. 

 

 

Group-specific codes 

The objective of selecting codes that were present in only one group was to identify if there 

were any particularities as to how gender is discussed by participants with a specific bias. The only 
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group that discussed gender in a manner unlike the others was the group of participants whose IAT 

suggested they associated mathematics to boys more than girls. The codes that fit that criterion 

were as follows: 1) Stated they weren't gender-biased, 2) Stated that girls are more dedicated in 

their studies, and 3) Stated that girls mature sooner than boys. Interestingly, each of these appear 

to be non-gender-biased statements. They certainly are not explicit statements indicating that girls 

are inherently worse at mathematics than boys. Yet, since it was only this group of participants 

that made these sorts of statements, they may also be considered as representative of the ways in 

which one’s implicit gender-bias becomes manifested in conversation. That is, these give us some 

idea as to the kinds of statements that might be camouflaging an implicit gender bias. 

It is curious that the only teachers who, voluntarily and unprompted, stated that they were 

not gender-biased were – according to their IAT results – biased towards boys. This could have 

occurred because they were aware of their gender bias but were not proud of it. It could also be 

that these teachers had not engaged in self-reflection regarding their own practices, and only 

thought that they were not biased – since they do not consciously believe that boys are better than 

girls at mathematics. It is unlikely that that these teachers are aware of their biases and consciously 

choose to hide them, manipulating the views other have of them. The simpler explanation is that 

they have not yet been confronted by the fact that they might possess these biases, and thus have 

not engaged in any self-reflection. One of these teachers, Ben, stated that societal pressures and 

expectations play a role in the current gender gap, but he added that these pressures come from 

students' families. This idea appears to be similar to the phenomenon found by Anderson-Clark et 

al. (2008), in which teachers did not base their expectations of students on the pupils’ actual 

ethnicity, but were influenced by the suggested ethnicity in their names. Anderson-Clark et al. 
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attributed this to the teachers not regarding themselves as prejudiced, but still being influenced by 

their unconscious feelings based on stereotypes. 

Another opinion only broached by participants whose IAT results showed an association 

of mathematics with boys was the notion that girls are more dedicated in their studies than boys. 

This was brought up multiple times, and generally in a positive way, as a trait that gives girls an 

advantage in their studies. The fact that only teachers who associated boys with mathematics 

mentioned this begs the question of whether they believe dedication is necessary, or even 

conducive, to success in mathematics. It resonates as somewhat of a backhanded compliment – 

that is, although they state that girls are more dedicated and that this is a good thing, they do not 

necessarily think it is good for succeeding in mathematics. This is especially significant when 

considering that Leslie et al. (2015) found that believing in innate talent as necessary to succeed 

in a discipline – such as in the case of mathematics – predicts the percentage of female Ph.Ds in 

that discipline (in a way that contributes to, not reduces, the gender gap). 

A very similar phenomenon occurred when that same subgroup of participants – whose 

IAT indicated association of mathematics to boys – stated that girls mature sooner than boys. 

Although the word maturity was used several times, it was not clear precisely what individual 

participants meant by it. One teacher, Brian, used the word mature in opposition to terms like 

childish and playful, thus implying that maturity would mean taking school activities seriously. 

Bruce characterized the word’s meaning as "women become women" and "boys become men," 

seeming to suggest that he meant sexual maturity – which, in his opinion, leads to increased 

capacity for comprehending abstract concepts. And Ben didn't try to spell out what he meant by 
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mature, but stated his belief that girls’ maturity obliges them to outperform boys – something he 

tells his own students.  

These teachers were mostly describing students between the ages of 12 and 14, not long 

before they take the PISA exam (at age 15). This is noteworthy, since the PISA exams show that 

boys outperform girls – at approximately the same age when teachers are suggesting girls should 

be outperforming boys. The fact that an ambiguously defined concept -- maturity -- was used by 

teachers to describe, and even change expectations for, girls' and boys' school development, could 

have the potential to affect students. 

When looking at these trends within this group of participating teachers, at first glance it 

would seem that they are not biased towards boys, and might even suggest that they believe girls 

are more capable than boys in their mathematics studies. However, their statements in that regard 

could very well be superficial compensations for a gender bias, one that these instructors may not 

want to reflect to others or, more likely, of which they are not even aware. It could be a conscious 

rejection of an unconscious belief that boys are innately better-equipped to learn mathematics, or 

an association of men with mathematics – occurring as a result of the uneven gender distributions 

of their colleagues throughout their mathematical studies. Pierre (2010) found in her study that 

once participants were given feedback regarding their biases (as measured by the IAT), they 

changed the outward expression of their biases. Perhaps the fact that teachers in my study are 

rejecting the idea that they could be biased, because it contradicts their values, prevents them from 

confronting their biases and altering their behavior accordingly. 

Codes present in all groups 
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The objective of selecting codes that were present in all groups was to identify how teachers 

overall see the role of gender in the teaching and learning of mathematics, regardless of their 

individual IAT results. The codes that fit that criterion were as follows: 1) Boys are messier than 

girls; 2) Societal pressures/expectations have an influence; and 3) Parents’ pressures/expectations 

have an influence. These codes mostly show that teachers believe that boys and girls behave 

differently from each other in class, and that these differences, as well as the discrepancies in their 

respective levels of academic achievement, are due to students’ internalized societal views about 

gender. Teachers also point to parents and families as a main channel through which students learn 

these stereotyped gender roles. 

Of the codes that pertained to at least one participant in each group, only one code was 

related to students' behavior: teachers opining that boys are messier than girls. These instances in 

the interviews clearly described gender differences in behavior. Whether or not these differences 

in behavior are universal, given that these teachers' opinions were likely based only on their own 

experiences, it did suggest that these specific teachers do believe girls and boys behave differently 

in school.  

The notion that women are more reserved and men are messier is, according to Silva, 

Halperni, and Silva (1999), a gender stereotype. Considering that we understand gender to be a 

social construct (Souza & Fonseca, 2009), it follows that gender roles and gendered behavior are 

socially constructed as well. This particular construct suggests that female behavior is equivalent 

to subdued social behavior – which could be an obstruction to mathematical development 

(Walkerdine, 2007). Notably, this perception was indicated by participants across all three groups, 
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indicating a kind of general Brazilian cultural bias pointed out by mathematics teachers – one that 

might be obstructing females' mathematical development. 

The majority of teachers who were interviewed agreed that societal beliefs and 

expectations play a significant role in the gender gap in mathematics achievement in Brazil. Some 

of the teachers pointed to societal messages about gender specifically related to mathematics and 

mathematics-related fields. Their observations seem to be in accordance with what the literature 

suggests regarding how stereotypes about mathematics, and their relation with gender, are 

affecting female students – i.e., negatively impacting their sense of belonging in that sphere. These 

are direct messages informing girls and women that mathematics, or mathematics-related fields, 

are not where they belong, that they don't have the necessary skills to succeed there. 

Some teachers pointed out the influence of gender-biased observations made in everyday 

life, which are not specifically connected with mathematics and mathematics-related fields. These 

instructors believed that, although these biased observations do not even mention mathematics – 

e.g., the societal expectation that girls, but not boys, are supposed to help their mothers prepare 

meals – teachers still believe that these words do have an impact on the discrepancy between girls' 

and boys' mathematics achievement. These participants frequently alluded to their theory that strict 

stereotypical gender roles and expectations have considerable pull over girls' identities, 

encompassing their mathematics achievements and career choices. 

Of the seven teachers who cited biased societal pressures and expectations as contributing 

to gender differences in boys’ and girls’ behavior, four stated that they believe families, and parents 

in particular, have a major role in the dissemination of these messages. It is interesting to note that 
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these teachers believe parents play an important part in the endorsement of gender and mathematics 

stereotypes, and it could indicate another possible avenue of investigation for the future. 

Teachers overall described different behavior between female and male students. Whether 

or not this represents personal bias was not clear; however, they did state their belief that the 

differences in achievement and behavior are due to societal gender bias. Societal bias can be 

directly related to mathematics, or simply refer to general gender stereotypes that can influence 

students' self-perceptions – the concept that girls are more dedicated to their studies, and mature 

sooner, than boys might fall into this category. While these societal biases can originate from many 

sources, and this study focuses on one of them, i.e., teachers -- the interviewed teachers, for their 

part, identified parents and families as playing a critical role in promoting them. 

Limitations 

Although this study has achieved its objective, there are, as with any research, some 

limitations. One potential limitation could have been the fact that the data were collected in the 

middle of the school year. Perhaps, if the study had been conducted at the end of the school year, 

it might have shown more instances of the teachers’ bias coinciding with the difference between 

their male students’ and female students’ confidence and interest in mathematics. (Note: I chose 

to collect the data mid-year was so that schools and teachers would be more amenable to 

participating in the study. Since the end of a scholastic year is an exceptionally hectic time period, 

conducting the study at that point would have lessened the chances that these institutions and their 

faculties would have been able and/or willing to take part.) 

The goal of this study was to investigate teachers’ gender bias. For this reason, I simplified 

students’ data to create variables that would be related to the participating teachers. However, the 
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data could potentially yield rich outcomes if explored with a hierarchical linear model which would 

center on students and then look at the different nested layers (i.e. classes, schools, districts). 

Another possible limitation could have been due to the version of the Implicit Association 

Test (IAT) used in this study. While many iterations of the test that measure gender associations 

use words — i.e., mother, aunt, woman, father, uncle, man — I used traditionally female and male 

names taken from the Brazilian census. The words chosen to represent mathematics were 

unequivocally mathematical – i.e., multiplication, trigonometry, circle – while the words chosen 

to represent not-mathematics were related to school-life, and not mathematics-specific – i.e., 

pencil, notebook, clothes. These choices were made for the specific purpose of their all being 

present in mathematics classes. However, other choices of IAT could have given somewhat 

different results. 

The order of the teacher and student questionnaires could have been a limitation as well. 

The fact that in the student questionnaire they were asked to determine their gender before they 

responded to the confidence and interest measures could have activated stereotype threat 

responses. The same could be said about the teacher questionnaire, in which they were asked to 

respond to demographic questions first and then take the IAT. Although choosing to reduce 

stereotype threat by changing the order of the questionnaire could provide valuable results, 

students are most commonly asked to state their name --– or gender, or any other sort of identifying 

information – at the beginning of most tests, so this measurement is perhaps a more faithful 

representation of students' school-life. 

Other possible limitations could arise from the fact that at the end of the teachers’ 

questionnaire, once they had finished responding to the IAT, they were briefly shown a summary 
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determination of their IAT results (whether they were slightly, moderately, strongly, or not biased 

towards either gender). If they paid attention to the determination and were impacted by it, perhaps 

they might have remembered it when they were being interviewed later, and thus might have been 

more careful with their responses in the interview. The interview results might also have been 

impacted by the fact that the interviewer was a woman. It is quite possible that teachers, especially 

male instructors and/or those biased towards boys, might have acted differently if they were being 

interviewed by a man. 

Lastly, the random sampling procedure to select the teachers to be interviewed had an 

unusual effect: within each of the three groups, all interviewees were of the same gender (i.e., the 

“associates mathematics with boys” group had four male teachers). On the one hand, this is 

sensible: the gender distribution of all teachers heavily favored one gender in each of the three 

groups. On the other hand, this meant that I did not interview any of the “exceptional” cases – i.e., 

a female teacher in the “associates mathematics with boys” group. Hence, the findings from my 

interview study were in regard to the “typical” teacher in each group. However, it could have been 

interesting to interview some of the exceptions as a means to explore further the teachers within 

each group. 

Recommendations 

Given that my research found that male teachers tend to associate mathematics with boys, 

I would recommend that schools aim for gender balance in their mathematics teaching staffs. I 

would also recommend that teacher-education programs focus on correcting this misconception in 

men. When people are confronted with the knowledge that they are biased in a way that goes 

against their values, they tend to change their actions in order to correct for these biases (Pierre, 
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2010). Perhaps just openly discussing issues of gender representation in the field could encourage 

more self-reflection in teacher-education programs. Exposing future teachers to the work of female 

mathematicians could also help balance the gendered associations they might make. The findings 

of how teachers who associate mathematics with boys talk about their students, the ways in which 

they disguise their bias, could help identify these biases so they can be addressed. 

Brazil was chosen as the place to conduct this study because its measured achievement 

gender gap in mathematics is one of the largest in the world (Marks, 2008); research in other 

locations could lead to different results. This could be especially apparent in the ways that teachers 

talk about gender, given that different places, with their distinct cultures, would almost certainly 

exhibit different expectations and stereotypes regarding gender and mathematics. My 

recommendations for future research include conducting similar studies internationally, in three 

types of countries: those with large gender gaps, similar to Brazil’s; those with nonexistent gender 

gaps; and those with gender gaps favoring girls. I would also recommend longitudinal studies 

following students’ mathematical progress throughout their schooling, noting the effect of their 

teachers over time. Another recommendation is to investigate whether collective gender bias held 

by a single school’s entire mathematics teaching staff – not just its individual teachers – might 

influence their students’ attitudes regarding mathematics. And researching factors other than 

teachers’ possible influence -- especially the role of parents and extended-family members in 

contributing to students' gender gaps in confidence and interest in mathematics -- would likely be 

very insightful. 

Although this study did not focus on international comparisons, they could provide very 

insightful information about the topics of gender and mathematics and the role of teachers in the 
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existence and extent of gender gaps. It would be extremely interesting if PISA would collect data 

from teachers pertaining to their implicit biases about gender (as well as other biases of interest). 

As the organization already collects such rich data regarding students throughout the world, it 

would be a great opportunity to be able to investigate if students’ achievement and attitudes 

towards mathematics are related with that of their teachers. 

The schools surveyed in this study were all in the biggest metropolitan area of Brazil. 

Although approximately 84.3% of the Brazilian population lives in urban areas (Reynol, 2017), 

experiences of teachers and students in rural areas of Brazil are likely different. Similar studies 

exploring gender and mathematics in rural school settings in Brazil might yield disparate and 

intriguing results. 

In my study I only interviewed male teachers who associate mathematics with boys and 

female teachers who associate mathematics with girls. For a better understanding of teachers’ 

gender biases overall, I would recommend investigating the views of female teachers who 

associate mathematics with boys and male teachers who associate mathematics with girls for a 

more comprehensive view of the exceptions regarding gender bias in mathematics. 

Conclusion 

In this study, I set out to find whether or not mathematics teachers in Brazil are gender-

biased, and whether their bias – conscious, unconscious, or nonexistent – correlates with their 

students' confidence and interest measures, separated by gender. I found that teachers were gender-

biased when it came to mathematics — male teachers more so than female teachers, but that this 

bias was not necessarily overt. These teachers' biases were not found to be individually related to 
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the gendered differences in their students' confidence and interest in mathematics. Indeed, when 

looking at the whole group of teachers, their biases seemed to cancel each other out. 
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APPENDIX A: STUDENT 

QUESTIONNAIRE  

Gender:   (  ) Female     (  ) Male      (  ) Other: ______________                            

Grade: ______       Age: ______ 

 

Please answer each statement, using the answers ranging from 5, “Strongly agree”, to 1, “strongly 

disagree”. [5 = Strongly Agree, 4 = Agree, 3 = Neutral, 2 = Disagree, 1 = Strongly Disagree] 

 

Please read each statement carefully before choosing your answer. Tick in one box for the answer 

which best matches you. 

 

 5 4 3 2 1 

Generally I have felt secure about attempting maths      

My maths teachers have been interested in my progress in mathematics      

I am interested in mathematics      

When it comes to anything serious I have felt ignored when talking to maths 

teachers 

     

I am sure I could do advanced work in maths      

I like dealing with books or teasers which are related to mathematics      

Future math-related employment is something that interests me      

My teachers would think I wasn’t serious if I told them I was interested in a 

career in science and mathematics 

     

I often think that what we are talking about in my math class is really 

exciting 

     

My teachers have encouraged me to study more mathematics      

My teachers think I’m the kind of person who could do well in mathematics      
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After math class I am often already curious about the next math class      

Maths teachers have made me feel I have the ability to go on in mathematics      

I have found it hard to win the respect of maths teachers      

I would like to deal more intensively with some topics discussed in my math 

class 

     

Maths has been my worse subject      

I am sure that I can learn maths      

I think I could handle more difficult maths      

I have had a hard time getting teachers to talk seriously with me about 

mathematics 

     

I can get good grades in maths      

I have a lot of self-confidence when it comes to maths      

I’m no good at maths      

My maths teachers have been interested in my progress in mathematics      

I don’t think I could do advanced maths      

Getting a mathematics teacher to take me seriously has usually been a 

problem 

     

My teachers think advanced maths is a waste of time for me      

I would talk to my math teachers about a career which uses mathematics      

I’m not the type to do well in maths      
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For some reason even though I study, maths seems unusually hard for me      

Most subjects I can handle OK, but I have a knack of mucking up maths      
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APPENDIX B: INTERVIEW 

GUIDE 

I. Background 

Participant’s background with mathematics 

1. Where/what did you study in college? 

2. Were there an equal amount of men and women in the places where you studied? 

3. Did women or men seem to be as successful in mathematics throughout your life? 

II. Qualities of a good student/mathematician 

Discussion of what makes a good student and what makes a good mathematician 

4. What qualities do you believe a good math student has? 

5. What qualities do you believe a student must have to succeed in a career that involves 

mathematics? 

III. Class dynamics 

Discussion of how class time works/Walk through what kinds of things happen in class 

6. Do you believe all students are capable of learning the mathematics that is taught in schools? 

(What prevents this from happening?) 

7. Do you encourage students to participate in class? Do you specifically encourage certain 

types of students to participate? 

(Who do you encourage most to participate? Why?) 

IV. Gender and Mathematics 

Beliefs about the relation between gender and mathematics. 

8. Do you encourage your students to pursue careers that involve mathematics? Which students 

do you usually encourage? 

9. Do you think some students are more capable than others to succeed in mathematics? (Do 

you believe this can be overcome with effort? Have you ever seen this happen? Explain why 

you think this is the case.) 

10. Have you had any excellent mathematics students that were boys? Have you had any 

excellent mathematics students that were girls? Can you recall any of them? Do you have any 

stories/anecdotes of interesting conversations in class? 
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11. Do you believe that there are any inherent differences between boys and girls that can 

account for this gap in achievement observed in major international tests? 

We have talked about many things today. Before we finish, I wonder if you have any 

questions for me or if you have any additional comments about anything related to what 

we have talked about. 

 




