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Abstract

In the United States, gender gaps in science interest widen during the middle school years. Recent 

research on adults shows that gender gaps in some academic fields are associated with mindsets 

about ability and gender-science biases. In a sample of 529 students in a U.S. middle school, we 

assess how explicit boy-science bias, science confidence, science possible self (belief in being able 

to become a scientist), and desire to be a scientist vary by gender. Guided by theories and prior 

research, we use a series of multivariate logistic regression models to examine the relationships 

between mindsets about ability and these variables. We control for self-reported science grades, 

social capital, and race/ethnic minority status. Results show that seeing academic ability as innate 

(“fixed mindsets”) is associated with boy-science bias, and that younger girls have less boy-

science bias than older girls. Fixed mindsets and boy-science bias are both negatively associated 

with a science possible self; science confidence is positively associated with a science possible 

self. In the final model, high science confident and having a science possible self are positively 

associated with a desire to be a scientist. Facilitating growth mindsets and countering boy-science 

bias in middle school may be fruitful interventions for widening participation in science careers.
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1. Introduction

The gender gap in science persists in many fields despite increases in the participation of 

women in the paid workforce and 4-year colleges and graduate and professional schools 

(Ceci et al. 2014). Explanations for this gap include a number of individual, interactional, 

and institutional mechanisms including gendered socialization, implicit biases, stereotypes, 

and discrimination (Cheryan et al. 2015; Grunspan et al. 2016; Hill et al. 2010; Moss-

Racusin et al. 2012; Xie and Shauman 2003). Evidence suggests that in the United States, in 

elementary school, both boys and girls have similar levels of interest in science, but by 

middle school, interest in science among girls has diminished (Andre et al. 1999; Blue and 

Gann 2008). This disproportionate decline in science interest for adolescent girls compared 

to boys cannot be due to differences in academic success; on average girls have equivalent or 

better grades in math and science than boys at every age (Voyer and Voyer 2014).

One compelling explanation for the science interest gap between boys and girls is the 

complex social, psychological, and developmental processes that happen during 

adolescence. In particular, there is evidence that gender identity becomes more salient 

during adolescence (Galambos et al. 1990). For girls compared to boys, greater gender 

identity salience can result in lower self-esteem, and reduced confidence across many social 

and psychological domains (Orenstein 2013), including confidence in science and math 

(Heaverlo et al. 2013). Biased self-assessments may also emerge from implicit and explicit 

biases in the U.S. and other western European countries where there is a widely held cultural 

belief that boys are better at science (and math) than girls (Nosek et al. 2009; Cai et al. 

2016). Because of the bias towards boys as science kinds of people, girls may not perceive 

their gender identity as compatible with a science identity (Nosek et al. 2002; Nosek and 

Smyth 2011). Considerable research has been focused on how to close the “science identity 

gap” for girls, as well as other underrepresented minorities in science (Archer et al. 2010, 

2012, 2013; Barton et al. 2013; Kozoll and Osborne 2004).

The challenges that some girls experience combining “girl” and “science” identitiesmay be 

influenced by whether or not valued abilities are viewed as innate or attained through effort 

(Blackwell et al. 2007; Levy et al. 1998). Indeed, research in adult populations show that at 

least some of the science gender gap can be explained by mindsets about intelligence 

(whether it is fixed or whether it can be developed through effort), and gendered 

assumptions about boys’ presumed “innate brilliance” compared to girls’ presumed “hard 

work” (Leslie et al. 2015).

The extent to which stereotypes about girls and science, and mindsets about intelligence 

influencing science identity, warrants further investigation. Because science career 

aspirations begin forming in early adolescence (Tai et al. 2006), one way that researchers 

have explored the relationship between science identity and science career aspirations is by 

assessing youth science possible selves (Packard and Nguyen 2003), or the perception that 

they may someday become a scientist (Oyserman et al. 2006). There are no studies of 

middle school aged youth that have simultaneously included measures of mindsets, boy-
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science bias, science confidence, and science possible selves, yet there are reasons to expect 

that each of these concepts contributes to the desire to be a scientist.

In this study, we assess science possible selves, and the desire to be a scientist in a sample of 

529 adolescents in a U.S. Title I (high poverty) middle school. Using developmental theories 

about gender identity, mindsets, and science possible selves, we assess multiple hypotheses 

about how gender, grade level, and mindsets are associated with boy-science bias, science 

confidence, science possible selves, and the desire for a science career.

1.1. Gender Identity in Early Adolescence

Adolescence is an important time in the life course. Children begin the social and physical 

transition to adulthood, and in so doing explore, affirm, or cast aside identities (Eccles et al. 

1997; Eckert 1989; Eder 1995). Gendered identities are also “under construction” in early 

adolescence, when youth are “trying on gender” and other identities as they imagine futures 

compatible with salient identities, particularly related to gender (Williams 2002).

According to the gender intensification hypothesis, gender identities become more relevant 

in adolescence, and the intensification contributes to lower self-esteem and reduced mental 

health for girls (Galambos 2004; Pettitt 2004). Similarly, confidence drops more for girls 

than boys during adolescence in many areas of life, including in science and math (Orenstein 

2013). In school contexts, gender intensification may be explicitly or implicitly endorsed by 

peers and significant adults (Eder 1995; Adler et al. 1992; Thorne 1993). A classic 

ethnographic study by Eder (1995) showed that middle school is a time when girls more 

often become objectified and sexualized, and where social status for girls is often based on 

physical appearance, relationships with boys, and friendships with girls, compared to an 

emphasis on achievement for boys (Eder 1995). Bullying is more common during middle 

school than elementary and high school (Olweus 2013), and sexual harassment of adolescent 

girls is widespread (Leaper and Brown 2008).

In addition to the overt sexualization and objectification of many girls during puberty, many 

girls also face academic sexism (Archer et al. 2013; Banchefsky et al. 2016). Academic 

sexism involves actions that discourage girls from participating in areas deemed as “male”, 

such as science, math, and computers (Leaper and Brown 2014). In a study of 600 girls, 

Leaper and Brown (2008) found that 52% of the sample reported some form of academic 

sexism related to math and science, with the majority perpetrated by peers, but also 

reportedly from parents. If being desirable, feminine, and sexy is perceived as incompatible 

with interest and achievement in science, girls may distance themselves from science and 

also fail to form friendships around science (Archer et al. 2013; Banchefsky et al. 2016). 

Peer influence can increase or decrease academic achievement, positive identities, and 

overall well-being (Crosnoe and McNeely 2008; Crosnoe et al. 2008; Leaper et al. 2012). 

Friendship groups are highly segregated by gender (Shrum et al. 1988). Altogether, these 

social and cognitive processes and biases may influence science aspirations differently for 

boys and girls (Gauthier et al. 2017).
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1.2. Mindsets and Gender Stereotypes

There is compelling evidence that implicit theories about the malleability of traits (i.e., 

mindsets) can foster or inhibit the development of possible future selves (Levy et al. 1998; 

Levy and Dweck 1999; Stroessner and Dweck 2015). According to Dweck (2006), people 

with a growth mindset believe that abilities can be developed. With a fixed mindset, people 

believe that intelligence or talent are simply fixed traits that they were either born with, or 

not. People with fixed mindsets focus on documenting intelligence or talent instead of 

developing intelligence and talents (Dweck 2006). There is evidence that a fixed mindset 

might emerge from fundamental cognitive processes that help people make sense about the 

world, but can also lead to errors about the world (Bigler and Liben 1993).

The process of overly simplistic categorizing can lead to inflating differences between 

groups and ignoring variation within groups, resulting in stereotyping and biases (Master et 

al. 2012). One common type of error in reasoning that leads to gender stereotypes is called 

psychological essentialism, or the belief that people naturally possess certain traits based on 

group characteristics (Stroessner and Dweck 2015; Cimpian and Salomon 2014). Gender 

essentialism is the belief that differences between boys and girls are natural or innate (based 

in biology) and that they cannot be changed (Eidson and Coley 2014). This is because if 

boys are seen as naturally or effortlessly brilliant, and science requires brilliance, then fixed 

mindsets about intelligence and essentialist mindsets about gender may lead to a science-

gender bias favoring boys, and disfavoring girls.

For girls, a boy-science bias might contribute to the pattern of more girls than boys 

becoming disinterested in science, and may result in a lower likelihood of having a science 

possible self and/or a desire to be a scientist in middle school for girls more than boys. 

Conversely, for boys, in group-favoritism (favoring those who belong to your social group) 

and intergroup biases (disfavoring those not in your social group), may translate into a boost 

from boy-science bias, resulting in a stereotype lift effect for science possible selves and a 

desire to be a scientist (Walton and Cohen 2003; Tajfel and Turner 2004).

Although many people perceive that gender stereotypes and biases have disappeared, recent 

research (2014) shows that there are similar levels of gender stereotypes among 

contemporary college age youth as in 1980 (Haines et al. 2016). Even though there is 

evidence that actual explicit gender stereotypes persist, they are likely underreported in 

surveys due to social desirability.

1.3. Science Confidence and Science Possible Selves

In the United States there is a strong belief that youth can choose any career; therefore it can 

be popular to blame under-representation of women in science and engineering professions 

on personal preference rather than social structural inequality (Rosenbloom et al. 2008). 

Charles and Bradley (2009) argue that the higher standard of living in the United States, 

combined with implicit gender biases about science, contribute to many youth “indulging 

our gendered selves” when ‘choosing’ career paths. Research suggests, however, that more 

than simply reflecting an individual’s abilities, career paths are also shaped by social 
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identities and cultural beliefs about who we are, and where we fit in, perhaps even more than 

what we are good at (Correll 2001, 2004; Cech 2013).

Our identity, or how we see our self, is a social construction; it is a product of shared social 

interactions and cognitive processes related to social and self-categorizations (Tajfel and 

Turner 2004; Burke and Stets 2009; Turner et al. 1987). These conceptions of the self are 

dynamic and are based on our experiences of the social world, including our self-appraisals 

and reflected appraisal from significant others (e.g., parents, teachers, and peers) (Bouchey 

and Harter 2005; Gunderson et al. 2012). Our identities are not socially constructed in a 

vacuum, but are formed within larger social structures and within social institutions (like 

schools) that are also gendered (Charles and Bradley 2009; Acker and Oatley 1993; Connell 

2014; Ridgeway 2009; Risman 2004). Therefore, given these social and institutional 

contexts, these self-appraisals may be biased or inaccurate and may vary by gender (Correll 

2001). At the college level, women’s biased self-assessments and perceptions of a lack of 

“fit” can impact women’s persistence in some Science, Technology, Engineering, and Math 

(STEM) fields, (e.g., engineering and computer science) (Cech 2013; Cech et al. 2011; 

Master et al. 2015). In international studies on adolescent education and achievement, for 

youth in some high achieving countries, researchers find a negative relationship between 

student achievement and self-concept; the better students do, the lower they rate their own 

abilities (Wilkins 2004). In a national study of eighth grade girls in the U.S., researchers 

found that these biased self-assessments in science are more likely for girls than for boys 

(Riegle-Crumb et al. 2011); this phenomenon is sometimes referred to as the “confidence 

gap” (Orenstein 2013).

Identities shape our actions and choices, plus they influence our commitment to pursuing 

future goals. Therefore, these emerging identities in adolescence are important for many 

long-term social, emotional, and career outcomes (Eccles et al. 1997; Schwartz et al. 2015). 

Adolescents make choices about who they are friends with, what activities they pursue, and 

in high school, what classes to take, in order to validate their identities and to maintain their 

self-esteem (Barton et al. 2013; Barber et al. 2005; Cast and Burke 2002). Adolescence is 

also a time when many youth are asked what they want to be when they grow up. Images of 

who youth might be in the future are referred to as possible selves (Markus and Nurius 

1986). Possible selves can be either negative or positive and a possible self that a person 

finds plausible will affect their current behavior and choices (Oyserman et al. 2006).

A science possible self, or the belief that you might be able to become a scientist someday, is 

one outcome of emergent science identities during adolescence (Buday et al. 2012). A 

student who believes that they might be a successful scientist in the future is more likely to 

express interest in scientific endeavors, excel in science classes, and to form friendships 

around science activities (Robnett and Leaper 2013). Indeed, the social aspect of science is 

often overlooked, even though we know that social interactions, validation, and recognition 

are important for identity (Carlone and Johnson 2007). In a longitudinal study of 41 high 

school girls who transitioned into college, researchers found social support and mentoring to 

be important predictors of science career-related possible selves (Packard and Nguyen 

2003). Lips (2004) found that college and high school age women were much less likely to 

have science possible selves compared to men, and that college-aged women saw even less 
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science possibility than high school women, indicating that science pathways constrict more 

for women than men over time (Lips 2004). In a more recent study, Buday, Stake, and 

Peterson (2012) found that for both boys and girls, social support was crucial to having a 

high science possible self, but did not find a gender differences in science possible selves 

(Buday et al. 2012).

The aforementioned studies all explore science possible selves, but had small sample sizes 

and were not representative of a general population of students. In addition, these studies 

have consisted of youth who had been identified as having science and math aptitude and 

been enrolled in specific science focused programs based on that aptitude and interest. In 

addition, no studies simultaneously examine mindsets, boy-science bias, science confidence, 

science possible selves, and the desire to be a scientist. Middle school is a time for early 

career exploration when science career preferences may emerge, strengthen, or for some, 

diminish (Tai et al. 2006; Dabney et al. 2015, 2012). Clearly, we need more investigation of 

identity formation, science possible selves, and youth trajectories in science among boys and 

girls to understand how science possible selves may be associated with science career 

aspirations more broadly (Buday et al. 2012).

1.4. Current Study

Our goal is to add to the emerging understanding of the origins of gender gaps in science 

interest by modeling the sources of the gap using a series of multiple logistic regression 

models. We use a sample of 529 middle school youth in a midsized Midwestern middle 

school to first assess how middle school youth differ on key focal science attitudes and 

beliefs by gender. We then assess whether gender, grade level, or mindsets are associated 

with having a boy-science bias after adjusting for social capital and racial/ethnic minority 

status. Next, we assess the extent to which gender, grade level, mindsets, and boy-science 

bias are associated with science confidence after controlling for self-reported grades, social 

capital, and racial/ethnic minority status. Theories of stereotype formation indicate that 

biases among boys and girls may be associated with boy-science bias and science 

confidence differently by age, therefore we estimate interaction by gender and grade level. 

In addition, theories about in-group bias and stereotype lift suggest that the association 

between boy-science bias and science possible selves should be gender specific, therefore 

we estimate an interaction by gender.

1.5. Hypotheses

H1: Boys will have higher boy-science bias, science confidence, science possible self, and a 

desire to be a scientist than girls. Boys and girls will not differ on science grades, fixed 

mindsets, or essentialist mindsets.

H2: For all youth, including both boys and girls, fixed or essentialist mindsets will be 

associated with having a boy-science bias, after controlling for minority status and social 

capital variables.

H3a: For girls, but not boys, boy-science bias will vary by grade level; girls in lower grade 

levels will have less boy-science bias than girls in higher grade levels, after adjusting for 
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mindsets, and controlling for self-reported grades, minority status, and social capital 

variables.

H3b: For girls, but not boys, we expect that science confidence will vary by grade level; girls 

in lower grade levels will have higher science confidence than girls in higher grade levels, 

after adjusting for mindsets, boy-science bias, and controlling for self-reported grades, 

minority status, and social capital variables.

H4a: For girls, but not boys, boy-science bias will be associated with a lower likelihood of a 

science possible self, after adjusting for mindsets, science confidence, and controlling for 

self-reported grades, minority status, and social capital variables.

H4b: For boys, but not girls, boy-science bias will be associated with a higher likelihood of a 

science possible self, after adjusting for mindsets, science confidence, and controlling for 

self-reported grades, minority status, and social capital variables.

H5: For all youth, higher science confidence and higher science possible self will be 

associated with a desire to be a scientist, after adjusting for mindsets, boy-science bias, and 

controlling for self-reported grades, minority status, and social capital variables.

2. Materials and Methods

We used SPSS version 22, and t-tests and chi-square tests to compare means and proportions 

for all theoretical variables by gender. Next, we show correlations between variables using a 

Pearson’s r correlation to assess for multicollinearity and to assess bivariate relationships 

between key theoretical variables. Finally, we use multivariate logistic regression to estimate 

associations with boy-science bias, science confidence, science possible selves, and the 

desire to be a scientist. Because of important prior work on the underrepresentation of some 

race/ethnic minority groups and elitism in science, we control for race/ethnic minority status 

and social capital in all models (Catsambis 1995; Hazari et al. 2013).

2.1. Participants

The data collected for this study are from Wave III of the Study of Science Identity in 
Middle School, (collected in January 2015). All sixth, seventh, and eighth grade students 

enrolled in science classes at a Title I (high poverty) Middle School in a mid-sized 

Midwestern city were asked to participate in the survey. All parents or guardians of potential 

participants were notified of the opportunity to participate in the survey with an automated 

phone call and email, and were provided a form to opt their child out of the study if desired. 

These forms were available in English, Spanish, Vietnamese, and Arabic. Of the 645 

students at the school, 95% (610) were enrolled in a science class. Those who were not were 

either suspended or were placed in a low proficiency English Language Learner (ELL) 

classroom instead of a science classroom. Of those eligible to participate, 87% (533) chose 

to participate in the survey, 529 of which we have complete data for all analytic variables. 

Institutional Review Board (IRB) approval was obtained for this study prior to participation.

Because this is a study of a single school, we use caution in generalizing the findings. This 

school is demographically diverse. A high proportion of youth come from racial/ethnic 
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minority groups (69.9%), and a large proportion of youth receive free and reduced lunch 

(78%). Not only can we not generalize, the gender dynamics in this school may be different 

than in schools with higher socio-economic status (SES) and that are less diverse 

(Armstrong et al. 2014; Hamilton and Armstrong 2009). Even with this limitation, this 

research can provide insights into gender, identity development, and science career 

aspirations during middle school years, and suggestions for valuable further exploration of 

this critical developmental time.

2.2. Measures

To assess the extent to which youth have a desire to be a scientist when they grew up, we 

asked them, “How much, if at all, do you want to be a scientist?” (1 = A lot, 2 = Some, 3 = 

A little, 4 = Not at all). We dichotomized this variable so that wanting to be a scientist “A 

lot” = 1 (7.3%) and all other categories have a value of 0.

We operationalized science possible selves in order to take into account that many youth in 

early adolescence might see a science career path as a possibility, but might favor another 

career path more (Archer et al. 2014). For middle school students, asking how much they 

want to be a scientist might not capture their perception of how open a science path is to 

them. For example, even students who want to be a famous musician, actor, or athlete might 

still see science as a possible path. Therefore, we measure a science possible self with the 

following item: “For this question, let’s pretend you want to be a scientist when you grow 

up. Which of the following best describes you?” (1 = I could become a scientist, 2 = I might 

be able to become a scientist, 3 = I probably could not become a scientist, 4 = I could not 

become a scientist, and 5 = I don’t know). We dichotomized this variable so that those that 

reported “I could become a scientist” have a value of 1 (23.1%), and all other categories are 

a zero.

To measure science confidence, students were asked, ‘How good are you at science?’ (1 = 

Poor, 2 = Fair, 3 = Good, 4 = Excellent). We dichotomized this variable so that those who 

report they are “Excellent” at science = 1 (20.2%).

To measure explicit boy-science bias we asked the question “Do you think boys or girls are 

better at science?” The response categories are similar to a measure of explicit science and 

math gender stereotypes used in other studies that provide a category in which boys and girls 

are the same, indicating no stereotype (Nosek et al. 2009, 2002; Cai et al. 2016). We 

dichotomized the responses into those who think girls are better at science, and those think 

boys and girls are the same at science (boy-science bias = 0), compared to those who think 

that boys are better at science (more boy-science bias = 1). Our coding reflects the dominant 

cultural stereotype in the U.S.; that boys are better at science than girls. Approximately 16% 

of all students report that boys are either a little or a lot better at science than girls.

We assess the extent to which youth have fixed mindsets based on an item from Dweck 

(Blackwell et al. 2007) that we modified for readability based on the young age of our 

sample. Students were asked how much they agree with the following statement, “You can 

learn new things, but you can’t really change how smart you are.” This variable had a range 

from 1–5 where 1 = Strongly Disagree, 5 = Strongly Agree. The mean is 2.5 (S.D. = 0.05). 
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We also developed a measure guided by the theory of mindsets to assess essentialist 

mindsets, “Some people are just naturally good at things (like sports, science or music) and 

will never have to work hard at them.” This variable had a range from 1–5 where 1 = 

Strongly Disagree, 5 = Strongly Agree. The mean is 2.7 (S.D. = 0.06)

Science grades were self-reported; we asked students “What grades do you usually get in 

science classes?” (1 = Mostly below C’s, 2 = Mostly C’s, 3 = Mostly B’s and C’s, 4 = A mix 

of A’s, B’s, and C’s, 5 = Mostly B’s, 6 = Mostly A’s and B’s, 7 = Mostly A’s). The mean is 

5 (S.D. = 0.07).

We measure social capital using two variables, the number of books in the home and college 

expectations. We asked students, “About how many books do you have in your home?” (1 = 

0–10 books, 2 = 10–100 books, 3 = Over 100 books). Approximately 22.7% of students 

reported 0–10 books, 53.1% reported 10–100 books, and 24.2% percent reported more than 

100 books at home. Students were also asked, “How likely is it that you will be able to go to 

college?” (1 = Not at all likely, 1.5 = I don’t know, 2 = A little Likely, 3 = Somewhat Likely, 

4 = Very likely). The mean is 3.4 (S.D. = 0.83). We chose to use books in the home because 

youth are often unable to report accurately on parental income, and this is a widely used 

measure for youth assessing academic outcomes and achievement internationally (Provasnik 

et al. 2012). In addition, differences in career aspirations by social class have also been 

associated with different college expectations dependent upon social class (Grodsky and 

Riegle-Crumb 2012; Buchmann and DiPrete 2006; Legewie and DiPrete 2012).

We include race/ethnic minority status as a control variable. Students were asked, “What is 

your race/ethnicity? You can mark more than one answer.” Response categories were; 

“Black/African American,” “Latino/Hispanic,” “Middle Eastern/Arabic” “White,” “Asian,” 

“Native American,” “Pacific Islander,” “Mixed,” and “Other,” with space to write in any 

other race/ethnic group. Approximately 30% of the respondents were white only. Latino 

(23.5%) and middle eastern (7%) are ethnic categories, so any student who marked these, no 

matter what other race category they marked, were included in the under-represented race/

ethnicity minority category. About a fifth of the sample self-identified as black, 6% Asian, 

6.2% Native American, and 3% other. We dichotomized the responses into minority = 1 

(69.9%) or not minority = 0.

3. Results

3.1. Bivariate Results

We provide bivariate results by gender (shown in Table 1) to assess hypothesis 1, whether 

boys and girls differ on the desire to be a scientist, science possible selves, science 

confidence, and boy-science bias. For continuous variables, we used t-tests and for 

categorical variables we used chi-square tests. We find evidence to support hypothesis 1. 

Compared to girls, a higher proportion of boys want to be a scientist (10% vs. 5%, p = 

0.048), and believed that they could become a scientist if they wanted to (26% vs. 19%, p = 

0.031), and reported that they were ‘Excellent’ at science (24% vs. 16%, p = 0.014). More 

boys than girls believed that boys are better at science (had boy-science bias) (22% vs. 11%, 

p = 0.003). There were no significant differences between boys and girls on reported science 
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grades, fixed mindsets, essentialist mindsets, or college expectations. There are no 

differences by gender for the control variables, minority status, and books in the home.

Table 2 shows the bivariate Pearson’s r correlation matrix for the theoretical and control 

variables. The strongest associations in the matrix are between science grades and science 

confidence (r = 0.40, p < 0.001), science possible selves and the desire to be a scientist (r = 

0.37, p < 0.001), and science confidence and science possible selves (r = 0.35, p < 0.001). 

Girls, minorities, and youth with less social capital have lower science possible selves and 

lower science confidence than boys, non-minorities, and those with higher social capital. 

Youth with lower grades and less social capital are also more likely to hold a boy-science 

bias. Grade level has a negative association with science grades, indicating that science 

grades are lower for youth in 8th compared to 6th grade.

Youth with fixed mindsets are less likely to have a science possible self (r = −0.19, p = 

0.001), more likely to have boy-science bias (r = 0.14, p < 0.021), lower science grades (r = 

−0.28, p = 0.001), and lower college expectations (r = −0.10, p = 0.018). Also, youth with 

essentialist mindsets were more likely to have fixed mindsets (r = 0.26, p < 0.001), a higher 

likelihood of having a boy-science bias (r = 0.10, p < 0.05), had lower science grades (r = 

−0.09, p = 0.041), and lower college expectations (r = −0.10, p = 0.18) than youth without 

essentialist mindsets.

3.2. Multivariate Results

Table 3 shows the results of a series of logistic regressions with the likelihood of boy-

science bias (Model 1 and 2) and science confidence (Model 3 and 4) as outcomes to test 

hypothesis 2, hypothesis 3a, and hypothesis 3b. Table 4 shows the results of a series of 

logistic regressions with the likelihood of a science possible self (Model 1 and 2), and the 

desire to be a scientist (Model 3) as outcomes to test hypothesis 4a, hypothesis 4b, and 

hypothesis 5.1 All ordinal variables are mean centered to adjust for multi-collinearity, to 

more easily interpret the constant/intercept, and to solve for and plot significant interactions.

3.3. Boy-Science Bias and Science Confidence

Table 3, Model 1 shows the associations of grade level, gender, and fixed and essentialist 

mindsets with the likelihood of having a boy-science bias. The results show that girls are 

less likely to have a boy-science bias (β = −0.75, p = 0.004) after adjusting for other 

variables in the model. Additionally, we find evidence that partially supports hypothesis 2; 

1We chose to dichotomize our dependent variables for multiple reasons. First, the explicit gender bias scale includes a girl science 
bias, but we dichotomized this variable and included those with a girl-science-bias with youth who report no bias because it is likely 
that a girl science bias has a different meaning and interpretation for boys and girls in a society with documented cultural biases 
favoring boys in science. We will explore girl-science-bias more fully in future work. Second, for the desire to be a scientist, science 
possible selves, and science confidence, we were interested in assessing the odds that someone would fall into the highest category 
compared to all others. We conducted a number of sensitivity analyses to assess how our results might differ if we use OLS regression 
on these four categories, and ordinal variables rather than the dichotomized variables. We found that the results varied little if we used 
the dichotomized or ordinal analyses. Our main findings for the associations of gender with the outcomes and among the core concepts 
(i.e., mindsets, gender bias, science confidence, science possible selves, and the desire to be a scientist) were similar for both 
approaches. Associations for two of the control variables (social capital and self-reported science grades) were significant in the OLS 
models with the ordinal outcomes but not in the logistic regression models with the dichotomous outcome. We interpret these 
differences in the models as indicating that social capital and science grades matter more when distinguishing among the lower 
categories.
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fixed mindsets, but not essentialist mindsets, are associated with boy-science bias (β = 0.24, 

p = 0.021). Youth with fixed mindsets are more likely to have boy-science bias than youth 

without fixed mindsets.

In Model 2, to test for hypothesis 3a, we include a measure of the interaction of gender by 

grade level. There is support for hypothesis 3a because the interaction is significant on boy-

science bias (β = 0.72, p = 0.027). The main effect for grade level is not significant, 

indicating that in the adjusted model, for boys, boy-science bias does not differ by grade 

level. Figure 1 shows the predicted probabilities for boy-science bias by gender and grade-

level.

Figure 1 shows the predicted proportion with a boy-science bias for 6th, 7th, and 8th grade 

boys and girls. Among boys, there is a slight, non-significant decline in the proportion with a 

boy-science bias from 6th (31%) to 8th (24%) grade. The proportion of girls with a boy-

science bias is largest for 8th grade girls (22%), smaller for 7th grade girls (14%), and 

smallest for 6th grade girls (9%). The difference between boys and girls is largest in 6th 

grade (22%).

Table 3, Model 3 shows the multivariate logistic regression model for science confidence. 

After adjusting for control variables, effects of gender and grade level are only marginally 

significant. There were trends that were marginal on science confidence for girls and by 

grade level. Girls have lower science confidence than boys (β = −0.47, p = 0.067). Higher 

grade level is associated with higher science confidence (β = 0.26, p = 0.095). Similar to the 

bivariate model, there is no significant relationship between boy-science bias, fixed 

mindsets, essentialist mindsets, and science confidence. The only significant association is 

between self-reported grades and science confidence (β = 1.07, p < 0.001). Although 

minority status and social capital had significant associations with science confidence in the 

bivariate model, they are no longer significant in the full multivariate model. In Model 4, we 

tested an interaction between gender and grade to assess hypothesis 3b; that boys’ 

confidence would not vary by grade level, while girls’ science confidence would be lower as 

grade level increase. We failed to find support for this hypothesis.

3.4. Science Possible Self and the Desire to Be a Scientist

Table 4, Model 1 shows the multivariate logistic regression results for science possible 

selves. Results show that grade level has a positive association with science possible selves 

(β = 0.33, p = 0.025); therefore being in a higher grade is associated with higher science 

possible selves compared to being in a lower grade. Similar to the bivariate level, girls have 

lower science possible selves than boys (β = −0.40, p = 0.096), although the effect is only 

marginal after adjusting for controls. Science confidence has a significant association with 

science possible selves (β = 1.49, p < 0.001), followed by boy-science bias (β = −1.00, p < 

0.018). Youth with fixed mindsets have lower science possible selves (β = −0.28, p = 0.013) 

than youth without fixed mindsets. In contrast, youth with college expectations have higher 

science possible selves (β = 0.57, p = 0.002) than youth without college expectations. In 

Model 2, we test an interaction of gender and boy-science bias to assess hypothesis 4a and 

hypothesis 4b. The results do not support hypotheses 4a and 4b; the association of boy-

science bias with science possible selves does not differ for boys and girls.
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Finally, we assess the relationship between all previous theoretical variables and the desire 

to be a scientist (Model 3). We find support for hypothesis 5; high science confidence is 

associated with higher odds of having a desire to be a scientist (β = 1.48, p = 0.001). Having 

a science possible self was also associated with higher odds of having a desire to be a 

scientist (β = 2.42, p < 0.001).

4. Discussion

This study provides a comprehensive analysis of how a fixed mindset and essentialist 

mindsets are associated with boy-science bias, science confidence, science possible selves, 

and the desire to be a scientist in a large sample of early adolescents in a U.S. middle school. 

Several findings are noteworthy. First, despite relatively high proportions of youth with high 

science confidence and high science possible selves (about 25%), very few say they want to 

be a scientist “A lot“; only approximately 7% in the whole sample. Although almost twice 

as many boys desire to be a scientist in the bivariate model (10% compared to 5%), gender 

differences are not significant in the adjusted model, indicating that gender gaps in science 

are related to differences in science possible selves and science confidence among boys and 

girls. Indeed, science confidence and a science possible self were both independent 

predictors of a strong desire to be a scientist.

While the only significant association with science confidence was self-reported grades in 

science in the multivariate models, science possible self was associated with many more 

variables. Girls, youth with a boy-science bias, and with a more fixed mindset were less 

likely to have a science possible self, while grade level, science confidence, and college 

expectations were associated with a higher likelihood of a science possible self. Although 

we do not find that a boy-science bias has a direct association with youth desire to be a 

scientist, it has a negative association with a science possible self for boys and girls. 

Therefore, higher levels of boy-science bias in 8th grade girls compared to 6th grade girls 

may explain at least some of the emergent gender gap in science during early adolescence.

Although we hypothesized that a boy-science bias would be associated with lower odds of 

having a science possible self for girls, and possibly higher for boys, we found it was 

associated with having a lower likelihood of a science possible self for boys and girls. 

Theories about in-group biases led us to hypothesize that a boy-science bias might give 

boys’ science possible self a boost or lift (Walton and Cohen 2003). We therefore plan to 

conduct more research to understand how boy-science bias could operate in the same way 

for boys and girls. It may be that some boys have unrealistically high expectations of 

themselves, which do not match their perceived ability. It might also be the case that strong 

in-group favoritism may be protective against low self-appraisal/self-esteem related to 

underachievement or disinterest in science.

Science confidence had robust associations with having a science possible self and desire to 

be a scientist, and the trend was that girls, on average, had lower confidence. The 

associations, however, were only marginal in the multivariate model. We also did not find 

evidence that confidence differs by grade between boys and girls in adolescence, although 

youth in higher grade levels had more confidence than in lower grades, exploratory analyses 
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suggest this is driven by boys’ confidence increasing relative to girls, and not girls’ 

confidence decreasing. Science confidence has significant associations with having a science 

possible self and the desire to be a scientist. Efforts to increase science confidence among 

youth and longitudinal follow-up could better identify if such efforts could help boys and 

girls maintain science interest and career aspirations.

Fixed mindsets about intelligence were associated both with a boy-science bias, and with 

science possible selves in multivariate models. Essentialist mindsets were only associated 

with boy-science bias and fixed mindsets in the bivariate models, and were not associated in 

the multivariate models. These intriguing findings indicate that youths’ beliefs about 

intelligence, whether it is fixed or malleable, are associated with boy-science bias and 

science possible selves. Therefore interventions to foster growth mindsets and science 

possible selves could maintain, widen, and broaden interest and persistence in STEM (Leslie 

et al. 2015; Meyer et al. 2015).

As with all research, there are important limitations to the generalizability of these results. 

First, this is a study of a single school; schools can vary considerably, and variables 

associated with adolescent culture might influence gender identity and gender stereotypes 

(Legewie and DiPrete 2014). Second, this study is cross sectional. Although we interpret the 

differences between sixth, seventh, and eighth graders, it is possible that the differences we 

see are cohort effects and not developmental effects. Although theory and empirical research 

supports that there is likely a developmental change in boy-science bias views, we cannot 

conclude from these findings that the differences we see by grade level are necessarily 

developmental. We would need a longitudinal study to assess how these attitudes change 

over time.

Our measures of social capital are limited, and recent research linking social capital with 

“science capital” and science career aspirations indicates that this is likely an important 

aspect of science career aspirations and science identity for adolescence (Archer et al. 2015). 

Future studies should consider including measures of socioeconomic status, and in 

particular, “science capital” including exposure to scientists, and exposure to science media, 

and informal science outside of schools (Archer and DeWitt 2015). The association between 

mindset, stereotyping, and science possible self is another possible rich avenue for 

exploration. Although much of our emphasis is on reducing the relevance of gender for 

STEM engagement, it might be worth exploring if in-group bias favoring science is 

protective against gender stereotypes. A longitudinal study of youth from 4th through 8th 

grade to assess change in mindsets, boy-science bias views, and science possible selves 

might unpack how these constructs change over time for girls, and lead to possible 

promising areas for interventions.

Overall there is evidence that decreasing fixed and increasing flexible mindsets has the 

potential to increase science possible selves and the desire for a job in science. Efforts to 

help youth learn about how they learn and the possibilities for learning (i.e., that they do not 

have to be born a scientist), seem promising for increasing interest in science careers. 

Attempts to de-gender science or to make science gender neutral may also be worthwhile 

because boy-science bias was associated with lower science possible selves for boys and 
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girls. Finally, providing more concrete information about possible science careers could help 

youth to imagine a possible self with work involving science.

Acknowledgments

The research presented here is supported by the “Biology of Human” project funded by the National Institutes of 
Health through the Science Education Partnership Award Grant No. R25OD01506. The authors have access to 
funds for covering the costs to publish in open access. Its content is solely the responsibility of the authors and does 
not necessarily represent the official views of NIH.

References

Acker, Sabdra, Oatley, Keith. Gender issues in education for science and technology: Current situation 
and prospects for change. Canadian Journal of Education. 1993; 18:255–72.

Adler, Patricia A., Kless, Steven J., Adler, Peter. Socialization to gender roles: Popularity among 
elementary school boys and girls. Sociological of Education. 1992; 65:169–87.

Andre, Thomas, Whigham, Myrna, Hendrickson, Amy, Chambers, Sharon. Competency beliefs, 
positive affect, and gender stereotypes of elementary students and their parents about science versus 
other school subjects. Journal of Research in Science Teaching. 1999; 36:719–47.

Archer, Louise, DeWitt, Jennifer. Understanding Student Participation and Choice in Science and 
Technology Education. Berlin: Springer; 2015. Science aspirations and gender identity: Lessons 
from the ASPIRES project; p. 89-102.Available online: http://link.springer.com/chapter/
10.1007/978-94-007-7793-4_6 [accessed on 15 August 2016]

Archer, Louise, DeWitt, Jennifer, Osborne, Jonathan, Dillon, Justin, Willis, Beatrice, Wong, Billy. 
“Doing” science versus “being” a scientist: Examining 10/11-year-old schoolchildren’s 
constructions of science through the lens of identity. Sociological of Education. 2010; 94:617–39.

Archer, Louise, DeWitt, Jennifer, Osborne, Jonathan, Dillon, Justin, Willis, Beatrice, Wong, Billy. 
Balancing acts”: Elementary school girls’ negotiations of femininity, achievement, and science. 
Sociological of Education. 2012; 96:967–89.

Archer, Louise, DeWitt, Jennifer, Osborne, Jonathan, Dillon, Justin, Willis, Beatrice, Wong, Billy. 
“Not girly, not sexy, not glamorous”: primary school girls’ and parents’ constructions of science 
aspirations. Pedagogy Cultural & Society. 2013; 21:171–94.

Archer, Louise, DeWitt, Jennifer, Wong, Billy. Spheres of influence: What shapes young people’s 
aspirations at age 12/13 and what are the implications for education policy? Journal of Education 
Policy. 2014; 29:58–85.

Archer, Louise, Dawson, Emily, DeWitt, Jennifer, Seakins, Amy, Wong, Billy. “Science capital”: A 
conceptual, methodological, and empirical argument for extending bourdieusian notions of capital 
beyond the arts. Journal of Research in Science Teaching. 2015; 52:922–48.

Armstrong, Elizabeth A., Hamilton, Laura T., Armstrong, Elizabeth M., Seeley, J Lotus. “Good Girls” 
Gender, Social Class, and Slut Discourse on Campus. Social Psychology Quarterly. 2014; 77:100–
22.

Banchefsky, Sarah, Westfall, Jacob, Park, Bernadette, Judd, Charles M. But You Don’t Look Like A 
Scientist!: Women Scientists with Feminine Appearance are Deemed Less Likely to be Scientists. 
Sex Roles. 2016; 75:95–109. [accessed on 19 Feburary 2016] Available online: http://
link.springer.com/10.1007/s11199-016-0586-1. 

Barber, Bonnie L., Stone, Margarret R., Hunt, James E., Eccles, Jacquelynne S. Organ Act Contexts 
Dev Extracurricular Act—Sch Community Programs. Hillsdale: Lawrence Erlbaum and 
Associates, Inc.; 2005. Benefits of Activity Participation: The Roles of Identity Affirmation and 
Peer Group Norm Sharing; p. 185-210.

Barton, Angela Calabrese, Kang, Hosun, Tan, Edna, O’Neill, Tara B., Bautista-Guerra, Junaita, 
Brecklin, Caitlin. Crafting a Future in Science Tracing Middle School Girls’ Identity Work Over 
Time and Space. American Education Research Journal. 2013; 50:37–75.

Bigler, Rebecca, Liben, Lynn S. A Cognitive-Developmental Approach to Racial Stereotyping and 
Reconstructive Memory in Euro-American Children. Child Development. 1993; 64:1507–18.

Hill et al. Page 14

Soc Sci (Basel). Author manuscript; available in PMC 2018 March 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://link.springer.com/chapter/10.1007/978-94-007-7793-4_6
http://link.springer.com/chapter/10.1007/978-94-007-7793-4_6
http://link.springer.com/10.1007/s11199-016-0586-1
http://link.springer.com/10.1007/s11199-016-0586-1


Blackwell, Lisa S., Trzesniewski, Kali H., Dweck, Carol Sorich. Implicit theories of intelligence 
predict achievement across an adolescent transition: A longitudinal study and an intervention. 
Child Development. 2007; 78:246–63. [PubMed: 17328703] 

Blue, Jennifer, Gann, Debra. When do girls lose interest in math and science? Science Scope. 2008; 
32:44–47.

Bouchey, Heather A., Harter, Susan. Reflected Appraisals, Academic Self-Perceptions, and Math/
Science Performance During Early Adolescence. Journal of Educational Psychology. 2005; 
97:673.

Buchmann, Claudia, DiPrete, Thomas A. The growing female advantage in college completion: The 
role of family background and academic achievement. American Sociological Review. 2006; 
71:515–41.

Buday, Sarah K., Stake, Jayne E., Peterson, Zoe D. Gender and the Choice of a Science Career: The 
Impact of Social Support and Possible Selves. Sex Roles. 2012; 66:197–209.

Burke, Prter J., Stets, Jan E. Identity Theory. Oxford: Oxford University Press; 2009. Available online: 
https://books.google.com/books?
hl=en&lr=&id=W8PmzuMCuZoC&oi=fnd&pg=PT14&dq=Identity+theory+2009+Burke
+Stets&ots=gQyQCnbXUM&sig=drfwetz33IPmA8zVPjuRea9DHeU [accessed on 26 January 
2015]

Cai, Huajian, Luo, Yu LL., Shi, Yuanyuan, Liu, Yunzhi, Yang, Ziyan. Male = Science, Female = 
Humanities: Both Implicit and Explicit Gender-Science Stereotypes Are Heritable. Social 
Psychological Personalityence. 2016; 7:412–19. [accessed on 25 February 2016] Available online: 
http://spp.sagepub.com/cgi/doi/10.1177/1948550615627367. 

Carlone, Heidi B., Johnson, Angela. Understanding the science experiences of successful women of 
color: Science identity as an analytic lens. Journal of Research in Science Teaching. 2007; 
44:1187–218.

Cast, Alicia D., Burke, Peter J. A theory of self-esteem. Social Forces. 2002; 80:1041–68.

Catsambis, Sophia. Gender race, ethnicity, and science education in the middle grades. Journal of 
Research in Science Teaching. 1995; 32:243–57.

Cech, Erin, Rubineau, Brian, Silbey, Susan, Seron, Caroll. Professional role confidence and gendered 
persistence in engineering. American Sociological Review. 2011; 76:641–66.

Cech, Erin A. The Self-Expressive Edge of Occupational Sex Segregation1. American Journal of 
Sociology. 2013; 119:747–89.

Ceci, Stephen J., Ginther, Donna K., Kahn, Shulamit, Williams, Wendy M. Women in Academic 
Science A Changing Landscape. Psychological Science in the Public Interest. 2014; 15:75–141. 
[PubMed: 26172066] 

Charles, Maria, Bradley, Karen. Indulging Our Gendered Selves? Sex Segregation by Field of Study in 
44 Countries1. American Journal of Sociology. 2009; 114:924–76.

Cheryan, Sapna, Master, Allison, Meltzoff, Andrew N. Cultural stereotypes as gatekeepers: Increasing 
girls’ interest in computer science and engineering by diversifying stereotypes. Frontiers in 
Psychoogyl. 2015; 6:49. [accessed on 13 January 2016] Available online: http://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4323745/. 

Cimpian, Andrei, Salomon, Erika. The inherence heuristic: An intuitive means of making sense of the 
world, and a potential precursor to psychological essentialism. Behavioral Brain Sciences. 2014; 
37:461–80. [PubMed: 24826999] 

Connell, Raewan W. Gender and Power: Society, the Person and Sexual Politics. Hoboken: JohnWiley 
& Sons; 2014. Available online: https://books.google.com/books?
hl=en&lr=&id=DLyuBgAAQBAJ&oi=fnd&pg=PT7&dq=gender+and
+power&ots=Xx2co_V3mP&sig=Vz3PgrnkBbrcLzgG_j7a91uSb0Q [accessed on 23 February 
2016]

Correll, Shelley J. Gender and the Career Choice Process: The Role of Biased Self-Assessments1. 
American Journal of Sociology. 2001; 106:1691–730.

Correll, Shelley J. Constraints into preferences: Gender, status, and emerging career aspirations. 
American Sociological Review. 2004; 69:93–113.

Hill et al. Page 15

Soc Sci (Basel). Author manuscript; available in PMC 2018 March 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://books.google.com/books?hl=en&lr=&id=W8PmzuMCuZoC&oi=fnd&pg=PT14&dq=Identity+theory+2009+Burke+Stets&ots=gQyQCnbXUM&sig=drfwetz33IPmA8zVPjuRea9DHeU
https://books.google.com/books?hl=en&lr=&id=W8PmzuMCuZoC&oi=fnd&pg=PT14&dq=Identity+theory+2009+Burke+Stets&ots=gQyQCnbXUM&sig=drfwetz33IPmA8zVPjuRea9DHeU
https://books.google.com/books?hl=en&lr=&id=W8PmzuMCuZoC&oi=fnd&pg=PT14&dq=Identity+theory+2009+Burke+Stets&ots=gQyQCnbXUM&sig=drfwetz33IPmA8zVPjuRea9DHeU
http://spp.sagepub.com/cgi/doi/10.1177/1948550615627367
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4323745/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4323745/
https://books.google.com/books?hl=en&lr=&id=DLyuBgAAQBAJ&oi=fnd&pg=PT7&dq=gender+and+power&ots=Xx2co_V3mP&sig=Vz3PgrnkBbrcLzgG_j7a91uSb0Q
https://books.google.com/books?hl=en&lr=&id=DLyuBgAAQBAJ&oi=fnd&pg=PT7&dq=gender+and+power&ots=Xx2co_V3mP&sig=Vz3PgrnkBbrcLzgG_j7a91uSb0Q
https://books.google.com/books?hl=en&lr=&id=DLyuBgAAQBAJ&oi=fnd&pg=PT7&dq=gender+and+power&ots=Xx2co_V3mP&sig=Vz3PgrnkBbrcLzgG_j7a91uSb0Q


Crosnoe, Robert, McNeely, Clea. Peer relations, adolescent behavior, and public health research and 
practice. Family Community Health. 2008; 31:S71–S80. [PubMed: 18091145] 

Crosnoe, Robert, Riegle-Crumb, Catherine, Field, Sam, Frank, Kenneth, Muller, Chandra. Peer group 
contexts of girls’ and boys’ academic experiences. Child Development. 2008; 79:139–55. 
[PubMed: 18269514] 

Dabney, Katherine P., Tai, Robert H., Almarode, John T., Miller-Friedmann, Jaimie L., Sonnert, 
Gerhard, Sadler, Philip M. Out-of-School Time Science Activities and Their Association with 
Career Interest in STEM. International Journal of Science Education Part B. 2012; 2:63–79.

Dabney, Katherine P., Tai, Robert H., Michale, R. Scott. Informal Science: Family Education, 
Experiences, and Initial Interest in Science. International Journal of Science Education Part B. 
2015; 6:1–20.

Dweck, Carol. Mindset: The New Psychology of Success. New York: Random House; 2006. Available 
online: https://books.google.com/books?
hl=en&lr=&id=fdjqz0TPL2wC&oi=fnd&pg=PA83&dq=mindset+the+new+psychology+of
+success&ots=Bi6-VNDFUE&sig=aV_bn9IWBYFqRVeVPexDrcOAXgg [accessed on 5 January 
2016]

Eccles, Jacquelynne S., Lord, Sarah E., Roeser, Robert W., Barber, Bonnie L., Jozefowicz, Debbie. 
[accessed on 28 January 2016] The association of school transitions in early adolescence with 
developmental trajectories through high school. 1997. Available online: http://doi.apa.org/
psycinfo/1997-08245-011

Eckert, Penelope. Jocks and Burnouts: Social Categories and Identity in the High School. New York: 
Teachers College Press; 1989. Available online: https://books.google.com/books?
hl=en&lr=&id=RtTZ230kVPYC&oi=fnd&pg=PR7&dq=eckert
+jocks&ots=NWQboQBs3v&sig=rLw3A-_VDYXZ9EzueR_Ys6SS3JI [accessed on 28 January 
2016]

Eder, Donna. School Talk: Gender and Adolescent Culture. Washington: Education Resources 
Information Center (ERIC); 1995. Available online: http://eric.ed.gov/?id=ED388393 [accessed on 
26 January 2016]

Eidson, R Cole, Coley, John D. Not so fast: Reassessing gender essentialism in young adults. Journal 
of Cognition and Development. 2014; 15:382–92.

Galambos, Nancy L. Gender and gender role development in adolescence. Handbook of Adolescent 
Psychology. 2004; 2:233–62.

Galambos, Nancy L., Almeida, Almeida M., Petersen, Anne C. Masculinity femininity, and sex role 
attitudes in early adolescence: Exploring gender intensification. Child Development. 1990; 
61:1905–14. [PubMed: 2083504] 

Gauthier, Robin G., Hill, Patricia Wonch, McQuillan, Julia, Spiegel, Amy, Diamond, Judy. The 
potential scientist’s dilemma: How the Masculine Framing of Science Shapes Friendships and 
Science Job Aspirations. Social Science. 2017; 6:14.

Grodsky, Eric, Riegle-Crumb, Catherine. Those who choose and those who don’t: Social background 
and college orientation. The Annals American Academy of Political Social Science. 2012; 627:14–
35.

Grunspan, Daniel Z., Eddy, Sarah L., Brownell, Sara E., Wiggins, Benjamin L., Crowe, Alison J., 
Goodreau, Steven M. Males Under-Estimate Academic Performance of Their Female Peers in 
Undergraduate Biology Classrooms. PLoS ONE. 2016; 11:e0148405. [PubMed: 26863320] 

Gunderson, Elizabeth A., Ramirez, Gerardo, Levine, Susan C., Beilock, Sian L. The role of parents 
and teachers in the development of gender-related math attitudes. Sex Roles. 2012; 66:153–66.

Haines, Elizabeth L., Deaux, Kay, Lofaro, Nicole. The Times They Are a-Changing … or Are They 
Not? A Comparison of Gender Stereotypes, 1983–2014. Psychology of Women Quarterly. 2016; 
40 0361684316634081. 

Hamilton, Laura, Armstrong, Elizabeth A. Gendered sexuality in young adulthood: Double binds and 
flawed options. Gender & Society. 2009; 23:589–616.

Hazari, Zahra, Sadler, Philip M., Sonnert, Gerhard. The science identity of college students: Exploring 
the intersection of gender, race, and ethnicity. Journal of College Science Teaching. 2013; 42:82–
91.

Hill et al. Page 16

Soc Sci (Basel). Author manuscript; available in PMC 2018 March 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://books.google.com/books?hl=en&lr=&id=fdjqz0TPL2wC&oi=fnd&pg=PA83&dq=mindset+the+new+psychology+of+success&ots=Bi6-VNDFUE&sig=aV_bn9IWBYFqRVeVPexDrcOAXgg
https://books.google.com/books?hl=en&lr=&id=fdjqz0TPL2wC&oi=fnd&pg=PA83&dq=mindset+the+new+psychology+of+success&ots=Bi6-VNDFUE&sig=aV_bn9IWBYFqRVeVPexDrcOAXgg
https://books.google.com/books?hl=en&lr=&id=fdjqz0TPL2wC&oi=fnd&pg=PA83&dq=mindset+the+new+psychology+of+success&ots=Bi6-VNDFUE&sig=aV_bn9IWBYFqRVeVPexDrcOAXgg
http://doi.apa.org/psycinfo/1997-08245-011
http://doi.apa.org/psycinfo/1997-08245-011
https://books.google.com/books?hl=en&lr=&id=RtTZ230kVPYC&oi=fnd&pg=PR7&dq=eckert+jocks&ots=NWQboQBs3v&sig=rLw3A-_VDYXZ9EzueR_Ys6SS3JI
https://books.google.com/books?hl=en&lr=&id=RtTZ230kVPYC&oi=fnd&pg=PR7&dq=eckert+jocks&ots=NWQboQBs3v&sig=rLw3A-_VDYXZ9EzueR_Ys6SS3JI
https://books.google.com/books?hl=en&lr=&id=RtTZ230kVPYC&oi=fnd&pg=PR7&dq=eckert+jocks&ots=NWQboQBs3v&sig=rLw3A-_VDYXZ9EzueR_Ys6SS3JI
http://eric.ed.gov/?id=ED388393


Heaverlo, Carol, Cooper, Robyn, Lannan, Frankie Santos. Stem development: Predictors for 6th–12th 
grade girls’ interest and confidence in science and math. Journal of Women & Minorities in 
Science and Engineering. 2013; 19:121–42.

Hill, Catherine, Corbett, Christianne, St Rose, Andresse. Women in Science, Technology, Engineering, 
and Mathematics. Washington: Education Resources Information Center; 2010. Why So Few?. 
Available online: http://eric.ed.gov/?id=ED509653 [accessed on 5 December 2014]

Kozoll, Richard H., Osborne, Margery D. Finding meaning in science: Lifeworld, identity, and self. 
Sociological of Education. 2004; 88:157–81.

Leaper, Campbell, Brown, Christia Spears. Perceived Experiences With Sexism Among Adolescent 
Girls. Child Development. 2008; 79:685–704. [PubMed: 18489421] 

Leaper, Campbell, Brown, Christia Spears. Chapter six-Sexism in Schools. Advance in Child 
Development and Behavior. 2014; 47:189–223.

Leaper, Campbell, Farkas, Timea, Brown, Christia Spears. Adolescent girls’ experiences and gender-
related beliefs in relation to their motivation in math/science and English. Journal of Youth and 
Adolescence. 2012; 41:268–82. [PubMed: 21769612] 

Legewie, Joscha, DiPrete, Thomas A. School context and the gender gap in educational achievement. 
American Sociological Review. 2012; 77:463–85.

Legewie, Joscha, DiPrete, Thomas A. The High School Environment and the Gender Gap in Science 
and Engineering. Sociological Education. 2014; 87:259–80.

Leslie, Sarah-Jane, Cimpian, Andrei, Meyer, Meredith, Freeland, Edward. Expectations of brilliance 
underlie gender distributions across academic disciplines. Science. 2015; 347:262–65. [PubMed: 
25593183] 

Levy, Sheri R., Dweck, Carol S. The impact of children’s static versus dynamic conceptions of people 
on stereotype formation. Child Development. 1999:1163–80.

Levy, Sheri R., Stroessner, Steven J., Dweck, Carol S. Stereotype formation and endorsement: The role 
of implicit theories. Journal of Personality & Social Psychology. 1998; 74:1421.

Lips, Hilary M. The gender gap in possible selves: Divergence of academic self-views among high 
school and university students. Sex Roles. 2004; 50:357–71.

Markus, Hazel, Nurius, Paula. Possible selves. American Psychologist. 1986; 41:954.

Master, Allison, Markman, Ellen M., Dweck, Carol S. Thinking in Categories or Along a Continuum: 
Consequences for Children’s Social Judgments. Child Development. 2012; 83:1145–63. [PubMed: 
22540868] 

Master, Allison, Cheryan, Sapna, Meltzoff, Andrew N. [accessed on 4 December 2015] Computing 
Whether She Belongs: Stereotypes Undermine Girls’ Interest and Sense of Belonging in Computer 
Science. 2015. Available online: http://psycnet.apa.org/psycinfo/2015-37516-001

Meyer, Meredith, Cimpian, Andrei, Sarah-Jane, Leslie. Women are underrepresented in fields where 
success is believed to require brilliance. Frontiers in Psychology. 2015; 6:235. [accessed on 22 
January 2016] Available online: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4356003/. 
[PubMed: 25814964] 

Moss-Racusin, Corinne A., Dovidio, John F., Brescoll, Victoria L., Graham, Mark J., Handelsman, Jo. 
Science faculty’s subtle gender biases favor male students. Proceedings of the National Academy 
of Science of USA. 2012; 109:16474–79.

Nosek, Brain A., Smyth, Frederick L. Implicit social cognitions predict sex differences in math 
engagement and achievement. American Education Research Journal. 2011; 48:1125–56.

Nosek, Brain A., Banaji, Mahzarin R., Greenwald, Anthony G. Math = male, me = female, therefore 
math 6= me. Journal of Personality & Social Psychology. 2002; 83:44–59. [PubMed: 12088131] 

Nosek, Barin A., Smyth, Frederick L., Sriram, N., Lindner, Nicole M., Devos, Thierry, Ayala, Alfonso, 
Cai, Huajian, Olli, Eero, Park, Jaihyun, Wiers, Reinout W., et al. National differences in gender-
science stereotypes predict national sex differences in science and math achievement. Proceedings 
of the National Academy of Science of USA. 2009; 106:10593–97.

Olweus, Dan. School bullying: Development and some important challenges. Annual Review of 
Clinical Psychology. 2013; 9:751–80.

Orenstein, Peggy. Schoolgirls: Young Women, Self Esteem, and the Confidence Gap. New York: 
Anchor; 2013. 

Hill et al. Page 17

Soc Sci (Basel). Author manuscript; available in PMC 2018 March 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://eric.ed.gov/?id=ED509653
http://psycnet.apa.org/psycinfo/2015-37516-001
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4356003/


Oyserman, Daphna, Bybee, Deborah, Terry, Kathy. Possible selves and academic outcomes: How and 
when possible selves impel action. Journal of Personality & Social Psychology. 2006; 91:188. 
[PubMed: 16834488] 

Packard, Becky Wai-Ling, Nguyen, Dam. Science career-related possible selves of adolescent girls: A 
longitudinal study. Journal of Career Development. 2003; 29:251–63.

Pettitt, Lisa M. Gender intensification of peer socialization during puberty. New Directions Child & 
Adolescent Development. 2004; 2004:23–34.

Provasnik, Stephen, Kastberg, David, Ferraro, David, Lemanski, Nita, Roey, Stephen, Jenkins, Frank. 
[accessed on 28 January 2015] Highlights from TIMSS 2011: Mathematics and Science 
Achievement of US Fourth-and Eighth-Grade Students in an International Context. NCES 
2013-009. 2012. Available online: http://eric.ed.gov/?id=ED537756

Ridgeway, Cecilia L. Framed before we know it how gender shapes social relations. Gender & Society. 
2009; 23:145–60.

Riegle-Crumb, Catherine, Moore, Chelsea, Ramos-Wada, Aida. Who wants to have a career in science 
or math? exploring adolescents’ future aspirations by gender and race/ethnicity. Science 
Education. 2011; 95:458–76.

Risman, Barbara J. Gender as a social structure theory wrestling with activism. Gender & Society. 
2004; 18:429–450.

Robnett, Rachael D., Leaper, Campbell. Friendship groups, personal motivation, and gender in relation 
to high school students’ STEM career interest. Journal of Research Adolescence. 2013; 23:652–
64.

Rosenbloom, Joshua L., Ash, Ronald A., Dupont, Brandon, Coder, LeAnne. Why are there so few 
women in information technology? Assessing the role of personality in career choices. Journal of 
Econmic Psychology. 2008; 29:543–54.

Schwartz, Seth J., Hardy, Sam A., Zamboanga, Byron L., Meca, Alan, Waterman, AS., Picariello, 
Simona, Luyckxf, Koen, Crocettig, Elisabetta, Kimh, Su Yeong, Brittiani, Aerika S., et al. Identity 
in young adulthood: Links with mental health and risky behavior. Journal Applied Developmental 
Psychology. 2015; 36:39–52.

Shrum, Wesley, Cheek, Neil H., Jr, MacD, Saundra. Friendship in school: Gender and racial 
homophily. Sociological of Education. 1988; 61:227–39.

Stroessner, Steven J., Dweck, Carol S. Social Perception from Individuals to Groups. New York: 
Psychology Press; 2015. Inferring Group Traits and Group Goals. In; p. 177-96.

Tai, Robert H., Liu, Christine Qi, Maltese, Adam V., Fan, Xitao. Planning early for careers in science. 
Life Science. 2006; 1:1143–44.

Tajfel, Henri, Turner, John C. [accessed on 15 August 2014] The Social Identity Theory of Intergroup 
Behavior. 2004. Available online: http://psycnet.apa.org/psycinfo/2004-13697-016

Thorne, Barrie. Gender Play: Girls and Boys in School. New Brunswick: Rutgers University Press; 
1993. Available online: https://books.google.com/books?
hl=en&lr=&id=7TQNAN20JmUC&oi=fnd&pg=PR9&dq=Gender+play:+Girls+and+boys+in
+school&ots=-9OnxsychM&sig=HVUszz7BvlQKQL4ycy3C6pcZdLY [accessed on 28 January 
2016]

Turner, John C., Hogg, Michale A., Oakes, Penelope J., Reicher, Stephen D., Wetherell, Margaret S. 
Rediscovering the Social Group: A Self-Categorization Theory. Oxford: Basil Blackwel; 1987. 
Available online: http://psycnet.apa.org/psycinfo/1987-98657-000 [accessed on 30 December 
2014]

Xie, Yu, Shauman, Kimberlee A. Women in Science: Career Processes and Outcomes. Vol. 26. 
Cambridge: Harvard University Press; accessed on 4 December 2015: 2003. Available online: 
http://personal.psc.isr.umich.edu/yuxie-web/files/women/women-2001/coverpdf

Voyer, Daniel, Voyer, Susan D. Gender differences in scholastic achievement: A meta-analysis. 
Psychological Bulletin. 2014; 140:1174. [PubMed: 24773502] 

Walton, Gregory M., Cohen, Geoffrey L. Stereotype lift. Journal of Experimental Social Psychology. 
2003; 39:456–67.

Wilkins J, Lesse M. Mathematics and Science Self-Concept: An International Investigation. The 
Journal Experimental Education. 2004; 72:331–46.

Hill et al. Page 18

Soc Sci (Basel). Author manuscript; available in PMC 2018 March 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://eric.ed.gov/?id=ED537756
http://psycnet.apa.org/psycinfo/2004-13697-016
https://books.google.com/books?hl=en&lr=&id=7TQNAN20JmUC&oi=fnd&pg=PR9&dq=Gender+play:+Girls+and+boys+in+school&ots=-9OnxsychM&sig=HVUszz7BvlQKQL4ycy3C6pcZdLY
https://books.google.com/books?hl=en&lr=&id=7TQNAN20JmUC&oi=fnd&pg=PR9&dq=Gender+play:+Girls+and+boys+in+school&ots=-9OnxsychM&sig=HVUszz7BvlQKQL4ycy3C6pcZdLY
https://books.google.com/books?hl=en&lr=&id=7TQNAN20JmUC&oi=fnd&pg=PR9&dq=Gender+play:+Girls+and+boys+in+school&ots=-9OnxsychM&sig=HVUszz7BvlQKQL4ycy3C6pcZdLY
http://psycnet.apa.org/psycinfo/1987-98657-000
http://personal.psc.isr.umich.edu/yuxie-web/files/women/women-2001/coverpdf


Williams, L Susan. Trying on gender, gender regimes, and the process of becoming women. Gender & 
Society. 2002; 16:29–52.

Hill et al. Page 19

Soc Sci (Basel). Author manuscript; available in PMC 2018 March 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Predicted Proportion with a Boy-Science-Bias by Grade and Gender, adjusted for control 

variables.
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