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Do mathematics ability beliefs explain gender gaps in the pisical science, engineering,
mathematics, and computer science elds (PEMC) and other sience elds? We leverage
U.S. nationally representative longitudinal data to estiate gendered differences in girls'
and boys' perceptions of mathematics ability with the most df cult or challenging
material. Our analyses examine the potentially interactineffects of gender and these
ability beliefs on students' pathways to scienti ¢ careers Speci cally, we study how
beliefs about ability with challenging mathematics in uece girls' and boys' choices
to pursue PEMC degrees, evaluating educational milestonesver a 6-year period:
advanced science course completion in secondary school andpostsecondary major
retention and selection. Our ndings indicate even at the sme levels of observed ability,
girls' mathematics ability beliefs under challenge are mkedly lower than those of boys.
These beliefs matter over time, potentially tripling gitlehances of majoring in PEMC
sciences, over and above biological science elds, all elsbeing equal. Implications and
potential interventions are discussed.

Keywords: STEM, gender, sex segregation, STEM education, ¢ ollege majors, ability beliefs, mathematics ability,

challenge

INTRODUCTION

Over recent decades and across countries, women have bgeassimg men in college enrollment
and degree attainment, with the exception of a narrow set ofsipegntly male-dominated
mathematics-intensive degree eldsli(l et al., 2010; Charles, 2011b; DiPrete and Buchmann,
2013. Women are particularly underrepresented in physical, eagimg, mathematics, and
computer (PEMC) scienceB érez-Felkner etal., 2012; Schneider et al.,2GuUchsex segregation

KEY CONCEPT 1 | Sex segregation.

Sex segregation refers to the tendency of occupations to be &éld by men or women, and perceived as most appropriate
for one or the other. The sex typing of jobs has consequencesof earlier decisions: (a) students' corresponding choice fo
undergraduate degree elds and (b) course work and ability biefs prior to postsecondary school.

(seeReskin, 199Bin undergraduate majors has two important consequencest,FStudies show
these disparities contribute considerably to the gender pgy, gvith notable implications for
women and the families they often suppoBdbbitt-Zeher, 200) Second, PEMC elds not only
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have some of the smallest gender gaps in p&prifett Secondary school experiences can inuence gendered
and Hill, 2012 but also align with areas of growth in dierences in who majors in postsecondary science elds.
our increasingly scienti c global economyNétional Science Even highly able girls often do not take the most advanced
Foundation, 201 Women are projected to comprise nearly mathematics courses and subsequently tend to pursue non-
60% of university students by 2025 but earn a clear minority oPEMC major elds Riegle-Crumb et al., 2006; Perez-Felkner
PEMC undergraduate degreésstional Science Foundation and et al., 201, Taking physics and calculus increases girls' chances
National Center for Science and Engineering Statistics52@  of entering PEMC and related postsecondary majdrsz(jle-
pattern that does not have an end in sightCD, 201}). Crumb et al., 2005 therefore it seems promising that girls'
Our recent paper demonstrated the role of mathematicckompletion of advanced mathematics courses has increased in
ability beliefs in girls' abstention, retention, and attrition from recent yearsjalton et al., 2007; DiPrete and Buchmann, 2013
PEMC elds, during the period when most talented youngNevertheless, the gender gap in PEMC has not disappeared
women tend to depart from these career pathways: betwedRiegle-Crumb et al., 20);4ndeed, in some elds, like computer
secondary school and the early years of postsecondary schaclence, women's representation among undergraduate sajor

(Berryman, 1983; Morgan et al., 2013 has declinedCorbett and Hill, 201k
Across the globe, the lack of gender parity in high-growth
KEY CONCEPT 2 | Ability beliefs. and high-earning PEMC elds may have broader implications
Ability beliefs are individuals' perceptions of the natureand level of their for women's economic futures. Notably, women tend to select
academic ability, including their mathematics ability. degree elds with some of the lowest median earnirgsrhevale

et al., 201). Gendered variation in undergraduate eld of study

Leveraging the most recent and complete U.S. panel d§ a principal driver of income inequality, both indirectlyribugh
data available, the Education Longitudinal Study of 20R2/1subsequent occupational choices and even directly, independ
(ELS), we investigated how girls' and boys' ability-reldieliefs of work-related factors Kobbitt-Zeher, 200/ Women are
in uenced their subsequent choice of postsecondary degretde primary earners for over 40% of U.S. households with
elds. In particular, we estimated the intersecting relaship  children (Wang et al., 2013 Thus, the implications of the
between gender anderceived ability under challenging degree elds they choose and subsequent returns for their
conditions on each subsequent step on the pathway to PEM@ducation have consequences for the lives of women, familie
undergraduate degrees: completing advanced high scheoicsei and societies, especially those historically underreptedeim
courses, persistence in a major, and major selectidn ét al.,  higher education and with fewer socioeconomic advantddes.
2015. This focused review discusses key ndings from thisvomen earn 78 cents on the dollar as compared to men—worse
longitudinal study as well as additional analyses expandingtill for women of color American Association of University
on our results and their implications. New ndings further Women (AAUW), 2019. Importantly, the gender gap in earnings
distinguish the particular in uence of gendered di erences i issmallerin PEMC elds; while few in number, women computer
perceived ability under challenge, holding constant oljyect programmers earn 92% as much as their male pe€rshett

measures of mathematics ability. and Hill, 2019. This study informs our understanding of how
gender shapes degree eld choice in the context of a global
KEY CONCEPT 3 | Perceived ability under challenge. pattern of rapidly expanding univerSity partidpaﬁon_indugi
Students' assessments of their ability to complete work or nderstand concepts in the U.S.—in which women of all groups have experienced
that they believe is the most dif cult or advanced in a speci ¢ dmain of study. educational gains in nearly all areas except PEMC degrees.
WOMEN'S PARTICIPATION IN SCIENCE:
HIGH SCHOOL THROUGH COLLEGE ABILITY BELIEFS AND THEIR
CONSEQUENCES

Research explaining women's underrepresentation in the

scienti ¢ labor force tends to be bifurcated into K-12/altiood Decades of research have shown students' beliefs about
and higher education/adulthood categories. The marriage dheir ability—especially in mathematics—can have longemt
longitudinal data and a comprehensive framework can beedusi implications. Girls are often socialized to associate sogent
The dominant literature continues to argue for a “pipeline” to careers with menl(ee, 1998; Cheryan, 2Q12and engage less
STEM elds, suggesting that young women move sequentiallgften with mathematical and scienti ¢ tasks during adokesce
from taking secondary school courses to declaring majoré=ccles, 1994; Eccles and Wig eld, 2))@ nding corroborated

and graduating with undergraduate degrees, into graduatacross diverse populationgv@att, 2006; Else-Quest et al., 2D13
school, and into the scientic community. This linear model A nationally representative study of U.S. adolescents in the
appears overly simplistic, especially for less socioecontynicaearly 1990s showed girls assess their mathematics abilitg mo
advantaged students$spldrick-Rab, 2006and women of color negatively than do boys, with consequences for their latezarar

in STEM elds (Reyes, 20)1 And yet, there are clear steps decisions Correll, 200). These negative self-assessments seem
from high school through the college years that are critival to be a response to the sex-typed associations alluded to above
preventing talent loss among potential female scientistg.,(e. (see alscCorrell, 2004; Cheryan and Plaut, 2),L@&hich are
Morgan et al., 2013 common in many industrialized nationgCharles and Bradley,
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2009; Charles, 201)leExperimental social psychologists have(Dweck, 2007; Good et al., 2Q1Third, despite its insigni cant

demonstrated that girls and women often experiestareotype

explanatory powerHyde, 201), those arguing for a biological

threat in challenging mathematics context$Sgencer et al., dimension to the gender gap in science focus on the upper tail
1999; Good et al., 20p3The negative consequences of thesef the distribution of mathematics ability—involving masy of
stereotypes may be exacerbated for those who have a xdkde most di cult mathematics problemsHedges and Nowell,
rather than growth mindset about their mathematics ability 1995; Summers, 2003We hypothesize girls' and boys' pathways
(Dweck, 2008 Indeed, girlsand boys are more likely to declare to scienti ¢ degrees can be predicted by their perceived tgbili
PEMC undergraduate majors when they have more positivander challenge, and that the nature of this relationshipesby
orientations to mathematics, including perceived mathensat gender.

ability and growth mindset Rerez-Felkner et al., 201Zven

during college, positive beliefs about one's mathematidiyab- METHODOLOGY
more commonly held by men—are associated with continuing

on to complete majors in PEMC and related eldsdx, 1994; Sax Research Questions and Hypotheses
etal., 201p All together, these studies indicate how mathematic®©ur recent study{lix et al., 201pand the new analyses we report

ability beliefs a ect women's pathways toward scienti ¢ degs.

KEY CONCEPT 4 | Stereotype threat.

Stereotype threat is the experimentally demonstrated phesmenon showing
individuals tend to underperform when negative stereotypeabout their identity
group are made salient. For example, when women are primed Wi a
reminder of men's perceived dominance in mathematics, theyerform lower
on academic tests than do otherwise similar women who did noexperience

on below respond to our central research question: How do'girls
and boys' mathematics ability beliefs relate to subsegsteps on
students' pathways to mathematically-intensive scientigjors,

and how does this relationship vary by gender? Figure S1
represents our hypothesis that gender moderates the rekttipn
between mathematics ability beliefs and pursuit of PEMC
degrees. Because ability beliefs can be speci c to partitagér
and subject domains(sikszentmihalyi and Schneider, 2000;

this stressor. Bandura et al., 200Q,L we distinguish between perceptions of

mathematics, verbal, and general ability under challenge.

KEY CONCEPT 5 | Growth mindset.

Individuals with a growth mindset believe mathematics ahii is malleable, that
it can be learned, as compared to those who believe it is a xedrait inherited
at birth and irresponsive to effort.

Procedures
We used nationally representative Education Longitudinati$t
(ELS) restricted-use panel data collected by the U.S. Ndtiona
Center for Education Statistics. The base-year sample in 2002
Our study is particularly interested in perceived ability includes (totals rounded for compliance with restricted- dsea
when encounteringchallengefor three primary reasons. First, procedures) 16,200 10th graders from 750 high schools across
underrepresented individuals may face particular personahe United States, as well as their parents, teachers, andlschoo
challenges when breaking into a eld where they in the mitpri  administrators. Follow-ups were conducted in 2004 (12thig)a
(e.g., women in PEMC)—including stereotype threBei{ock, 2006 (2 years after high school), and 20t2¢ls et al., 20)4For
2009. Second, beliefs about ability in dicult/challenging clarity, we discuss the data primarily in reference to paptigits'
mathematics bears particular importance to success igducational stage. This study was conducted in accordaitbe w
mathematics-intensive endeavors. While previous scholamlorida State University's Human Subjects Review Board and in
have argued forGorrell, 2001, 2004and againstRiegle-Crumb  full compliance with the U.S. Institute for Education Sciences
and King, 201pthe importance of mathematics self-assessmentRestricted Data Use procedures. Detailed technical infaomat
of ability in the scienti c gender gap, these and other stsdie is provided in the Supplementary Material about our analytic
have not directed attention to the speci ¢ issue of mathex®ti samples, variables, and models. Our analysis includes threswa
challenge. By contrast, we focus on questionnaire itemf panel data and represents the college-going population of
indicating students' perceptions of their ability to learndan U.S. students who were tenth graders in the spring of 2002
master the most di cult mathematical concepts. Previous Wor and enrolled in in degree-granting postsecondary programs by
focused on broader perceptions of talent in mathematics asvo years after high school. Our analytic sample follows @,45
compared to verbal domainsCprrell, 200)*. Our approach U.S. students from sophomore year of high school through
narrows the focus from students' mathematical ability &sli declaration of a college major. We adjust for strati catiam i
in generatto these beliefsn the context of the most challengingthe sampling design with complex survey weighting techniques,
material Notably, girls believing mathematics ability can growdiscussed in greater depth in the Supplementary Material.
continue to engage in di cult mathematics tasks as compared Section How Dierent Are Girls' and Boys' Mathematics
to those with xed mindsets, who may adopt a fatalisticAbility Beliefs? describes the results of regression nsodel
response and withdraw from mathematics-intensive pursuitgissessing the relationship between gender, growth mindset
mathematics perceived ability under challenGeowth mindset
1correll's .(2001)seminal sglf—assessment stqu compareq stu(ljenFs' responses Qihg calculated from a single questionnaire item asking fabou
the following three sets of items from the National Education Litudjnal Study , .
of 1988, alternately about Mathematics or English courses: “dfagtics/English students’ level of agreement with a ,SIatemen,t that n,].OSI people
can learn to be good at mathlathematics perceived ability under

is one of my best subjects,” “l get good marks in Math/Englishd ‘dmave always i :
done well in Math/English.” challengeneasures indicate students' level of agreement with the
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following statements: “I'm certain | can understand the mos gender). Further, we report and show gender di erences in¢hes
di cult material presented in math texts,” “I'm con dent | ca  beliefs across the distribution of observed ability.
understand the most complex material presented by my math As shown inFigures 1land?2, gender di erences in perceived
teacher,” and “I'm certain | can master the skills being taiug mathematics ability in 10th and 12th grades are highly sogmit
in my math class,” in the 10th and 12th grades. This analysis { < 0.001). Across both gures, boys consistently rate their
further explored by including interaction terms measurintget  ability more highly than girls do, irrespective of their adtua
relationship between each of these three ability beliefsmes observed ability. The blue dashed line represents boys; gils a
and gender. In Section Do Ability Beliefs In uence Girls' andrepresented in red. The largest gender di erences are found
Boys' Scienti ¢ Course Completion in Secondary School?, wiea 10th grade perceived mathematics ability under challenge
explain the results of ordinal logistic regression modelshef t Figure 1 indicates the gender gaps are largest among the least
highest high school science course taken, estimating thet® e and most talented mathematics students. Girls rate thelitgin
of gender and 10th grade ability belief measures (mathesiati di cult mathematics systematically lower than boys: the gen
verbal, and general) along with the following control vates: dierence is 0.29 standard deviations for those at the 50th
race/ethnicity; parent education; family income; 10th grad percentile of observed ability, 0.34 standard deviationstfose
mathematics and verbal ability and grade point averagepregi at the 70th percentile, and 0.24 for those at the 90th perceihtile
and urbanicity. In Section How Do Ability Beliefs In uencei®'  sum, the gender di erence in perceived ability under chalkeng
and Boys' Intended and Declared Postsecondary Majors?ave ais wide and demonstrable across all observed ability values
12th grade mathematics ability belief measures, advamiedce  including, mostimportantly, among those students at thehaist
course completion, and postsecondary institutional seldgtas levels of ability who demonstrate the highest potential faufa
controls, and include interaction terms measuring the j@rect  careers in mathematics and scienéégure 2 shows a more
of gender and mathematics ability beliefs on retention ilMRE ~ modest but still highly signi cant gender di erence in pereeid
majors. ability under challenge (in 12th grade) across the obseabdidy
distribution. Notably, the widest gender di erence here fstae
top of the ability distribution. Whereas among girls in thetB0

RESULTS through 70th percentiles of observed ability fall betweedb0.

. o , and 0.19 standard deviations below boys, at the 90th percentile
How Different Are Girls" and Boys 12th grade girls' perceived ability with challenging mattaics
Mathematics Ability Beliefs? is 0.27 standard deviations lower than their male peers. In

The 2015 study began by examining gender dierences imther words,boys are signi cantly more con dent in challenging
ability beliefs. To do this, we compared girls' and boysmathematics contexts than otherwise identically talegted
average ability perceptions: in mathematics, verbal, anémgén The analyses that follow evaluate the extent to which stutlents
domains. We measured statistical di erences by gender withbility beliefs in uence students' pursuit of scienti c a8rs in
Adjusted Wald Tests. Ability beliefs varied by gender omly i secondary and postsecondary school, and the e ect of gender on
mathematics, with boys notably higher in their ratings thgirls.  this relationship.

Perceived ability under challenge was measured in 10th and

12th grades and indicates students' level of agreementtivéh e . P '
following statements: “I'm certain | can understand the rmos Do Ability Beliefs In uence Girls’ and Boys

di cult material presented in math texts” “I'm con dent | ca Scienti ¢ Course Completion in Secondary
understand the most complex material presented by my matischool?
teacher,” and “I'm certain | can master the skills being fatlig ~ This 10th grade gender gap in perceived ability is perhaps
my math class.” Girls and boys di ered most widely on 10th grad even more consequential than at 12th grade, because pafceive
perceptions of their mathematics ability under challengeysbo ability under challenge in 10th grade is a particularly stgon
rated their ability 27% higher than did girls (about 0.40r&tard  predictor of students' decisions to take subsequent science
deviations). In addition, girls were about 0.20 standardidigons  courses in secondary school, as we showed in the 2015 paper
lower than boys on growth mindset (11% di erence) and 12th(Nix et al., 201k There, we used ordered logistic regressions to
grade perceived ability under challenge (13% di erence). predict the highest science course taken in high school. éAsid
In this manuscript, we examined these di erences furtherfrom students' background characteristics, and objectiliity
The results described above demonstrate gender di erentes measures (model details described in Section Methodology
students' mathematics ability beliefs without taking abjge and supplement), 10th grade perceived mathematics ability
measures of ability into account. Subsequently, we assessedler challenge was the most in uential predictor of advahce
how these beliefs vary across students' 10th grade matiematscience course completion. Moreover, holding perceived math
ability test scoresblytxmirr), a measure widely used in researchability under challenge, objective math ability and other
using ELS (e.g.Riegle-Crumb and Humphries, 20.2Two- factors constant, girls have 24.0% lower odds than boys of
samplet-tests (allowing for unequal variances) were used t@ompleting the most advanced science courses, all else being
statistically compare girls' and boys' ability beliefs, merage, equal.
among students at the 10th, 30th, 50th, 70th, and 90th peiteent Above and beyond the individual e ects of gender and
of observed ability (among students in our analytic samplegser  ability beliefs on advanced science course completion, we
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FIGURE 1 | Perceived mathematics ability in 10th grade given ob  jective ranking of mathematics ability.

0-200 & Boys

W Girls

Perceived Mathematics Ability in 12th Grade (Standardized)

-0.200

-0.400

10th 30th 50th 70th 90th

Percentile Score on Standardized Mathematics Test (10th grade)

FIGURE 2 | Perceived mathematics ability in 12th grade given ob  jective ranking of mathematics ability.

also tested whether the relationship between ability Eliethe relationship between mathematics ability beliefs anarse
and students' chances of completing science courses variedmpletion.

by gender, and found that they did not. The inuence of

ability beliefs on students' chances of completing scienc - . _—

courses did not dier by gender, indicating these beliefs'g|0W Do Ability Beliefs In uence Girls' and

positively in uence course completion similarly for both men BOyS' Intended and Declared

and women. Notwithstanding, the signi cant gender di eres&  Postsecondary Majors?

in ability beliefs and direct e ect of gender on completing Moving farther along girls' and boys' pathways to scienti c
advanced scienti ¢ coursework suggest gender may moderagiegrees (to 2 years after high school), we examined the
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association between ability beliefs and gender with (A) To add clarity of interpretation, we report these di erences
postsecondary major retention and (B) speci c major choiceusing predicted probabilities generated from our estimaissg
Our major retention analyses compared intended postsecandathe margins commands in Stata 314All other predictors at
majors to declared majors, distinguishing among those whaoheir means, our models indicate women have a 4.7% chance of
entered, stayed, and left the natural sciences (PEMC ardkclaring PEMC majors as compared to 14.9% of tnéi else
biological science elds) with abstainers (those neveidating equal then, being female decreases the students' prolyabilit
an interest in these eld$) To evaluate students' speci ¢ major majoring in PEMC scienti ¢ elds by 10.2% points.
choices, we estimated these relationships with multinomial How do women and men's chances vary depending on their
logistic regression equations comparing students' chamges ability beliefs? Starting with girls: 12th grade girls with thest
majoring in PEMC, biological sciences, health scienced, amegative perceptions had a 1.8% chance of choosing PEMC
social/behavioral and other sciences to selection of maotside  majors; those girls with the most positive perceptions of their
of science, technology, engineering, and mathematics NBTE mathematics ability under challenge had a 5.6% chancelsell e
elds. being equal. In other words, girls' likelihood of majoring in

Perceived mathematics ability under challenge clearlPEMC is 3.1 times greater at the highest value of 12th grade
predicted retention in the natural sciences (PEMC/biology)mathematics ability under challenge as compared to the lbwes
as compared to other majors. Again, 10th grade mathematiogslue. Turning to boys, those with the most positive perceptions
ability under challenge is the most in uential of these #bil had a 19.1% chance, 2.8 times higher than those with the most
beliefs, even when including a 12th grade measure of thi®samegative perceptions (6.7%), all else being equal. While men ha
indicator to capture potential change in students' mathewsti the higher raw increase, the rate of increase is a more irditirra
ability beliefs over time. Because of this repeated meathee, measure. Similar albeit smaller e ects are found for 10thdgra
e ect of our 10th grade measure is more conservative thaperceived ability and growth mindset, whereby girls' charafes
it would be if measured alone. Nonetheless, a one standardajoring in PEMC range, respectively, from 1.8 to 5.5 andd.9t
deviation increase in 10th grade perceived mathematics.5% as their beliefs increase, all else being equal.
ability corresponds to a 1.62 times higher risk of staying Figures 3-5 display the results of our regression models,
in the natural sciences as compared to never enteringhowingwomen's chances of selecting each of our four cagsgo
these elds in college. Mathematics ability beliefs in 12thof STEM majors, as predicted by their level of growth mindset
grade are also positively associated with switching intdFigure 3) and perceived mathematics ability under challenge in
natural science majors, among those not initially interglin 10th (Figure 4) and 12th gradeRigure 5 (Figures S2, S3). As
them. explained in the Appendix, predicted probabilities are caladat

Additionally, we examined students' choice of postsecopdarfor girls in the 75th percentile of observed mathematics gbili
majors two years after secondary school. We estimated simpie 10th grade, as higher performing students tend to be better
models with demographic characteristics and built up to ourpositioned to pursue science in postsecondary s¢hobihese
full model which included ability beliefs. Final models imded graphs demonstrate increasing girls' beliefs about theilitabi
interaction terms assessing gender di erences in how gbilitwith challenging mathematics can raise their probability of
beliefs in uence major selection. As we added explanatorynajoring in PEMC elds over and above now female-dominated
variables to the model, women's chances of majoring irbiological science elds, all else being equal. This nding is
PEMC—while still considerably smaller than men's—inceelas clearly observed for growth mindset (s€gure 3), positively
Interestingly, gender strongly inuences students' cleiof associated with choosing PEMC majors for girls but negativel
both PEMC and health sciences majors, in opposite directionassociated for boys (see Figure S1 in Supplemental Material).
Speci cally, men have a 3.60 times higher risk of majoring inCorrespondingly, as 10th grade growth mindset and 12th grade
PEMC sciences as compared to women and a 0.74 times lowgegrceived ability under challenge increase, women's prdbabi
risk than women of majoring in health elds. Race/ethnicity of majoring in health elds increases over and above that of
also in uenced students' choice of scienti c majors, in mead  majoring in social/behavioral and other science elds. Morer,
directions which we are examining further in a forthcoming perceived ability in challenging mathematics is particylarl
paper (\ix and Perez-Felkner, 20).60ther than gender and
race/ethnicity, advanced science course completion in skgn 3More detailed information on the commands used to generate these pilittes
school was the most signi cant predictor of majoring in PEMC s provided in the supplement.
elds. These reported results are each highly signi capt<( 4When we subsequently add our gendaility belief interaction terms, the gender
0.001). With respect to ability beliefs, all domain-specialibfs gapin PEMC narrows ever so slightly: women then have a 4.6% chamegaring
were found signi cant p < 0.05 or smaller), even verba & in PE_MC as compared to 14.7%_0f men. Both models were fo_und tp t tha dat

. -~ e ectively (p < 0.000), but the simpler model without interactions is stronger

0.000). Of these, 12th grade perceived ability under chgdlen [, .0 '9.78 vsF 45 55D 8.18]. For this reason, the following results (until
had the strongest predictive in uence. We interpret this mdj  line 316) are based on the model without interaction terms.
further below. SWe considered aligning all of our ability measures to either thek-speci ¢
means or their 75th percentile. To allow the reader to more clearly evathat
independent e ects of each of our mathematics ability beliefsdxem, all variables
2As discussed further in the supplementary material, the data do not alkbt are set at their sample means other than gender, observed matherahtlity,

separate PEMC and biology elds for the major retention variable. Wertte this ~ and the ability belief under examination (i.e., perceived apilitder challenge in
combined category as “natural sciences.” mathematics in 10th grade, in 12th grade, and growth mindset).

Frontiers in Psychology | www.frontiersin.org 6 April 2017 | Volume 8 | Article 386


http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive

Perez-Felkner et al. Gendered Pathways

Probability of Science Major (WWomen)
By Growth Mindset

mmmm PEMC (Women) mms Biology (women)

Health (women) mmmm  Soc/Behav & Other Sci (women)
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FIGURE 3 | Predicted probabilities of choosing speci ¢ STEM majors, by growth mindset in 10th grade, for girls on the 75th per centile of mathematics
ability.

positive and in uential for girls, as indicated above and inThe primary di erences by gender are as follows. Puzzlingly,

Figure 4. Figure S1 indicates that for men at the 75th percentile of
Next, we investigated potential gender variation in theobserved mathematics ability, those with the lowest growth

relationship between mathematics ability beliefs andrdcee  mindset are the most likely to pursue PEMC elds. By contrast,

major choice. Indeed, we found evidence of one signi canfigures S2 and S3 show the perceived ability under challenge

interaction, between gender and growth mindset in the choicin mathematics directly increases men's probability of magp

of health majors. Speci cally, believing mathematics gbiten in PEMC elds. Furthermore, these gures represent visually

be improved through e ort (growth mindset) in uences men a nding consistent with other contemporary studie®drez-

and women di erently. While growth mindset does not have Felkner et al., 2012; Schneider et al., J0that the patterns

a signi cant e ect on women's chances of majoring in healthfound in health elds for women correspond to those found

elds, men's chances of majoring in health elds decline b§%. in PEMC elds for men. In e ect, the gender gap in each—

points for every one-unit increase in growth mind&ete do  including their close relationship with biology—is mirred when

not however nd evidence indicating boys and girls dier in comparingthese gures with their companion guresinthe main

how any of our mathematics ability belief measures (growthmanuscript.

mindset and perceived ability under challenge in 10th and

12th grades) in uence choice of PEMC major. Notwithstarglin

perceived ability under challenge in mathematics in 12thdgra CONCLUSIONS

and gender are each signi cant predictors of majoring in PEMC

even in this otherwise weaker interaction e ects mogglfe<  Our study explains the relationship between mathematicktybi

0.000,pmathi2 < 0.009). In other words, perceived ability under beliefs and girls' and boys' decisions to pursue the most

challenge in 12th grade clearly and positively a ects men andex-segregated scientic degree elds: physical, engingeri

women's chances of entering PEMC elds, as we see also in thgathematics, and computer sciences (PEMC). Because late

results reported above. Thisin uenceisin additiontothejtioe ~ secondary school and early college are critical years in U.S.

e ect of all three ability beliefs as well as high school smen students' decisions about whether to continue studyingrsce

course taking, which remains positive and signi cant. (Berryman, 1983; Seymour and Hewitt, 1997; Grith, 2010
Figures S1-S3 in the supplementary material represent thair research uses nationally representative longitudiretad

predicted probabilities for men, complementirigigures 3-5.  following 10th grade students over a six year period. Indeed,

we nd mathematics ability beliefs inuence students at
6Recall growth mindset is based on a single item. Therefore, a onénanease  €ach stage of our study, from completing more advanced
aligns with students' responses (e.g., from strongly agree to agree) high school science coursework to the undergraduate majors
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FIGURE 4 | Predicted probabilities of choosing speci c STEM majors, by perceived mathematics ability under challenge in 10 th grade, for girls on the
75th percentile of mathematics ability.

they choose. With respect to students' selection of PEMGchool, and postsecondary characteristics. All togethersd
majors, our primary outcome of interest, perceived abilityresults suggest enhancing girls' beliefs about their mattes
under challenge in mathematics is especially in uential, forability—in particular when encountering challenging math—
both girls and boys. Our main ndings are summarized can have meaningful consequences for their opportunities to
below. pursue elds aligned with their mathematical and scientic
Mathematics ability beliefs in secondary school vary byalent.
gender. We demonstrate a gender di erence in mathematics Our ndings have practical implications. Because of girls'
ability perceptions, such that boys hold a growth mindset morenore negative perceptions of their ability under challenge,
often than girls and perceive their mathematics ability to bedi culty with mathematics may especially steer girls away
stronger than do girls, especially in 10th grade. We invagtig from scienti c majors and careers. However, feeling chregked
this relationship further, nding this pattern holds even wh is a normal and necessary part of learning. Students appear
controlling for observed mathematics ability and other keyto experience optimal learning when their skill, interest,
predictors. In fact, these gendered patterns hold even fose¢ho and challenge are balance&ohneider et al., 20L.6Recent
on the highest ends of the distribution of mathematics @pili interventions aim to help students' resilience and shifivéod
(boys and girls together), supporting the argument that &pili more malleable conceptions of intelligenceo(d et al., 2003;
beliefs and their in uence cannot be explained by di erencesBages and Martinot, 2011; Yeager and Dweck, p(M@reover,
in innate talent. We also observe the concerning nding tirat  social support—from teachers, mentors, parents, peers—could
this recent cohort of U.S. students attending secondary gichobe a valuable tool to sca old students through challenges and
in the 2000s, even among the most mathematically talentelgelp girls counter their own and others' lower beliefs about
students, boys remain more con dent in their abilities whentheir mathematics ability \(ygotsky, 1980seePerez-Felkner,
encountering challenging mathematics. It should then ppegha 2015.
not be surprising that women remain underrepresented Moreover, our ndings suggest enhancing access to advanced
in what are so often colloquially called the “hard” science coursework in secondary and postsecondary school has
sciences. positive e ects on students'—notably girls—chances of emger
Mathematics ability beliefs appear to explain each of ouPEMC elds in college. While there have been considerable
PEMC-related outcomes, at each stage, from completion @& orts to increase mathematics rigor in U.S. secondary sahool
advanced science courses in secondary school to earningPENgss attention has been paid to science. Some approaches to
undergraduate degrees. Girls' chances of choosing theggama sustaining girls' interest and engagement through middiel a
more than tripled as their ability beliefs increased from lowhigh school include: science camps like SciGirls; recrigjimls
to high, even while controlling for key background, secayda to participate in upper level science courses and extracugicul
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FIGURE 5 | Predicted probabilities of choosing speci ¢ STEM majors, by perceived mathematics ability under challenge in 12 th grade, for girls on the
75th percentile of mathematics ability.

activities; informal science learning experiences; antegsing school Riegle-Crumb et al., 20p6-inally, other than medicine,
visibility and access to women scientists both ctional andmost girls (and boys) know very little about the careers aneld
real. Notably successful e orts at the university level ie of those working in STEM disciplines. Because of this liméad
bias-reducing and social belonging interventions and @dg often times skewed knowledge, there appears to remain a need
barriers to enrolling in undergraduate gateway courses tdor initiatives to highlight the potential diversity and jof these
engineering and computing majors (e.g., prior coursework,elds, which have not traditionally seemed welcoming to young
experience in the eldCorbett and Hill, 201 people from traditionally underrepresented backgrounds, bf al
Several reinforcing in uences appear to continue signalinggenders.
to girls that these majors may not be the most appropriate or It is di cult to change societal associations between gende
wise investment of their time. First, there are the persistenand mathematics ability, which boys and girls experience and
stereotypes held by many adults and young people in theimay internalize earlyHccles, 2005; Jacobs et al., 2005; Gunderson
life that girls are “just not as good” at math and sciencegt al., 201p. Nevertheless, these associations have consequences
with demonstrated e ects among even undergraduate womefor career aspirationsCorrell, 2003 and, as we show here,
(Beilock, 2008; Cheryan et al., 200Second, these messageseach step of the secondary and postsecondary pathway to
even if well intended, are reinforced by the media and broadecareers in high-need, high-status, and highly sex-segedgat
society. Perhaps the gap in computing and other scienti ghysical, engineering, mathematics, and computer sciences
elds is attributable to girls' perceived need to be “perfect’(PEMC). Mathematics-intensive science elds are expected t
rather than brave $aujani, 201% Indeed, U.S. boys are more constitute an increasing share of the labor market. While
likely to grow up practicing athletic feats and imagining yhe women are the majority of college students, they remain
have superhuman powers while girls often still practice being minority in these majors [fiPrete and Buchmann, 20).3
princesses. While each has their merits, the di erentiatisn i This is a problem. Importantly, beyond the numbers issue,
troubling. Socialization research suggests childrennlesmd research shows diversity increases the quality of scienti
internalize such cultural messagé%(ez-Felkner, 20),3which  work, helping generate more innovative and in uential ideas
may in uence how girls and boys respond to the inevitable(Freeman and Huang, 20).4Putting our heads in the sand in
experience of struggling with a di cult mathematics problem response to persistent—and in some cases worsening—gender
or exam—alternately welcoming or avoiding the risk of feelu disparities in science gets us nowhere. Rather, this rdsearc
Third, upper level math and science courses are often optionanplies the need for continued investment in e orts to generat
in school; social network research on course taking patternand sustain creative, multi-pronged approaches to help more
indicates girls are particularly likely to follow their sargender talented and ambitious girls see themselves as—and become—
friends into or out of STEM preparatory course work in high scientists.
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