
UC Santa Barbara
UC Santa Barbara Previously Published Works

Title
Venus, Mars, and Math

Permalink
https://escholarship.org/uc/item/6r44t06c

Author
Charles, Maria

Publication Date
2017

DOI
10.1177/2378023117697179
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/6r44t06c
https://escholarship.org
http://www.cdlib.org/


https://doi.org/10.1177/2378023117697179

Socius: Sociological Research for  
a Dynamic World
Volume 3: 1 –16
© The Author(s) 2017
Reprints and permissions:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/2378023117697179
srd.sagepub.com

Creative Commons Non Commercial CC-BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 3.0 License (http://www.creativecommons.org/licenses/by-nc/3.0/) which permits non-commercial use, reproduction 

and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages 
(https://us.sagepub.com/en-us/nam/open-access-at-sage).

Original Article

Over the past three decades, policy makers, activists, and 

business leaders around the world have launched wide-rang-

ing global and local initiatives aimed at increasing the pres-

ence of women in scientific, technical, engineering, and 

mathematical (STEM) occupations and degree programs. 

Motivating these initiatives are interests in increasing wom-

en’s access to secure, well-rewarded occupations and in 

addressing shortages of scientific and technical labor that are 

believed to threaten national prosperity, private profits, and 

the broader public welfare (National Academy of Sciences 

2007; United Nations Educational, Scientific and Cultural 

Organization 2010; Wotipka and Ramirez 2003).

In the United States and other affluent democracies, these 

STEM diversification efforts have resulted in little change in 

the gender segregation of scientific and technical fields since 

the 1990s, with the exception of increased representation of 

women in biological and health-related fields (England et al. 

2007; Pearson, Frehill, and McNeely 2015; Xie, Fang, and 

Shauman 2015). Despite women’s growing numerical advan-

tage in higher education, their share of engineering, com-

puter, and physical science degrees has barely kept pace with 

overall enrollment gains in the advanced industrial world 

(DiPrete and Buchmann 2013; National Science Foundation 

2015; Schofer and Meyer 2005).

Perhaps more surprising is evidence that women’s repre-

sentation in many STEM occupations and degree programs is 

considerably weaker in the most affluent societies than in 

developing and transitional economies (Barinaga 1994; 

Charles 2011; Charles and Bradley 2009). Data from the 

United Nations Educational, Scientific and Cultural 

Organization (UNESCO) show, for example, that some of the 

most male-dominated engineering programs are in the world’s 

leading industrial democracies (Japan, Switzerland, Germany, 

and the United States). The gender composition of science 

overall follows a similarly counterintuitive pattern, with 

women’s share of science graduates nearly 50 percentage 

points higher in some Eastern European and Muslim coun-

tries than in the Netherlands (United Nations Educational, 

Scientific and Cultural Organization 2010).

One possible explanation for stronger segregation of 

STEM fields in advanced industrial societies is that women 

have greater latitude to indulge their gendered aspirations for 

less lucrative non-STEM pursuits in more affluent contexts. 

This seems plausible; opportunities for realizing aspirations 

and mitigating occupational risks vary across societies, and 

there is evidence that people are more willing to accept the 
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economic costs associated with pursuit of personally attrac-
tive career paths in societies characterized by broad-based 
affluence (Inglehart and Welzel 2005).

A second possibility (and these are not mutually exclu-
sive) is that attitudes are themselves more gender differenti-
ated in affluent societies, perhaps because gender stereotypes 
more strongly influence educational and career affinities in 
contexts where concerns about material security are less 
salient (Charles 2011). Recent comparative research offers 
some support for this argument. The gender gap in STEM 
aspirations does vary cross-nationally and in ways that seem 
to map onto observed patterns of gender segregation. Sikora 
and Pokropek (2012) found, for example, larger gender dif-
ferences in expectations to work in computing, engineering, 
or mathematics (but not biology or health) in advanced 
industrial societies. My colleagues and I likewise found 
stronger affinity for mathematics and science and stronger 
aspirations to pursue STEM careers in more affluent coun-
tries (Charles and Bradley 2009; Charles et al. 2014).

The present study uses over-time data from 32 countries to 
assess more rigorously the relationship between societal 
affluence and the gender gap in STEM aspirations, which has 
been investigated only cross-sectionally so far. By modeling 
within-country change in eighth grade boys’ and girls’ aspira-
tions as a function of within-country change in societal afflu-
ence, I am able to measure the affluence effect net of stable 
country-level characteristics (i.e., characteristics that do not 
change substantially over the period of study). These include 
geographic region, religious and secular cultural traditions, 
levels of political democracy, welfare-state regime type 
(Cooke 2011), national work-family policies (Mandel and 
Semyonov 2006; Pettit and Hook 2009), and such properties 
of educational systems as ability tracking, testing regimes, 
and density of single-sex and religious-based schooling 
(Buchmann and Dalton 2002; Charles and Bradley 2002). As 
a second analytical step, I explore some intermediary vari-
ables that may be more proximate drivers of an attitudinal 
gender gap in affluent societies.

Why Study Aspirations?

Orientations and affinities figure prominently in popular 
accounts of social outcomes in the United States, and they 
are one of the most common explanations for women’s per-
sistent underrepresentation in many STEM fields (see review 
by Ceci and Williams 2010). Explanations tying gender seg-
regation to men’s and women’s free choices are popularly 
resonant because they align well with Western individualistic 
values and with widely held beliefs about men’s and wom-
en’s naturally distinct tastes and values.

Despite the obvious essentialist interpretations, an analyti-
cal focus on aspirations does not imply a privileging of 
micro- over macro-level explanations for gender segregation. 
Occupational aspirations are social products, not intrinsic 

properties of individuals.1 The sociological evidence is strong 
that American women’s interest in STEM fields is influenced 
by all sorts of structural and cultural factors, including statis-
tical discrimination, male-centered professional cultures, and 
self-fulfilling stereotypes about gender and about the nature 
of scientific and mathematical work (Cohoon and Aspray 
2006; Des Jardins 2010; Faulkner 2010; Rossiter 1993).

Once established, however, aspirations feel very real to 
those who hold them (Cech 2015), and they have real effects 
on educational and occupational outcomes. We know that 
gendered aspirations play a significant role in producing and 
that reproducing many sorts of gender segregation (Correll 
2004; Okamoto and England 1999) and that young people’s 
interest in STEM careers is highly predictive of later educa-
tional and occupational outcomes (Cech et al. 2011; Morgan, 
Gelbgiser and Weeden 2013). We cannot possibly under-
stand women’s underrepresentation in science and technol-
ogy in the United States and other advanced industrial labor 
markets without understanding the social underpinnings of 
gender-differentiated aspirations and affinities.

I explore the relationship between societal affluence and 
eighth-graders’ aspirations for mathematically-related jobs in 
32 countries between 2003 and 2011. Results show that aspira-
tions become more gender differentiated as societal affluence 
grows. This gendering effect holds net of students’ social class 
backgrounds, mathematical achievement, age, and affinity for 
school, and it is robust to numerous changes in model specifi-
cation and measurement. The association between societal 
affluence and the attitudinal gender gap is also not explained 
by cross-national differences in the educational and economic 
integration of women, the gender stereotyping of science, or 
student Internet access. One possible intermediary mechanism 
is the greater tendency for people to understand school and 
work as vehicles for personal fulfillment in affluent societies; 
expectations for self-realization through work may intensify 
the influence of cultural gender beliefs on educational and 
occupational aspirations. In any case, observed patterns of 
gender segregation reflect more than just women’s greater lati-
tude to indulge tastes for non-STEM work in affluent societ-
ies; tastes are themselves more gendered in these contexts.

1Gender stereotypes influence work aspirations in at least three 
ways. First, people’s assessments of their own (and others’) com-
petencies may be biased by gender stereotypes (Bem 1993; Correll 
2004; Nosek, Banaji, and Greenwald 2002; Ridgeway 2011). 
Second, gender stereotypes may bias people’s expectations about 
what they will enjoy doing (Charles 2011). And third, people may 
aspire to gender-conforming work (“do gender”) to affirm their nor-
mative masculinity or femininity or to avoid social disapproval by 
peers, family, or employers (Armstrong and Hamilton 2013; West 
and Zimmerman 1987). The general implication is that individual 
aspirations and cultural stereotypes are largely co-constitutive and 
their relative effects on behavioral outcomes cannot be clearly sepa-
rated (Risman 2004).
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Data and Methods

Student-level data are taken from the Trends in International 
Mathematics and Science Study (TIMSS), in which sur-
veys have been conducted every four years since 1995 by 
an independent cooperative of national research institu-
tions and government agencies. The survey instruments 
are translated from a common English survey into local 
languages and verified by linguistic experts for cross-
national comparability and local usage (Trends in 
International Mathematics and Science Study at the Eighth 
Grade 2013).

On the basis of availability of the requisite data at two 
time points, the sample for the main analyses includes 32 
countries and territories and approximately 200,000 stu-
dents. Countries and student sample sizes are shown in 
Appendix A. Although it is not globally representative (most 
notably because of missing data on mainland China and 
India), this country sample is more regionally and socioeco-
nomically diverse than those used for most previous com-
parative analyses on this topic.

Measuring Aspirations

Aspirations for STEM careers are assessed using eighth 
graders’ responses to the statement “I would like a job that 
involved using math” (strongly agree, agree, disagree, or 
strongly disagree). TIMSS does not ask directly about STEM 
(or science) aspirations, but this item’s reference to “a job 
that involve[s] using math” likely calls to mind strongly 
male-dominated occupations in engineering, computing, and 
other physical sciences, rather than biological or health-
related fields, which require completion of mathematics 
courses but not ongoing use of mathematics at work. Previous 
research showed that different indicators of STEM affinity 
and aspirations (e.g., “I like math,” “I like science,” “I would 
like a job involving math,” “I enjoy learning math”) follow 
similar patterns of cross-national variability (Charles and 
Bradley 2009; Charles et  al. 2014; Sikora and Pokropek 
2012).

Research on educational and career paths in advanced 
industrial societies shows higher levels of attrition from 
STEM tracks among girls and women than among boys 
and men. This gender gap in persistence has been attrib-
uted to the competitive, masculine cultures and structures 
in many STEM environments and to cultural stereotypes 
that make girls and women less confident in their mathe-
matical and scientific abilities and more sensitive to nega-
tive performance evaluations (Cech 2015; Cheryan et  al. 
2016; Correll 2001; Morgan et  al. 2013; Seymour and 
Hewitt 1997). On the basis of the premise that more 
strongly held STEM aspirations will be more resilient in 
the face of such pressures, the primary models distinguish 
students who agree strongly (coded 1) with the survey 
statement from all others (coded 0). Robustness checks, 

presented further on, show similar results using a coding 
scheme that distinguishes students who strongly agree or 
agree from those who strongly disagree or disagree. 
Conclusions are also unchanged if agreement is treated as 
a continuous four-point scale and modeled using ordinary 
least squares regression. Twenty percent of boys and girls 
reported strong agreement in 2003, and 23 percent reported 
strong agreement in 2011 (see Appendix B).

TIMSS included some variant of the math aspirations 
item in every survey year but 2007. The primary over-time 
analyses use data from the 2003 and 2011 waves because the 
question wording changed between 1999 and 2003. To rule 
out the possibility that findings are specific to the 2003–2011 
period, I present supplementary models of change during the 
1990s.

Analytic Strategy

The primary analyses predict strong aspirations for a job 
involving mathematics using fixed-effect logistic regression 
models with robust standard errors and dummy variables for 
country and year.2 The year indicator (2011 vs. 2003) 
accounts for any time trend that affects all countries simi-
larly; country dummies control for unobserved characteris-
tics of countries that are stable between 2003 and 2011 and 
might be correlated with both societal affluence and gen-
dered aspirations.

The focal country-level covariate, societal affluence, is 
measured for each survey year (or as close thereto as possi-
ble) using the United Nations Development Programme’s 
Human Development Index (HDI), which takes into account 
life expectancy, education, and national income. The HDI 
offers a broader perspective on living standards and existen-
tial security of the population than purely economic mea-
sures (United Nations Development Programme 2012), and 
it fluctuates less in response to short-term ups and downs in 
the economic cycle. Between the 2003 and 2011 survey 
years, the HDI increased by approximately 5 percent (from 
.76 to .80) in the average country. Appendix B shows 

2Two-way fixed-effects models are specified as follows:
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where βGirlijt, βAffluencejt, and βAffluencejtGirlijt are the focal 
effects of student gender, societal affluence, and their interaction. 
Effects of control variables are represented by βXijt and βZjt at 
the student and country levels, respectively; βCountryj + βYeart 
represent fixed effects for country and year; and β0 is a constant. 
All continuously scaled covariates are grand-mean centered, and 
errors are clustered by country and year.
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descriptive statistics, including (in table note) minimum and 
maximum HDI values by year.3

The interaction of student gender with societal affluence 
is of particular interest, because it gives the effect of within-
country change in societal affluence on change in gender-
specific aspirations holding constant student-level traits, 
generic time trends, and stable country-level traits.

Because the 2003–2011 period includes the great reces-
sion, eighth graders surveyed in 2011 came of age during a 
period of greater global economic insecurity than those sur-
veyed in 2003. Any general trend in students’ aspirations (net 
of within-country changes in economic development) is cap-
tured with the dichotomous indicator for survey year 2011. 
Gender-specific trends were assessed by introducing an 
interaction term of gender by year, but this showed no sig-
nificant effect and was omitted from the final models.

Basic student-level demographic covariates include gen-
der, age, and socioeconomic status. The latter is measured as 
education level of the most highly educated parent (primary 
or tertiary, with secondary as the omitted category).

Indicators for mathematics achievement are included at 
both the individual and country levels. The student-level 
achievement variable controls for the possibility that girl 
students are more positively selected into secondary edu-
cation (i.e., are higher achieving on average than boy stu-
dents) in less affluent societies, perhaps because only 
academically “exceptional” girls are enrolled in secondary 
school in these contexts. If girls were more positively 
selected in low-HDI contexts, the smaller attitudinal gen-
der gap in these countries might be an artifact of their 
stronger mathematical achievement relative to boys. 
Student achievement is measured using “plausible scores” 
on TIMSS’s cross-nationally standardized tests, which 
range from 0 to 1,000 and are standardized to a mean of 
500 in 1995. I divide the plausible scores by 100 to sim-
plify tabular presentation of coefficients.

Mathematical achievement at the societal level is mea-
sured as the mean of eighth graders’ plausible scores in each 
country or territory for the respective survey year (again 
divided by 100). I treat this variable as a proxy for the diffi-
culty of the national mathematics curriculum: countries with 
the most intensive mathematics curricula are likely to have 
higher average achievement scores than countries with less 
intensive mathematics curricula. To the extent that students 
dislike fields thought to be difficult, highly competitive, or 
time consuming, change in these aggregate scores should be 
negatively related to change in aspirations for mathemati-
cally related jobs, and effects could differ by gender (Charles 
et al. 2014; Mann and DiPrete 2016; Osborne, Simon, and 
Collins 2003).

Strong aspirations for a mathematically related job may 
coincide with more positive orientations toward academic 
pursuits in general. These orientations may in turn vary by 
gender and across countries in ways that confound measure-
ment of cross-national variation in the dependent variable. I 
control for this by including a student-level measure of 
school affinity, defined as strong agreement with the state-
ment “I like being in school.” Supplementary analyses 
revealed no significant interaction with gender, so the final 
models include the main effect only.

Following the over-time analyses and extensive sensitiv-
ity tests, a final series of cross-sectional models explores 
possible intermediary mechanisms in the relationship 
between STEM aspirations and societal affluence. Because 
some of the key mediating variables are available at a single 
time point, these analyses are based on 2011 data only. To 
account for clustering of cases within countries, the cross-
sectional analyses are carried out using Stata’s XTMELOGIT 
command for multilevel models.4

Appendix B shows means and standard deviations for vari-
ables used in regression models; Appendix C shows scores for 
country-level covariates and their intercorrelations.

Results

Cross-national Variability in STEM Aspirations

Table 1 shows predicted odds of strong aspirations for a math-
ematically related job in 2011. These odds were computed 
separately for boys and girls through logistic regression mod-
els with fixed country effects and controls for student age, 
math achievement, affinity for school, and parental educa-
tion. They are “adjusted odds” because they account for dif-
ferences across countries in student-level traits.

The first two columns of Table 1 give values for girls and 
boys, respectively, and the third column gives the ratio of 
girls’ to boys’ odds. These odds ratios provide a good measure 
of gender differences in aspirations for mathematically related 
jobs in 2011. Values less than 1, which are found in all but one 
country, indicate a greater likelihood of strong aspirations for 

3Two countries (Sweden and Bahrain) showed no change in HDI 
over the eight-year survey period, and all others showed increases 
(of between 2 percent and 18 percent).

4The log-odds of strong aspirations for a math-related job in 2011 
(ln[pij/1 – Pij]) are estimated as a function of random country inter-
cepts (β0j) and a set of student-level variables (βXij):

ln 1  p P Y Xij ij ij j ij/ .− β β( ) = = +0 	 (2)

Country intercepts then are estimated as

β β β β0 00 0j j j ij jZ Z u= + + +Girl , 	 (3)

where β00 is a general intercept, βZj and βZjGirlij are a set of coun-
try-level variables and their interactions with gender, and u0j is an 
error term. All individual-level coefficients but gender are treated as 
fixed across countries.
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mathematically related work among boys than girls. An odds 
ratio of 1 indicates equal odds for boys and girls.

Although boys’ attitudes are more positive than girls’ 
nearly everywhere, cross-national variability in these odds 
ratios is substantial, ranging from .424 in Hong Kong to 
1.000 in Botswana. The aim of the present study is to under-
stand how variability in this gender gap relates to differences 
in societal affluence. A first impression can gained by plot-
ting the girl-to-boy ratios in Table 1 against the 2011 HDI. 
Results, shown in Figure 1, reveal a strong negative correla-
tion (–.76), meaning that girls’ odds of reporting strong aspi-
rations for math-related careers are lower, relative to boys of 
similar ability, age, and class background, in higher HDI 

contexts. Over-time analysis within countries allows a better 
assessment of this affluence effect because it holds constant 
stable country-level traits that might be correlated with both 
affluence and the attitudinal odds ratios.

Predicting Eighth Graders’ Aspirations, 2003 to 
2011

Table 2 shows the results of models predicting within-coun-
try change in eighth graders’ aspirations between 2003 and 
2011. Model 1 includes a gender dummy along with student- 
and country-level controls. The large negative coefficient in 
the first row confirms previous research findings that girls 
are significantly less likely than boys to express strong aspi-
rations for mathematically related work, even controlling for 
differences in mathematical achievement and social back-
ground (Charles et al. 2014; Riegle-Crumb et al. 2012). This 
model shows predicted odds that are more than 50 percent 
higher for boys than girls (exp[.447] = 1.564).

Model 2 adds to this baseline model the focal country-
level covariate: societal affluence, measured here as HDI. 
This coefficient gives the effect of within-country change 
in affluence on within-country change on aspirations. 
Interestingly, results show no significant effect on aspira-
tions when the affluence effect is constrained to be the same 
for boys and girls. But introduction in model 3 of the inter-
action term with gender suggests a significant difference 
between boys and girls in the effect of societal affluence. 

Table 1.  Adjusted Odds of Strong Scientific, Technical, 
Engineering, and Mathematical Career Aspirations, 2011.

Girls’ Predicted 
Odds

Boys’ Predicted 
Odds

Girl-to-boy 
Odds Ratio

Armenia .367 .569 .646
Australia .100 .215 .464
Bahrain .295 .449 .656
Botswana 1.058 1.058 1.000
Chile .181 .333 .545
Ghana 1.321 1.388 .952
Hong Kong .062 .147 .424
Hungary .111 .184 .605
Indonesia .136 .140 .971
Iran .280 .409 .685
Israel .212 .313 .677
Italy .073 .168 .436
Japan .021 .048 .429
Jordan .541 .871 .621
Korea .025 .041 .598
Lebanon .364 .576 .632
Lithuania .096 .131 .731
Malaysia .245 .279 .877
Morocco .900 1.217 .739
New Zealand .137 .236 .581
Norway .103 .193 .532
Romania .150 .204 .735
Russia .116 .145 .796
Saudi Arabia .259 .396 .655
Singapore .130 .174 .745
Slovenia .042 .102 .412
South Africa 1.011 1.115 .906
Sweden .059 .111 .531
Syria .605 .754 .803
Tunisia .485 .795 .610
United States .140 .225 .622
England .089 .169 .524

Note: Values are predicted odds of strong aspirations for a mathematically 
related job for students of average age and math achievement and 
with secondary-educated parents. Data are from the 2011 Trends in 
International Mathematics and Science Study sample of eighth-graders  
(n = 56,277 girls, n = 52,770 boys).

Figure 1.  Adjusted Girl-to-boy Odds Ratios of Strong 
Aspirations for a Job Involving Math, by Societal Affluence.
Source: 2011 Trends in International Mathematics and Science Study.
Note: 1 = Australia, 2 = Bahrain, 3 = Armenia, 4 = Botswana, 5 = Chile, 
6 = Ghana, 7 = Hong Kong, 8 = Hungary 9 = Indonesia, 10 = Iran, 11 = 
Israel, 12 = Italy, 13 = Japan, 14 = Jordan, 15 = Korea, 16 = Lebanon, 17 = 
Lithuania, 18 = Malaysia, 19 = Morocco, 20 = New Zealand, 21 = Norway, 
22 = Romania, 23 = Russia, 24 = Saudi Arabia, 25 = Singapore, 26 = 
Slovenia, 27 = South Africa, 28 = Sweden, 29 = Syria, 30 = Tunisia, 31 = 
United States, 32 = England.
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Coefficients from the logit model indicate that an increase 
of .2 on the HDI scale (roughly half the distance between 
the lowest and highest scoring countries in our 2011 sam-
ple) is associated with a decrease of about 19 percent in 
girls’ odds of strong aspirations for a mathematically related 
job (exp[.2 × (.389 − 1.456)] = .808), while HDI is unre-
lated to boys’ aspirations. Together this implies a larger 
gender gap in more affluent societies and seems to confirm 
the negative cross-sectional relationship shown in Figure 1.

Student-level control variables show mostly expected 
effects. Individual mathematical achievement and affinity 
for school are both positively related to aspirations, and 
older students are more likely to have strong aspirations for 
mathematically related work. None of these relationships 
differ significantly by gender (results available on request).

The positive effect of parental university education is 
inconsistent with recent evidence from the United States 
showing a stronger tendency for students from less privi-
leged social backgrounds to select majors and aspire to 
occupations that offer greater material security (Ma 2009; 
Mullen 2014). This discrepancy may be attributable to the 

greater propensity for those from higher socioeconomic sta-
tuses to expect completion of higher education, a prerequi-
site for most jobs involving mathematics (Xie et al. 2015).

The coefficients for survey year indicate a greater prevalence 
of strong aspirations in 2011 than in 2003. The overall rise in 
strong aspirations may be partly attributable to increased prag-
matism among students coming of age in the shadow of the 
great recession and/or to efforts by governments, nongovern-
mental organizations, and industry around the world to encour-
age young people to consider STEM careers. Supplementary 
models show no significant trend in aspirations between 1995 
and 1999 and no gender-specific trend in either decade.

Net of individual-level achievement, the effect of average 
national mathematical achievement is strongly negative: 
increasing curricular difficulty is associated with decreasing 
STEM aspirations. This finding is consistent with previous 
analyses showing that students’ interest wanes as mathemat-
ics curricula become more difficult within the United States,5 
and it suggests that the weaker overall STEM aspirations in 
affluent societies, evident in columns 1 and 2 of Table 1, may 
be partly attributable to the more difficult mathematics curri-
cula in these contexts (see Appendix C). Supplementary anal-
yses, discussed further on, show no significant gender 
difference in this effect.

Figure 2 presents graphically the girl-to-boy odds ratios 
predicted by model 3 of Table 2 for three hypothetical 

Table 2.  Two-way Fixed-effects Models of Eighth Graders’ 
Strong Aspirations for a Mathematically Related Job, 2003 to 
2011.

Model 1 Model 2 Model 3

Student-level effects  
  Girl (1=yes) –.447*** –.447*** –.473***

(.033) (.033) (.027)
  Math achievement 

score
.222*** .222*** .223***

(.035) (.035) (.034)
  Highest degree 

parent: primary 
school (1 = yes)

–.0001 –.0001 –.001
(.021) (.021) (.021)

  Highest degree 
parent: university 
(1 = yes)

.066** .066** .066**
(.023) (.023) (.023)

  Age in years .048** .048** .053**
(.018) (.018) (.018)

  Like school?  
(1 = yes)

.675*** .675*** .677***
(.028) (.028) (.028)

  Survey year 
(2011)

.136** .145** .145**
(.040) (.056) (.056)

Country-level effects  
  Average math 

achievement
–.530*** –.530*** –.537***
(.098) (.100) (.056)

  Societal affluence 
(HDI)

–.269 .389
  (1.680) (1.679)

  Girl × Societal 
Affluence

–1.456***
  (.208)

Constant –1.818*** –1.782*** –1.767***
(.047) (.224) (.218)

  Log likelihood –87,950.107 –87,950.021 –87,845.786

Note: Values are coefficients (standard errors) from models with fixed 
country and year effects and robust standard errors (n = 190,366 
students, 32 countries, 2 years). HDI = Human Development Index.
*p < .05. **p < .01. ***p < .001.

Figure 2.  Predicted Girl-to-boy Odds Ratios, by Societal Affluence.
Note: “Medium” HDI is defined as a Human Development Index score at 
the sample mean (.76) in 2003; “low” (“high”) HDI is defined as 1 standard 
deviation below (above) the mean. Values are the ratio of girls’ to boys’ odds 
of aspiring to a math-related career, calculated from fixed-effects models of 
within-country change from 2003 to 2011 (Table 2, model 3). They assume 
students of average age, average math achievement, and average affinity for 
school with secondary-educated parents. n = 190,366 students, 32 countries. 
Source: TIMSS 2003 and 2011. 

5Mann, Legewie, and DiPrete (2015) found that high-performance 
high school environments generally decrease interest in STEM 
careers and also widen the gender gap in aspirations in favor of 
boys.



Charles	 7

countries: with high, medium, and low affluence. All bars 
fall clearly short of gender parity (the value of 1, represent-
ing equal odds). But comparing bars across country types, 
we see that the predicted gender gap in aspirations becomes 
larger (i.e., bars get shorter) as societal affluence increases. 
In high-affluence contexts, girls’ predicted odds of aspiring 
to a math-related job are about half as large as boys’ odds. 
In low-affluence contexts, their odds are about 80 percent 
of boys’. As described below, I also assess this interaction 
by graphing average marginal effects and confidence inter-
vals, and through ordinary least squares regression.

Sensitivity Tests

The relationship observed between societal affluence 
and the attitudinal gender gap is robust to changes in 
model specification and variable definition. Columns 2 
to 7 in Table 3 show results of diverse sensitivity tests. 
Coefficients from the full fixed-effects specification 
(model 3 in Table 2) are shown in the first column for 
comparative purposes.

In column 2, HDI was replaced with the natural  
logarithm of gross domestic product per capita as an 
alternative time-varying indicator of societal affluence. 
Conclusions are unchanged, which is not surprising 
given that the two measures are very highly correlated  
(r = .93).

In a second sensitivity test, I measured societal afflu-
ence with a temporal lag, which might better capture its 
effect on eighth graders’ career aspirations. Column 3 in 
Table 3 shows results from models computed with HDI 
measured four years prior to the attitudinal surveys (i.e., in 
1999 and 2007, instead of concurrently in 2003 and 2011). 
The coefficient for the girl–by–societal affluence interac-
tion is very close in magnitude to that for the contempora-
neous specification.

Column 4 in Table 3 shows that the interaction of HDI 
with gender remains negative and significant if aspirations 
are defined more broadly to include both those who agree 
and those who strongly agree with the statement that they 
would like to have a job involving math. The only difference 
in the model is a nonsignificant effect of parental university 
education and the elimination of the positive effect for sur-
vey year 2011.6

6The latter discrepancy may be attributable to an intensification 
of STEM aspirations (a shift from agreement to strong agree-
ment) in the wake of the great recession. Descriptive statistics 
show that the likelihood of strong agreement increased between 
2003 and 2011 (especially for boys), and the likelihood of agree-
ment decreased. It is possible that the recession strengthened the 
resolve of some of those who previously might have been on the 
fence about a STEM career.

Table 3.  Sensitivity Tests for Fixed-effects Models.

Original Specification Alternative Specifications

  1 2 3 4 5 6 7

Model 3, Table 2 Societal Affluence 
as ln(GDP) per 

Capita

Societal Affluence 
(HDI) Lagged at t 

– 4 Years

Strong 
Aspirations + 
Aspirations

Strong 
Aspirations, 
1995–1999

Curricular 
Difficulty × Girl 

Added

Aspirations 
Scale (1–4)e

Student-level effects  
  Girl (1 = yes) –.473*** (.027) –.467*** (.031) –.469*** (.028) –.453*** (.024) –.335*** (.041) –.474*** (.027) –.220*** (.014)
  Math achievement score .223*** (.034) .223*** (.034) .225*** (.035) .375*** (.032) .134*** (.041) .223*** (.034) .187*** (.016)
  Highest degree parent: primary 

school (1 = yes)
–.001 (.021) –.003 (.020) –.007 (.021) .022 (.020) –.002 (.031) –.002 (.021) .016 (.009)

  Highest degree parent: university 
(1 = yes)

.066** (.023) .064** (.023) .059* (.023) .017 (.022) .066 (.034) .066** (.023) .006 (.009)

  Age in years .053** (.018) .052** (.018) .059** (.018) .033* (.014) –.035* (.015) .054** (.018) .019* (.007)
  Like school? (1 = yes) .677*** (.028) .676*** (.028) .685*** (.029) .623*** (.029) .677*** (.028) .321*** (.017)
  Survey yeara .145** (.056) .234** (.078) .158* (.083) –.034 (.065) .078 (.041) .145** (.056) –.001 (.033)
Country-level effects  
  Average math achievement –.537*** (.056) –.569*** (.088) –.578*** (.091) –.455*** (.108) –.984*** (.225) –.521*** (.097) –.225*** (.055)
  Girl × Average Math Achievement –.031 (.061)  
  Societal affluence .389 (1.673) –.072 (.110) –.023 (2.076) 1.150 (1.844) –5.432*** (1.253) .309 (1.677) .092 (.926)
  Girl × Societal Affluence –1.456*** (.208) –.109*** (.025) –1.419*** (.201) –1.216*** (.239) –1.608*** (.332) –1.303*** (.336) –.502*** (.113)
  Constant –1.751*** (.218) –1.665*** (.101) –1.675*** (.303) –.137 (.244) –1.207*** (.147) –1.748*** (.217) –2.435*** (.121)
  Log likelihood –87,845.786 –88,419.488 –85,358.976 –116,102.220 –51,792.928 –87,845.059 .164e

  Students 190,366 192,162 186,324 190,366 130,435 190,366 190,366
  Countries 32 32b 31c 32 14d 32 32

Note: GDP = gross domestic product; HDI = Human Development Index. Coefficients in bold type show gender differences in effects of societal affluence. 
a1 = 2011 for models predicting 2003–2011 change; 1 = 1999 for models predicting 1995–1999 change.
bSyria is excluded and Macedonia is included because of differences in available data for HDI and GDP.
cLebanon is excluded because of missing data on 1999 HDI.
dData for 1995 to 1999 are available for Australia, Honk Kong, Iran, Israel, Italy, South Korea, Lithuania, New Zealand, Russia, Singapore, Slovenia, South Africa, and the United 
States; information on affinity for school was not collected prior to 2003.
eOrdinary least squares regression with fixed effects; r2 value.
*p < .05. **p < .01. ***p < .001.
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As a further check, I examine trends during the 1990s. 
Because of changes in question wording between 1999 
and 2003,7 the primary analyses compare the 2003 and 
2011 waves. The 1995–1999 analysis is based on the sur-
vey item “Do you think that you would like a job that 
involved using math?” which is available for 14 of 32 
sample countries. Results of these models are shown in 
column 5 in Table 3. The negative interaction of HDI with 
gender indicates a growing gender gap with increasing 
societal affluence during the 1990s as well. The signifi-
cant main effect of HDI indicates a (smaller) negative 
effect of affluence on boys.

In column 6, the baseline model is shown with the addi-
tion of an interaction term that allows boys and girls to 
respond differently to the difficulty of the national mathe-
matics curriculum, as suggested in cross-national analyses 
by Mann and DiPrete (2016). Curricular difficulty (average 
mathematical achievement) continues to show a strongly 
negative main effect in this model, but I find no significant 
gender interaction, meaning that girls’ STEM aspirations are 
not more adversely affected by a difficult mathematical cur-
riculum than are boys’ aspirations, net of individual achieve-
ment. The coefficient representing the interaction of HDI 
with gender shows modest attenuation in model 6, but it 
remains statistically significant at the .001 level. Country-
level effects are also substantively unchanged if student-
level achievement is omitted from the model (results 
available on request).

To ensure that findings are not driven by a single high-
leverage country, I reestimated model 3 (Table 2) 32 times, 
dropping a different country each time. The interaction of 
gender and HDI remained negative and significant in all 
models. Omitting the indicators for parental education (miss-
ing for many students) also does not change the overall 
conclusion.

Because biases can be introduced by comparing odds 
ratios across sample subgroups (Mood 2010; Williams 2012), 
I have also (1) run an ordinary least squares regression model 
predicting values on an aspirations scale ranging from 1 to 4 
and (2) computed and graphed predicted probabilities (aver-
age marginal effects) and confidence intervals from the orig-
inal specification at different HDI levels. The ordinary least 
squares regression results are shown in column 7 in Table 3, 
and the predicted probabilities are shown in Appendix Figure 
A1. These analyses support conclusions from Table 2 and 
Figure 2: differences between boys’ and girls’ aspirations 
increase with HDI.

Intermediary Mechanisms

Why are adolescents’ aspirations for mathematically 
related work more gendered in affluent societies? A final 
series of analyses explores some possible intermediary 
mechanisms. Included in these models are the same 
covariates as in the previous analyses plus a student-level 
indicator for home Internet access and country-level indi-
cators of women’s educational and economic status and 
the gender-stereotyping of science. Because over-time 
data are not available for most of these covariates, these 
models are restricted to a single time point, 2011. Results 
are therefore preliminary but may identify fruitful direc-
tions for further research.

One possible explanation for the larger attitudinal 
gender gap in affluent societies is adolescents’ more fre-
quent and more intensive use of the Internet in these con-
texts.8 Regular use of the Internet may influence STEM 
aspirations by increasing students’ exposure to Western 
cultural values and gender stereotypes that are dissemi-
nated online and/or by increasing students’ experience 
with information technologies. I measure Internet expo-
sure using students’ responses to the TIMSS item (avail-
able in 2011 but not 2003) “Do you have Internet access 
at home?”

Past research suggests that women’s incorporation into 
labor markets and higher education in affluent democracies 
often coincides with the consolidation of “pink collar” occu-
pational and educational niches and therefore diversion of 
women from some historically male fields (Bradley and 
Charles 2004; Charles and Grusky 2004; Oppenheimer 
1973). I assess this effect using two indicators: women’s 
share of the formal labor market in 2007 (from the 
International Labour Organization; http://laborsta.ilo.org/
STP/guest) and women’s share of higher education in 2007 
(from UNESCO’s statistical database; http://data.uis.unesco.
org/). Values are taken four years prior to the 2011 TIMSS 
wave to capture possible socializing effects of women’s edu-
cational and labor market status on respondents during early 
childhood. For countries with missing data in 2007, the clos-
est available year was used.9

I have also explored the possibility that the negative 
relationship between societal affluence and girls’ STEM 
aspirations reflects stronger gender stereotyping of science 
in affluent contexts. Nosek et  al. (2009) found symbolic 
male gendering of scientific pursuits in countries spanning 
all major geographic regions and a broad range of economic 

8For the present sample, the correlation in 2011 of student at-home 
Internet connectivity with HDI is .58.
9Data from 2006 were used for Bahrain, Hong Kong, and Tunisia; 
data for 2004 were used for Indonesia; data for 2000 were used for 
Israel; and data for 2012 were used for Ghana and South Africa. 
Conclusions were unchanged in models excluding Ghana, South 
Africa, and Israel.

7Students were asked about aspirations for mathematically related 
jobs in four survey waves. In 1995 and 1999, they were asked, “Do 
you think that you would like a job that involved using math?” In 
2003, they were asked, “Indicate how much you agree with these 
statements about math: I would like a job that involved using math.” 
In 2011, they were asked “How much do you agree that you would 
like a job that involves using mathematics?”

http://laborsta.ilo.org/STP/guest
http://laborsta.ilo.org/STP/guest
http://data.uis.unesco.org/
http://data.uis.unesco.org/
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development (see also Miller, Eagly, and Linn 2014). But 
countries differ significantly in the strength of these stereo-
types, and we know little about how this affects career aspi-
rations. The intensity of gender-science stereotypes in each 
of the 32 sample countries is measured using data assem-
bled through Project Implicit, an international collaboration 
among researchers interested in unconscious social cogni-
tion (Nosek et al. 2009).10

Table 4 shows selected coefficients from multilevel mod-
els predicting eighth graders’ aspirations in 2011. The first 
column gives results for a model that includes the same pre-
dictors as in the full over-time specification. Model 2 adds to 
that a student-level indicator of at-home Internet access and 
its interaction with gender. Models 3 to 5 add to model 2 some 
possible country-level mediators (and their interactions with 
gender), one at a time to conserve degrees of freedom.11

Why the Affluence Effect?

A first finding from Table 4 is that addition of these new 
variables in no case eliminates the significant negative effect 

Table 4.  Multilevel Logistic Regression Models of Eighth Graders’ Strong Aspirations for a Mathematically Related Job in 2011.

Possible Mechanisms

  Original Specification 2 3 4 5

  1 Internet at Home?

Labor Force 
Percentage 

Women

Higher Education 
Percentage 

Women
Gender Stereotyping 

of STEM

Student-level effects  
  Internet at home? (1 = yes) –.083** (.028) –.084** (.030) –.087** (.029) –.082** (.028)
  Girl × Internet at Home? –.087* (.039) –.110** (.042) –.079 (.040) –.088* (.039)
Country-level effects  
  Societal Affluence –1.236 (1.107) –1.096 (1.112) –.920 (1.117) –.792 (1.380) 1.147 (1.117)
  Girl × Societal Affluence –1.209*** (.134) –1.048*** (.155) –1.205*** (.162) –1.026*** (.178) –1.004*** (.162)
  Labor Force Percentage 

Women
–.003 (.008)  

  Girl × Labor Force 
Percentage Women

.005** (.002)  

  Higher Education 
Percentage Women

.009 (.013)  

  Girl × Higher Education 
Percentage Women

–.001 (.003)  

  Gender Stereotyping of 
STEM

–.420 (1.219)

  Girl × Gender 
Stereotyping of STEM

–.215 (.236)

Log likelihood –52,267.235 –51,821.409 –48,105.214 –46,003.892 –51,820.959
Students 108,499 107,782 102,181 95,419 107,782
Countries 32 32 31a 28b 32

Note: Values are coefficients (standard errors) from mixed-effects logistic regression models. In addition to covariates shown here, all models include the 
student- and country-level controls shown in Table 2 (model 3). Coefficients in bold type show gender differences in effects of societal affluence. 
aJordan is excluded because of missing data on women’s labor force participation.
bBotswana, Russia, Singapore, and England are excluded because of missing data on women’s share of higher education.
*p < .05; **p < .01; ***p < .001.

10Brian Nosek graciously shared the project’s country-level 
gender-science bias scores, which were aggregated from scores 
on implicit gender-science bias tests taken online by more than 
500,000 persons between 2000 and 2008 (http://projectimplicit.
net). The strength of automatic association of science with mas-
culinity was assessed by asking participants to quickly sort into 
one of two columns words representing masculine- or feminine-
gendered persons and words representing a STEM or a liberal 
arts discipline. Response times for sorting culturally concordant 
pairings (e.g., uncle with physics) are compared with those for 
sorting culturally discordant pairings (e.g., sister with chemistry). 
Aggregated scores, shown in Appendix C, indicate the strength of 
gender-science bias in the respective country or territory.

11In a null model (i.e., a model with no covariates), the intraclass 
correlation coefficient for strong math aspirations is .17, mean-
ing that 17 percent of the variability in strong STEM aspirations 
occurs across countries. If we consider STEM aspirations overall 
(agree + strongly agree), the intraclass correlation coefficient is 
.15. Previous research suggests that clustering of students within 
schools is unlikely to affect the two-level relationships considered 
here (Charles et al. 2014).

http://projectimplicit.net
http://projectimplicit.net
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of societal affluence (HDI) on girls’ relative aspirations for a 
mathematically related job.

Students’ at-home Internet access (model 2) shows a 
negative effect on aspirations for STEM work that is espe-
cially strong among girls. This result is consistent with the 
idea that young people access Internet content that supports 
more negative and more gendered attitudes toward STEM. 
This may occur through diffusion of Western stereotypes 
about science and mathematics12 or through diffusion of 
individualistic values that may make people more averse to 
what they perceive as boring, difficult, or gender-noncon-
forming work (Inglehart and Welzel 2005). The gendering 
effect of Internet access may also be attributable to the 
lived experience of using computers, for example, girls’ 
exposure to the masculine culture of online gaming com-
munities. Although the coefficient for societal affluence 
attenuates only slightly with inclusion of this variable, find-
ings suggest that the relationship between Internet use and 
(gendered) career aspirations should be studied further, ide-
ally with over-time data.

Model 3 adds to model 2 a country-level indicator for 
women’s labor participation and its interaction with student 
gender. In contrast to previous research suggesting stronger 
occupational gender segregation in contexts in which more 
women are employed, the coefficients in model 3 suggest a 
modest positive, not negative, effect of female labor force 
participation rate on girls’ aspirations for mathematically 
related work. It does not appear, therefore, that the observed 
affluence effect can be attributed to higher employment rates 
of women in more affluent societies. It may be that girls who 
are more exposed to employed women are less influenced by 
gender stereotypes and therefore more likely to aspire to 
male-typed pursuits (Riegle-Crumb and Moore 2013).

The indicator for women’s university attendance, included 
in model 4, shows no effect on aspirations, nor does it eliminate 
the significant interaction of gender with societal affluence. 
Taken together, results from models 3 and 4 offer no support 
for the idea that cross-national differences in women’s public-
sphere roles explain the observed relationship between societal 
affluence and gendered STEM aspirations. Supplementary 
models substituting women’s share of professional occupations 
(http://laborsta.ilo.org/STP/guest) for women’s labor market 
share yielded similar results (available on request).

Although gender-science stereotypes are somewhat more 
pronounced in high-HDI societies (r = .34 in Appendix C), 
these differences do not appear to account for girls’ weaker 

STEM aspirations in these contexts (model 5).13 It may be 
that the observed patterns of cross-national variability are 
influenced less by the extent of gender stereotyping than by 
the cultural linkage of these stereotypes to individual career 
choice.

Although societal affluence likely operates on aspirations 
through more proximate cultural or structural mechanisms, 
coefficients in Table 4 provide little evidence for some of the 
most obvious ones. I suggest below some other possible 
mediating variables and directions for future research.

Discussion

This study explores the gender gap in eighth graders’ aspira-
tions for STEM work in cross-national comparative perspec-
tive. Results of over-time analyses and diverse sensitivity 
tests indicate that this gender gap varies significantly across 
countries and that it is larger in more affluent societies. I find 
no evidence that this relationship reflects cross-national dif-
ferences in women’s socioeconomic role or in the gender 
stereotyping of science.

The Cultural Pull of Mars and Venus

The question of how growing societal affluence might pro-
mote gendered career aspirations remains open. One plausi-
ble mechanism, as yet untested, involves change in the 
cultural meaning of education and work to more strongly 
emphasize personal fulfillment in advanced industrial societ-
ies (Bellah et al. 2008; McGee 2005). In societies character-
ized by broad-based affluence, educational and career choices 
are about more than earning a living; they are also acts of 
identity construction. In these contexts, self-expression comes 
to be a normatively sanctioned basis for life choices. Young 
people, especially those from more privileged classes (Ma 
2009; Mullen 2014), are increasingly urged to do what they 
love and “follow their passions” in selecting career paths.

Political scientist Ronald Inglehart has demonstrated a 
greater prevalence of “postmaterialist” ideals of self- 
expressiveness in affluent late modern democracies 
(Inglehart and Norris 2003; Inglehart and Welzel 2005). But 
what Inglehart and colleagues do not consider is that the 
authentic inner selves that we are expected to stay true to are 
also social products. These selves develop in environments 
permeated by taken-for-granted beliefs about the fundamen-
tally different natures of men and women, as reflected in 
John Gray’s (2012) popular Mars-Venus metaphor. Because 

12To the extent that the Internet disseminates information and val-
ues that disproportionately represent affluent Western cultures, 
online access may expose students to less positive representations 
of STEM work. Science and engineering tend to be afforded higher 
status in contexts in which human capital investments in these 
fields are seen as crucial to national development and individual 
economic security (Gharibyan 2006).

13Nosek et  al. (2009) documented an effect of national implicit 
science stereotypes on students’ mathematics achievement scores. 
Their findings suggest that gender stereotyping of science may 
influence STEM aspirations indirectly by weakening girls’ math-
ematics achievement, a control variable in the present models.

http://laborsta.ilo.org/STP/guest
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young people often do not know in advance what they will 
love doing, they may attempt to follow their passions by 
drawing on stereotypes about what same-gendered others 
love and are good at. Girls may, for example, expect to enjoy 
work they think is more people oriented and emotionally 
rewarding, and they may steer clear of pursuits they think 
require masculine traits and aptitudes, such as the solitary 
science careers depicted in Western popular culture 
(Colatrella 2011; Goldman and Penner 2016; Nosek et  al. 
2002; Frehill, Abreu, and Zippel 2015).14 As a result, career 
aspirations may be more strongly influenced by essentialist 
gender stereotypes in societies where occupational choice 
represents a vehicle for self-expression.

In affluent democracies, equality is generally defined in 
formal procedural terms: as equal opportunity to realize pref-
erences, which are widely understood to be intrinsic proper-
ties of individuals. Extreme gender segregation can coexist 
quite comfortably alongside these liberal egalitarian princi-
ples as long as it can be interpreted as reflecting free choices 
by equal but fundamentally different men and women 
(Charles and Grusky 2004; Cotter, Hermsen, and Vanneman 
2011; Levanon and Grusky 2016). American girls who opt 
out of STEM courses or aspire to become kindergarten teach-
ers rarely experience these choices as forced conformity to 
societal gender norms or feel that they are yielding to the 
realities of their hard-wired feminine competencies. Rather, 
they understand their aspirations as reflecting likes and dis-
likes that are quintessentially individual and must be 
respected as a matter of personal freedom (Frank and Meyer 
2002; Cech 2013). This emotional buy-in is where many 
forms of gender segregation get their staying power, even in 
the most modern, liberal-egalitarian contexts.

Looking Forward

A full understanding of the specific mechanisms by which 
societal affluence shapes attitudes toward STEM will require 
more fine-grained comparative studies, including new inter-
national surveys, in-depth interviews, and comparative eth-
nographies on the development of adolescent career 
aspirations in diverse societies. In particular, future analyses 
should explore how cultural meanings of education and work 
change with societal affluence and how such changes influ-
ence young people’s work aspirations.15

The relationship between Internet connectivity and stu-
dents’ aspirations is another fertile field for future compara-
tive research: does Internet use per se reduce adolescents’ 
interest in STEM and widen the gender gap in STEM aspira-
tions, as suggested by results of this study? If so, what are the 
intermediary mechanisms? One possibility is that Internet-
connected students are more exposed to Western stereotypes 
that depict science and technology as difficult, boring, non-
expressive, and/or quintessentially masculine (Colatrella 
2011; Lagesen 2008; Steinke et al. 2007).

Another open question is whether the gender segregation 
of STEM fields will increase in less affluent societies as 
those citizens come to enjoy more broad-based economic 
security. Although the present results provide some evidence 
of attitudinal convergence, it is possible that the distinct 
socioeconomic and historical contexts under which STEM 
labor markets are expanding in less developed and transi-
tional economies will lead to different occupational out-
comes than those seen in the United States and Europe (e.g., 
Stinchcombe 1965). It is also possible that efforts to diver-
sify STEM fields in the West will show increasing success 
and contribute to cross-national convergence on patterns of 
educational and work aspiration that are less gender typed.

Diversifying STEM occupations and degree programs in 
the United States and other affluent democracies will likely 
depend on increasing girls’ and women’s interest in scientific 
and technical work (Morgan et al. 2013; Osborne et al. 2003; 
Seymour and Hewitt 1997; Xie et al. 2015). This will in turn 
require the erosion of cultural stereotypes depicting scientific 
and technical work as uncreative, solitary, and fundamentally 
masculine and depicting women as ill suited for STEM work. 
Cultural change of this sort does not occur quickly, but some 
efforts toward counterprograming can be seen in ongoing pub-
lic- and private-sector STEM diversification initiatives and in 
parents’ growing embrace of toys that resist pink-aisle market-
ing to girls (e.g., GoldieBlox, Lego woman scientists).

A more aggressive strategy for integrating STEM might 
be to restructure secondary curricula to require all students to 
complete more math and science. Although such a policy 
shift would be at odds with the ideals of free choice and indi-
vidual self-expression that are hallmarks of the American 
educational system, there is some evidence that reducing or 
delaying curricular choice can lessen peer influence and 
weaken effects of gender beliefs on course taking (Buchmann 
and Dalton 2002; Gerber and Schaefer 2004).16

The contextual contingency of the attitudinal gender gap 
documented here and elsewhere should provide a counter-
weight to popular essentialist representations of intrinsically 
“opposite sexes” with intrinsically different work orientations. 
Boys’ and girls’ attitudes toward STEM are as much a social 
product as the career outcomes that they influence; they vary 
systematically across socioeconomic contexts.

14Although I find no net effect of the level of stereotyping on aspira-
tions, science is associated with masculinity in all sample countries (see 
Appendix C) and in 61 of 61 countries studied by Nosek et al. (2009).
15Work-related values are the component of Inglehart’s postma-
terialism index (Inglehart and Welzel 2005) that is most directly 
relevant to the question at hand. The 2003 and 2007 (but not 2011) 
waves of the World Values Survey (WVS) include questions on the 
relative importance of job characteristics, including interesting work 
and good pay. Although the WVS country sample does not overlap 
well with that used here, a useful future analysis would explore how 
patterns of cross-national and historical variation on these survey 
items map onto the gender segregation of STEM fields.

16See also Jacobs (1989) on declining sex typing of occupational 
careers over the life course.
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Appendix A.  Sample Sizes by Country, 2011 and 2003.

2011 2003

Armenia 4,700 4,520
Australia 4,170 2,638
Bahrain 2,851 2,243
Botswana 2,474 1,694
Chile 3,870 3,685
Ghana 2,633 2,047
Hong Kong 2,339 2,595
Hungary 4,210 2,274
Indonesia 2,478 2,001
Iran 2,981 1,649
Israel 3.313 2,775
Italy 2,717 2,689
Japan 3,347 3,420
Jordan 5,697 3,090
Korea 4,233 4,547
Lebanon 2,155 1,996
Lithuania 3,522 3,599
Malaysia 3,210 2,678
Morocco 2,986 732
New Zealand 2,256 1,817
Norway 2,194 2,097
Romania 4,021 2,875
Russia 4,059 3,862
Saudi Arabia 2,638 1,451
Singapore 3,890 2,023
Slovenia 3,442 2,551
South Africa 5,824 3,182
Sweden 2,866 1,979
Syria 2,254 1,440
Tunisia 2,704 1,666
United States 6,998 6,418
UK: England 2,015 892

Note: The Trends in International Mathematics and Science Study included Macedonia, Palestine, and Chinese Taipei in the 2003 and 2011 surveys; they 
are excluded from the primary analyses because of missing Human Development Index (HDI) values. Macedonia is included in sensitivity tests that replace 
HDI with gross domestic product.

Appendix B.  Descriptive Statistics.

2003 2011

Would like math-related job 
(1 = strongly agree)

.20 (—) .23 (—)

Girl (1 = yes) .51 (—) .52 (—)
Math achievement score 4.88 (1.07) 4.88 (1.06)
Parental education: primary 

school (1 = yes)
.39 (—) .36 (—)

Parental education: university 
(1 = yes)

.41 (—) .41 (—)

Age in years 14.33 (.72) 14.39 (.76)

2003 2011

Like school? (1 = yes) .42 (—) .42 (—)
Country-level math 

achievement score
4.71 (.80) 4.72 (.70)

Societal affluence (Human 
Development Index)

.76 (.13)a .80 (.12)b

Students 81,867 108,499

Note: Values are means (standard deviations) for variables included in the 
fixed-effects models.
aMinimum and maximum values are .47 and .94.
bMinimum and maximum values are .55 and .95. (continued)

Appendix B. (continued)



Charles	 13

Appendix C.  Country-level Variables: Values and Zero-order Correlations.

HDI
GDP per 
Capita

Math 
Achievement

Labor Force 
Percentage Women

Higher Education 
Percentage Women

Gender Stereotyping 
of STEM

Armenia .726 8.14 4.72 49.48 62.29 .348
Australia .936 11.04 4.96 45.31 55.89 .430
Bahrain .795 10.02 4.16 23.56 67.86 .397
Botswana .634 8.95 3.97 49.08 — .406
Chile .817 9.58 4.32 36.85 52.81 .374
Ghana .553 7.37 3.35 51.59 39.37 .342
Hong Kong .904 10.47 5.86 46.05 52.50 .448
Hungary .830 9.53 5.13 45.56 66.47 .504
Indonesia .624 8.15 4.01 37.49 48.09 .362
Iran .742 8.86 4.19 19.44 50.35 .359
Israel .899 10.41 5.12 46.55 57.29 .464
Italy .881 10.50 4.98 40.23 59.61 .382
Japan .910 10.74 5.69 41.43 48.85 .396
Jordan .699 8.45 4.08 — 54.84 .396
Korea .907 10.02 6.13 41.68 48.56 .483
Lebanon .744 9.12 4.58 24.99 54.48 .381
Lithuania .814 9.56 5.08 49.33 66.66 .481
Malaysia .766 9.22 4.41 36.05 56.91 .377
Morocco .589 8.02 3.78 27.18 37.09 .226
New Zealand .918 10.52 4.84 46.27 61.02 .432
Norway .953 11.51 4.77 47.32 61.80 .398
Romania .784 9.11 4.70 44.82 59.80 .453
Russia .784 9.49 5.43 49.30 — .433
Saudi Arabia .780 10.09 3.95 15.24 56.87 .414
Singapore .892 10.11 6.06 42.65 — .385
Slovenia .892 10.11 5.05 46.00 61.77 .354
South Africa .625 8.96 3.68 45.02 59.85 .417
Sweden .915 10.95 4.84 47.52 63.68 .398
Syria .646 — 3.80 15.68 50.70 .253
Tunisia .710 8.38 4.21 26.62 58.97 .606
United States .936 10.82 5.09 46.36 58.49 .376
UK: England .875 10.58 5.10 45.71 — .414
Zero-order correlations (n = 32) 1 2 3 4 5 6
  1.	 HDI 1.00  
  2.	 GDP .93 1.00  
  3.	 Curricular difficulty .80 .66 1.00  
  4.	� Labor force percentage 

women
.33 .20 .43 1.00  

  5.	� Higher education percentage 
women

.48 .44 .27 .23 1.00  

  6.	� Gender stereotyping of 
STEM careers

.34 .19 .34 .26 .52 1.00

Note: Values for 2011 are shown for time-varying variables. Missing values are indicated by dashes. GDP = gross domestic product; HDI = Human 
Development Index; STEM = scientific, technical, engineering, and mathematical.
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