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a b s t r a c t

This study offers a structural explanation for the female advantage in college completion
rates, stressing the importance of horizontal sex segregation across fields of study in shap-
ing educational outcomes and gender inequality. Results from a nationally representative
sample of students who matriculated at 4-year institutions in 1995 reveal a high level of
gender segregation by field of study. Field of study creates the immediate learning environ-
ment for the students and between-major differences in academic and social arrange-
ments—such as different grading norms, academic intensity, size and social support—
shape both female and male performance. We find that this variation is a key factor in
the creation of the female advantage in grades and graduation likelihood. The simulation
we conduct demonstrates that if sex integration were achieved and both groups had the
male distribution of majors, the female advantage in graduation likelihood and grades,
which remains after socioeconomic and academic factors are netted out, would be substan-
tially reduced.

! 2010 Elsevier Inc. All rights reserved.

1. Introduction

One of the most fascinating phenomena in recent decades has been the reversal of the historic male advantage in higher
education. Today, a woman’s chances of applying, enrolling and attaining a college degree are better than those of her male
peers (Freeman, 2004; Jacobs, 1996; Buchmann and DiPrete, 2006; Jacob, 2002; Sum et al., 2003; Turley et al., 2007;
Reynolds, 2001; Alon, 2007). The expansion of the higher education system in the US since the 1970s was accompanied
by dramatic changes in the gender composition of both undergraduate students and bachelor degree recipients. In 2004–
2005 females also comprised the majority of degree recipients (57%) (US Department of Education, 2005b). There is also a
significant female advantage in college grade point average (GPA), even after controlling for family background, pre-colle-
giate academic achievements and institutional characteristics (Goldin et al., 2006; Buchmann and DiPrete, 2006; Sax and
Harper, 2007; US Department of Education, 2003).

Several macro- and micro-level explanations have been suggested to account for the emergent female advantage in col-
lege academic achievements. Notable macro-forces include the spread of egalitarian norms; structural forces in higher edu-
cation, like the system’s expansion and greater openness; and economic forces, i.e., women’s greater labor force participation
and rising economic returns in the labor market (Goldin et al., 2006; Goldin and Katz, 2000; Goldin, 2006; DiPrete and
Buchmann, 2006; Charles and Luoh, 2003; Jacob, 2002). Micro-level explanations focus on gender differences in cognitive
and non-cognitive skills like academic achievements, learning habits, self-discipline, and behavioral problems (Reynolds
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and Burge, 2008; Jacob, 2002; Goldin et al., 2006). In addition, research has demonstrated gender disparities in the effect of
social background on educational attainment – the female advantage is more salient among students hailing from a socio-
economically disadvantaged background (Buchmann and DiPrete, 2006; Alon, 2007).

In this study, we focus on an additional explanation for the female advantage: sex segregation by field of study. Today the
main axis of gender inequality in higher education in the United States, as in all industrialized countries, is horizontal sex
segregation across fields of study, given parity (or even an edge) in enrollment rates (Charles and Bradley, 2002; Davies
and Guppy, 1997). Since students’ field of study provides the immediate academic and social context for their performance
in college, gender differences in the distribution across majors can contribute to the female advantage in academic achieve-
ments. Evidence that the remaining female advantage in college completion after socioeconomic factors are netted out drops
by 30% among whites and fades away altogether among non-whites, just by controlling for college major and type, under-
scores the merit of further pursuing this line of investigation (Buchmann and DiPrete, 2006).

Our investigation provides a comprehensive and systematic assessment of the effects of sex segregation by field of study
on the female advantage in grades and graduation likelihood. First, we portray the selection regime that channels female and
male students into different majors. Second, we examine whether and how much the gender composition of fields of study is
associated with different learning environments, and whether these systematic differences shape students’ academic perfor-
mance in college. Finally, we examine the extent to which horizontal sex segregation by field of study contributes to the
female advantage in college grades and degree completion. Using the Beginning Postsecondary Students (BPS) dataset, which
is a nationally representative sample of about 6500 students who matriculated at any 4-year school in 1995, we find that
horizontal sex segregation by field of study explains up to a half of the female advantage in college graduation and the cumu-
lative GPA of graduates, net of individual and academic background factors.

2. Sex segregation by field of study

The gender composition of recent degree recipients in the US reflects the female advantage in graduation likelihood, but
also clearly captures sex segregation by field of study. Although female students received 57% of the degrees conferred in
2004–2005, they are more likely than males to have graduated in the humanities, social sciences, and life sciences (US
Department of Education, 2005b). Conversely, males are more likely to have earned a degree in the mathematical and phys-
ical sciences, but especially in engineering and computer science. For example, 18% of recent male graduates earned a degree
in engineering and computer science, compared to only 3% of female graduates. As a result, females constitute only 20% of
degree-holders in these fields (US Department of Education, 2005a).

The expansion of the higher education system in the last few decades has intensified this sex segregation in higher edu-
cation by expanding and/or creating female-dominated fields (Charles and Bradley, 2002).1 Cultural egalitarian norms, push-
ing females to pursue higher education, have only a weak positive effect in undermining horizontal sex segregation, because
segregation across fields is easily reconciled with the ‘‘equal but separate” concept (Charles and Bradley, 2002). Economic fac-
tors, like the rising rate of female labor force participation, are frequently mentioned as a driving force in the emergence of the
female advantage in college enrollment and graduation rates; yet, they also intensify horizontal sex segregation in higher edu-
cation because of the disproportional growth of female-dominated occupations, like the health professions, and a strong trend
of occupational feminization (Charles and Bradley, 2002; Reskin, 1991). Thus, notwithstanding the operation of strong macro-
forces that have raised female college enrollment, sex segregation by field of study remains intact and continues to be a pow-
erful force in structuring gender disparities in higher education (Jacobs, 1986, 1995, 1996; Bradley, 2000; Charles and Bradley,
2002; Turner and Bowen, 1999; Davies and Guppy, 1997).

In addition, micro-level factors – a powerful explanation for women’s increasing presence in higher education and among
bachelor’s degree recipients – have been largely ineffectual in abating horizontal sex segregation across fields of study. Aca-
demic skills, which have been found to increase female enrollment rates in college and their college outcomes, seem to have
a weak effect on their choice of major (Turner and Bowen, 1999; Xie and Shauman, 2003). The tendency of women to avoid
mathematically oriented majors in college is generally attributed to the high-school gender gap in mathematical and science
achievements. Yet, despite near gender parity in math and science achievements, female high school students are substan-
tially less likely to aspire to major in science or engineering in college compared to male students, even after controlling for
individual and familial influences (Xie and Shauman, 2003; Ayalon, 2003).

Socialization is, no doubt, an influential factor in creating gender disparities in the choice of fields of study, as it channels
males and females into gender-specific majors in college (Wilson and Boldizar, 1990). Parents and educators tend to perceive
girls as less qualified than boys in math-oriented fields, which are largely considered ‘‘masculine,” and these fields as less
important to girls’ future career paths than to boys’ and incompatible with raising a family (Eccles et al., 1990; Eccles and
Jacobs, 1986; Correll, 2001). Consequently, males are more likely to have a higher self-assessment of their mathematical abil-
ity than females, regardless of their actual ability, and they also face a high social penalty associated with majoring in
female-dominated fields (Correll, 2001, 2004). As a result, only men who are less talented or ambitious than their peers will

1 Fields such as psychology, biomedical science, visual and performing arts and other humanities fields have expanded since the 1980s, while mathematical
science, engineering, and physical science shrunk (NCES, 2007). The construction of new gender-related fields (such as gender studies) has also intensified
horizontal sex segregation in higher education (Jacobs, 1996; Bradley, 2000; England and Li, 2006).
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opt out of the more demanding male-dominated fields. Conversely, only the most dedicated women choose male-dominated
fields, leaving plenty of talented and ambitious women in the female-dominated fields (Correll, 2001; Ayalon, 2003). This
suggests a negative selection for males into female-dominated fields, while females are likely to be more equally distributed
across fields in terms of ability and background. Moreover, the selection into majors is based less on measurable academic
achievements in high school and more on unobserved characteristics (like ambition, self-image, conformity, insecurity, career
plans, educational expectations, family plans, etc.).

Because of these forces, sex segregation by major persists and continues to be an important structural contour of gender
inequality in higher education, despite the greater presence of females in higher education (Jacobs, 1996; Turner and Bowen,
1999). Since males and females are likely to choose different majors, they are subject to different academic and social envi-
ronments that may differentially shape their college experiences and academic achievements.

3. Major-specific arrangements, sex segregation and the female advantage

College majors differ in several structural arrangements that facilitate academic success and degree attainment. Majors
vary in their academic demands and standards, such as admission requirements, scholastic intensity levels, grading policies
and norms. In addition, there are differences between majors in terms of class size, culture, level of student integration, avail-
ability of study groups, accessibility of faculty, and social climate. Consequently, these major-specific characteristics shape
students’ experiences, achievements and persistence through graduation (Des Jardins et al., 2002; Leppel, 2001; Hearn and
Olzak, 1981; Sabot and Wakeman-Linn, 1991). In particular, students who initially enter undergraduate science, technology,
engineering, or mathematics programs have substantially lower degree completion rates than their same-race peers who
enter other academic disciplines (HERI, 2010).

Thus, horizontal sex segregation situates male and female students in different learning and social environments. Con-
sider, for example, differences in curricular openness: while male-dominated fields, like engineering, computer, physical
and mathematical sciences, tend to have a large number of compulsory and ‘‘barrier courses” in their curriculum—which sets
hurdles for students’ achievements and persistence—female-dominated fields, like the humanities and social sciences and
vocational fields, allow greater freedom in course selection (Xie and Shauman, 2003; Suresh, 2006; Hearn and Olzak,
1981). Thus, male students are more likely to enroll in fields in which the bottleneck is tighter, grades are lower and grad-
uation chances resultingly lower, while women have a greater likelihood of enrolling in majors in which grades are higher,
the social climate is more supportive and course selection less constrained.

In this study, we consider whether part of female overachievement stems from the lenient academic demands and the
more supportive social environment of the majors they are likely to choose. We argue that the dissimilarity between female
and male students in the distribution of majors partly accounts for the female advantage in academic performance. We
employ a straightforward analytical strategy to trace the female advantage back to gendered selection of majors. First we
model gender differences in the ‘‘choice” of different gender settings. Second, we examine whether and how the gender com-
position of fields shapes male and female students’ academic performance in college. We build on these foundations to
explore the main question of this study: how much of the female advantage in college academic achievements, which
remains after netting out the effect of social and academic background, is explained by fields of study? To that end, we gauge
a major-adjusted gender gap in cumulative college grades and graduation likelihood by running a major-fixed-effect model.
Since the explanatory power of these structural arrangements stems from sex segregation by field of study, we ask the coun-
terfactual question: how much of the female advantage would be trimmed if horizontal sex integration by field of study were
achieved? We simulate two integration scenarios: in the first male students are assigned the female distribution of majors, in
the second female students are assigned the male distribution of majors. The relative effectiveness of these scenarios
depends on whether both sexes benefit equally from the learning and social environment of female-dominated majors.

4. Data and variables

4.1. Data and sample

Given that the female advantage is generated after matriculation in college (Buchmann and DiPrete, 2006), our study
focuses on the academic outcomes of enrolled postsecondary students. The Beginning Postsecondary Students (BPS) data
contain individual records collected from a nationally representative sample of all first-time beginning students in postsec-
ondary education and contain detailed information on undergraduates’ academic career. We use the 1996 BPS cohort (BPS:
1996) with the second follow-up in 2001 (BPS: 1996/2001), approximately 6 years after they first entered postsecondary
education. We limit the analyses to 6449 students who enrolled at any 4-year institution in the fall of the 1995–1996 aca-
demic year, of which 3646 were female.2 All analyses are weighted to allow generalization to all students attending 4-year
institutions in 1995.

2 About 3694 students were deleted from the analytical sample because they were not attending a 4-year institution and 1717 were deleted due to missing
graduation information. One hundred and twenty-six were deleted from the analyses because their major when last enrolled was missing or undeclared.
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4.2. Variables

4.2.1. Majors’ classification and characteristics
In all analyses we use a detailed classification of 52 majors in the last year in college (data from 2001). Appendix A

presents this list of majors. We characterize the academic and social environment of these majors by collapsing individ-
ual-based information by fields of study. To capture gender composition we characterize these majors by their percentage
of females. We use another specification of the gender composition of fields by collapsing these majors into three segments:
(1) Fields in which female students comprised less than 40% of the sample were classified as male-dominated fields (MDF).3

(2) Fields with 40–60% females were classified as gender-neutral fields (GNF).4 (3) Fields with over 60% females were classified
as female-dominated fields (FDF).5 We have constructed three additional major-based variables: size (total number of students),
grading norms (average GPA), and academic integration (frequency of participation in study groups and contact with faculty).6

4.2.2. Individual-level variables
All models control for a vector of individual attributes: gender, race/ethnicity, parental education, family income, high

school GPA, the number of AP courses taken in high school, whether an AP calculus course was taken, verbal and math test
scores, and educational aspirations. Appendix B provides descriptive statistics for all individual- and major-based variables.

4.3. Analytical strategy

To understand the selection of students into female- or male-dominated majors, we fit several OLS models predicting the
gender composition of the student’s field of study. We also fit several logit regressions to the dichotomous outcome of being
in a FDF. All specifications include the vector of individual-level variables. We fit these models to the entire population and
for males and females separately. We then examine whether the gender composition of fields shapes students’ academic per-
formance in college, above and beyond their individual attributes. We fit several hierarchical linear and non-linear models
(HLM) to the data to study students’ graduation likelihood and graduates’ cumulative GPA, while taking into account the var-
iability associated with the gender composition of fields of study and the vector of individual attributes. Subsequently, in
order to identify systematic differences between female- and male-dominated majors in learning environments, we assess
the association between the gender composition of fields and other major-based characteristics (size, grading norms, and
academic integration).

Finally, we assess how much of the female advantage in college academic achievements is explained by fields of study.
We fit a logistic regression of 6-year graduation likelihood to the sample of 4-year students and fit an OLS regression of
cumulative GPA to the sample of graduates. The baseline model includes an indicator for female and controls for all individ-
ual-based variables; under this specification, the female variable denotes the net female advantage. To capture the female
advantage that is net of systematic differences between majors associated with their fields of study, we then estimated a
major-fixed-effect model that fully disaggregates the field of study variable (a dummy variable for each major is included
in the model), in addition to these controls; the female variable under this specification captures the major-adjusted female
advantage. Subsequently, we run a simulation in which we test two counterfactual scenarios of sex integration. In the first,
we assign female students the major distribution of males; in the second, we assign males the major distribution of females.
Fitting separate major-fixed-effect models for males and females, we estimate their GPA and graduation likelihood in each
scenario and then calculate the gender gap. Juxtaposing these alternative estimates of the female advantage (major-adjusted,
female integration, and male integration) with the net female advantage yields several approximations of the share of the
female advantage that is explained by horizontal sex segregation.

5. Results

5.1. The selection process and horizontal sex segregation

We start our investigation by portraying the selection regimes that channel female and male students into different
academic and social environments. Horizontal sex segregation is evident from the results of Table 1 that presents the dis-
tributions of male and female students by segments of gender composition. Only 8.5% of female students studied in a
male-dominated environment (fields with less than 40% females), compared to one in three of the male students. Males also
had a higher share than females in gender-neutral fields (43% vs. 34%). About 57% of the females in the sample chose fields of
study in which a majority of their classmates were females. The summary statistic suggests that females are located in ma-
jors with 63% females, on average, while male students are in majors with only 48% females – a gap of 14 percentage points.

3 Included in this segment are fields like engineering, computer sciences, finance, and history.
4 Prominent examples are business (management), life sciences, art and a few social science fields like economics and political science.
5 Included in this category are health majors, education, psychology and other social science majors.
6 Academic integration is an index indicating how often students’ participated in study groups, had social contact with faculty, met with an academic advisor,

or talked with faculty about academic matters outside of class.
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To see if this gross gender disparity persists even after accounting for a wide array of individual attributes, we fit OLS
models predicting the gender composition of the student’s field of study. Table 2 reports the estimates for the entire

Table 1
The gender composition of the student’s field of study in the last year in college, by sex. Students who started at any 4-
year institutions in 1995, BPS database.

All students Males Females

Male-dominated fields (MDF) 19.1 32.1 8.5
Gender-neutral fields (GNF) 38.2 43.2 34.1
Female-dominated fields (FDF) 42.8 24.7 57.4

% Females in field (SD) 0.56 (0.19) 0.48 (0.19) 0.63 (0.17)

N 6449 2803 3646

Table 2
OLS and logit models predicting % females in field, all students who started at any 4-year institutions in 1995, BPS database.

% Female in major FDF vs. GNF/MDF FDF vs. MDF

Model 1 2 3 4 5 6 7 8 9 10 11 12
All All Males Females All All Males Females All All Males Females

Demographic and social background
Female 0.136** 1.378** 2.119**

(0.006) (0.070) (0.101)
Race (White omitted):

Black !0.008 0.002 0.013 !0.023* 0.140 0.216+ 0.591** !0.129 !0.198 !0.125 0.247 !0.800**

(0.011) (0.011) (0.020) (0.011) (0.119) (0.112) (0.199) (0.139) (0.181) (0.159) (0.241) (0.239)
Hispanic !0.009 !0.006 0.014 !0.029* 0.042 0.069 0.331+ !0.175 0.247 0.238 0.447* !0.114

(0.010) (0.010) (0.016) (0.012) (0.117) (0.110) (0.181) (0.147) (0.177) (0.162) (0.216) (0.281)
Asian !0.039** !0.035** !0.019 !0.057** !0.442** !0.366* !0.088 !0.623** !0.312 !0.357+ !0.286 !0.296

(0.011) (0.012) (0.018) (0.015) (0.157) (0.145) (0.235) (0.196) (0.215) (0.198) (0.271) (0.381)
Other !0.036 !0.055 !0.060 !0.001 !0.372 !0.533 !1.989+ 0.464 !0.939* !0.693 !2.014+ !0.363

(0.037) (0.039) (0.054) (0.048) (0.331) (0.393) (1.068) (0.519) (0.415) (0.470) (1.136) (0.624)
Family income 0.000 !0.000 0.000 !0.000 !0.000 !0.000 !0.001 !0.000 !0.001 !0.001 !0.000 !0.002+

(0.000) (0.000) (0.000) (0.000) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Parental education (HS or less omitted):

Some PSE !0.014 !0.010 !0.042** 0.006 !0.078 !0.031 !0.331+ 0.077 !0.302* !0.205 !0.551** 0.039
(0.009) (0.010) (0.016) (0.010) (0.102) (0.098) (0.179) (0.125) (0.152) (0.139) (0.209) (0.220)

BA !0.004 !0.008 !0.018 0.010 0.006 !0.037 !0.120 0.096 0.022 !0.051 !0.165 0.337
(0.008) (0.008) (0.012) (0.010) (0.095) (0.090) (0.151) (0.121) (0.143) (0.128) (0.178) (0.224)

More than BA 0.006 0.002 !0.004 0.015 0.073 0.028 !0.151 0.245+ 0.209 0.151 !0.086 0.724**

(0.008) (0.009) (0.013) (0.010) (0.101) (0.097) (0.168) (0.128) (0.154) (0.139) (0.201) (0.242)

Academic background
HS GPA 0.000 0.014** 0.002 !0.001 !0.015 0.121** 0.030 !0.046 0.018 0.215** 0.038 !0.049

(0.004) (0.004) (0.006) (0.004) (0.044) (0.041) (0.071) (0.057) (0.065) (0.059) (0.084) (0.108)
# of AP courses in

HS
!0.001 0.001 0.002 !0.002 !0.034 !0.010 0.025 !0.059 !0.011 0.019 0.047 !0.065

(0.003) (0.003) (0.005) (0.004) (0.040) (0.036) (0.069) (0.045) (0.059) (0.045) (0.076) (0.073)
AP calculus in HS !0.034** !0.034** !0.049** !0.024 !0.410** !0.376** !0.665* !0.289+ !0.617** !0.524** !0.822** !0.387

(0.012) (0.012) (0.018) (0.015) (0.145) (0.138) (0.264) (0.168) (0.204) (0.164) (0.283) (0.262)
Verbal SAT score (in

pct scale)
0.005 0.013** 0.010+ 0.001 0.091* 0.161** 0.147* 0.059 0.126* 0.220** 0.171* 0.053

(0.003) (0.003) (0.005) (0.004) (0.040) (0.038) (0.065) (0.050) (0.061) (0.055) (0.077) (0.098)
Math SAT score (in

pct scale)
!0.022** !0.038** !0.019** !0.025** !0.218** !0.354** !0.165* !0.263** !0.358** !0.574** !0.282** !0.493**

(0.003) (0.003) (0.005) (0.004) (0.040) (0.038) (0.064) (0.051) (0.061) (0.055) (0.075) (0.101)
Educational

aspirations: BA
0.019+ 0.017 0.025 0.012 0.138 0.101 0.165 0.106 0.280+ 0.185 0.202 0.391

(0.010) (0.011) (0.016) (0.013) (0.113) (0.112) (0.196) (0.146) (0.165) (0.150) (0.220) (0.261)
Constant 0.561** 0.602** 0.515** 0.740** !0.391 0.008 !1.127* 1.505** 0.775+ 1.377** 0.179 4.149**

(0.024) (0.026) (0.038) (0.031) (0.286) (0.269) (0.468) (0.373) (0.441) (0.390) (0.538) (0.781)

Observations 6449 6449 2803 3646 6447 6447 2802 3645 4027 4027 1610 2417
R-squared 0.17 0.05 0.03 0.05 0.10 0.03 0.03 0.03 0.21 0.06 0.04 0.07

Robust standard errors in parentheses.
* Significant at 5%.

** Significant at 1%.
+ Significant at 10%.
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population and by sex. The results from the first model that controls for the student’s gender and the vector of individual-
based variables demonstrate that female college students are more likely than their male counterparts to choose majors with
a larger share of females, even when their socioeconomic and demographic background, high school achievements, math
preparation, test scores and educational aspirations are taken into account. Specifically, being female is associated with a
14% increase in the share of females in class, everything else equal, making the adjusted gap the size of the gross gap. More-
over, this model explains about 17% of the variance in the outcome, whereas the second model, which does not control for
gender, accounts for only 5% of variance.

We also fit two logit regressions to the dichotomous outcome of being in a FDF (vs. all other fields and vs. MDF). The
results show that female students’ odds of being in a FDF, compared to MDF, are eight times higher than their male coun-
terparts’, everything else equal.7 Once again, the following statistics tell the story succinctly: about 6% of the variance in the
destination major (FDF vs. MDF) is explained by all variables but gender (Model 10), while 21% is accounted for when the gender
variable is included (Model 9), an increase of 15 percentage points in the explained variance. In accordance with the literature
on the subject, these findings demonstrate that gender is a key determinant of major choice.

These findings indicate that females’ greater propensity to choose female-dominated majors is mostly unexplained by
their characteristics. This conclusion is supported by the female-only specification: most variables are insignificant, includ-
ing those one would assume shape the selection regime, such as academic achievements.8 While females are more equally
distributed than males across majors in terms of the array of characteristics we observed for males there are indications of a
negative selection into FDF on several academic and social backgrounds (see the male-specific models). Taking an AP calculus
course in high school and the level of parental education are negatively associated with the percentage of females in the field.
We will consider the implications of these selection patterns for the interpretation of our results.

5.2. The structural arrangements that shape students’ college academic performance

Horizontal sex segregation is germane to the female advantage only if the gender composition of majors shapes students’
grades and graduation likelihood. To assess this issue, we fit several HLMs predicting students’ graduation likelihood and
graduates’ GPA while taking into account the variability associated with the gender composition of fields of study (the spec-
ification includes an indicator for the percentage of females in the field and its square term) and the vector of individual attri-
butes. These HLM models were fitted to the entire population and for males and females separately. Based on the best fitting
sex-specific HLM models we calculated the predicted graduation probabilities and GPA for the average male and female as a
function of the gender composition of fields and the results are presented in Fig. 1a and 1b (Appendix C reports the point
estimates for the gender composition variable).9

The results show that the percentage of females in majors structures students’ achievements in college, above and beyond
the influences of individual attributes. Netting out the effects of individual attributes on the graduation outcome, the higher
the share of females among the major’s student body, the higher the student’s graduation likelihood. Yet, above a certain
share of females in the field there is a decline in graduation likelihood (see Fig. 1a). This indicates that gender-neutral fields
(between 40% and 60% females) are most conducive to their students’ graduation likelihood. Female students’ graduation
likelihood is more sensitive to the gender context than males’. In terms of students’ grades the results in Fig. 1b suggest that
both males and females benefit from studying in a female environment, all individual traits equal. For females the effect is
monotonic for any increase in female presence, while for men the effect is visible only above 40% females in the major. That
the gender composition is positively associated with male students’ grades indicates that at least part of the female-domi-
nated majors’ advantage is universalistic, as both sexes benefit from the lenient grading norms in FDF.

Plausibly, the positive effect of the gender composition variable on students’ academic performance captures a supportive
social climate and a distinct culture in female-dominated fields – important factors conducive to the academic performance
of females in particular. Yet, the results suggest that it may also capture systematic differences in learning environments
between female- and male-dominated majors that universally affect both sexes. We explore the association between the
gender composition and several major-based variables: size (total number of students), grading norms (average GPA), and
academic integration (frequency of participation in study groups and contact with faculty). This is not a comprehensive list
of all the theoretically relevant between-major variations, but it does capture several key aspects of learning environments.

Examining the correlation between the percentage of females in the various fields and these factors (Table 3) reveals that
that the highest correlation is found between the percentage of females in the major and its mean GPA (.54). This correlation
indicates that female students choose majors with higher grading norms (as even male students’ grades are sensitive to the
share of females in the fields (see Fig. 1b)). The gender composition is also correlated with academic integration and size.10

The table also presents differences between FDF, GNF and MDF on these characteristics. GNF are the largest majors, followed by

7 Exponentiation of the logit coefficients: exp(2.119) = 8.32.
8 There are interesting racial and ethnic differences, as white women are more likely than others to choose female-dominated majors (see also Maple and

Stage, 1991; Chavous et al., 2004 for similar trends).
9 Predicted graduation probabilities in Fig. 1a are calculated based on Model 4 for males and Model 6 for females in Panel A (Appendix C). Predicted GPA in

Fig. 1b are calculated based on Model 4 for males and Model 5 for females in Panel B.
10 The level of academic integration is correlated with both GPA (.32) and the size of the major (.33).
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FDF (about 60 additional students in an FDF class than in an MDF, on average). GNF also provide better academic integration in
terms of availability of study groups and contact with faculty outside class. The academic integration in FDF, where most
females study, is lower than in GNF, but significantly higher than in MDF. Additional HLM analyses (results not shown) reveal
that both the size of the major and its level of academic integration increase the chances of college completion, especially
among male students.

Female students may have superior cognitive and non-cognitive skills—they have great learning habits, they are self
disciplined, and they are less predisposed to behavioral problems—but as the foregoing results suggest, most of them, by
choosing female-dominated fields, face unique social and academic environments in college, which vary from the learn-
ing settings experienced by their male counterparts. With these insights in mind, we now consider the extent to which

Table 3
The association between the gender composition of majors and other characteristics. Students who started at any 4-year institutions in 1995, BPS database.

Correlation
w/

MDF GNF FDF Gap
(FDF !MDF)

t-Testa

% Female Mean SD Mean SD Mean SD

Major’s size 0.1525* 129.49 75.57 248.59 177.10 189.86 101.86 60.37 18.6948*

Academic integration in major
(standardized)

0.1677* !0.32 1.06 0.26 0.99 !0.02 0.91 0.30 8.6146*

Mean GPA in major 0.5408* 5.22 0.18 5.38 0.19 5.46 0.18 0.24 36.4097*

N

a Independent means comparison test (F-M).
* p < 0.01.

Fig. 1. (a) Predicted graduation probabilities for average male and female, by% females in field. (b) Predicted GPA for average male and female graduate, by%
females in fields. Note: these graphs are based on an HLMs predicting students’ graduation likelihood and graduates’ GPA.
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these gender differences in structural arrangements play a role in the creation of the female advantage in academic
performance.

5.3. The female advantage in graduation likelihood and GPA

Our objective is to assess what share of the net female advantage in college grades and degree completion, i.e., net of
socioeconomic and academic factors, is accounted for by horizontal sex segregation. We fit several logistic regressions of
6-year graduation likelihood to the sample of 4-year students and OLS regressions of cumulative GPA for graduates. We
report the predicted graduation probabilities and the linear prediction of grades that were produced post-estimation for
males and females, while setting all other variables to their mean. The results in Table 4 regarding college completion (Panel
A, column 1) capture the net female advantage. Net of socioeconomic background and cognitive skills, the female advantage
in 6-year graduation likelihood is about 9 percentage points (67.1 vs. 58.2). Netting out the major-specific effects (a major
fixed-effect model, column 2) trims 8% from the net female advantage in degree completion (from 9 to 8.3 percentage
points).

These estimates of the female advantage are calculated for the entire population and assume that the effects of learning
environments on academic performance are equivalent for males and females. However, the results in Fig. 1 clearly demon-
strate that the effect of gender composition on males’ and females’ graduation likelihood is asymmetrical: female students
benefit from a feminine learning environment much more than their male classmates, everything else equal. To take into
account this variation, we re-estimate the female advantage by simulating two integration scenarios. In the first, we assign
male students the female distribution of majors (so that both male and female students have the female distribution). In the
second, we assign female students the male distribution of majors (so that both groups have the male distribution). The sim-
ulations are based on major-fixed-effect sex-specific models and the predicted probabilities are calculated with the opposite
sex distribution of majors, while all the individual-level variables are set to their same sex-specific mean.

The results in Table 4 (column 3) show that if both male and female students had the female distribution of majors, the
female advantage would be 7.3 percentage points, a decline of 18% from the net advantage. However, if both groups had the
male distribution of majors, the female advantage would shrink to around 5 percentage points (column 4). This is a reduction
of about 45% from the net female advantage. Given the asymmetrical effect of female-dominated environments on males’
and females’ graduation likelihood, it is not surprising that assigning females to male-dominated fields yields a more sub-
stantial narrowing of the female advantage than does transferring males to female-dominated fields. Female students thrive
in a feminine learning and social environment, and if moved to male-dominated majors they are deprived of this advantage
and suffer a decline in their chances of graduation (their graduation rate drops from 67.3 to 64.7, a decline of 4%). Conversely,
males benefit much less from feminine social and academic environments, thus when assigned to female-dominated fields
their graduation likelihood is unaffected. This exercise demonstrates that the answer to the question—how much of the
female advantage in graduation likelihood would be trimmed if horizontal sex integration in field of study were
achieved—depends on the contours of integration. The estimate ranges between 18% and 45%.

Repeating the same analytical strategy, we assess the contribution of horizontal sex segregation to the female advantage
in cumulative GPA among those who have graduated from college. The results are reported in Panel B of Table 4. Among
college graduates, the net female advantage in grades is 0.30 points (on a 1–7 scale). After major-fixed effects are netted

Table 4
Predicted 6-year graduation rates and college GPA by actual and counterfactual distributions of majors. Students who started at any 4-year
institutions in 1995, BPS database.

Combined models Sex-specific major-FE models

Net gap Major adjusted gap Counterfactual distribution

Females distribution Males distribution
1 2 3 4

Panel A: 6-year graduation
All students

Male 58.2 59.0 60.0 59.8
Female 67.1 67.3 67.3 64.7
Gender gap 8.99 8.26 7.35 4.95

% of net gap explained 8% 18% 45%

Panel B: 6-year cumulative GPA
Graduates only

Male 5.39 5.44 5.48 5.39
Female 5.68 5.64 5.68 5.56
Gender gap 0.30 0.20 0.19 0.17

% of net gap explained 32% 34% 43%

Note: The models controls for race/ethnicity, HS GPA, parental education, family income, # of AP courses, AP calculus courses, math SAT
score, verbal SAT score, educational aspiration (BA).
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out, the female advantage drops to 0.20 points. Thus, major-specific grading norms and learning environment account for
32% of the female advantage in college GPA. We expect that both integration scenarios will yield a reduction in the female
advantage in GPA, with a more substantial cut under the second scenario (assigning female students the male distribution of
majors). This is because the HLM results indicate that the gender composition of fields influences both male and female stu-
dents’ grades, although females benefit more from being in a female-dominated major (see Fig. 1b). The results corroborate
this prediction. If both male and female students had the female distribution of majors, the female advantage would be .19
points, a decline of 34% from the net advantage. Yet, if both groups had the male distribution of majors, the female advantage
would shrink to 17 points, trimming 43% of the net female advantage. As is the case with graduation likelihood, female stu-
dents flourish in a feminine context, and when this advantage is taken from them they experience a decline in their grades
(from 5.68 to 5.56, a drop of 2%).

These findings need to be considered in light of the selection patterns into FDF since a fraction of the female advantage
that we attribute to differences in learning environments may stem from a negative selection of males into FDF. A negative
selection on observed characteristics, however, does not conflict with our interpretation, because our estimates do take into
account the variability of these attributes and the predicted GPA and graduation probabilities are calculated for a student
with the average characteristics. The issue is pertinent only if there is a negative selection on unobservable characteristics
that are unrelated to observed attributes. This means, for example, that males choosing FDF are less motivated or ambitious
than their counterparts in MDF, but this disparity has no bearing on their high school grades, selection of AP courses, test
scores, or aspirations. Such a situation seems most unlikely: low motivation undoubtedly shapes students’ educational
careers prior to college by constricting choices and impeding scholastic performance. Yet we cannot completely rule out this
possibility.11

Another way to weigh the environment vs. selection debate is to focus on the female students because for them we can
rule out the selection bias explanations. They are evenly distributed across fields in terms of academic preparation, aspira-
tions and background. Assuming a correlation between observable and unobservable characteristics, the estimates for
females are less prone to selection bias than those for males. For them we see a clear impact of the learning environment
on their scholastic achievements and attribute the reduction in the gender gap in graduation to the changes in contexts.
Overall, a selection bias (on unobservable characteristics) is an explanation that in the current context can neither be tested
nor discarded, but we think the evidence is robust enough to suggest that at least part, if not all, of the reduction in the
female advantage derives from gender differences in structural arrangements.

6. Conclusions

The emergence of the female advantage in academic success in college is a fascinating and complex phenomenon rooted
in numerous forces. We contribute to the vibrant literature on this topic by revealing that sex segregation by field of study is
a key structural explanation for the female advantage in college academic achievements.

Field of study creates the immediate learning environment for the students and between-major differences in academic
and social arrangements—such as different grading norms, academic intensity, and social support—shape both females’ and
males’ performance. The female advantage is intensified as a result of a high level of gender segregation by field of study.
Females are more likely to enroll in female-dominated majors with high grades and graduation rates, namely the humani-
ties, social sciences, and vocational fields like health and education, while male students are crowded in the math/physical
sciences and engineering/computer sciences, notorious for their tightfisted grading policies and tighter bottleneck.

We find that this variation is a key factor in the creation of the female advantage in grades and graduation likelihood. If sex
integration were achieved and both groups had the male distribution of majors, the female advantage in graduation likelihood
and grades, which remains after socioeconomic and academic factors are netted out, would have been reduced by approxi-
mately 45%. This implies that the female advantage is not a temporary phenomenon – it will exist as long as female-
dominated majors provide settings which are more conducive to academic performance than those of male-dominated
majors.

Horizontal sex segregation by field of study continues to be an important structural contour of gender inequality in higher
education, shaping male and female enrollment patterns, academic achievements and degree attainment. However, as
opposed to occupational sex segregation, which curtails women’s earnings potential, horizontal segregation in higher edu-
cation in fact works to the advantage of women, as they are disproportionately represented in majors that deliver better out-
comes. Yet it can be a double-edged sword, helpful in the short run, but harmful in the long-run, by restricting women’s
occupational choices, leading to careers that are less remunerative on average. The overarching question is whether women’s
lifelong earning trajectories are lowered by consecutive systems of horizontal sex segregation that shape their outcomes in a
contradictory pattern within the higher education and labor market arenas. This implies that in order to formulate a broader
comprehension of gender in stratification systems we need to stop treating higher education as a pre-market externality
when considering labor market inequality.

11 Given that a selection on the unobservable characteristics is a key underlying factor in the assignment process – a two-stage model strategy has a limited
explanatory value without instrumenting for socialization. Given the link between socialization and scholastic achievements it is impossible to find a strong
instrumental variable that creates discontinuity in socialization, but not in college academic achievements (to satisfy the exclusion restrictions) and to which
the assignment is random (to satisfy the ignorability assumption).
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Appendix A

Detailed classification of college majors, BPS data.

Major Percent Freq.

1 Agriculture 1.61 104
2 Architecture 0.99 64
3 Accounting 2.87 185
4 Business – finance 2.26 146
5 Business – business/management systems 2.48 160
6 Business – management/business admin 7.34 473
7 Business – business support 1.17 75
8 Business – marketing/distribution 1.34 86
9 Journalism 0.74 48

10 Communications 3.82 246
11 Computer and information sciences 4.16 268
12 Education – early childhood 1.03 67
13 Education – elementary 4.33 279
14 Education – secondary 1.61 104
15 Education – other 2.01 130
16 Engineering – electrical 1.2 77
17 Engineering – chemical 0.57 37
18 Engineering – civil 0.93 60
19 Engineering – mechanical 1.35 87
20 Engineering – all other 1.31 84
21 Engineering technology 1.04 67
22 Foreign language: European, not Spanish 0.98 63
23 Health, allied – dental/medical tech 1.63 105
24 Health, allied – therapy & mental health 1.52 98
25 Health, allied – general & other 1.41 91
26 Health – clinical health science 1.4 90
27 Nursing 2.06 133
28 Health – all others 1.58 102
29 Vocational home economic – others 0.7 45
30 Law 0.58 37
31 Letters 3.27 211
32 Liberal studies 1.93 124
33 Biological sciences 6.41 413
34 Mathematics 1.04 67
35 Interdisciplinary – environment/biopsychology/general 2.06 133
36 Leisure studies 0.5 33
37 Philosophy 0.84 54
38 Physical sciences 1.79 115
39 Psychology 5.48 353
40 Protective services 1.78 115
41 Social work 1.42 91
42 Anthropology/archaeology 0.71 46
43 Economics 1.89 122
44 History 2.06 133
45 Sociology 2.59 167
46 Political science 2.61 168
47 Industrial arts – construction 1.59 102
48 Mechanics – all others 0.61 39
49 Arts – design 1.77 114
50 Arts – speech/drama 0.7 45
51 Arts – music 1.16 75
52 Arts – visual/performing/fine 1.77 114

Total 100 6449
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Appendix B

Descriptive statistics for students attending a 4-year institution in 1995, BPS database.

Variable Definition Mean (SD)

6-yr graduation 6-Year graduation 0.61
Cumulative GPA 6-Year cumulative GPA in college (1–7 scale) 5.38 1.02
Female Female 0.55
White White, not of Hispanic origin 0.72
Black Black, not of Hispanic origin 0.11
Hispanic Hispanic, regardless of race 0.10
Asian Asian or Pacific Islander 0.06
Other race Other 0.01
Family income Family income in $K of dependent students 58.11 54.14
Parents, HS At least one parent with a HS diploma 0.25
Parents, some

college
At least one parent with some college experience 0.17

Parents, BA At least one parent with a BA degree 0.24
Parents, post-BA At least one parent with a post-BA degree 0.25
SAT verbal SAT verbal score 456.15 108.45
SAT math SAT math score 501.35 118.76
HS GPA HS cumulative GPA: BPS: 1–7 4.39 2.88
# of AP courses # of AP courses taken in HS 0.60 1.25
AP calculus If student took AP calculus course in HS 0.31
Educational

aspirations: BA
If student aspire to earn BA 0.90

Major characteristics
Academic

integration
This variable indexes the overall level of academic integration the respondent
experienced at the NPSAS institution during the 1995–1996 academic year. It is
derived based on the average of the responses indicating how often student
participated in study groups, had social contact with faculty, met with an
academic advisor, or talked with faculty about academic matters outside of class
(multiplied by 100). This index was generated by NCES

194.60 41.78

% female % Female in major 0.56 0.19
Size # of students in major 197.04 137.58
Mean GPA Mean college cumulative grade point average
N 6449

Appendix C

Hierarchical linear and non-linear models predicting graduation likelihoods and GPA, individual and major’s characteris-
tics. Students who started at any 4-year institutions in 1995, BPS database.

Population All studentsa Malesb Femalesb

Model # 1 2 3 4 5 6

Panel A: Dependant variable: 6-year graduation
Intercept slope
Intercept 0.897** 0.893** 0.789** 0.771** 1.019** 0.989**

% Female in major 0.056 3.410** 0.333 2.468! 0.082 5.408*

% Female in major (squared) !3.264* !2.218 !4.916*

Level 1 units (students) 5881 5881 2535 2535 3346 3346
Level 2 units (majors) 52 52 52 52 52 52

(continued on next page)
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Appendix C (continued)

Population All Graduatesa Male Graduatesb Female Graduatesb

Model # 1 2 3 4 5 6

Panel B: Dependant variable: 6-year cumulative GPA
Intercept slope
Intercept 5.556** 5.559** 5.424** 5.435** 5.628** 5.629**

% Female in major 0.595** !0.241 0.515** !0.688 0.700** 0.548
% Female in major (squared) 0.811! 1.259* 0.136

Level 1 units (students) 4073 4073 1676 2397 2397
Level 2 units (majors) 52 52 51 51 52 52

Note: As a matter of parsimony we report estimates for the gender composition variable and not for the individual attributes.
a Level 1 controls: gender, race/ethnicity, parental education, family income, high school GPA, # of AP courses in HS, AP calculus course, math SAT score,

verbal SAT score, educational aspirations.
b Level 1 controls: race/ethnicity, parental education, family income, high school GPA, # of AP courses in HS, AP calculus course, math SAT score, verbal

SAT score, educational aspirations.
* sig. < 0.05.

** sig. < 0.01.
! sig. < 0.1.
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